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SUMMARY 
 
 
SPONSOR:  American Petroleum Institute 
 
TITLE: Petroleum Coke:  A 21-Day Toxicity Test to Determine the Effects of the Test Substance 

on Seedling Emergence and Growth of Terrestrial Plants 
 
WILDLIFE INTERNATIONAL, LTD. PROJECT NO:  472-102 
 
TEST SUBSTANCE: Petroleum Coke 
 
 
GUIDELINES: OECD Guideline for Testing of Chemicals, Proposal for Revision of Guideline 

208:  Terrestrial Non-Target Plant Tests 
 U.S. EPA Series 850 – Ecological Effects Test Guidelines OPPTS Number 

850.4100:  Terrestrial Plant Toxicity, Tier I (Seedling Emergence); and 850.4225:  
Seedling Emergence, Tier II 

 
 
TEST DATES: Study Initiation: April 22, 2004 
 Experimental Start (OECD): February 7, 2005 
 Experimental Start (EPA): February 7, 2005 
 Biological Termination: February 28, 2005 
 Experimental Termination: March 1, 2005 
 
LENGTH OF EXPOSURE:  21 days 
 
 
TEST ORGANISMS: Corn (Zea mays),  Radish (Raphanus sativus),  Soybean (Glycine max) 
 
SOURCE OF TEST ORGANISMS: 

 Test Species / Variety Seed Source 
 Corn (Zea mays) / Mandan Bride Johnny’s Selected Seeds, Albion, ME, USA 
 Radish (Raphanus sativus) / Cherry Belle Meyer Seed Co., Baltimore, MD, USA 
 Soybean (Gkycine max) / Williams 82 Missouri Seed Foundation, Columbia, MO, USA 

 
 
NOMINAL TEST LEVELS: 0 (Control) and 1000 mg/kg soil dry weight 
 
 
RESULTS: Soil incor porated with Petroleum  Coke  resulted in no adverse effects on the three  

species tested.  Therefore, the nom inal test con centration of 1000 m g/kg was 
determined to be a NOEC for corn, radish, and soybean. 
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INTRODUCTION 

Wildlife International, Ltd. conducted a 21-da y seedling emergence study  to deter mine th e 

effects of pe troleum coke on the seedling emergence and growth of three species of pla nts for  

American Petroleum  Insti tute at the Wildlife Inte rnational, Lt d. greenhouse facility  in Easton, 

Maryland.  Petroleum coke is defined as the produc t formed by subjecting the heavy  tar-like residue 

remaining following oil refining to high tem peratures and pressures.  It consists of primarily 

elemental car bon wit h considerably  sm aller am ounts of hydrocarbons, sulf ur and trace amounts of 

heavy metals.  The in-life phase of the t est was conducted from February 7 to 28, 2005.  Dr y weight 

measurements were completed on March 1, 2005.  Raw data generated at Wildlife International, Ltd. 

and a copy  o f the final report are filed  under Project Nu mber 4 72-102 in archives located on the 

Wildlife International, Ltd. site. 

 

OBJECTIVE 

The objective of this study  was to deter mine the ef fect of petroleu m coke on the seedling 

emergence and growth of three species of plants during a 21-day exposure period.   

 

EXPERIMENTAL DESIGN 

The experimental design for this stud y co nsisted o f a negative control and one treatm ent 

group.  Each group had four replicate pots with te n seeds planted in each pot.  Petroleum coke was 

incorporated into the test soil for each treat ment group prior t o the planting of  seeds.  The nominal 

test substance concentration was 1000  mg of petr oleum coke per kilogram  of dry soil (m g/kg), and 

was based on the results of  a prior range-finding test (Appendix 1).  A control group, which received  

no test substance incorporation, was maintained concurrently.   

 

Seeds were impartially assigned to prelabelled gr owth pots on the day  of test initiation.  The 

replicate pots were placed in a rando mized block design on a greenhouse table after planting. 

Observations of emergence and general assessments of seedling condition were made on Days 7, 14, 

and 21, whil e observations of height and assign ment of plant conditi on scores were made only  on 

Day 21.  Aft er final observations were co mpleted, plants were clipped at soil  l evel and the above-

ground portion was dried for the determination of dry weights. 
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MATERIALS AND METHODS 

The study  was conducted according to the proce dures outlined i n the prot ocol, “Petroleu m 

Coke:  A 21-Day  T oxicity Test to Determine the Effects of the Test Substance on Seedling 

Emergence and Growth of Terrestrial P lants” (Appendix 2).  The protocol was  based on procedures  

specified in the OECD Proposal for Revision of Gui deline 208:  Terrestrial Non-Target Plant Tests 

(4); and the U.S. Environ mental Protection Agency  Series 850 - Ecological Effects Test Guidelines 

OPPTS Num bers 850.4100: Terrestrial Plant Toxicity, Tier  I (Seedling Emergenc e) (5) and 

850.4225: Seedling Emergence, Tier II (6). 

 

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 AP I on October 7, 2003.  

It was assigned Wildlife I nternational, Ltd. id entification number 6484 upon r eceipt and was stored  

under am bient condi tions.  The test s ubstance was a black pow der identified  as 3.3 Micr on Mean  

Petroleum Coke (aka Milled Powder). 

 

The identit y, strength, purity, com position (Appendix 5), storage stability , and m ethod of 

selection, sy nthesis, fabri cation and/or derivati on (Appendices 3 and 4) of each bat ch of the te st 

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

 

Bulk Soil 

The soil used for m ixing with the test substa nce represented a loa m soil, and was co mposed 

of kaolinite c lay, industrial quartz sand, and peat.  Crushed limestone was added to b uffer the pH of 

the soil, and a slow-r elease fertilizer was added to  provide nutrients essential  for plant growth.  A 

sample of soil representat ive of that used in th is st udy was sent  to Agvise L aboratories, Inc., in 

Northwood, North Dakota, for anal ysis of the particle size distribution an d organic matter content of 

the soil.  The  soil was det ermined to consist of 50% sand, 29% silt, and 21% clay , with an organic 

matter content of 1.7% .  The soil pH was measured to be 7.4.  A copy  of the co mplete report from 

Agvise Laboratories, Inc. was filed in the archives at Wildlife International, Ltd. along with  the raw 

data for this study.  
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Preparation of Test and Control Soils 

On February 7, the test soil for each replicat e was prepared by m ixing Petroleum Coke into 

bulk soil with a nominal soil moisture of 15%.  Bulk test soil (2.2 kg wet weight, 1.87 kg dry weight) 

was w eighed into a m ixing bowl.  The  test substa nce required f or each replicate pot (1.87 g) was  

weighed into a glass vial.  A portion of the soil was removed and placed in a beaker, into which the 

contents of the test substan ce vial were added.  The contents of the  beaker were then stirred by  hand 

using a glass rod.  After mixing the aliquot of soil and petroleum coke, it was added to the remaining 

bulk soil for the replicate and mixed manually by hand with a st ainless st eel spoon.  The negative 

control pre-mix and test soil were prepared in th e same manner as the other test groups, bu t no test 

substance was added.  Th e control soil s were mixed first, followed by the tes t soils to avoid cross-

contamination.   

 

Planting of Seeds 

After the soil for each replicate wa s prepared, it was placed in the test pot a nd seeds were  

planted.  Seeds were planted in plastic pots (approximately 16 cm in diameter and 12 cm deep) on the 

day of  test substance application.  A t emplate was used to gently com pact the soil and leave ten 

approximately uniform holes for planting.  One indiscriminately selected seed was planted in each of 

the holes, for a total of ten seeds in eac h pot.  Hol es were then closed by  slightly depressing the soil 

surface. 

 

Test Species 

The common and scientific na mes for the thr ee species test ed, the seed source, and their 

approximate planting depths are listed below:   

 

Test Species / Variety: Seed Source: Planting Depth 
Corn (Zea mays) / Mandan Bride Johnny’s Selected Seeds, Albion, ME, USA  20 mm 

Radish (Raphanus sativus) /Cherry Belle Meyer Seed Co., Baltimore, MD, USA    6 mm 

Soybean (Glycine max) /Williams 82 Missouri Seed Foundation, Columbia, MO, USA  20 mm 

 

These species w ere chosen becaus e t hey are eco nomically im portant, and are r eadily 

cultivated test organism s t hat are widel y used in research.  Seeds were selected from  a sin gle size 
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class within each speci es in order to re duce the potential for bias from  differing seed sizes .  Seeds  

used in this study were not treated with fungicides, insecticides or repellents prior to test initiation. 

 

Watering of Seedlings 

Water lost th rough transpi ration and evaporati on was replaced by subirrigati on with well  

water fro m the greenhous e facility .  S eedlings were subirrigated to m inimize the potenti al for the 

leaching of the test subst ance through the soil.  Subirrigation tr ays were filled to a predeter mined 

depth to help standardize the am ount of  water deliv ered to each tr ay.  The days on which watering 

occurred are listed in Appendix 6. 

 

Environmental Conditions 

The environmental conditions (temperature and relative humidity) of the test are su mmarized 

in Appendix 6.  The tem perature within the gree nhouse was controlled with a Wadsworth MicroStep 

S/A Environmental Control Sy stem.  Artificial lighting (high pressure sodium ) wa s used to 

supplement natural sunligh t in order t o provide a m inimum 14-hour pho toperiod.  The tem perature 

and relative hum idity wit hin the greenhouse were c ontinuously monitored during the test with the  

Wadsworth control system. 

 

Pesticide and Metal Screening of Well Water and Soil 

The well wa ter and soil used for plant studi es are analy zed periodically to determ ine 

concentrations of selected organic and i norganic constituents.  No analy tes were measured at levels  

that were expected to have an im pact on the study .  Reports for the latest anal yses are stored in the 

archives at the Wildlife International, Ltd. site in Easton, Maryland. 

 

Observations and Measurements 

Observations on Day s 7 and 14 were made to document seedling em ergence.  Observations 

on Day 21 w ere made to document seed ling emergence and growth, and to deter mine changes in the 

general condi tion of  seedlings following test initia tion.  Observa tions consisted of noting whether 

emergence had or had not  occurred, and assessing the condition of each seedling.  Emergence was 

defined as th e presen ce o f visible plant tissue at the surface of the soil.  Seedling condit ion was 

described by noting the presence  or abs ence of possi ble signs of p hytotoxicity such as ne crosis, leaf 

wrinkle, chlorosis, plant lodging or pl ant stun ting.  Each emer ged seedling was then assigned a 

numerical score (see T able 1) that described the pl ant condition (7).  Conditi on score is a subjective 
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or qualitative assessment t hat determines whether damage i s slight, moderate, or severe.  A score of 

10 does not mean that 10% of the plant is showing the effect (e.g. chlorosis), m erely that the severity 

of the effect (e.g. chlorosis) is very slight. 

 

The growth of emerged seedlings was  evaluated by asses sing the height and dry weight of 

living seedlings at test termination.  Se edling height was measured to the nearest whole centim eter 

from the  surface of the so il to either the tip of the ta llest leaf (corn and radish) or to the tip of the  

apical meristem (soybean).  Seedlings were then clipped at soil level, the shoots of all living seedlings 

within a replicate were placed in a label ed bag, and dried.  The total dry  weight of the replicate was 

determined, and the mean weight per plant was calculated by dividing the total weight by the number 

of seedlings weighed. 

 

Conditions for the Validity of the Test 

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

1. There was at least 80% emergence of plants in each control group and the emerged plants 

exhibited normal growth for the duration of the test. 

 

Data Analyses 

Statistical analyses were used to  aid in the evaluation of effect s of test substance application 

on seedling em ergence, survival, m ean shoot wei ght, and seedling height .  These variab les were 

defined for statistical analysis as follows: 

 

Seedling Emergence:  The number of emerged seedlings per ten planted seeds in each pot. 

Survival:  The number of living seedlings in each pot per ten planted seeds. 

Mean Shoot Weight:  The average dry shoot weight of living emerged seedlings in each pot.  

Height:  The average height of living emerged seedlings in each pot.   

 

Mean seedling emergence,  survival, we ight, and height of  the control and treat ment groups 

were co mpared with a t-test, using the DUNNET T option of the GLM (general linear  m odel) 

procedure of SAS version 8 (8).  Significance was determined at the level of 0.05 (p<0.05).  
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Additionally, test data were evaluated to determine the observed effects on condition and 

growth.  The  no-observed-effect-concentration (NOEC) is define d as a test su bstance concentration 

that shows no adverse effect on a varia ble of inter est.  The t-test was used to aid in establishing the  

NOEC by determining if the treatment group differed significantly from the control group.  

 

RESULTS AND DISCUSSION 

Test Soils 

The measur ed soil m oisture of 12% was used to  calculate the concentration of petroleum 

coke in each replicate pot.  Results of the calculations are provided in Table 2.   

 

Biological Results 

The results of the test are summari zed for each  species in Table 3.  Com plete results are 

presented by species in Ap pendices 7 through 9.  The re were no apparent effect s on any  endpoint in 

corn, radish, and soybean.   

 

CONCLUSIONS 

The effects of petroleum  coke on the seedling emergence and growth of three species of  

plants were evaluated during a 21-day exposure period.  Soil incorporation of petroleum coke resulted 

in no advers e effe cts on the three spe cies te sted.  Therefore, the nom inal t est concentra tion of 

1000 mg/kg dry soil was determined to be a NOEC for corn, radish, and soybean. 
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Table 1 
 

Seedling Condition Rating System 1 
 
 

Rating Category  Description 
 

0 
 

 
No Effect 

 
No noticeable effect 

10  
 

Effect barely noticeable 

20 
 

Slight Effect Some effect, not apparently detrimental 

30  Effect more pronounced, not obviously 
detrimental 
 

40  Effect moderate, plants appear able to recover 
 

50 Moderate Effect 
 

More lasting effect, recovery somewhat 
doubtful 
 

60  
 

Lasting effect, recovery doubtful 

70  Heavy injury, loss of individual leaves 
 

80 Severe Effect Plant nearly destroyed, a few surviving leaves 
 

90  Occasional surviving leaves 
 

100 
 

Complete Effect 
 

 
Death of entire plant 

1 Rating scale adapted from:  Frans, Robert E. and Ronald E. Talbert.  1977.  Design of Field 
Experiments and the Measurement and Analysis of Plant Responses.  Pages 15-23 in B. Truelove, ed. 
Research Methods in Weed Science.  Southern Weed Science Society, Auburn University, Alabama. 
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Table 2 
 

Calculated Petroleum Coke Concentrations in Test Soils From a 21-Day 
Seedling Emergence Test with Corn, Radish, and Soybean 

 
 

Calculated Concentration (mg/kg) 
Species 

Nominal 
Concentration 

(mg/kg) Replicate A Replicate B Replicate C Replicate D 
      

Corn 1000 964 964 966 963 

      

Radish 1000 964 964 962 963 

      

Soybean 1000 964 964 964 965 

 

mg/kg 964
kg 1.939

mg 1869
=  



Wildlife International, Ltd. 
 

 
    - 17 - 

 

 
   
  Project Number 472-102 
 
 

  

Table 3 
 

Effects of Petroleum Coke on Seedling Emergence, Survival, Height, and Dry Weight 
in a 21-Day Seedling Emergence Test with Corn, Radish, and Soybean 1 

 
 

Test 
Concentration 

Number of Emerged Seedlings 
(% Reduction) 

Seedling 
Survival 

Seedling Height 
(cm) 

Dry Weight 
(g) 

(mg/kg) Day 7  Day 14  Day 21 (% Reduction) (% Reduction) (% Reduction) 
 

Corn 

Control 9.25 ± 0.96  9.50 ± 0.58  9.50 ± 0.58 9.50 ± 0.58 53.1 ± 5.74 0.564 ± 0.0753 

1000 9.00 ± 0.82 
(3%)  9.00 ± 0.82 

(5%)  9.00 ± 0.82 
(5%) 

9.00 ± 0.82 
(5%) 

55.8 ± 2.80 
(-5%) 

0.634 ± 0.0500 
(-12%) 

 
Radish 

Control 9.75 ± 0.50  9.75 ± 0.50  9.75 ± 0.50 9.25 ± 0.50 13.8 ± 0.29 0.231 ± 0.0216 

1000 9.25 ± 0.96 
(5%)  9.25 ± 0.96 

(5%)  9.25 ± 0.96 
(5%) 

8.75 ± 0.96 
(5%) 

14.1 ± 0.79 
(-2%) 

0.231 ± 0.0218 
(0%) 

 
Soybean 

Control 9.50 ± 0.58  9.50 ± 0.58  9.50 ± 0.58 9.50 ± 0.58 16.9 ± 1.78 0.377 ± 0.0442 

1000 9.25 ± 0.96 
(3%)  9.75 ± 0.50 

(-3%)  9.75 ± 0.50 
(-3%) 

9.75 ± 0.50 
(-3%) 

17.9 ± 1.57 
(-6%) 

0.383 ± 0.0330 
(-2%) 

1 No treatment group mean is significantly different from the control mean (p>0.05). 
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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 14 , 2004 t o January  4, 

2005 in t he Wildlife International, Lt d. plant testing facilit y.  The test was conducted using soil-

incorporated test substance, and was terminated 21 days after initiation.   

 
Methods and Materials 

Test soils were prepared for each replicate (a pot containing ten planted seeds) individually .  The test 

substance was weighed int o glass vials.   For e ach replicate, 2.2 kg of bulk soil was  weighed into a  

tared container.  A small amount (approximately 250 g) of soil was then removed and mixed with the 

test substanc e to make a pre-mixture for each rep licate.  The pr e-mixture wa s then added to the  

remaining bulk soil and m ixed manually using a stai nless steel spoon.  Test pots were filled with the 

soil and seeds wer e planted to initiate the test. No minal test soil petroleu m coke concentrations were 

10, 100, and 1000 mg petroleum coke per kilogram soil dry weight (mg/kg).  A negative con trol was 

prepared in the same manner as the other test groups, but no test substance was added.   

 

After planting, the test po ts were placed on  a bench in a greenho use with a minim um 16-hour lig ht 

photoperiod, where they remained for the duration o f the test.  Water was add ed to the test pots b y 

sub-irrigation as needed throughout the 21-day test  period.  The num ber of emerged seedlin gs was 

observed on Days 7, 14, and 21.  Additionally on Day 21, the condition of each emerged seedling was 

assessed, the height of each living seedling was measured, and the fresh weight of all living seedlings 

within each replicate was determined. 

 

Data Analysis 

The number of emerged s eedlings, mean number of  living seedlings, m ean height, and m ean fresh  

weight was deter mined for each test concentration.  Differenc es from the r espective control means 

were calculated and expressed as percent reduction. 
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Appendix 1 (Continued) 
 

Exploratory Non-GLP Rangefinding Toxicity Test with Petroleum Coke 
 
 

Results 

The results o f the rangefi nding test are included in the attached table.  Departures from the control  

means, including both reductions and i ncreases, were observed am ong all three species.  There was 

no dose-response apparent am ong radish and corn s eedlings, and any reductio ns were not consistent 

between different variables such as height and weight.  For soybeans, no effects on e mergence or  

survival were foun d.  However, there were 13%  an d 21% reduct ions from control m eans for fresh  

weight and height, respectively, at the 1000 mg/kg level.  Because the reductions were observed at the 

highest soil c oncentration and involved two paramete rs, the data suggested a marginal effect at the 

highest concentration.   
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Exploratory Non-GLP Rangefinding Toxicity Test with Petroleum Coke 
 
 

STUDY:   Petroleum Coke:  A 21-Day Toxicity Test to Determine the Effects of the Test 
Substance on Seedling Emergence and Growth of Terrestrial Plants 

SPONSOR:  American Petroleum Institute 
PROJECT NO.:   472-102 
 

 
Species 

 
Emergence 

 

 
Survival 

 
Biomass (g) 

 
Height (cm) 

Treatment Group 
(mg/kg) 

Mean ± SD 
(% Reduction) 

Mean ± SD 
(% Reduction) 

Mean ± SD 
(% Reduction) 

Mean ± SD 
(% Reduction) 

     
Corn     

     
Control 10.00 ± 0.00 10.00 ± 0.00 33.1 ± 5.77 41.0 ± 3.89 

     
10 8.50 ± 0.71 8.50 ± 0.71 32.1 ± 1.00 45.9 ± 2.57 
 (15%) (15%) (3%) (-12%) 
     

100 8.50 ± 0.71 8.50 ± 0.71 35.2 ± 0.64 44.2 ± 0.77 
 (15%) (15%) (-6%) (-8%) 
     

1000 9.50 ± 0.71 9.00 ± 1.41 31.4 ± 0.59 41.8 ± 4.05 
 (5%) (10%) (5%) (-2%) 
     

Soybean     
     

Control 8.00 ± 1.41 8.00 ± 1.41 18.4 ± 2.74 15.2 ± 1.72 
     

10 8.00 ± 1.41 8.00 ± 1.41 17.8 ± 1.05 14.6 ± 0.43 
 (0%) (0%) (3%) (4%) 
     

100 10.00 ± 0.00 10.00 ± 0.00 22.5 ± 2.34 14.6 ± 0.85 
 (-25%) (-25%) (-22%) (4%) 
     

1000 8.50 ± 2.12 8.50 ± 2.12 15.9 ± 1.81 12.1 ± 0.93 
 (-6%) (-6%) (13%) (21%) 
     

Radish     
     

Control 8.50 ± 2.12 8.00 ± 2.83 15.9 ± 3.18 11.5 ± 0.78 
     

10 6.00 ± 2.83 6.00 ± 2.83 13.2 ± 4.62 12.3 ± 0.97 
 (29%) (25%) (17%) (-8%) 
     

100 6.50 ± 0.71 6.50 ± 0.71 14.7 ± 4.08 10.9 ± 1.21 
 (24%) (19%) (7%) (5%) 
     

1000 9.00 ± 0.00 9.00 ± 0.00 16.6 ± 2.26 10.7 ± 0.31 
 (-6%) (-13%) (-5%) (7%) 
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Protocol, Amendment and Deviation 
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Test Article Selection 



Wildlife International, Ltd. 
 

 
    - 40 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 41 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 42 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 43 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 44 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 45 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 46 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 47 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 48 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 49 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  



Wildlife International, Ltd. 
 

 
    - 50 - 

 

 
   
  Project Number 472-102 
 
 

AMENDED  

Appendix 4 
 

AVEKA, Inc. Particle Processing Report 
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Appendix 5 
 

Laboratory Characterization of 3.3 Micron Particle Size Petroleum Coke 
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Appendix 6 
 

Environmental Conditions 

 
 
Watering Record: 
07 Feb 05 – All species irrigated. 
11 Feb 05 – All species irrigated. 
15 Feb 05 – All species irrigated. 
18 Feb 05 – All species irrigated. 
23 Feb 05 – All species irrigated. 
25 Feb 05 – All species irrigated. 
26 Feb 05 – All species irrigated. 
27 Feb 05 – All species irrigated. 
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Appendix 7 
 

Test Results, Corn 
 
 

Emergence 
 

Day 7 

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 8 10 4 9.25 0.96 

1000 mg/kg 9 10 8 9 4 9.00 0.82 
 
 

Day 14  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 9 10 8 9 4 9.00 0.82 
 
 

Day 21  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 9 10 8 9 4 9.00 0.82 
 

 
 
 

Survival 
 

Day 21 

Treatment Num ber of Surviving Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 9 10 8 9 4 9.00 0.82 
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Appendix 7 (Continued) 
 

Test Results, Corn 
 

 
Seedling Height on Day 21 

 
Height (cm) for Plant Number 1: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A . 49 49 46 48 45 44 52 58 52 9 49.2 4.32 

 B  55 58 56 59 57 56 56 58 41 52 10 54.8 5.22 
 C  . 64 65 57 66 58 60 45 62 67 9 60.4 6.77 
 D 47 44 40 50 44 50 53 48 53 50 10 47.9 4.20 
 

1000 mg/kg A . 42 59 63 60 54 58 58 54 49 9 55.2 6.42 
 B  54 67 49 56 40 50 53 45 54 52 10 52.0 7.12 
 C  . . 55 62 62 51 59 58 62 55 8 58.0 4.07 
 D . 56 61 60 60 62 56 56 56 53 9 57.8 3.03 

1 The “.” symbol indicates that the seedling either did not emerge or died prior to measurement. 
 

 
 
 
 

Mean Seedling Height on Day 21 
 

Treatment Mean Height (cm) for Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 49.2 54.8 60 .4 47 .9 4 53.1 5.74 

1000 mg/kg 55.2 52.0 58 .0 57 .8 4 55.8 2.80 
 
 
 

 
Mean Seedling Dry Weight on Day 21 

 
Treatment Mean Weight (g) per Plant of Replicate:    

Group A B C D n Mean St d. Dev. 
        

Control 0.479 0. 592 0. 653 0. 532 4 0.564 0.0753 
1000 mg/kg 0.616 0. 571 0. 678 0. 670 4 0.634 0.0500 
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Appendix 7 (Continued) 
 

Test Results, Corn 
 

 
Seedling Condition on Day 21 

 
Condition (score.sign)1 for Plant Number: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 

 B 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 
 C ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 
 D 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 
 

1000 mg/kg A ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 
 B 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 
 C ne ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 8 0 0.0 
 D ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 

1 The “ne” indicates that the seedling did not emerge.  A score of 0 indicates a normal seedling, while a score of 100 indicates a dead seedling.  
Intermediate scores are assigned to indicate the relative severity of observed signs of toxicity. 
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Appendix 8 
 

Test Results, Radish 
 
 

Emergence 
 

Day 7 

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 10 10 10 9 4 9.75 0.50 

1000 mg/kg 9 8 10 10 4 9.25 0.96 
 
 

Day 14  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 10 10 10 9 4 9.75 0.50 

1000 mg/kg 9 8 10 10 4 9.25 0.96 
 
 

Day 21  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 10 10 10 9 4 9.75 0.50 

1000 mg/kg 9 8 10 10 4 9.25 0.96 
 

 
 
 

Survival 
 

Day 21 

Treatment Num ber of Surviving Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 9 4 9.25 0.50 

1000 mg/kg 9 8 8 10 4 8.75 0.96 
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Appendix 8 (Continued) 
 

Test Results, Radish 
 

 
Seedling Height on Day 21 

 
Height (cm) for Plant Number 1: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A . 15 14 14 15 14 12 14 13 11 9 13.6 1.33 

 B  13 12 15 15 13 16 11 19 13 12 10 13.9 2.38 
 C  . 12 13 13 13 19 11 12 18 12 9 13.7 2.83 
 D . 15 16 14 17 13 16 11 11 15 9 14.2 2.17 
 

1000 mg/kg A . 13 13 15 14 14 13 13 15 10 9 13.3 1.50 
 B  . . 16 16 14 14 11 14 15 19 8 14.9 2.30 
 C  . . 14 12 16 15 17 15 16 13 8 14.8 1.67 
 D 11 11 14 18 13 15 13 11 16 14 10 13.6 2.32 

1 The “.” symbol indicates that the seedling either did not emerge or died prior to measurement. 
 

 
 
 
 

Mean Seedling Height on Day 21 
 

Treatment Mean Height (cm) for Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 13.6 13.9 13 .7 14 .2 4 13.8 0.29 

1000 mg/kg 13.3 14.9 14 .8 13 .6 4 14.1 0.79 
 
 
 

 
Mean Seedling Dry Weight on Day 21 

 
Treatment Mean Weight (g) per Plant of Replicate:    

Group A B C D n Mean St d. Dev. 
        

Control 0.210 0. 219 0. 237 0. 259 4 0.231 0.0216 
1000 mg/kg 0.222 0. 264 0. 216 0. 223 4 0.231 0.0218 
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Appendix 8 (Continued) 
 

Test Results, Radish 
 

 
Seedling Condition on Day 21 

 
Condition (score.sign)1 for Plant Number: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A 100.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 10 31.6 

 B 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 
 C 100.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 10 31.6 
 D ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 
 

1000 mg/kg A ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 
 B ne ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 8 0 0.0 
 C 100.- 100.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 20 42.2 
 D 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 

1 The “ne” indicates that the seedling did not emerge.  A score of 0 indicates a normal seedling, while a score of 100 indicates a dead seedling.  
Intermediate scores are assigned to indicate the relative severity of observed signs of toxicity. 
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Appendix 9 
 

Test Results, Soybean 
 
 

Emergence 
 

Day 7 

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 10 9 8 10 4 9.25 0.96 
 
 

Day 14  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 10 9 10 10 4 9.75 0.50 
 
 

Day 21  

Treatment Number of Emerged Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 10 9 10 10 4 9.75 0.50 
 

 
 
 

Survival 
 

Day 21 

Treatment Num ber of Surviving Seedlings in Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 9 10 9 10 4 9.50 0.58 

1000 mg/kg 10 9 10 10 4 9.75 0.50 
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Appendix 9 (Continued) 
 

Test Results, Soybean 
 

 
Seedling Height on Day 21 

 
Height (cm) for Plant Number 1: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A . 15 16 15 18 16 20 14 16 8 9 15.3 3.28 

 B  16 20 19 17 14 16 19 17 18 18 10 17.4 1.78 
 C  . 21 18 21 18 19 22 20 17 17 9 19.2 1.86 
 D 9 15 17 17 17 18 16 15 18 15 10 15.7 2.63 
 

1000 mg/kg A 15 19 19 13 16 17 18 18 13 18 10 16.6 2.27 
 B  . 18 21 22 21 18 21 20 19 18 9 19.8 1.56 
 C  19 20 19 17 15 4 18 19 19 16 10 16.6 4.70 
 D 13 18 20 19 16 19 19 23 20 19 10 18.6 2.63 

1 The “.” symbol indicates that the seedling either did not emerge or died prior to measurement. 
 

 
 
 
 

Mean Seedling Height on Day 21 
 

Treatment Mean Height (cm) for Replicate:    
Group A B C D n Mean St d. Dev. 

        
Control 15.3 17.4 19 .2 15 .7 4 16.9 1.78 

1000 mg/kg 16.6 19.8 16 .6 18 .6 4 17.9 1.57 
 
 
 

 
Mean Seedling Dry Weight on Day 21 

 
Treatment Mean Weight (g) per Plant of Replicate:    

Group A B C D n Mean St d. Dev. 
        

Control 0.348 0. 364 0. 442 0. 353 4 0.377 0.0442 
1000 mg/kg 0.366 0. 416 0. 345 0. 405 4 0.383 0.0330 
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Appendix 9 (Continued) 
 

Test Results, Soybean 
 

 
Seedling Condition on Day 21 

 
Condition (score.sign)1 for Plant Number: Treatment 

Group Replicate 
1 2 3 4 5 6 7 8 9 10 

n Mean Std. 
Dev. 

               
Control A ne 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 9 0 0.0 

 B 0.- 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 10 0 0.0 
 C ne 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 9 0 0.0 
 D 10.LC 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 10 1 3.2 
 

1000 mg/kg A 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 0.- 10 0 0.0 
 B ne 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 9 0 0.0 
 C 0.- 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 10 0 0.0 
 D 0.- 0.- 0.- 0.- 0.- 0. - 0.- 0.- 0.- 0.- 10 0 0.0 

1 The “ne” indicates that the seedling did not emerge.  A score of 0 indicates a normal seedling, while a score of 100 indicates a dead seedling.  In
are assigned to indicate the relative severity of observed signs of toxicity. 

 LC – Leaf Curl 
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Appendix 10 
 

Personnel Involved in the Study 
 

 
 The followin g ke y Wildl ife International, Ltd. pe rsonnel were invol ved in  the conduc t or  

management of this study: 

 
1. 

2.  

3.  

4.  
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Appendix 11 
 

Report Amendment 
 
 

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

pages was changed from 64 to 77.   
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 provi de new si gnatures and dates for the amended 

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

of Appendix 3, to renumber all appendices from Appendix 
3 throu gh th e end of the report and to add the Report 
Amendment appendix (Appendix 11). 

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

 
6.   Original Report:  Page 9 
  Amended Report :  Appendix 3 was referenced in the Tes t Substance S ection 

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

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

 
7.   Original Report:  Pages 11 and 13 
  Amended Report :  The appendix references were renumbered due to addition 

of Appendix 3. 
   Reason:   The Sponsor  requested  that Appendix 3 be added t o the 

final report. 
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Report Amendment 

Original Report: Page 39 
Amended Report: Appendix 3 was added to the report. 
Reason: The Sponsor requested that Appendix 3 be added to the 

final report. 

Original Report: Pages 39-64 
Amended Report: Appendix 3 was added to the report, therefore all pages 

thereafter were renumbered. 
Reason: The Sponsor requested that Appendix 3 be added to the 

final report. 

AMENDMENT SIGNATURES: 

I 
I 

Date 

/e ,&/J 0 7 
Date 

Date 

AMENDED 
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