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SUMMARY 
 
 
SPONSOR: American Petroleum Institute 
 
TITLE: Petroleum Coke: A 14-Day Acute Toxicity Study with the Earthworm in an Artificial 

Soil Substrate 
 
WILDLIFE INTERNATIONAL, LTD. PROJECT NO.:  472-101 
 
TEST SUBSTANCE: Petroleum Coke  
 
 
GUIDELINES:  OECD Guideline for Testing of Chemicals, 207:  Earthworm, Acute Toxicity Tests 
 
 
TEST DATES:  Study Initiation: April 22, 2004 
 Experimental Start (OECD): February 8, 2005 
 Experimental Start (EPA): February 9, 2005 
 Biological Termination: February 23, 2005 
 Experimental Termination: February 25, 2005 
 
LENGTH OF EXPOSURE: 14 Days 
 
 
TEST ORGANISM: Earthworm (Eisenia fetida) 
 
 
SOURCE OF TEST ORGANISM: Wildlife International, Ltd. Cultures 
     Easton, Maryland 21601 
 
 
AGE OF TEST ORGANISM: Adult (with clitellum) 
 
 
NOMINAL TEST CONCENTRATIONS:  Negative Control  

  1000 mg petroleum coke / kg dry soil  
 
 

RESULTS: 14-Day LC50:  >1000 mg petroleum coke / kg dry soil  
NOEC:  1000 mg petroleum coke / kg dry soil 
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INTRODUCTION 

Wildlife International, Ltd. conducted a 14-day acute toxicity study to determine the effects 

of petroleum coke on earthworms for the American Petroleum Institute at the Wildlife International, 

Ltd. toxicology facility in Easton, Maryland.  Petroleum coke is defined as the product formed by 

subjecting the heavy tar-like residue remaining following oil refining to high temperatures and 

pressures.  It consists of primarily elemental carbon with considerably smaller amounts of 

hydrocarbons, sulfur and trace amounts of heavy metals.  The in-life phase of the test was conducted 

from February 9, 2005 to February 23, 2005.  Raw data generated by Wildlife International, Ltd. and 

a copy of the final report are filed under Project Number 472-101 in archives located on the Wildlife 

International, Ltd. site. 

 

OBJECTIVE 

The objective of this study was to evaluate the acute effects of petroleum coke on earthworms 

during a 14-day exposure period in an artificial soil substrate. 

 

EXPERIMENTAL DESIGN 

Earthworms (Eisenia fetida) were exposed to a single limit dose of 1000 mg/kg of petroleum 

coke in soil.  A control group was maintained concurrently in soil without the addition of petroleum 

coke.  This route of administration was selected because it was representative of the natural exposure 

of earthworms to chemicals.  In an exploratory rangefinding toxicity test the LC50 was estimated to 

be greater than 1000 mg/kg, therefore the definitive test was conducted with a single limit dose.  The 

rangefinding test is summarized in Appendix 1. 

 

Four replicate test chambers were maintained for the treatment group and for the control 

group, with 10 earthworms in each test chamber.  Observations of mortality and clinical signs were 

conducted once within the first 20 minutes of test initiation, and then on Days 7 and 14.  The LC50 

was determined by visual examination of the mortality and clinical observation data. 
 

At Wildlife International, Ltd., reference toxicity tests with a reference toxicant, 

chloroacetamide, are conducted periodically to assess the sensitivity of the test species and test 

procedures.  These studies are conducted under separate protocols, as independent studies.  A 

summary of the results from the most current reference toxicity test is presented in this report. 

 



Wildlife International, Ltd. 
 

 
    - 9 - 

 

 
   
  Project Number 472-101 
 
 
 

AMENDED 

MATERIALS AND METHODS 

The study was conducted according to the procedures in the protocol, “Petroleum Coke:  A 

14-Day Acute Toxicity Study with the Earthworm in an Artificial Soil Substrate” (Appendix 2).  The 

protocol was based upon procedures outlined in the OECD Guideline for Testing of Chemicals, 207: 

Earthworm, Acute Toxicity Tests (4).  
 

Test Substance 

The test substance was green petroleum coke (CAS Number 64741-79-3).  The test substance 

was received from Experimental Pathology Laboratories, Herndon, VA, for API on October 7, 2003. 

It was assigned Wildlife International, Ltd. identification number 6484 upon receipt and was stored 

under ambient conditions.  The test substance was a black powder identified as 3.3 Micron Mean 

Petroleum Coke (aka Milled Powder). 
 

The identity, strength, purity, composition (Appendix 5), storage stability, and method of 

selection, synthesis, fabrication and/or derivation (Appendices 3 and 4) of each batch of the test 

substance and the maintenance of these records were the responsibility of the Sponsor. 
 

Test Organism 

Earthworms (Eisenia fetida ) for the test were from in-house cultures started with worms 

obtained from the University of Maryland, Queenstown, Maryland.  Approximately 24 hours prior to 

the test, 100 adult worms (with clitellum) were selected and placed in a container of prepared 

artificial soil substrate adjusted to a moisture content of approximately 33% by weight, for the 

acclimation period.  On the day of test initiation, the worms were rinsed briefly with deionized water 

and indiscriminately distributed by pairs into groups of 10 worms each.  Each group of worms was 

weighed then placed on the soil surface in the appropriate test chamber.  The worms were not fed 

during testing. 
 

Artificial Soil and Test Soils Preparation 

The artificial soil was prepared in bulk by blending 70% sand, 20% kaolin clay and 10% 

sphagnum peat (Appendix 6).  The pH of the bulk soil prior to hydration was adjusted to 5.5 using 

calcium carbonate.  The bulk artificial soil was stored in a sealed container under ambient conditions 

until used to prepare the test soils. 
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Each experimental group consisted of four replicates, each with seven hundred fifty grams of 

moistened soil individually dosed, mixed and contained in 1-liter glass beakers (Appendix 6).  Each 

test soil replicate was prepared on the day of test initiation by mixing an appropriate amount of test 

substance with the dry artificial soil needed for each replicate.  The negative control replicates were 

prepared in a similar fashion without the addition of test substance.  The eight containers needed to 

prepare the test and control soils were placed on a rotary mixer for approximately one hour.  The 

mixed soil from each container was transferred to a one-liter glass beaker labeled with study number, 

treatment group and replicate.  Deionized water was added to the artificial soil to achieve a moisture 

content of approximately 33% by weight and stirred in manually with a stainless steel spoon until 

evenly mixed.  Beakers were covered with plastic wrap to prevent the worms from leaving the test 

chambers.  The test concentration and the LC50 value are reported as milligrams of test substance per 

kilogram of soil on a dry weight basis (mg/kg).   

 

Test Chambers 

The test chambers were one-liter glass beakers covered with plastic wrap that was perforated 

for air exchange.  All test chambers were identified with the project number, test concentration and 

replicate. 

 

Physical Properties of Test Soils 

Soil temperature was measured in one replicate of each treatment and control group at test 

initiation and termination using a hand-held thermometer.  Moisture content and pH measurements 

were made on composite soil samples collected from each replicate of soil prepared for control and 

treatment groups at initiation of the experiment.  At test termination, samples for moisture content and 

pH measurements were collected from one replicate each of the control and treatment group.  

Measurements of pH were made using a Thermo Orion Model 525APlus pH meter.  Soil moisture 

content was determined by measuring the initial weight of the soil sample, then weighing the soil 

sample after drying for at least 24 hours at approximately 105°C.  The percent moisture was 

calculated using the following formula: 

 

% Moisture = [(wet weight - dry weight) ÷ wet weight] * 100
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Environmental Conditions 

During the test, the worms were maintained in an environmental chamber set to maintain a 

temperature of approximately 20 ± 2°C.  Air temperature was measured at least once daily in the 

environmental chamber.  The photoperiod during the test was 24 hours of continuous light per day 

provided by overhead fluorescent bulbs.  The target light intensity during the test was approximately 

400 to 800 lux, and was verified on Day 5 of the test. 

 

Observations 

At test initiation, the worms were placed on the surface of the soil in each test chamber and 

were observed once after approximately twenty minutes for burrowing behavior.  On Days 7 and 14 

of the test, the contents of each test chamber were removed to determine the number of surviving 

earthworms.  All surviving earthworms were observed for behavioral or structural abnormalities.  On 

Day 7, following observations, test soil was returned to the test chambers and the worms were placed 

on the soil surface in order to observe burrowing behavior.  On Day 14, following observations and 

body weight determinations, surviving earthworms were euthanized by freezing and all carcasses 

disposed of by incineration. 

 

Body Weights 

On Day 0, group weights for all replicate earthworms were collected prior to the earthworms 

being placed in the test chambers.  On Day 14, all surviving worms were removed from each replicate 

test chamber, rinsed with deionized water and blotted dry on paper towels.  Group body weights were 

measured for each replicate, and average individual body weights were calculated.  

 

Reference Toxicity Test 

A reference toxicity test was conducted under a separate protocol to determine the LC50 

value for earthworms exposed to the reference toxicant, chloroacetamide, in the soil (5).  The test was 

conducted under conditions similar to those used in this test, and with earthworms from the same 

source, to monitor the techniques used and sensitivity of the test population.  The earthworms were 

exposed to chloroacetamide in the soil at nominal concentrations of 13, 25 and 50 mg a.i./kg dry soil. 
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Conditions for the Validity of the Test 

The following criteria used to judge the validity of the test was met: 

1. mortality in the controls did not exceed 10% at the end of the test. 

 

Data Analyses 

The LC50 was determined by visually inspecting the mortality and clinical observation data.  

Body weights, and change in body weights, were statistically compared by Dunnett’s 2-tailed t-test 

(α=0.05) using SAS Version 8 (6).  Prior to conducting the t-test, the data were tested for 

homogeneity of variance and normal distribution.  

 

RESULTS AND DISCUSSION 

Environmental Conditions 

Air temperature in the environmental chamber was within the desired range of 20 ± 2°C, 

remaining at 20°C throughout the test.  The earthworms were maintained under continuous lighting at 

an average intensity of 619 ± 60.2 lux, with a range over the surface of the test chambers of 533 to 

680 lux. 

 

Physical Properties of Test Soils  

Measurements of soil pH, temperature and moisture content at test initiation and test 

termination are presented in Table 1.  The soil pH was 6.9 in both the treatment and control soil at test 

initiation and was 8.1 in the treatment and control group at test termination.  Soil temperature was 

21°C in each test group at test initiation and 20°C at test termination, within the desired range of 

20 ± 2°C.  Soil moisture content ranged from 32.5 to 32.8% at test initiation and from 31.1 to 31.3% 

at test termination, indicating that there was little change in soil moisture content during the test.  

 

Observations 

The data from weekly observations of the earthworms for mortality and other signs of 

toxicity are presented in Table 2.  There were no mortalities in the control group or the treatment 

group during the 14-day test.  Because mortality was less than 50% in the treatment group the LC50 

was judged to be greater than the treatment group concentration.  All earthworms in the control group 

and treatment group were normal in appearance and behavior throughout the test period except for 
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two worms in one control replicate.  One worm was small and one was small and had a reduced 

reaction to mechanical stimuli on Day 14.  Earthworms in both the control and treatment groups 

exhibited no aversion to the soil during observations of burrowing behavior on Days 0 and 7.  

 

Body Weights 

Average individual body weights at test initiation and termination, and the change in body 

weight from test initiation to test termination, were calculated from the Day 0 and Day 14 replicate 

measurements (Table 3).  Treatment related effects were not observed in the test.  A slight loss in 

body weight from test initiation to test termination was noted in both the control group and treatment 

group and was not unexpected since the earthworms were not fed during the test.  The change in body 

weight (initial - final) of earthworms in the treatment group was not statistically significant (p>0.05) 

when compared to the control group.  The change values were normally distributed.  All data 

analyzed had homogeneous variances.  

 

Reference Toxicity Test 

The 14-day LC50 value for earthworms exposed to the reference substance, chloroacetamide, 

in an artificial soil substrate was approximately 24.5 mg a.i./kg dry soil, with a 95% confidence 

interval of 13 to 50 mg a.i./kg dry soil (5).  These results are consistent with those observed in 

previous studies, and verify the adequacy and consistency of the methods used in this study. 

 

CONCLUSIONS 

The earthworm, Eisenia fetida, was exposed for 14 days to petroleum coke in an artificial soil 

substrate at a single nominal limit concentration of 1000 mg/kg dry soil.  The 14-day LC50 

estimation was determined to be greater than 1000 mg/kg dry soil, the single concentration tested.  

The no-observed effect concentration was 1000 mg/kg dry soil. 
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Table 1 
 

Moisture, pH, and Temperature of the Test Soils 

 

Concentration 
Test Initiation 

Moisture 
Content1(%) 

Test Initiation 
pH1 

Test Initiation 
Temperature2 

(°C) 

Test Termination 
Moisture Content2 

(%) 

Test Termination 
pH2 

Test Termination 
Temperature2 

(°C) 

Negative Control  32.8 6.9 21 31.3 8.1 20 

1000 mg petroleum coke 
/kg dry soil  32.5 6.9 21 31.1 8.1 20 

1 Measurements taken from samples collected from each of the replicates and composited prior to test initiation on Day 0.    
2 Measurements taken from one replicate test chamber at each concentration. 
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Table 2 
 

Cumulative Mortality and Observations of Earthworms Exposed to  
Petroleum Coke in an Artificial Soil Substrate  

 

 

Day 7  Day 14 
Concentration Replicate 

Number 
Dead 

 
Effects1 

 Number  
Dead 

 
Effects1 

Replicate 
Percent  

Mortality 

Group 
Percent  

Mortality 

         
Negative Control A 

B 
C 
D 

0/10 
0/10 
0/10 
0/10 

10 AN 
10 AN 
10 AN 
10 AN 

 0/10 
0/10 
0/10 
0/10 

10 AN 
10 AN 

8 AN, 1 S, 1 R & S  
10 AN 

0 0 

1000 mg 
petroleum coke 

 /kg dry soil 

A 
B 
C 
D 

0/10 
0/10 
0/10 
0/10 

10 AN 
10 AN 
10 AN 
10 AN 

 0/10 
0/10 
0/10 
0/10 

10 AN 
10 AN 
10 AN 
10 AN 

0 0 

1 Observed Effects:  AN = normal in appearance and behavior,  S = small,  R = reduced reaction to mechanical stimuli. 
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Table 3 
 

Average Body Weights of Earthworms Exposed to 
Petroleum Coke in an Artificial Soil Substrate  

 
Average Earthworm Body Weights (g) 

Concentration Replicate 
 

Day 01 
 

Day 141 
Total 

Change2 
 

Negative Control 
 

A 
B 
C 
D 

Mean ± Std. Dev. 

 
0.39 
0.37 
0.38 
0.42 

0.39 ± 0.022 

 
0.35 
0.31 
0.28 
0.34 

0.32 ± 0.032 

 
-0.04 
-0.06 
-0.10 
-0.08 

-0.07 ± 0.026 

1000 mg 
petroleum coke 

/kg dry soil 

A 
B 
C 
D 

Mean ± Std. Dev. 

0.40 
0.39 
0.37 
0.46 

0.41 ± 0.039 

0.30 
0.31 
0.27 
0.36 

0.31 ± 0.037 

-0.10 
-0.08 
-0.10 
-0.10 

-0.10 ± 0.010 

1 Test group body weight was not statistically different (p>0.05) when compared to the control group using  Dunnett’s 
2-tailed t-test.  

2 Test group body weight change was not statistically significant (p>0.05) when compared to the control group using 
Dunnett’s 2-tailed t-test. 
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Appendix 1 
 

Exploratory Non-GLP Rangefinding Toxicity Test with Petroleum Coke 
 
Introduction 

An exploratory non-GLP rangefinding test was conducted from December 8 to 22, 2004 at the 
Wildlife International, Ltd. invertebrate testing facility.  There was a 14-day exposure period with 
earthworm observations on days 7 and 14.   
 
Methods and Materials 

Test soils with nominal petroleum coke concentrations of 10, 100 and 1000 mg/kg dry weight were 
prepared for the rangefinding test.  Each experimental group consisted of two replicates with seven 
hundred fifty grams of moistened soil individually dosed, mixed and contained in 1-liter glass 
beakers.  Each replicate was prepared by mixing an appropriate amount of test substance with the dry 
artificial soil on a rotatory mixer for approximately one hour, then adding water and stirring manually 
with a stainless steel spoon. Test soils were placed in 1-liter glass beakers, which were covered with 
plastic wrap to prevent the worms from leaving the test chambers.  The negative control replicates 
were prepared in a similar fashion without the addition of test substance.    
 
On the day of test initiation, adult worms (mean weights 420 to 520 mg) were rinsed briefly with 
deionized water and indiscriminately distributed by pairs into groups of 10 worms each.  Each 
replicate group of worms was weighed then placed on the soil surface in the appropriate test chamber.  
On Days 7 and 14 of the test, the contents of each test chamber were removed to determine the 
number of surviving earthworms.  All earthworms were observed for behavioral or structural 
abnormalities and for aversion to the test soil.   
 

The test was maintained in an environmental chamber set to maintain a temperature of approximately 
20 ± 2°C.  The photoperiod during the test was 24 hours of continuous light per day provided by 
overhead fluorescent bulbs. The target light intensity during the test was approximately 400 to 800 
lux.  The worms were not fed during testing. 
 
Data Analysis 

Statistical analyses were performed using SAS Version 8 statistical software.  Dunnett’s 2-tailed t-test 
was used to compare the change in body weight between the control group and the test substance 
groups.  The no-observed-effect-concentration (NOEC) was estimated by visually inspecting the 
mortality, clinical observation data and a statistical evaluation of body weight.  
 
Results 

The results of the rangefinding test are included in the attached tables.  Based on the nominal 
concentrations, the 14-day LC50 value for the rangefinding test was estimated to be greater than 1000 
mg/kg, the highest concentration tested.  The NOEC was 1000 mg/kg, the highest concentration 
tested.  No aversion to the test soils was noted nor were any behavioral or structural abnormalities 
noted.  
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Appendix 1 (Continued) 
 

Exploratory Non-GLP Rangefinding Toxicity Test with Petroleum Coke 
 
 

STUDY:   Petroleum Coke:  A 14-Day Acute Toxicity Study with the Earthworm in an 
Artificial Soil Substrate 

SPONSOR:  American Petroleum Institute 
PROJECT NO.:   472-101  

Mortality and Observations 
 

Number Dead and Appearance at 7 and 14 days  
(Observations2) Nominal 

Concentration1 
(mg /kg dry soil) Day 7 

#dead /appearance 
Day 14  

#dead /appearance 

Cumulative 
Percent 

Mortality 

Negative Control 0 / 20 AN 0 / 20 AN 0 
10 0 / 20 AN 0 / 20 AN 0 

100 0 / 20 AN 0 / 20 AN 0 
1000 0 / 20 AN 0 / 20 AN 0 

1 Each of two replicates per concentration was mixed individually.  
2 Observations:  AN = appear normal. 

 
Body Weights 

 
Mean Body Weights on Days 0 and 14, and Mean Change in Body Weight 

from Day 0 to Day 141 Nominal 
Concentration 

(mg /kg dry soil) 
Day 0 

Mean Weight ± Standard 
Deviation (grams) 2 

Day 14 
Mean Weight ± Standard 

Deviation (grams) 2 

Change in Body 
Weight 

Mean ± Standard 
Deviation (grams) 2 

Negative Control 0.47 ± 0.028 0.41 ± 0.021 -0.07 ± 0.007 
10 0.44 ± 0.028 0.36 ± 0.021 -0.09 ± 0.007 
100 0.51 ± 0.021 0.41 ± 0.000 -0.10 ± 0.021 

1000 0.47 ± 0.014 0.40 ± 0.021 -0.08 ± 0.007 
1 Average individual body weights at test initiation and termination, and the loss in average individual body 

weight from test initiation to test termination, were calculated from the Day 0 and Day 14 replicate 
measurements (10 earthworms per replicate, two replicates per concentration).    

2 Treatment group means were not significantly different from the control mean (Dunnett’s 2-tailed t-test, 
p> 0.05).  
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Appendix 2 
 

Study Protocol, Amendment and Deviation 
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Appendix 3 
 

Test Article Selection 
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Appendix 4 
 

AVEKA, Inc. Particle Processing Report 
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Laboratory Characterization of 3.3 Micron Particle Size Petroleum Coke 
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Appendix 6 
 

Artificial Soil and Test Soils Preparation 
 

Artificial Soil Preparation 
 
 The artificial soil was prepared in bulk by mixing the following constituents in a soil mixer for 

approximately 20 minutes:   

  quartz sand  31.500 kg 
   kaolin clay  9.000 kg 
   sphagnum peat  4.500 kg 
   calcium carbonate  0.500 kg 

 
Test Soil Preparation 

 A total of 750 g (wet weight) of test soil with calculated soil moisture content of 33% was 

prepared for each control group and treatment group replicate.   Test substance concentrations were 

based on the dry weight portion of the soil.  The calculated dry weight of 750 kg of prepared soil, 

with a moisture content of 33%, was 523.4 grams taking into account the estimated 4% moisture 

content present in the bulk soil stored in ambient conditions.  Deionized water, 226.6 mL, was added 

to each replicate.  The nominal contents of bulk soil, water and test substance were as follows: 

 
Nominal Weights and Volumes Used in Preparation of Test Soils 

Concentration Amount of Bulk Soil (g) Amount of deionized water 
(mL) 

Amount of Test Substance 
(g) 

Negative Control  523.4 226.6 --- 
1000 mg petroleum coke 

/kg dry soil  522.9 226.6 0.5025 

 
Bulk soil was weighed into tared two-liter Nalgene® jars.  The test substance was weighed 

onto tared weigh papers and transferred to the Nalgene® jars.  The weigh papers were rinsed with 

bulk soil and all rinsates returned to the jar.  Negative control jars received no test substance.  All jars 

were capped and placed on a rotary mixer for approximately one hour.  The contents of the jars were 

transferred to one-liter glass beakers labeled with study number, treatment group and replicate.  A 

graduated cylinder and a two-mL glass pipette were used to measure the deionized water.  A portion 

of the water was used to rinse the Nalgene® jars, and added to each replicate along with the remainder 

of the water.  A stainless steel spoon was used to manually stir the soil for each replicate until evenly 

mixed.   Test chambers were covered with plastic wrap and held in an incubator under the 

environmental conditions of the test until test initiation.  
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Appendix 7 
 

Personnel Involved in the Study 
 

 
The following key Wildlife International, Ltd. personnel were involved in the conduct or 

management of this study: 

 
1.  

2. 

3. 
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Appendix 8 
 

Report Amendment 
 
 

1. Original Report: Title Page 
Amended Report: The amended report date was added.  The total number of 

pages was changed from 53 to 66.   
Reason: To indicate that the report was amended and note change in 

pagination.  
 
2. Original Report: Page 2 

Amended Report: The amended report date was added and new signatures and 
dates were added.   

Reason: To show the amended report date and to provide new 
signatures and dates for the amended report.   

 
3.   Original Report:  Page 3 
   Amended Report:  The audit dates for the amended report were added and a 

new signature and date were added. 
  Reason:   To show the amended report audit dates and to provide a 

new signature and date for the amended report. 
 
4.   Original Report:   Page 4 
   Amended Report:  New signatures and dates were added. 
   Reason:  To provide new signatures and dates for the amended 

report. 
 
5.   Original Report:  Page 6 
   Amended Report:  The Table of Contents was updated to show the addition 

of Appendix 3, to renumber all appendices from Appendix 
3 through the end of the report and to add the Report 
Amendment appendix (Appendix 8). 

   Reason:   The Sponsor requested that Appendix 3 be added to the 
final report. 

 
6.  Original Report:  Page 9 
  Amended Report:  Appendix 3 was referenced in the Test Substance Section 

of the report and the appendix references were renumbered 
due to addition of Appendix 3. 

   Reason:   The Sponsor requested that Appendix 3 be added to the 
final report. 
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7 .  Original Report: 
Amended Report: 

Reason: 

Original Report: 
Amended Report: 
Reason: 

Original Report: 
Amended Report: 

Reason: 

Appendix 8 
(continued) 

Report Amendment 

Page 10 
The appendix reference was renumbered due to addition of 
Appendix 3.  
The Sponsor requested that Appendix 3 be added to the 
final report. 

Page 37 
Appendix 3 was added to the report. 
The Sponsor requested that Appendix 3 be added to the 
final report. 

Pages 37-53 
Appendix 3 was added to the report, therefore all pages 
thereafter were renumbered. 
The Sponsor requested that Appendix 3 be added to the 
final report. 

AMENDMENT SIGNATURES: 

Date 

AMENDED 
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