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SUMMARY 

 
 

SPONSOR: American Chemistry Council 
  
STUDY TITLE: p-Dichlorobenzene:  A 10-Day Toxicity Test with the Midge 

(Chironomus dilutus) Using Spiked Whole Sediment 
  
STUDY NUMBER: 264A-116 
  
GUIDELINE: U.S. EPA OCSPP 850.1735 

 
TEST SUBSTANCE: Name: 1, 4- Dichlorobenzne 
 Purity (Content of A.I.): 99.9% 
 Batch/Lot Number: MKBS4401V 
 Appearance: Solid 
   
TEST DATES: Experimental Start (OECD): June 5, 2023 
 Experimental Start (EPA): June 6, 2023 
 Exposure Termination: June 16, 2023 
 Experimental Termination: June 16, 2023 
   
LENGTH OF EXPOSURE: 10 Days under flow-through conditions 

 
TEST ORGANISM: Name: Midge (Chironomus dilutus) 
 Source: Aquatic Bio Systems 
  Fort Collins, Colorado, 80524 
 Age: 10 days post-hatch at test initiation 
  
REPLICATION: 8 test compartments per test concentration, 10 midge larvae 

per compartment (total of 80 midge larvae per 
concentration) 

 
ENVIRONMENTAL CONDITIONS 
IN OVERLYING WATER: 

 
Temperature Range: 

 
22.4 – 23.6°C 

 Dissolved Oxygen: ≥78%; no aeration 
 pH Range: 6.7 – 8.4 
 Hardness Range: 152 – 176 mg/L as CaCO3 
 Alkalinity Range: 184 – 200 mg/L as CaCO3 
 Specific Conductance Range: 334 – 417 µS/cm 
 Ammonia: <LOQ – 6.19 mg/L as NH3 
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SUMMARY (Continued) 
 
 

TEST CONCENTRATIONS IN SEDIMENT:  
 Nominal Mean Measured 
 (mg/kg dry sediment) (mg/kg) 
 Negative Control < LOQ 
 Solvent Control < LOQ 
 0.32 0.018 
 1.0 0.045 
 3.2 0.25 
 10 1.0 
 32 3.8 
 100 16 

 
MEASURED ENDPOINTS: Survival and growth (ash-free dry weight) 

 
RESULTS:  Based on mean measured concentrations in sediment: 
 
 10-Day LC50 for Survival: >16 mg/kg 
  
 Lowest-Observed-Effect Concentration: >16 mg/kg 
 No-Observed-Effect Concentration: 16 mg/kg 
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INTRODUCTION 

This study was conducted for American Chemistry Council p-Dichlorobenzene Test Order 

Consortium at the Eurofins facility in Easton, Maryland.  The in-life phase of the definitive test was 

conducted from June 6 to June 16, 2023, with dry-weight measurements completed on June 19, 2023.  Raw 

data generated at the testing facility and a copy of the final report are filed under Study Number 264A-116 

in archives located on the Easton site.  

 

OBJECTIVE 

The objective of this study was to determine the effects of sediment-incorporated p-Dichlorobenzene 

on the midge, Chironomus dilutus, during a 10-day exposure period in a flow-through system providing 

intermittent renewal of overlying water.  The measured endpoints of the test were survival and growth as 

determined by ash-free dry weight (AFDW) measurements. 

 

EXPERIMENTAL DESIGN 

Groups of midges were exposed to a geometric series of six test concentrations, a negative control 

(untreated formulated sediment), and a solvent control (ethanol) for 10 days under flow-through test 

conditions.  Eight replicate test compartments were maintained in each treatment and control group, with 

10 midge larvae in each test compartment, for a total of 80 midge larvae per test concentration.  Each test 

compartment contained sediment and overlying water.  An additional three replicates were prepared in each 

treatment and control group for physical/chemical measurements of water and sediment.  No midge larvae 

were placed in the additional replicates sampled on Day 0, but those sampled on Days 5 and 10 had midge 

larvae added at the same time as the “biological” replicates on Day 0.  These additional replicates were not 

used to evaluate the biological response of the test organisms. 

 

Test concentrations in the sediment were prepared on a mg/kg dry weight basis.  Nominal test 

concentrations were selected in consultation with the Sponsor based on exploratory range-finding toxicity 

data, and were 0.32, 1.0, 3.2, 10, 32 and 100 mg p-Dichlorobenzene/kg of sediment.  Test concentrations were 

measured in samples of overlying water, pore water, and sediment collected at the beginning, approximate 

middle and end of the test.  The results of the study are based on arithmetic mean measured test concentrations 

in the sediment. 

 

The water/sediment systems in the test compartments were allowed to equilibrate for approximately 

24 hours prior to introduction of the organisms.  Third instar larvae (10 days of age) were impartially assigned 
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to exposure chambers at test initiation.  Observations of abnormal behavior were made daily during the test, 

and survival and growth (AFDW) were determined at the end of the 10-day test period.  Percent mortality 

observed in the treatment groups at the end of the test was used to determine the 10-day LC50 value.  The 

lowest-observed-effect concentration (LOEC) and the no-observed-effect concentration (NOEC) were 

determined by the concentration-response pattern and statistical analyses of the survival and dry weight data. 

 

MATERIALS AND METHODS 

The study was conducted according to the procedures outlined in the protocol, “p-Dichlorobenzene:  

A 10-Day Toxicity Test with the Midge (Chironomus dilutus) Using Spiked Sediment” (Appendix 1).  The 

protocol was based on procedures in the U.S. Environmental Protection Agency Series 850 - Ecological 

Effects Test Guidelines, OCSPP Number 850.1735:  Spiked Whole Sediment 10-Day Toxicity Test, 

Freshwater Invertebrates (1) and ASTM Standard E 1706-05:  Standard Test Method for Measuring the 

Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates (2). 

 

Test Substance 

The non-radiolabeled test substance used to prepare the test sediments, the analytical matrix 

fortification samples and the analytical calibration standards for the study was received from Sigma-Aldrich 

on February 14, 2022.  It was assigned testing facility identification number 17540 upon receipt and was 

stored under ambient conditions.  The test substance, a solid, was identified as: 1, 4-Dichlorobenzene (Batch 

MKBS4401V; CAS# 106-46-7).  The test substance contained 99.9% active ingredient (Appendix 2). 

 

The radiolabeled test substance used to prepare the test sediments, the analytical matrix fortification 

samples and the analytical calibration standards for the study was received from Selcia on June 16, 2022.  

It was assigned testing facility identification number 17854 upon receipt and was stored under frozen 

conditions.  The test substance, a liquid, was identified as: [phenyl-U-14C]p-Dichlorobenzene; Batch ID 

12435JLC006-1.  The test substance had a radiochemical purity of 99.8% and a specific activity of 

43.21 mCi/mmol (Appendix 2). 

 

Test Water 

The water used for holding and testing was freshwater obtained from a well approximately 

40 meters deep located on the testing facility site.  The well water was passed through a sand filter to remove 

particles and pumped into a 37,800-L storage tank where the water was aerated with spray nozzles.  Prior 
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to use in the test system, the water was filtered to 0.45 µm to remove fine particles and was passed through 

an ultraviolet (UV) sterilizer. 

 

The well water is characterized as moderately-hard water.  The specific conductance, hardness, 

alkalinity, pH and total organic carbon (TOC) content of the well water during the approximate four-week 

period immediately preceding the test are presented in Appendix 3.  The results of periodic analyses 

performed to measure the concentrations of selected organic and inorganic constituents in the well water 

are presented in Appendix 4. 

 

Test Sediment 

Formulated sediment based on the recommendations of OECD Guideline 218 (3) was used as the 

test sediment.  The sediment was composed of approximately 5% air dried peat moss, 20% clay (kaolin 

clay), 1% of ground limestone and 70% industrial quartz sand (Appendix 5).  The dry constituents of the 

sediment were mixed using a top-down mixer for 10 minutes, and the batch was stored under ambient 

conditions until used.  The initial pH of the sediment was 5.7.  A sample of the formulated sediment used 

in the test was sent to Agvise Laboratories, Northwood, North Dakota, for characterization and analysis of 

total organic carbon (TOC), and a summary of the sediment characterization is presented in Appendix 6.  

The percent organic carbon of the sediment was determined to be 2.7%.  The results of periodic analyses 

performed to measure the concentrations of selected organic and inorganic constituents in a representative 

sample of formulated sediment like that used in the test are presented in Appendix 7. 

 

Test Organism 

The midge, Chironomus dilutus, was selected as the test species for this study. This species is 

representative of an important group of aquatic invertebrates and was selected for use in the study based upon 

past history of use in the laboratory and the recommendations of the study guideline (1).  Reference testing 

with midges from the culture is periodically conducted at Eurofins-Easton laboratories.  Midges were 

exposed for 48 hours under static conditions to five nominal concentrations of potassium chloride ranging 

from 1200 to 6000 mg/L.  Results of the most recent test (Eurofins-Easton study number 100A-160) 

indicated the 48-hour EC50 value was 3629 mg/L, with 95% confidence intervals of 3443 to 4223 mg/L.  

These reference test results were consistent with previous reference testing at Eurofins-Easton and 

demonstrate that the commercially supplied Chironomid dilutus used for testing by Eurofins-Easton are 

sensitive to a known toxicant, potassium chloride, and are suitable for use in toxicological testing.   
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Test organisms used in the test were obtained from cultures maintained by Eurofins-Easton, 

Maryland.  The identity of the species was verified by the supplier of the original culture Aqua Bio Systems, 

Fort Collins, Colorado.  In the laboratory, the organisms were hatched in water from the same source as the 

water used during the test at approximately the same temperature and held until they were the appropriate age.  

Midges used in the test were third instar larvae (approximately 10 days old) at test initiation.  During the 

14-day holding period immediately preceding the test, water temperatures in the culture ranged from 21.9 to 

22.4°C, the pH of the water ranged from 8.3 to 8.5, and the dissolved oxygen concentrations were ≥6.9 mg/L 

(≥79% of saturation).  During this holding period, the midge larvae to be used in the test appeared normal. 

 

Feeding 

During the holding period, the midge larvae were fed an invertebrate slurry and chlorella diet.  During 

the test, the larvae in each replicate test compartment were fed 1.5 mL of a 4 g solids/L suspension of flake 

food in water daily through Day 9 of the test.  The organisms were not fed on the last day of the test.  The 

results of periodic analyses performed to measure the concentrations of selected organic and inorganic 

constituents in the feed are presented in Appendix 8. 

 

Pore Water Equilibration and Stability Trials 

Prior to the definitive study, non-GLP pore water and stability trials (264A-115) were conducted.  

The results of the pore water trial are presented in Appendix 9.  The trial was conducted to determine the 

appropriate acclimation period for the test substance in the water/sediment systems and to compare the 

equilibration time between the static and intermittent flow-through test design.  For each test design 

formulated sediment was dosed at two concentrations (0.16 and 100 mg/kg the low and high concentrations 

to be used in the range-finding tests) and the treated sediment was held in test compartments under test 

conditions for 21 days.  Samples of the treated sediment were collected after 2, 7, 10, 14 and 21 days of 

equilibration for analysis of p-Dichlorobenzene in the sediment.  Equilibration typically is considered to 

have occurred when two consecutive samples result in relatively similar measurements.   

 

Results of analyses indicated that concentrations of p-Dichlorobenzene had attained equilibrium by 

Day 7 in both the flow-through and static test designs (Appendices 9.1 and 9.2).  The results of the analysis 

showed that there was no difference between the two test designs.   

 

A second stability trial was conducted to evaluate the stability of p-Dichlorobenzene in formulated 

sediment at a nominal concentration of 1000 mg/kg and evaluate mixing procedures for the range-finding 
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and definitive tests.  Samples of sediment were collected 30 minutes and 20 hours after mixing, and Days 

0, 1 and 3 after settling.  Overlying and pore water samples were also collected on Days 0, 1 and 3 after 

settling.  Results from the analysis of sediment, overlying water and pore water are presented in 

Appendices 9.3, 9.4 and 9.5, respectively.  Mass balance calculations are presented in Appendix 9.6 and 

indicate that the overall concentrations of p-Dichlorobenzene remained consistent in sediment, overlying 

water and pore water with minimal migration between the matrices.  The loss of test material via volatilization 

primarily occurred during handling and mixing procedures, however concentrations remained constant once 

the test compartments were prepared with overlying water.   

 

Based on the results of the pore water equilibration and stability trials, mixing of the sediment and 

preparation of the test compartments were prepared on the same day and the equilibration time was set at 

24 hours to minimize the loss of test material due to volatilization so that the organisms were exposed to 

the highest amount of p-Dichlorobenzene. 

 

Non-GLP Range-finding Test 

 A non-GLP range-finding test was conducted to determine the test concentrations used in the definitive 

test.  The nominal concentrations selected for the rangefinder were 0.10, 0.80, 4.0, 20 and 100 mg/kg in 

addition to a negative control.  Four replicates containing 10 organisms in each replicate were maintained for 

each concentration and control.  The procedure for dosing the rangefinder was equivalent to that which was 

used in the definitive test.  The rangefinder was conducted under flow-through conditions for 10 days, under 

similar environmental conditions as the definitive test using organisms that were approximately 3 – 4 days 

post hatch.  There was no analytical confirmation of test concentrations during the range-finding test.  The 

results of the range-finding test are presented in Appendix 10. 

 

Preparation of Test Concentrations 

The test substance was administered to the test organism in sediment.  This route of administration 

was selected because it represents the most likely route of exposure to sediment dwelling organisms. 

 

To prepare a batch of sediment for each treatment level, the appropriate amount of neat non-

radiolabeled test material was mixed with 60 grams of sand in a labeled glass beaker and was stirred with 

a glass stir rod.  The appropriate volume of radiolabeled stock solution was added to the sand premix 

containing neat material and mixed by hand until homogenous.  The amounts of radiolabeled and non-

radiolabeled material added to the sand premixes can be found in the table below. 
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 Nominal Test Concentration (mg/kg) 

 0.32 1.0 3.2 10 32 100 

Volume of 14C 
stock added 

(mL) 
0.245 0.765 0.765 0.765 0.765 0.765 

Amount of Neat Test 
material added 

(mg) 
--1 --1 2.64 10.80 37.2 118.8 

1 The 0.32 and 1.0 mg/kg treatment groups were dosed with radiolabeled material only.   

 

This dosed “sand premix” was placed under a fume hood and the ethanol was allowed to evaporate 

for approximately 15 minutes.  The 60.0-gram sand premix was added to 540.0 grams dry weight 

(873.8 grams wet weight adjusted for a 38.2% moisture content) of untreated sediment in a 2000-mL plastic 

Nalgene® bottle and mixed on a roller mixer for approximately 30 minutes.  An additional 600.0 grams dry 

weight (970.9 grams wet weight) of untreated sediment was added to the premix to achieve a final weight of 

1200.0 grams dry weight.  This 1200.0-g batch of sediment was mixed on a roller mixer for approximately 

1 hour prior to transfer of the sediment to the test chambers.  Since a solvent (ethanol) was used in the 

preparation of the test sediments, a solvent control was included in the test design.  The solvent control 

sediment was prepared using 0.765 mL of ethanol, with the same mixing procedures as the treated sediments 

but with no test substance added.  The negative control sediment was prepared without the addition of test 

substance or solvent. 

 

Preparation of Test Compartments 

Fourteen replicate test compartments were prepared for each treatment and control group.  Eight 

replicates per group were used for the evaluation of survival and growth.  An additional three replicates per 

group were used for the purpose of analytical confirmation of concentrations on Days 0, 5 and 10.  An 

additional three replicates per group were used for the physical/chemical measurements of water and sediment 

on Days 0, 5 and 10. After mixing the batch sediments, approximately 100-mL of the appropriate dosed 

sediment was added to each of the replicate test compartments (300-mL glass beakers) on a top-loading 

balance, and the weight of the sediment was recorded.  Approximately 175 mL of overlying water slowly 

filled the test compartments as they were placed into test chambers (diluter tanks) containing untreated test 

water, while avoiding disturbance of the sediment.  The water/sediment systems in the test compartments 

were allowed to equilibrate under flow-through conditions for approximately 24 hours prior to introduction 

of the organisms. 
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Test Apparatus 

The test apparatus consisted of a flow-through diluter system that was designed to maintain test 

compartments in multiple stainless steel tanks in a temperature controlled water bath.  The test compartments 

in each treatment and control group were indiscriminately positioned in two diluter tanks per group, and 

were labeled with the project number, test concentration and replicate designation. 

 

The test compartments were 300-mL glass beakers with stainless steel mesh-covered holes on 

opposite sides of the beaker.  Each compartment contained approximately 100 mL of sediment and 

approximately 175 mL of overlying water.  The depth of the sediment in a representative compartment 

(negative control replicate A) was 2.5 cm, and the depth of the overlying water in the same compartment was 

5.5 cm.  The water volume in the test chambers (tanks) was maintained by a standpipe within the test chamber.  

The water volume in the test compartments was maintained by the water levels in the test chambers and the 

position of the holes on the opposite sides of the test compartments.  Each test compartment received 

approximately two volume additions of test water per day.  The test water was delivered directly into each 

test compartment, passively forcing water out through the holes in the sides of the compartments to exchange 

the water overlying the sediment.  Test water delivery volume was verified prior to test initiation.  The general 

operation of the test apparatus was checked visually at least once each day during the test. 

 

Analytical Sampling 

Samples of stock solutions were collected at preparation to confirm the concentrations used to dose 

the sediments and were analyzed immediately.  The additional replicate test compartments prepared for 

each treatment and control group were collected for analysis of overlying water, pore water and sediment 

on Days 0, 5 and at test termination on Day 10.  The test compartments were processed and analyzed 

immediately.  The sediment was transferred into centrifuge tubes using a scoopula or similar device and 

transferred to chemistry for analysis. 

 

Analytical Method 
14C-p-DCB Radiopurity Check 

A primary stock solution of 14C-p-Dichlorobenzene (14C-p-DCB) radiolabeled test substance was 

prepared by accurately measuring 5000 µL (0.875 mCi/mL) of test substance using a pipettor and 

transferring it to an amber glass vial that was filled with 5.00 mL of ethanol, bringing the stock to a total 

volume of 10.0 mL.  The primary stock was mixed by inversion (at least 20 times) until the solution was 

clear and then stored frozen until use.  A radiopurity analysis was conducted on the radiolabeled primary 
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stock prior to its use in the definitive test to demonstrate that it was appropriate for use.  A previous dilution 

of the primary stock in ethanol was diluted an additional time with HPLC-grade water to achieve a 50 : 50 

(v/v) ethanol : HPLC-grade water composition and dilution factor of 800.  This dilution of the primary 

stock was analyzed by HPLC/UV with in line β-Ram detection.  The radiopurity was determined to be 

96.885% by percent area.  The retention time of the UV/VIS signal of the diluted primary stock matched 

that of a non-radiolabeled standard also prepared in 50 : 50 (v/v) ethanol : HPLC-grade water, and the 

radioactive signal for the primary stock was limited to a single peak corresponding to the retention time of 

the parent material.  Therefore, it is concluded that this primary stock has remained as listed on the 

Certificate of Analysis (Appendix 2).  Representative chromatograms from the radiopurity analysis are 

presented in Appendix 11.1.  Typical operational parameters for the radiopurity analysis are presented in 

Appendix 11.2.  A method outline for the radiopurity check analysis is presented in Appendix 11.3. 

 
14C-p-DCB Primary Stock Concentration Verification 

Prior to the experimental start date, the concentration of the 14C-p-DCB primary stock solution was 

verified.  To conduct the verification, the primary stock solution of 14C-p-DCB was diluted in ethanol by 

a factor of 400.  Three 50.0 µL aliquots of this primary stock dilution and 10 mL of Ultima Gold XR 

scintillation cocktail were added to scintillation vials and analyzed by liquid scintillation counting (LSC) 

to verify the primary stock concentration of 14C-p-DCB.  A method outline for the primary stock 

concentration verification is presented in Appendix 11.4.  The primary stock was used to prepare 14C 

working stock solutions of 0.32, 1.0, 3.2, 10, 32 and 100 mg/mL nominal concentrations. 

 

Analytical Method 

The analytical method used to analyze the test samples was based upon methodology developed by 

Eurofins-Easton.  Concentrations of the test substance in overlying water, pore water, and sediment samples 

were analyzed by LSC.  Sample aliquots of overlying water and dilution water were measured upon 

collection into scintillation vials to which 10 mL of Ultima Gold XR scintillation cocktail was added.  The 

sediment portion of each sample centrifuged at 1962 relative centrifugal force (RCF) for approximately 

10 minutes.  The volume of pore water separated from each sediment sample was measured and recorded.  

Aliquots of pore water samples were transferred to polypropylene tubes and centrifuged for approximately 

10 minutes at approximately 4415 RCF.  Next, 5.00 mL of each sample were transferred to scintillation 

vials, and Ultima Gold XR scintillation cocktail (15 mL) was added to each vial and water samples were 

counted by LSC.  Aliquots of the sediment samples (0.200 g) weighed into Combusto-Cones, and 2-3 drops 

of Combustaid were added to each sample.  The samples were oxidized with 8.00 mL Carbosorb E and 
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10.0 mL Permafluor E+ using a Perkin Elmer A307 Sample Oxidizer, and then analyzed by LSC.  Perkin 

Elmer Model Tri-Carb 2910 TR and Tri-Carb 4910 TR Liquid Scintillation Analyzers were used to 

determine disintegrations per minute (dpm) in the overlying water, pore water and sediment.  A separate 

aliquot of each sediment sample was weighed for moisture determination.  A method outline for separating 

overlying water, pore water, and sediment is presented in Appendix 11.5.  Method outlines for the analysis 

of pore/overlying water, sediment and dilution water are presented in Appendices 11.6, 11.7 and 

11.8, respectively, and instrument parameters for LSC are presented in Appendix 11.9.  The calculations 

for sample quantitation are included in Appendix 11.10.   

 

In addition to the test samples, 10-mL samples of Ultima Gold XR scintillation cocktail were 

analyzed with overlying water and pore water samples at each interval to determine background 

radioactivity.  A blank Combusto-Cone was oxidized and analyzed with each set of sediment samples to 

determine background radioactivity.  The background contribution for each LSC sequence was 

automatically subtracted from each measurement by the LSC’s software.   

 

Environmental Conditions 

The test systems were illuminated using fluorescent tubes that emit wavelengths similar to natural 

sunlight.  The lights were controlled by an automatic timer to provide a photoperiod of 16 hours of light 

and 8 hours of darkness.  A 30-minute transition period of low light intensity was provided when lights 

went on and off to avoid sudden changes in light intensity.  Light intensity at the water surface of one 

representative test compartment was measured at the beginning of the test using a SPER Scientific Model 

840006 light meter. 

 

The test was conducted at a target water temperature of 23 ± 1°C.  Temperature was measured in the 

overlying water of one replicate test compartment of each treatment and control group daily during the test 

using a digital thermometer.  Measurements typically alternated between replicate test compartments in each 

group at each measurement interval.  Water temperature also was monitored continuously in the negative 

control test chamber using a validated environmental monitoring system (Pointview Central Monitoring 

System).  The system measurements were calibrated prior to exposure initiation with a digital thermometer. 

 

Dissolved oxygen concentrations were measured in samples of overlying water from one replicate 

test compartment of each treatment and control group daily during the test using a Thermo Scientific Orion 

Star A213 Benchtop RDO/DO meter.  Measurements of pH were made in samples of overlying water from 
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one replicate test compartment of each treatment and control group at test initiation and daily during the test.  

Measurements of pH in pore water were also measured in one of the additional replicates maintained for 

physical/chemical measurements in each experimental group at the beginning and end of the test.  

Measurements of pH in overlying water were made using a Thermo Scientific Orion Dual Star pH/ISE meter.  

Measurements of dissolved oxygen and pH typically alternated between replicate test compartments in each 

group at each measurement interval. 

 

Hardness, alkalinity, specific conductance, and ammonia were measured in composite samples of 

overlying water from the negative and solvent control group replicates and the highest concentration treatment 

group replicates at the beginning and end of the test.  Ammonia was also measured in samples of the pore 

water from one of the additional replicates maintained for physical/chemical measurements in each 

experimental group at the beginning of the test, mid-test (e.g., Day 6), and at the end of the test.  Hardness 

and alkalinity measurements were made by titration based on methods in Standard Methods for the 

Examination of Water and Wastewater (4).  Specific conductance was measured using a Thermo Scientific 

Orion Star A122 Portable Conductivity Meter.  Ammonia was measured using a Thermo Scientific Orion 

Dual Star pH/ISE meter.  

 

The sediment redox potential (Eh) was measured at the beginning of the test, mid-test (e.g., Day 5), 

and at the end of the test from one of the additional replicates maintained for physical/chemical measurements 

in each experimental group.  Measurements of redox potential were made using a PINPOINT® Redox/ORP 

Monitor. 

 

Procedures and Biological Observations and Measurements 

The test was initiated following the equilibration period for the water/sediment systems.  To obtain 

known age organisms, egg masses were isolated from the culture and held in test water to stimulate hatch.  

The newly hatched larvae were held in water from the same source and at approximately the same temperature 

as was used in the test until the organisms were the appropriate age (third instar, approximately 10 days old).  

To initiate the test, one or two approximately 10-day old midges were indiscriminately and sequentially added 

to transfer containers (e.g., glass beakers) containing test water until each transfer container contained its 

complement of 10 individuals.  The transfer containers were indiscriminately assigned to each of twelve test 

compartments per treatment and control group (eight biological replicates plus two analytical sampling 

replicates and two replicates used for physical/chemical measurements).  Organisms were transferred below 

the water surface, using a glass wide-bore pipette.  The test compartments prepared for analytical sampling 
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and water chemistry measurements on Day 0 did not contain organisms.  An additional subset of eighty 10-

day old organisms from the test lot of organisms used in the test were impartially selected on Day 0 for 

measurement of dry weight. 

 

The test compartments were observed daily during the test to make visual assessments of any 

abnormal behavior (e.g., leaving the sediment, unusual swimming).  Any dead organisms observed on the 

surface of the sediment during the test were counted, recorded, and removed.  At test termination, on 

Day 10, the organisms were segregated from the sediment using a 425-µm sieve and a shallow sorting pan, 

and the numbers of live or dead organisms were enumerated.  Any immobile organisms isolated from the 

sediment surface or sieved materials were considered dead.  If the total number of individuals found in a 

replicate at test termination was fewer than the number initially placed into the replicate at the beginning of 

the test, then those missing were considered dead.  Surviving organisms were grouped by replicate for 

determination of ash-free dry weight (AFDW).  If pupae were recovered during the sieving procedure, the 

organisms were included in the survival data but were not included in the growth data. 

 

Statistical Analyses 

Statistical analysis was performed to evaluate differences between treatment and control groups for 

survival and growth (AFDW).  The unit of statistical analysis is the test compartment.  The percent inhibition 

(%I) as compared to the pooled control at each test substance treatment level was calculated for survival and 

growth.  The results of the test are based on the mean measured concentrations in the sediment.   

 

Since a solvent control group was used in addition to a negative control group, the data from these 

two groups was compared using a Fisher’s exact test for survival and using a t-test for growth.  There were 

no statistically significant differences (p > 0.05), between the controls using the appropriate tests. Therefore, 

the data from the treatment groups for survival and growth were compared to the pooled control group to 

evaluate the treatment-related effects. 

 

The statistical analyses used to evaluate the data were based on the procedure provided in the study 

guideline (3) and OECD 54 (5) to determine the 10-Day NOEC and LOEC values for each parameter. Survival 

was analyzed using Fisher’s Exact test. The growth data were visually evaluated for monotonicity and 

evaluated for normality and homogeneity of variance (α = 0.01) using the Shapiro-Wilk and Bartlett equality 

of variance test and passed the assumptions of normality and homogeneity.  Since the data for growth were 

determined to be non-monotonic and passed the assumptions of normality and homogeneity, the data in the 
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treatment groups were compared to the pooled control data using a Dunnett T3 multiple comparison test to 

identify any significant differences (α = 0.05).  The statistical tests were conducted using CETIS (6). 

 

 The results of the statistical analyses were used to aid in the determination of the NOEC and LOEC.  

However, scientific judgment was used to determine if any statistical differences were biologically 

meaningful, and if the data followed a concentration-dependent response.  The LOEC was defined as the 

lowest tested concentration at which the test substance is observed to have had a statistically significant 

adverse effect (p ≤ 0.05) on survival or growth when compared to the control.  However, all test concentrations 

above the LOEC should have a harmful effect equal to or greater than those observed at the LOEC.  The 

NOEC was defined as the test concentration immediately below the LOEC, which when compared with the 

control group, had no statistically significant adverse effect (at p > 0.05). 

 

RESULTS AND DISCUSSION 

Measurement of Test Concentrations 

Nominal concentrations selected for use in this study were 0.32, 1.0, 3.2, 10, 32 and 100 mg/kg dry 

weight of sediment.  During the course of the test, the appearance of the overlying water was observed in the 

test compartments.  At test initiation and termination, the overlying water appeared clear and colorless with 

no evidence of precipitation. 

 

Results of analyses to measure the concentration of p-Dichlorobenzene in the radiolabeled stock 

solution samples used to dose the sediment are presented in Table 1.  Measured concentrations ranged from 

104 to 105% of nominal.  Results of analysis to measure p-Dichlorobenzene in a dilution water sample is 

presented in Table 2 and was < LOQ.  Results of analyses to measure equivalent concentrations of 
14C- p-Dichlorobenzene in the sediment, pore water and overlying water samples during the test are 

presented in Tables 3, 4 and 5. respectively.  All reported sediment concentrations are expressed on a dry 

weight basis.  The LOQ for sediment, overlying water and pore water analyses was set at the instrument 

LOQ of 50 dpm.  Measured concentrations of the test substance in negative and solvent control sediment 

and water samples on Days 0, 5 and 10 were below the LOQ.   

 

Measured concentrations in the sediment samples collected from the 0.32, 1.0, 3.2, 10, 32 and 

100 mg/kg treatment groups were 0.0205, 0.0484, 0.280, 1.16, 4.92 and 18.3 mg/kg, respectively on Day 

0; 0.0174, 0.0425, 0.236, 0.921, 3.24 and 15.8 mg/kg, respectively on Day 5, and 0.0165, 0.0443, 0.240, 

0.950, 3.34 and 12.9 mg/kg, respectively on Day 10.   
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Measured concentrations in the pore water collected from the 0.32, 1.0, 3.2, 10, 32 and 100 mg/kg 

treatment groups ranged from 0.00125 to 0.708 mg/L on Day 0; ranged from 0.000792 to 0.514 mg/L on 

Day 5 and ranged from 0.000808 to 0.572 mg/L on Day 10.  Measured concentrations in the overlying 

water collected from the 0.32, 1.0, 3.2, 10, 32 and 100 mg/kg treatment groups ranged from 0.0000242 to 

0.0369 mg/L on Day 0; ranged from 0.00000938 to 0.00533 mg/L on Day 5 and ranged from 0.0000322 to 

0.0502 mg/L on Day 10.   

 

When measured concentrations of the sediment samples collected during the test were averaged, 

the mean measured test concentrations for this study were 0.018, 0.045, 0.25, 1.0, 3.8 and 16 mg/kg, 

representing 5.7, 4.5, 7.9, 10, 12 and 16% of nominal concentrations, respectively.  The results of the study 

were based on the mean measured concentrations in sediment. 

 

Observations and Measurements 

Measurements of temperature, dissolved oxygen and pH of the overlying water in the test 

compartments are summarized in Table 6, and individual measurements are presented in Appendices 12, 13 

and 14, respectively.  All water quality measurements were within the desired range of the test.  Water 

temperatures were within the 23 ± 1°C range established for the test.  Measurements of pH in the overlying 

water ranged from 7.9 to 8.3 during the test.  Dissolved oxygen concentrations remained ≥6.7 mg/L (≥78% 

of air saturation) throughout the test.  Measurements of specific conductance, hardness, alkalinity, and 

ammonia of the overlying water in the negative and solvent control and the highest concentration treatment 

group are summarized in Table 6 and individual measurements are presented in Appendix 15.  Measurements 

of specific conductance, hardness, and alkalinity were comparable between the control and treatment group 

and were typical of the test facility well water.  Measurements of ammonia in the overlying water at the 

beginning of the test ranged from < LOQ – 6.19 mg/L and at the end of the test ranged from 

<LOQ – 1.03 mg/L (LOQ of 0.17 mg/L, the concentration of the lowest calibration standard).  Light intensity 

at test initiation was 633 lux at the surface of the water of one representative test compartment (negative 

control replicate A).  Measurements of pH and ammonia in the pore water as well as the sediment redox 

potential are summarized in Table 7 and individual replicate data is presented in Appendices 16 and 17, 

respectively.  The pH in the pore water ranged from 7.3 to 7.8 during the test.  Ammonia in the pore water 

ranged from 1.42 to 12.1 during the test and the sediment redox (Eh) potential ranged from -53 to 326 during 

the test. 
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Survival of midges in each treatment and control group at test termination is summarized in Table 8, 

and individual replicate data is presented in Appendix 18.  There were sporadic observations of organisms 

leaving the sediment or on the surface of the sediment during the test.  These observations were noted in the 

controls and treatment groups and were not considered to be treatment related.  There were no apparent 

treatment-related effects on survival in any of the treatment groups.  Mean percent survival at test termination 

in the negative control and solvent control group was 86% and 93%, respectively.  Mean percent survival at 

test termination in the 0.018, 0.045, 0.25, 1.0, 3.8 and 16 mg/kg treatment groups was 91%, 90%, 94%, 85%, 

84% and 93%, respectively.  There were no statistically significant differences (p > 0.05) in survival in any 

of the treatment groups in comparison to the pooled control using a Fisher’s Exact/Bonferroni-Holm test. 

Therefore, the LOEC for survival was >16 mg/kg dry sediment and the NOEC was 16 mg/kg dry sediment.  

The 10-day LC50 for survival was determined to be >16°mg/kg dry sediment, the highest concentration tested.   

 

The mean individual ash-free dry weights (AFDW) of surviving midge larvae in each treatment and 

control group at test termination are summarized in Table 8, and individual replicate data is presented in 

Appendix 19.  Pupae and dead organisms were not included in the determination of ash-free dry weights.  

There were no apparent treatment-related effects on growth in any of the treatment groups.  The mean AFDW 

per surviving midge larvae at test termination in the negative and solvent control group was 2.30 and 2.13 mg, 

respectively.  The mean AFDW per surviving midge larvae at test termination in the 0.018, 0.045, 0.25, 1.0, 

3.8 and 16 mg/kg treatment groups was 2.18, 2.17, 2.20, 2.62, 2.40 and 2.23 mg, respectively.  There were 

no statistically significant differences (p > 0.05) in growth in any of the treatment groups in comparison to 

the pooled control using the Dunnett T3 multicomparison test.  Therefore, the LOEC for growth was 

>16 mg/kg dry sediment and the NOEC was 16 mg/kg dry sediment.  The mean individual dry weight of 80 

midge larvae collected from the test batch of organisms at the beginning of the test was 0.22 mg (Table 8). 

 

Conditions for the Validity of the Test 

The following criteria were used to judge the validity of the test and were met in this study: 

 

1. the average survival/recovery of test organisms on Day 10 will be ≥70% in the negative 

control group and, where relevant, in the solvent control group.  In this study, mean survival 

in the negative and solvent control groups was 86% and 93%, respectively. 

2. the average larval weight on Day 10 will be ≥0.48 mg per surviving organism as ash-free 

dry weight (AFDW) in the negative control group and, where relevant, in the solvent 
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control group.  In this study, the average individual AFDW in the negative and solvent 

control groups was 2.30 and 2.13 mg, respectively.  

3. all test vessels will be identical and will contain the same amount of sediment and overlying 

water.  In this study, all test vessels were identical and contained the same volumes of 

sediment and overlying water. 

4. all test organisms were indiscriminately assigned to test vessels. 

5. a negative sediment control and a solvent sediment control were included in the test. 

 

CONCLUSIONS 

Third instar midge larvae (Chironomus dilutus) were exposed for 10 days to six mean measured 

concentrations of sediment-incorporated p-Dichlorobenzene ranging from 0.018 to 16 mg/kg.  There were 

no treatment-related effects observed on survival, or growth at any tested concentration.  Based on the mean 

measured concentrations in sediment, the 10-day LC50 value for survival was >16 mg/kg, the highest 

concentration tested.  The NOEC for both survival and growth was 16 mg/kg and the LOEC was >16 mg/kg. 
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Table 1 

Analysis of Primary Stock Solution of 14C-p-DCB 

 

Sample 
Type 

Sample 
Number 

Nominal 
14C-p-DCB 

Concentration 
(mg/mL) 

Specific 
Activity 

(dpm/mg) 

Total [14C] 
Found 
(dpm) 

14C-p-DCB 
Equivalents1,2 

(mg/mL) 

Percent 
of 

Nominal2 
Stock 17854-072822-1G 1.50 646446526 126719.75 1.57 105 

       
Stock 17854-072822-1H 1.50 646446526 126653.78 1.57 104 

       
Stock 17854-072822-1I 1.50 646446526 127283.13 1.58 105 

   Mean = 1.57 105 

1 14C-p-DCB Equiv. = ({[(Total dpm found/Sample Volume]}/Specific Activity) * Dilution Factor.  Dilution factor = 400.  
Sample volume = 0.0500 mL. 

2 Results were calculated using Excel.  Manual calculations may differ. 
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Table 2 

Measured Concentrations of 14C-p-DCB Pretest Dilution Water Sample Analyzed by LSC 

 

Sample 
ID 

(264A-116-) 

Nominal 
Concentration 

(mg/kg) 

Sample 
Volume 

(mL) 

Specific 
Activity 

(dpm/µg) 

Total [14C] 
Found2 
(dpm) 

14C-p-DCB 
Equivalents1,2,3 

(mg/kg) 

1-DIL -- 10.0 647558 40.06 < LOQ 

1 14C-p-DCB Equivalents = (Total [14C] Found/Specific Activity/Sample Volume). 
2 Results were calculated using Excel.  Manual calculations may differ. 
3 The limit of quantitation (LOQ) was set at the instrument LOQ of 50 dpm.  Results with a total dpm 

count below 50 are reported as < LOQ. 
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Table 3 

Measured Concentrations of 14C-p-DCB in Sediment Samples Analyzed by LSC 

 

Nominal 
Sediment 

Concentration 
(mg/kg) 

Sample 
Number 

(264A-116-) 

Sampling 
Interval 
(Day) 

Sample 
Mass 
(g) 

Specific 
Activity 

(dpm/µg) 

Total 
[14C] 

Found 
(dpm) 

Soil 
Content3 

14C-p-DCB 
Equivalents 
Found 1,2,3,4 
(mg a.i./kg) 

Percent 
of 

Nominal1,3 
(%) 

Mean Measured 
14C-p-DCB 
Equivalent 

Concentration3 
(± SD and CV%) 

(mg/kg) 

Mean 
Percent 

of 
Nominal3 

Negative 1-SED 0 0.200 647558 0.00 0.684 < LOQ < LOQ -- -- 
Control (0.0) 9-SED 5 0.200 647558 0.00 0.698 < LOQ < LOQ   

 17-SED 10 0.200 647558 0.00 0.702 < LOQ < LOQ   
           

Solvent 2-SED 0 0.200 647558 8.72 0.698 < LOQ < LOQ -- -- 
Control (0.0) 10-SED 5 0.200 647558 0.00 0.693 < LOQ < LOQ   

 18-SED 10 0.200 647558 0.00 0.700 < LOQ < LOQ   
           

0.32 3-SED 0 0.200 647558 1830.53 0.691 0.0205 6.40 0.018 ± 0.0021 5.7 
 11-SED 5 0.200 647558 1575.58 0.699 0.0174 5.44 CV = 12%  
 19-SED 10 0.200 647558 1461.05 0.685 0.0165 5.15   
           

1.0 4-SED 0 0.200 647030 4325.01 0.691 0.0484 4.84 0.045 ± 0.0030 4.5 
 12-SED 5 0.200 647030 3834.03 0.698 0.0425 4.25 CV = 6.7%  
 20-SED 10 0.200 647030 3902.21 0.680 0.0443 4.43   
           

3.2 5-SED 0 0.200 202197 7841.43 0.692 0.280 8.76 0.25 ± 0.024 7.9 
 13-SED 5 0.200 202197 6612.47 0.692 0.236 7.39 CV = 9.7%  
 21-SED 10 0.200 202197 7406.79 0.762 0.240 7.51   
           

10 6-SED 0 0.200 64703 10363.10 0.690 1.16 11.6 1.0 ± 0.13 10 
 14-SED 5 0.200 64703 8296.56 0.696 0.921 9.21 CV = 13%  
 22-SED 10 0.200 64703 8473.58 0.689 0.950 9.50   

1 Analytical results were generated using wet weights.  The tabulated values are reported on a dry weight basis. 
2 14C-p-DCB Equivalents = ({[Total dpm found/sample mass (g)]}/specific activity)/soil content. 
3 Results were generated in Excel.  Manual calculations may differ slightly. 
4 The limit of quantitation (LOQ) was set at the instrument LOQ of 50 dpm.  Results with a total dpm count below 50 are reported as < LOQ. 
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Table 3 (Continued) 
 

Measured Concentrations of 14C-p-DCB in Sediment Samples Analyzed by LSC 
 

Nominal 
Sediment 

Concentration 
(mg/kg) 

Sample 
Number 

(264A-116-) 

Sampling 
Interval 
(Day) 

Sample 
Mass 
(g) 

Specific 
Activity 

(dpm/µg) 

Total 
[14C] 

Found 
(dpm) 

Soil 
Content3 

14C-p-DCB 
Equivalents 
Found 1,2,3 
(mg/kg) 

Percent 
of 

Nominal1,3 
(%) 

Mean Measured 
14C-p-DCB 
Equivalent 

Concentration3 
(± SD and CV%) 

(mg/kg) 

Mean 
Percent 

of 
Nominal3 

32 7-SED 0 0.200 20220 13781.06 0.693 4.92 15.4 3.8 ± 0.94 12 
 15-SED 5 0.200 20220 8992.10 0.687 3.24 10.1 CV = 25%  
 23-SED 10 0.200 20220 9343.53 0.693 3.34 10.4   
           

100 8-SED 0 0.200 6470 16479.55 0.695 18.3 18.3 16 ± 2.7 16 
 16-SED 5 0.200 6470 14172.61 0.692 15.8 15.8 CV = 17%  
 24-SED 10 0.200 6470 11157.70 0.667 12.9 12.9   

1 Analytical results were generated using wet weights.  The tabulated values are reported on a dry weight basis. 
2 14C-p-DCB Equivalents = ({[Total dpm found/sample mass (g)]}/specific activity)/soil content 

3 Results were generated in Excel.  Manual calculations may differ slightly. 
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Table 4 

Measured Concentrations of 14C-p-DCB in Pore Water Sample 

 
Nominal 
Sediment 
Treatment 

Group 
(mg/kg) 

Sample 
Number 

(264A-116-) 

Sampling 
Interval 
(Day) 

Sample 
Volume 

(mL) 

Specific 
Activity 
(dpm/μg) 

Total 
[14C] 

Found 
(dpm) 

14C-p-DCB 
Equivalents 
Found1,2,3 

(mg/L) 
Negative 1-PW 0 5.00 647558 5.30 < LOQ 
Control 9-PW 5 5.00 647558 7.57 < LOQ 

(0.0) 17-PW 10 5.00 647558 17.55 < LOQ 
       

Solvent 2-PW 0 5.00 647558 0.30 < LOQ 
Control 10-PW 5 5.00 647558 9.79 < LOQ 

(0.0) 18-PW 10 5.00 647558 6.53 < LOQ 
       

0.32 3-PW 0 5.00 647558 4044.02 0.00125 
 11-PW 5 5.00 647558 2563.33 0.000792 
 19-PW 10 5.00 647558 2617.03 0.000808 
       

1.0 4-PW 0 5.00 647030 12719.45 0.00393 
 12-PW 5 5.00 647030 8483.27 0.00262 
 20-PW 10 5.00 647030 7153.73 0.00221 
       

3.2 5-PW 0 5.00 202197 16599.25 0.0164 
 13-PW 5 5.00 202197 10041.60 0.00993 
 21-PW 10 5.00 202197 8068.41 0.00798 
       

10 6-PW 0 5.00 64703 16900.93 0.0522 
 14-PW 5 5.00 64703 9998.21 0.0309 
 22-PW 10 5.00 64703 10419.34 0.0322 
       

32 7-PW 0 5.00 20220 20968.38 0.207 
 15-PW 5 5.00 20220 12339.32 0.122 
 23-PW 10 5.00 20220 12716.52 0.126 
       

100 8-PW 0 5.00 6470 22897.76 0.708 
 16-PW 5 5.00 6470 16629.33 0.514 
 24-PW 10 5.00 6470 18516.73 0.572 

1 14C-p-DCB Equivalents = [{(Total dpm found)/sample volume (mL)}/specific activity] 

2 Results were generated using Excel.  Manual calculations may differ slightly. 
3 The limit of quantitation (LOQ) was set at the instrument LOQ of 50 dpm.  Results with a total dpm count below 50 

are reported as < LOQ. 
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Table 5 
 

Measured Concentrations of 14C-p-DCB in Overlying Water Samples 
 

Nominal 
Sediment 
Treatment 

Group 
(mg/kg) 

Sample 
Number 

(264A-116-) 

Sampling 
Interval 
(Day) 

Sample 
Volume 

(mL) 

Specific 
Activity 
(dpm/μg) 

Total 
[14C] 

Found 
(dpm) 

14C-p-DCB 
Equivalents Found1,2,3 

(mg/L) 
Negative 1-OW 0 10.0 647558 0.00 < LOQ 
Control 9-OW 5 10.0 647558 27.79 < LOQ 

(0.0) 17-OW 10 10.0 647558 10.89 < LOQ 
       

Solvent 2-OW 0 10.0 647558 1.88 < LOQ 
Control 10-OW 5 10.0 647558 11.91 < LOQ 

(0.0) 18-OW 10 10.0 647558 4.07 < LOQ 
       

0.32 3-OW 0 10.0 647558 156.80 0.0000242 
 11-OW 5 10.0 647558 60.75 0.00000938 
 19-OW 10 10.0 647558 208.39 0.0000322 
       

1.0 4-OW 0 10.0 647030 430.75 0.0000666 
 12-OW 5 10.0 647030 81.53 0.0000126 
 20-OW 10 10.0 647030 686.09 0.000106 
       

3.2 5-OW 0 10.0 202197 842.95 0.000417 
 13-OW 5 10.0 202197 150.04 0.0000742 
 21-OW 10 10.0 202197 838.77 0.000415 
       

10 6-OW 0 10.0 64703 1136.76 0.00176 
 14-OW 5 10.0 64703 168.71 0.000261 
 22-OW 10 10.0 64703 1309.69 0.00202 
       

32 7-OW 0 10.0 20220 1516.34 0.00750 
 15-OW 5 10.0 20220 375.82 0.00186 
 23-OW 10 10.0 20220 1654.80 0.00818 
       

100 8-OW 0 10.0 6470 2387.50 0.0369 
 16-OW 5 10.0 6470 344.67 0.00533 
 24-OW 10 10.0 6470 3249.01 0.0502 

1 14C-p-DCB Equivalents = [{(Total dpm found)/sample volume (mL)}/specific activity]. 
2 Results were generated using Excel in full precision mode.  Manual calculations may differ slightly. 
3 The limit of quantitation (LOQ) was set at the instrument LOQ of 50 dpm.  Results with a total dpm count below 50 

are reported as < LOQ. 
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Table 6 

Means and Ranges of Overlying Water Quality Measurements Taken During the 10-Day Exposure to  

Sediment-Incorporated p-Dichlorobenzene 

Mean Measured 
Sediment 

Concentration 
(mg/kg) 

Mean ± SD and Range of Measured Parameters 
 

Temperature1 

(°C) 

 
DO2 

(mg/L) 

 
 

pH 

Hardness 
(mg/L as 

CaCO3) 3,5 

Alkalinity 
(mg/L as 

CaCO3) 3,5 

 
Conductivity 3,5 

(µS/cm) 

Ammonia 
(mg/L as NH3) 4,5 

Negative Control 22.7 ± 0.16 7.8 ± 0.33 8.1 ± 0.09 166 ± 14.14 190 ± 8.49 374 ± 56.57 <LOQ  
 (22.3 – 22.8) (7.3 – 8.4) (7.9 – 8.2) (156 – 176) (184 – 196) (334 – 414) (<LOQ – <LOQ) 
        

Solvent Control 22.7 ± 0.16 7.8 ± 0.38 8.1 ± 0.09 158 ± 8.49 194 ± 8.49 375 ± 50.91 0.48 
 (22.4 – 22.9) (7.0 – 8.4) (7.9 – 8.2) (152 – 164) (188 – 200) (339 – 411) (<LOQ – 0.88) 
        

0.018 22.9 ± 0.19 7.8 ± 0.35 8.2 ± 0.08 -- -- -- <LOQ  
 (22.4 – 23.0) (7.1 – 8.3) (8.0 – 8.3) -- -- -- (<LOQ – 0.171) 
        

0.045 22.7 ± 0.15 7.7 ± 0.43 8.1 ± 0.10 -- -- -- 2.45 
 (22.4 – 22.9) (7.0 – 8.4) (7.9 – 8.2) -- -- -- (<LOQ – 4.82) 
        

0.25 22.8 ± 0.16 7.9 ± 0.31 8.2 ± 0.11 -- -- -- 0.36 
 (22.5 – 23.0) (7.2 – 8.4) (7.9 – 8.3) -- -- -- (<LOQ – 0.63) 
        

1.0 22.9 ± 0.14 7.8 ± 0.43 8.2 ± 0.11 -- -- -- 0.23 
 (22.6 – 23.0) (6.7 – 8.4) (7.9 – 8.3) -- -- -- (<LOQ – 0.37) 
        

3.8 22.9 ± 0.18 7.8 ± 0.4 8.2 ± 0.08 -- -- -- 3.14 
 (22.6 – 23.2) (6.8 – 8.1) (8.0 – 8.3) -- -- -- (<LOQ – 6.19) 
        

16 22.9 ± 0.1 7.8 ± 0.31 8.2 ± 0.08 164 ± 11.31 189 ± 7.07 376.5 ± 57.28 2.84 
 (22.7 – 23.0) (7.2 – 8.4) (8.0 – 8.3) (156 – 172) (184 – 194) (336 – 417) (1.03 – 4.65) 

1 Manual temperature measurements.  Temperature monitored continuously during the test ranged from 22.42 to 23.59°C, measured to the nearest 0.01°C. 
2 A dissolved oxygen concentration of 5.1 mg/L represents 60% saturation at 23ºC in freshwater. 
3 -- = no measurements scheduled. 
4 The LOQ for ammonia analyses was set at 0.17 mg/L, the concentration of the lowest calibration standard.  When a measured concentration of ammonia was <LOQ, a value of ½ LOQ was used to 

calculate the mean concentration. 
5 No standard deviation is reported when only two measurements are recorded (Day 0 and Day 10). 
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Table 7 

Means and Ranges of Pore Water and Sediment Measurements Taken During the 10-Day Exposure to  

Sediment-Incorporated p-Dichlorobenzene 
 

Mean Measured 
Sediment 

Concentration 
(mg/kg) 

Mean ± SD and Range of Measured Parameters 
Pore Water Sediment 

pH1 Ammonia (mg/L as NH3) 2 Eh 

Negative Control 7.6 6.8 ± 4.8 38 ± 222 
 7.3 – 7.8 (2.7 – 12.1) (-90 – 294) 
    

Solvent Control 7.4 5.7 ± 4.54 20.3 ± 227 
 7.3 – 7.5 (2.1 – 10.8) (-137 – 280) 
    

0.018 7.5 6.3 ± 4.4 -33.3 ± 262 
 7.5 – 7.5 (2.6 – 11.2) (-225 – 265) 
    

0.045 7.6 6.5 ± 4.85 71.7 ± 141 
 7.6 – 7.6 (2.7 – 12) (-76 – 204) 
    

0.25 7.6 7.7 ± 4.67 83.3 ± 211 
 7.5 – 7.7 (2.4 – 11.4) (-57 – 326) 
    

1.0 7.6 5.9 ± 4.62 42.7 ± 153 
 7.5 – 7.7 (1.6 – 10.8) (-53 – 219) 
    

3.8 7.6 5.7 ± 4.33 3 ± 251 
 7.5 – 7.7 (2.1 – 10.5) (-167 – 291) 
    

16 7.7 5.2 ± 4.5 35.7 ± 226 
 7.5 – 7.8 (1.4 – 10.2) (-160 – 283) 

1 No standard deviation is reported when only two measurements are recorded (Day 0 and Day 10). 
2 The LOQ for ammonia analyses was set at 0.17 mg/L, the concentration of the lowest calibration standard.  When a measured concentration of ammonia was <LOQ, a 

value of ½ LOQ was used to calculate the mean concentration. 
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Table 8 

Summary of Survival and Growth of the Midge (Chironomus dilutus) Exposed to Sediment-Incorporated p-Dichlorobenzene for 10 Days 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

Mean Number 
of Surviving 
Organisms 

(± SD)1 

 
Percent 
Survival 

(%) 

Percent Reduction 
in Survival From 
Pooled Control2 

(%) 

Mean Individual 
Ash-Free Dry Weight 

(mg) 
(± SD) 

Percent Reduction in 
Ash-Free Dry Weight 
From Pooled Control 2 

(%) 
Negative Control 8.6 (± 1.41) 86 -- 2.30 ± 0.34 -- 

      
Solvent Control 9.3 (± 0.71) 93 -- 2.13 ± 0.08 -- 

      
0.018 9.1 (± 1.13) 91 -- 2.18 ± 0.22 1.30 

      
0.045 9.0 (± 0.76) 90 -- 2.17 ± 0.16 1.83 

      
0.25 9.4 (± 0.74) 94 -- 2.20 ± 0.16 0.69 

      
1.0 8.5 (± 0.93) 85 4.90 2.62 ± 0.36 -- 

      
3.8 8.4 (± 0.92) 84 6.29 2.40 ± 0.13 -- 

      
16 9.3 (± 1.04) 93 -- 2.23 ± 0.13 -- 

1 Each replicate contained 10 organisms at test initiation.  The average individual ash-free dry weight of 80 midge larvae collected from the test batch of organisms at the 
beginning of the test was 0.22 mg. 

2 Percent reduction was calculated using Excel 2010 in full precision mode; manual calculations may differ slightly. 
There were no statistically significant differences (p > 0.05) in the mean number of surviving organisms in any treatment group using a Fisher’s Exact/Bonferroni-Holm test. 
There were no statistically significant differences (p>0.05) in the mean individual ash-free dry weight in comparison to the pooled control group using the Dunnett T3 multiple 

comparison test. 
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Appendix 1 

Study Protocol 
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Appendix 2 

Certificates of Analysis 
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Appendix 3 

Test Water Chemistry Parameters Measured During the Approximate 4-Week Period Immediately 

Preceding the Test 

 

Parameter Mean1 Range1 
   
Specific Conductance 369 360 – 384 

 (µS/cm) (N = 4)  
   
Hardness 147 136 – 156 
 (mg/L as CaCO3) (N = 4)  
   
Alkalinity 175 166 - 178 
 (mg/L as CaCO3) (N = 4)  
   
pH 8.1 8.1 – 8.2 
 (N = 4)  
   
Total Organic Carbon <2 -- 
 (mg C/L) (N = 1)  
   
1 Parameters are measured weekly with the exception of TOC, which is measured monthly. 
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Appendix 4 

Analyses of Pesticides, Organics and Metals in Eurofins-Easton Well Water 
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Appendix 4 (Continued) 
 

Analyses of Pesticides, Organics and Metals in Eurofins-Easton Well Water 
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Appendix 4 (Continued) 
 

Analyses of Pesticides, Organics and Metals in Eurofins-Easton Well Water 
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Appendix 4 (Continued) 
 

Analyses of Pesticides, Organics and Metals in Eurofins-Easton Well Water 
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Appendix 5 

Formulated Sediment Composition 

 

Constituents1 Weight (g) Percent (%) 

Quartz Sand 7,700   702 

Kaolin Clay 2,200  20 

Air Dried Peat Moss 550 5 

Ground Limestone 110 1 
1 The constituents were mixed in a top-down mixer for approximately 10 minutes and the dry 

sediment was stored under ambient conditions until used.  The pH of the sediment was 5.7. 
2 The test substance was spiked into an amount of sand equivalent to 5% of the final weight of 

the batch sediment.  The amount of sand used in preparing this bulk formulated sediment was 
accordingly adjusted downward by 5%. 
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Appendix 6 

Agvise Laboratories Report of Sediment Characterization 
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Appendix 7 

Analyses of Pesticides, Organics and Metals in Peat Moss 
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Appendix 7 (continued) 
 

Analyses of Pesticides, Organics and Metals in Peat Moss 
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Appendix 7 (continued) 
 

Analyses of Pesticides, Organics and Metals in Peat Moss 
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Appendix 7 (continued) 
 

Analyses of Pesticides, Organics and Metals in Peat Moss 
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Appendix 8 

Analyses of Pesticides, Organics and Metals in TetraMin® Flake Food 
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Appendix 8 (Continued) 
 

Analyses of Pesticides, Organics and Metals in TetraMin® Flake Food 
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Appendix 8 (Continued) 
 

Analyses of Pesticides, Organics and Metals in TetraMin® Flake Food 
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Appendix 8 (Continued) 
 

Analyses of Pesticides, Organics and Metals in TetraMin® Flake Food 
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Appendix 9 

Summary of Non-GLP Porewater Equilibration Trial and Stability Trial 
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Appendix 9.1 

Concentrations of p-Dichlorobenzene in Sediment from a Flow-Through Test Design 

 
 

 
Nominal 

concentration   Analytical Result (mg/kg) on Each Day 

 (mg/kg)   2 7 10 14 21 

0.16 

Rep. A 0.00162 0.001050 0.001440 0.0013200 0.0011000 
Rep. B 0.001490 0.001140 0.001090 0.001150 0.00131 
Mean 0.001555 0.001095 0.001265 0.001235 0.001205 

            

100 
Rep. A 9.440 6.9500 8.1800 7.790 5.680 
Rep. B 10.900 8.180 8.360 8.670 4.650 
Mean 10.170 7.565 8.270 8.230 5.165 
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Appendix 9.2 

Concentrations of p-Dichlorobenzene in Sediment from a Static Test Design 

 
 

 
 

Nominal 
concentration   Analytical Result (mg/kg) on Each Day 

 (mg/kg)   2 7 10 14 21 

0.16 

Rep. A 0.00139 0.000943 0.001190 0.0009100 0.0011100 
Rep. B 0.001410 0.000925 0.001080 0.0007080 0.000939 
Mean 0.001400 0.000934 0.001135 0.000809 0.001025 

            

100 
Rep. A 12.700 5.840 6.680 5.2200 3.020 
Rep. B 6.630 4.310 3.980 5.620 2.820 
Mean 9.665 5.075 5.330 5.420 2.920 
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Appendix 9.3 

Measured Concentrations of p-Dichlorobenzene in Sediment from a Stability Trial 
 

  
Sample ID 
264A-115- 

Nominal 
14C p-DCB 

Concentration 
(mg/kg) 

Test  
Day  

  
Total [14C] 

Found 
(dpm) 

14C p-DCB 
Found  
(wet) 

(mg/kg) 

  
Soil 

Content  

14C p-DCB 
Found  
(dry) 

(mg/kg) 

  
Percent of 
Nominal 

(%) 
Average % 
Nominal  

-- --  0.00 -- -- -- --  
1-SED 1000 30-min mix 7200.3 720.0 1.000 720.0 72.0 57.3 
2-SED 1000 30-min mix 4259.3 425.9 1.000 425.9 42.6           
3-SED 1000 2-hour mix 3122.7 312.3 1.000 312.3 31.2 27.9 
4-SED 1000 2-hour mix 2454.5 245.5 1.000 245.5 24.5            
5-SED 1000 Immediately after Settling 3970.6 397.1 0.760 522.2 52.2 48.5 
6-SED 1000 Immediately after Settling 3320.8 332.1 0.743 447.2 44.7           
7-SED 1000 Day 1 3422.0 342.2 0.731 468.4 46.8 50.6 
8-SED 1000 Day 1 3982.7 398.3 0.734 542.8 54.3           
9-SED 1000 Day 3 3573.9 357.4 0.725 492.8 49.3 47.4 
10-SED 1000 Day 3 3330.4 333.0 0.730 456.1 45.6   

14C p-DCB Found (Wet) = {[(Total dpm Found - Background Contribution)/Sample Mass]}/Specific Activity  
14C p-DCB Found (Dry) = 14C p-DCB Found (Wet)/soil content  
Percent of Nominal = [14C p-DCB Found (Dry)/Nominal 14C p-DCB Concentration] x 100 
Wet Soil Mass=((Wet Soil Weight + Pan Weight)-Pan Weight)*1000 
Dry Soil Mass=((Dry Soil Weight + Pan Weight)-Pan Weight)*1000 
Soil Content=(Dry Soil Mass/Wet Soil Mass) 
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Appendix 9.4 

Measured Concentrations of p-Dichlorobenzene in Overlying Water from a Stability Trial 

 
Sample 
Type 

 
Sample 
Number  

(264A-115 - ) 

 
Test  
Day   

Nominal 
14C p-DCB 

Concentration 
(mg/kg) 

 
Sample  
Volume 

(mL) 

 
Specific  
Activity 

(dpm/µg) 

 
Total [14C] 

Found 
(dpm) 

14C p-DCB 
Equivalents 

Found  
(mg/L) 

Mean  
Measured 

(mg/L) 
Background --  -- -- -- 0.00 --  

Overlying Water 5-OW Immediately after Settling 1000 10.0 50 1037.3 2.07 2.26 
Overlying Water 6-OW Immediately after Settling 1000 10.0 50 1218.5 2.44  

         
Overlying Water 7-OW Day 1 1000 10.0 50 195.0 0.390 0.34 
Overlying Water 8-OW Day 1 1000 10.0 50 148.2 0.296  

         
Overlying Water 9-OW Day 3 1000 10.0 50 192.7 0.385 0.51 
Overlying Water 10-OW Day 3 1000 10.0 50 313.4 0.627   
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Appendix 9.5 

Measured Concentrations of p-Dichlorobenzene in Pore Water from a Stability Trial 
 

 
Sample 
Type 

 
Sample 
Number  

(264A-115 - ) 

 
Test  
Day   

Nominal 
14C p-DCB 

Concentration 
(mg/kg) 

 
Sample  
Volume 

(mL) 

 
Specific  
Activity 

(dpm/µg) 

 
Total [14C] 

Found 
(dpm) 

14C p-DCB 
Equivalents 

Found  
(mg/L) 

Mean  
Measured 

(mg/L) 

Pore Water 5-PW Immediately after Settling 1000 5.00 50 10759.0 43.0 41.04 
Pore Water 6-PW Immediately after Settling 1000 5.00 50 9759.4 39.0  

         
Pore Water 7-PW Day 1 1000 5.00 50 11455.2 45.8 44.28 
Pore Water 8-PW Day 1 1000 5.00 50 10686.9 42.7  

         
Pore Water 9-PW Day 3 1000 5.00 50 9345.9 37.4 40.13 
Pore Water 10-PW Day 3 1000 5.00 50 10720.9 42.9  

           
14C p-DCB Equivalents Found = Total dpm found / Sample Volume / Specific Activity  
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Appendix 9.6 

Percentage of p-Dichlorobenzene in Sediment, Overlying Water and Pore Water based on Measured Concentration and Mass Balance 

Calculations 

Nominal Concentration 
(mg/kg) Study Day % in Sediment % in Overlying Water % in Pore Water Total % 

1000 Time-0 52.22 0.0192 5.80 58.04 

 Time-0 44.72 0.0226 5.27 50.01 

      
1000 1 46.84 0.0036 6.19 53.03 

 1 54.28 0.0027 5.77 60.05 

      
1000 2 49.28 0.0036 5.05 54.34 

  2 45.61 0.0058 5.77 51.39 
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Appendix 10 

Non-GLP Rangefinding Summary 
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Appendix 11 

The Analysis of p-Dichlorobenzene in Sediment and Water 
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Appendix 11.1 
 

Chromatograms from Radiopurity Analysis 
 

 
 
The top chromatogram is the β-Ram output, the bottom chromatogram is the UV output.  The 
approximate retention time of 14C-p-DCB by HPLC/UV is 17.6 minutes, which corresponds to 
the approximate peak retention time of the β-Ram output. 
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Appendix 11.2 
 

Typical Operational Parameters for Radiopurity Analysis 
 

INSTRUMENT: Agilent Series 1260 Infinity High Performance Liquid 
Chromatograph with an Agilent Series 1260 Infinity 
Variable Wavelength Detector and LabLogic Systems 
β-Ram Model 3B Detector 
 

ANALYTICAL COLUMN: Eclipse XDB-Phenyl (250 x 4.6 mm, 5 µm)  
 

OVEN TEMPERATURE: 40.0°C 
 

FLOW RATE: 
 

1.000 mL/min 

MOBILE PHASE:   A:  0.1% Trifluoroacetic acid in HPLC-grade water 
B:  0.1% Trifluoroacetic acid in acetonitrile 
 

 
GRADIENT TIMETABLE: 

Time       
(min)          % A % B  
  0.00            95.0  5.0 
  20.00          5.0           95.0 
  20.10         95.0           5.0 
  25.00         95.0           5.0 

  
INJECTION VOLUME: 50.00 µL 

 
APPROXIMATE RETENTION 
TIME OF 14C-p-DCB: 
 

Approximately 17.6 minutes  
 

UV DETECTOR 
 WAVELENGTH: 

228 nm 

  
β-RAM DETECTOR: Cell Volume:  200 µL 

Scintillator: FlowLogic U 
Flow Rate: 1 mL/min 
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Appendix 11.3 
 

Method Outline for β-Ram analysis of 14C-p-DCB in Primary Stock Solution 
 

1. First prepare a retention time standard using a stock solution of the (non-radiolabeled) test 
substance, 50 : 50 (v/v) ethanol : HPLC-grade water as the dilution solvent, and a gas-tight syringe 
and volumetric flask. 
  

Stock 
Concentration 

(mg/mL) 

Final 
Concentration 

(mg/L) 

Spike 
(µL) 

Final Volume 
(mL) 

0.100 2.00 200 10.0 

 
2. Using the stock dilution used for LSC counting, prepare a further dilution in HPLC-grade water, to 

achieve the desired solvent composition for radiopurity analysis. Use a pipettor to add equal 
volumes of stock and HPLC-grade water to an autosampler vial, crimp the vial, and vortex to mix 
prior to submission for analysis.  
  

Expected Stock Concentration 
(mg/mL) 

Stock Dilution 
Volume 

(µL) 

HPLC-Grade Water 
Volume 

(µL) 

1.50 750 750 

 
3. Inject 50.0 µL of the retention time standard via HPLC/UV to determine the retention time of the 

test substance.  Inject 50.0 µL (in triplicate) of the radiopurity analysis standard via HPLC/UV to 
determine the radiopurity. 
 

4. Store remaining stock dilution in frozen. The retention time and radiopurity analysis standards 
should be disposed following injection. 
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Appendix 11.4 
 

Method Outline for the Analysis of 14C-p-DCB in Primary Stock Solution 
 

1. Use a volumetric pipette or equivalent to add 10.0 mL of ethanol to an amber glass vial. 
 

2. Use a pipettor to remove 25.0 µL of ethanol from the amber glass vial. 
 

3. Then use a verified pipettor to transfer 25.0 µL of the primary stock to the amber glass 
vial and mix well. 
 

Expected Stock 
Concentration (mg/mL) Stock Aliquot (µL) Final Volume (mL) 

1.50 25.0 10.0 

 
4. Use a verified pipettor to add 50.0 µL aliquots of the diluted stock prepared above to each 

of three scintillation vials. Use an empty scintillation vial for the Background sample. 
Add 10 mL of Ultima Gold XR to each scintillation vial. Shake to mix well.   
 

Sample Type Sample Quantity 
(µL) 

Ultima Gold XR Volume 
(mL) 

Background -- 10 
Diluted Stock Sample 50.0 10 
Diluted Stock Sample 50.0 10 
Diluted Stock Sample 50.0 10 

 
5. Analyze samples by LSC. This will provide confirmation of the total radioactivity in the 

diluted stock. 
  

6. Remaining stock dilutions will be stored in the freezer when not in use. 
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Appendix 11.5 
 

Method Outline for Separating Overlying Water, Pore Water and Sediment for the Analysis of 14C-p-DCB 
 

Sample Type Type of Analysis 

Pore Water Hot 
Overlying Water Hot 

Sediment Hot 
   

1. Centrifuge the sediment samples at 1962 RCF for approximately 10 minutes.   
 

2. Decant and measure the volume of each pore water sample using an appropriately sized 
graduated cylinder and record the volume of each sample.  Transfer the pore water from 
graduated cylinders into appropriately sized polypropylene centrifuge tubes. 

 
3. Weigh an aliquot of each sediment sample for moisture determination.  Document data 

on a Moisture Content Determination outline. 
 

4. Process sediment and water samples for analysis as necessary.  Document data on the 
appropriate sediment and water method outlines. 

 
5. Transfer sediment into sediment cups and then store all samples in refrigerated storage 

when samples are not being used. 
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Appendix 11.6 
 

Method Outline of the Analysis of 14C-p-DCB in Overlying Water and Pore Water 
 

1. Remove an aliquot of 10.0 mL of overlying water from mid-depth of each sample using a 
volumetric pipette or equivalent and transfer to a scintillation vial.  Add the requisite 
volume of Ultima Gold XR to each scintillation vial using a bottle top dispenser. 
   

Sample Type 
Nominal 

Concentration 
(mg/kg) 

Sample 
Quantity 

(mL) 

Ultima Gold XR 
Volume 

(mL) 
Background -- -- 10 

Overlying Water Negative Control 0.0 10.0* 10 
Overlying Water Solvent Control 0.0 10.0* 10 

Overlying Water Level-1 0.32 10.0* 10 
Overlying Water Level-2 1.0 10.0* 10 
Overlying Water Level-3 3.2 10.0* 10 
Overlying Water Level-4 10 10.0* 10 
Overlying Water Level-5 32 10.0* 10 
Overlying Water Level-6 100 10.0* 10 

*measured by upon collection. 
 
2. Centrifuge the pore water samples for approximately 10 min. at approximately 

4415 RCF. 
 

3. Remove an aliquot of 5.00 mL of pore water using a volumetric pipette or equivalent and 
transfer to a scintillation vial.  Add the requisite volume of Ultima Gold XR to each 
scintillation vial using a bottle top dispenser. 
 

Sample Type 
Nominal 

Concentration 
(mg/kg) 

Sample 
Quantity 

(mL) 

Ultima Gold XR 
Volume 

(mL) 
Pore Water Negative Control 0.0 5.00 15 
Pore Water Solvent Control 0.0 5.00 15 

Pore Water Level-1 0.32 5.00 15 
Pore Water Level-2 1.0 5.00 15 
Pore Water Level-3 3.2 5.00 15 
Pore Water Level-4 10 5.00 15 
Pore Water Level-5 32 5.00 15 
Pore Water Level-6 100 5.00 15 

 
4. Analyze water samples by LSC.  
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Appendix 11.7 
 

Method Outline of the Analysis of 14C-p-DCB in Sediment 
 

1. Weigh an aliquot of 0.200 g of each sediment sample into a Combusto-Cone.  Add 2-
3 drops of Combustaid to each sample.  Oxidize samples with combustion timer set to 
45 seconds. 

 
Sample Type Nominal Concentration 

(mg/kg) 
Sample Mass 

(g) 
Background (*) -- -- 

Sediment Water Negative Control 0.0 0.200 

Sediment Water Solvent Control 0.0 0.200 

Sediment Water Level-1 0.32 0.200 

Sediment Water Level-2 1.0 0.200 

Sediment Water Level-3 3.2 0.200 

Sediment Water Level-4 10 0.200 

Sediment Water Level-5 32 0.200 

Sediment Water Level-6 100 0.200 

 
(*) Blank from verification. 

 
2. Analyze combusted sediment samples by LSC. 
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Appendix 11.8 
 

Method Outline of the Analysis of 14C-p-DCB in Dilution Water 
 

1. A dilution water sample will be measured upon collection. Add the requisite volume of 
Ultima Gold XR to the scintillation vial using a bottle top dispenser. 
 

Sample Type 
Nominal 

Concentration 
(mg/kg) 

Sample 
Quantity 

(mL) 

Ultima Gold XR 
Volume 

(mL) 
Background -- -- 10 

Dilution Water Sample -- 10.0* 10 
  *Volume measured upon collection. 
 
2. Analyze water sample by LSC. 
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Appendix 11.9 
 

Typical Counting Conditions for Liquid Scintillation Counting 
 

INSTRUMENT: Perkin Elmer Model Tri-Carb 2910 TR or Tri-Carb 
4910 TR Liquid Scintillation Analyzer 
 

COUNTING TIME: 3.00 minutes (Sediment, water, radiopurity and 
primary stock check) 
 

ASSAY TYPE: DPM (Single) 
 

NUCLIDE: 14C-UG (Water, radiopurity and primary stock 
check) 

14C (Sediment) 

 
QUENCH INDICATOR: tSIE/AEC 

 
EXT. STD. TERMINATOR (sec): 0.5 2s% 

 
BACKGROUND SUBTRACT: ON – 1st vial 

 
QUENCH SET: 14C-UG (Water) 

14C (Sediment) 
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Appendix 11.10 
 

Calculations for Sample Quantitation During LSC Analysis 
 

Sample Quantitation  
The equivalent concentrations of 14C-p-DCB for water were calculated from the following equation: 

 

Equivalent Concentration (mg/L) of 14C-p-DCB = Total [14C] found (dpm) / Specific activity (dpm/µg) ÷ 

Sample volume (mL)  

 

Note: the background contribution was automatically subtracted by the liquid scintillation counter’s 

software. 

 

The equivalent concentrations of 14C-p-DCB for sediment were calculated from the following equation: 

 

Equivalent Concentration (mg/kg) of 14C-p-DCB = [Total [14C] found (dpm)/ Specific activity (dpm/µg) ÷ 

Sample mass (g) for sediment] / Soil content 

 

Note: the background contribution was automatically subtracted by the liquid scintillation counter’s 

software. 

 

Limit of Quantitation for Freshwater and Sediment 

The method limit of quantitation (LOQ) for the analyses of 14C-p-DCB in sediment, overlying water and 

pore water was set at the liquid scintillation counter (LSC) instrument LOQ of 50 dpm.   
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Appendix 12 

Temperature of Overlying Water in the Test Compartments During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 

Mean Measured 
Sediment 

Concentration 
(mg/kg) 

 Temperature (°C) 1 

Day: 0 1 2 3 4 5 6 7 8 9 10 

Rep: A B C D E F G H A B C 

Negative Control  22.8 22.6 22.5 22.8 22.7 22.8 22.3 22.8 22.8 22.7 22.7 

Solvent Control  22.8 22.9 22.5 22.9 22.8 22.8 22.4 22.9 22.7 22.7 22.7 

0.018  22.9 23.0 22.6 22.9 22.9 23.0 22.4 22.9 23.0 22.9 22.9 

0.045  22.8 22.7 22.5 22.8 22.7 22.8 22.4 22.9 22.7 22.8 22.8 

0.25  23.0 22.9 22.7 23.0 22.7 23.0 22.5 22.9 22.9 22.8 22.8 

1.0  23.0 23.0 22.7 23.0 22.9 23.0 22.6 23.0 23.0 22.8 22.9 

3.8  23.2 22.9 22.6 23.0 22.8 22.9 22.6 23.0 23.0 22.9 23.0 

16  22.9 22.9 22.7 23.0 22.8 22.9 22.7 22.9 22.9 22.8 23.0 
1 Manual temperature measurements.  Temperature monitored continuously during the test ranged from 22.42 to 23.59°C, measured to the nearest 0.01°C. 
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Appendix 13 

Dissolved Oxygen of Overlying Water in the Test Compartments During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 

Mean Measured 
Sediment 

Concentration 
(mg/kg) 

 Dissolved Oxygen (mg/L) 1 

Day: 0 1 2 3 4 5 6 7 8 9 10 

Rep: A B C D E F G H A B C 

Negative Control  7.5 7.7 8.1 7.3 7.9 8.4 7.7 7.5 7.7 7.8 8.2 

Solvent Control  7.0 7.9 8.2 7.6 8.1 8.4 7.9 7.5 7.8 7.6 8.0 

0.018  7.1 7.8 8.2 7.5 8.1 8.3 8.0 7.6 7.7 7.9 8.1 

0.045  7.1 7.9 8.1 7.3 8.0 8.4 7.9 7.8 7.0 7.7 7.9 

0.25  7.2 7.9 8.2 7.7 8.1 8.4 8.0 7.9 7.7 7.9 8.0 

1.0  6.7 7.9 8.1 7.6 8.1 8.4 8.0 7.7 7.9 7.8 8.0 

3.8  6.8 8.0 8.1 7.4 8.0 8.1 7.8 7.5 7.9 7.9 8.1 

16  7.2 7.9 8.0 7.5 7.8 8.4 7.7 7.7 7.6 8.0 7.9 
1 A dissolved oxygen concentration of 5.1 mg/L represents 60% saturation at 23ºC in freshwater.  
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Appendix 14 

pH of Overlying Water in the Test Compartments During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 

Mean Measured 
Sediment 

Concentration 
(mg/kg) 

pH 

Day: 0 1 2 3 4 5 6 7 8 9 10 

Rep: A B C D E F G H A B C 

Negative Control  7.9 8.1 8.2 8.0 8.1 8.2 8.0 8.1 8.1 8.1 8.1 
Solvent Control  7.9 8.1 8.2 8.1 8.2 8.2 8.2 8.1 8.1 8.1 8.1 

0.018  8.0 8.2 8.2 8.1 8.2 8.3 8.2 8.2 8.2 8.2 8.1 
0.045  7.9 8.2 8.2 8.1 8.2 8.2 8.2 8.2 8.0 8.2 8.1 
0.25  7.9 8.2 8.3 8.1 8.2 8.3 8.2 8.2 8.2 8.2 8.2 
1.0  7.9 8.2 8.3 8.1 8.2 8.3 8.2 8.2 8.2 8.2 8.2 
3.8  8.0 8.1 8.3 8.1 8.2 8.2 8.1 8.1 8.2 8.2 8.2 
16  8.0 8.1 8.3 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 
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Appendix 15 

Hardness, Alkalinity, Specific Conductance and Ammonia of Overlying Water During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

Day 0 1 Day 10 1 
Hardness 
(mg/L as 
CaCO3) 

Alkalinity 
(mg/L as 
CaCO3) 

Specific 
Conductance 

(µS/cm) 

Ammonia 
(mg/L as 
NH3) 2 

Hardness 
(mg/L as 
CaCO3) 

Alkalinity 
(mg/L as 
CaCO3) 

Specific 
Conductance 

(µS/cm) 

Ammonia 
(mg/L as 
NH3) 2 

Negative Control 176 196 414 0.0218 156 184 334 0.161 
Solvent Control 172 194 417 0.0189 156 184 336 0.882 

0.018 -- -- -- 0.0229 -- -- -- 0.171 
0.045 -- -- -- 4.82 -- -- -- 0.113 
0.25 -- -- -- 0.0419 -- -- -- 0.634 
1.0 -- -- -- 0.013 -- -- -- 0.372 
3.8 -- -- -- 6.19 -- -- -- 0.0976 
16 164 200 411 4.65 152 188 339 1.03 

1 All analyses were performed on a composite sample of overlying water from the respective experimental group. 
2 The LOQ for ammonia analyses was set at 0.17 mg/L, the concentration of the lowest calibration standard. 
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Appendix 16 

pH and Ammonia in Pore Water During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

Day 0  Day 6 Day 10 

pH Ammonia  
(mg/L as NH3) 1 

Ammonia  
(mg/L as NH3) 1 pH Ammonia  

(mg/L as NH3) 1 

Replicate I L M N N 

Negative Control 7.8 12.1 5.69 7.3 2.71 

Solvent Control 7.5 10.8 4.26 7.3 2.08 

0.018 7.5 11.2 5.20 7.5 2.62 

0.045 7.6 12.0 4.91 7.6 2.73 

0.25 7.7 11.4 9.18 7.5 2.44 

1.0 7.7 10.8 5.18 7.5 1.63 

3.8 7.7 10.5 4.42 7.5 2.13 

16 7.8 10.2 4.11 7.5 1.42 
1 The LOQ for ammonia analyses was set at 0.17 mg/L, the concentration of the lowest calibration standard. 
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Appendix 17 

Redox Potential (Eh) in Sediment During Exposure to Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 
Day 0  Day 5 Day 10 

Replicate N N N 

Negative Control 294 -90 -90 

Solvent Control 280 -82 -137 

0.018 265 -140 -225 

0.045 204 87 -76 

0.25 326 -19 -57 

1.0 219 -38 -53 

3.8 291 -115 -167 

16 283 -16 -160 
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Appendix 18 

Survival and Observations by Replicate of the Midge (Chironomus dilutus) at Termination of a 10-Day Exposure to  

Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

 
 
 

Replicate 

 
Number 

Originally 
Exposed 

Day 10 1   
Number 

Surviving 
by Replicate 

Mean 
Number 

Surviving 
(± SD) 

 
Percent 
Survival 

(%) 
Number 

Found Dead 
 

Observations  

Negative Control A 10 0 10 AN  10 8.6 (± 1.41) 86 
 B 10 1 MAD 1 pupae; 8 AN  9   
 C 10 2 MAD 8 AN  8   
 D 10 0 10 AN  10   
 E 10 2 MAD 8 AN  8   
 F 10 0 10 AN  10   
 G 10 4 MAD 6 AN  6   
 H 10 2 MAD 8 AN  8   
         

Solvent Control A 10 2 MAD 8 AN  8 9.3 (± 0.71) 93 
 B 10 1 MAD 9 AN  9   
 C 10 1 MAD 9 AN  9   
 D 10 1 MAD 1 pupae; 8 AN  9   
 E 10 1 MAD 9 AN  9   
 F 10 0 10 AN  10   
 G 10 0 10 AN  10   
 H 10 0 10 AN  10   

1 MAD = missing and assumed dead ;  Observations:  AN = appear normal. 
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Appendix 18 (Continued) 
 

Survival and Observations by Replicate of the Midge (Chironomus dilutus) at Termination of a 10-Day Exposure to  
Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

 
 
 

Replicate 

 
Number 

Originally 
Exposed 

Day 10 1   
Number 

Surviving 
by Replicate 

Mean 
Number 

Surviving 
(± SD) 

 
Percent 
Survival 

(%) 
Number 

Found Dead 
 

Observations  

0.018 A 10 1 MAD 9 AN  9 9.1 (± 1.13) 91 
 B 10 0 10 AN  10   
 C 10 0 10 AN  10   
 D 10 2 MAD 8 AN  8   
 E 10 0 10 AN  10   
 F 10 1 MAD 9 AN  9   
 G 10 0 10 AN  10   
 H 10 3 MAD 7 AN  7   
         

0.045 A 10 1 MAD 9 AN  9 9.0 (± 0.76) 90 
 B 10 0 10 AN  10   
 C 10 1 MAD  9 AN  9   
 D 10 2 MAD 8 AN  8   
 E 10 1 MAD 1♂ ;8 AN  9   
 F 10 0 10 AN  10   
 G 10 1 MAD 9 AN  9   
 H 10 2 MAD 8 AN  8   

1 Observations:  MAD = missing and assumed dead ; AN = appear normal; ♂ = male. 
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Appendix 18 (Continued) 
 

Survival and Observations by Replicate of the Midge (Chironomus dilutus) at Termination of a 10-Day Exposure to  
Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

 
 
 

Replicate 

 
Number 

Originally 
Exposed 

Day 10 1   
Number 

Surviving 
by Replicate 

Mean 
Number 

Surviving 
(± SD) 

 
Percent 
Survival 

(%) 
Number 

Found Dead 
 

Observations  

0.25 A 10 2 MAD 8 AN  8 9.4 (± 0.74) 94 
 B 10 1 MAD 9 AN  9   
 C 10 0 1 pupae; 9 AN  10   
 D 10 1 MAD 9 AN  9   
 E 10 0 10 AN  10   
 F 10 0 10 AN  10   
 G 10 0 10 AN  10   
 H 10 1 MAD 9 AN  9   
         

1.0 A 10 1 MAD 9 AN  9 8.5 (± 0.93) 85 
 B 10 0 10 AN  10   
 C 10 2 MAD 1 pupae; 7 AN  8   
 D 10 1 MAD 9 AN  9   
 E 10 2 MAD 8 AN  8   
 F 10 3 MAD 7 AN  7   
 G 10 2 MAD 8 AN  8   
 H 10 1 MAD 9 AN  9   

1 Observations:  MAD = missing and assumed dead ; AN = appear normal. 
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Appendix 18 (Continued) 
 

Survival and Observations by Replicate of the Midge (Chironomus dilutus) at Termination of a 10-Day Exposure to  
Sediment-Incorporated p-Dichlorobenzene 

 
Mean Measured 

Sediment 
Concentration 

(mg/kg) 

 
 
 

Replicate 

 
Number 

Originally 
Exposed 

Day 10 1   
Number 

Surviving 
by Replicate 

Mean 
Number 

Surviving 
(± SD) 

 
Percent 
Survival 

(%) 
Number 

Found Dead 
 

Observations  

3.8 A 10 2 MAD 8 AN  8 8.4 (± 0.92) 84 
 B 10 2 MAD 8 AN  8   
 C 10 1 MAD 9 AN  9   
 D 10 2 MAD 8 AN  8   
 E 10 0 10 AN  10   
 F 10 2 MAD 8 AN  8   
 G 10 1 MAD 9 AN  9   
 H 10 3 MAD 7 AN  7   
         

16 A 10 3 MAD 7 AN  7 9.3 (± 1.04) 93 
 B 10 1 MAD 9 AN  9   
 C 10 0 10 AN  10   
 D 10 1 MAD 9 AN  9   
 E 10 0 10 AN  10   
 F 10 0 10 AN  10   
 G 10 0 10 AN  10   
 H 10 1 MAD 9 AN  9   

1 Observations:  MAD = missing and assumed dead ; AN = appear normal. 
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Appendix 19 

Average Individual Ash-Free Dry Weights (AFDW) by Replicate of the Midge (Chironomus dilutus) 

At Termination of a 10-Day Exposure to Sediment-Incorporated p-Dichlorobenzene 

 
 Average Individual Ash-Free Dry Weights (mg) by Mean Measured Sediment Concentration (mg/kg) 1 

 
Replicate 

Negative 
Control 

Solvent 
Control 0.018 0.045 0.25 1.0 3.8 16 

A 2.19 2.26 2.23 2.01 2.46 2.31 2.60 2.46 

B 2.29 2.08 2.02 2.01 2.23 2.54 2.48 2.23 

C 2.20 2.10 2.02 2.04 1.97 3.06 2.42 2.10 

D 1.76 2.02 2.59 2.39 2.36 2.44 2.41 2.14 

E 2.61 2.19 2.14 2.40 2.22 2.48 2.21 2.20 

F 2.17 2.13 2.31 2.10 2.17 3.23 2.34 2.17 

G 2.92 2.19 1.89 2.28 2.09 2.70 2.25 2.15 

H 2.24 2.04 2.28 2.15 2.09 2.21 2.47 2.40 

Mean ± SD: 2.30 ± 0.34 2.13 ± 0.08 2.18 ± 0.22 2.17 ± 0.16 2.20 ± 0.16 2.62 ±0.36 2.40 ±0.13 2.23 ±0.13 

1 The average individual dry weight of 80 organisms collected from the test batch of organisms at the beginning of the test was 0.22 mg. 
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Appendix 20 

Personnel Involved in the Study 

 
 
The following key personnel were involved in the conduct or management of this study: 

1. Suzanne Z. Schneider, Ph.D. 

2. Nanditha Bill, M.S. 

3. Sean P. Gallagher B.S. 

4. Jessica M. Griebel, M.S. 

5. Rachel Woodward, B.A. 

6. Kathy H. Martin, M.S. 

7. Ling Zhang, Ph.D. 

8. Elizabeth Ostermann, M.S. 

9. Amanda Pevey, B.S. 
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