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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER PRE- 
CAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDITIONS 
SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER, OR 
SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR I”GEMENT OF LEïTERS PATENT. 

HARDWARE AND OPERATING SYSTEM SOFIWARE REQUIREMENTS FOR USE 
OF THIS SOFTWARE ARE SPECIFIED IN THIS MANUAL. THIS SOFTWARE HAS 
BEEN TESTED EXTENSIVELY; HOWEVER, API DOES NOT AND CANNOT 
CLAIM TO HAVE FORESEEN NOR ELIMINATED ALL POTENTIAL PROGRAM 
INTERFERENCES, HARDWARE INCOMPATIBILITIES, OR OTHER LIMITATIONS 
OF SOFTWARE USE. 

ALTHOUGH API WELCOMES COMMENTS ON THE OPERATION AND UTILITY 

BASIS AND DOES NOT PROVIDE SOFTWARE USER SUPPORT. 

THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

OF THIS SOFTWARE, API IS DISTRIBUTING THE SOFTWARE ON AN “AS-IS” 
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PREFACE 

This study addresses the quality and reliability of values used for denoting the acute toxicity of 
crudes and oil products in aquatic environments. The scientific literature was reviewed and 
acute toxicity data were selected using strict quality control and quaíity assurance criteria. The 
god of this effort was to compile, analyze, and present an overview of these data by oil 
product* and taxonomic group. There were a variety of data gaps and problems in comparing 
conventional LCSO values between studies. Methodological differences between data sets were 
an important consideration, and special care must be used in predicting biological impacts 
using these acute toxicity data. Very little published data exists for gasoline, jet fuel, and lube 
oil product groups. Additionally, acute toxicity data were sparse for the algal taxonomic 
group. Majority of data were available for the diesel, crude and bunker oil groups. Only oil 
product toxicity data were utilized in this study and not oil product component data (e.g., 
naphthalenes, benzene, etc.). Statistical comparisons were performed at a conservative level 
in order to determine significance. in all cases, the number of data points available in each 
comparison should be considered when reviewing the statistical results. Additionally, oil 
products were ranked based upon their median toxicity values, and a relative ranking scale is 
provided. Relative product toxicity rankings are based on comparisons of median toxicity 
values and differences shown may or may not be statistically significant. 

A limited level of effort was applied for providing a relative persistence scale for oil products 
released into the environment. It should be emphasized that this analysis has a number of 
quaiifications. Crudes and oil products are 
characterized with a broad range of physiochemical data. An equilibrium-based model was 
used to estimate relative persistence and differentiate between classes of petroleum products 
(independent of site- and spill-specific information). The scope of this effort did not allow 
specific consideration of several important environmental parameters that influence the fate of 
spilled petroleum products (e.g., wind speed, wave energy, currents, water depth, and 
habitat). 

This treatment is not compound specific. 

*Note: The term "oil product(s)" is used in this report to include crude oil and oil products. 
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EXECUTIVE SUMMARY 

State agencies (e.g., Alaska, Washington and Florida) have initiated tabular methods and formulas 
for assessing natural resource damages associated with oil product or crude oil spills within their 
jurisdictions. An important aspect in each of the state initiatives deals with the toxicity and 
persistence of the spilled hydrocarbons. A central aspect of toxicity evaluations are the LC50 values 
used to denote acute toxicity of oil products. How reliable are LC5Os for ranking oil product 
toxicity? The quality and reliability of the values used for denoting oil product toxicity are the main 
topics of this investigation. In addition, a more limited effort was made to compare the relative 
persistence of oil products released into the environment. Finally, a discussion regarding the relative 
roles of product toxicity and persistence in predicting biological injury is presented. The results of 
this effort are presented in 3 chapters as follows: 

CHAPTER 1 : 
CHAPTER 2: 
CHAPTER 3: 

REVIEW AND RANKING OF TOXICITY VALUES 
ANALYSIS AND RANKING OF OIL PRODUCT PERSISTENCE 
OIL PRODUCT TOXICITY AND PERSISTENCE: A PERSPECTIVE 

Chapter 1: Approximately 8,000 references on the fate and effects of oil products in aquatic 
systems were screened. The majority of the selected articles were published in the mid to late 
1970's. While there was an adequate number of high quality articles, comparability between papers 
was limited due to variability in test methodologies. In order to determine the relative impact of the 
methodological differences on LC50 values, key method parameters were selected and added to a 
computerized database. This allowed investigators to sort on key methodological differences 
between studies and evaluate if and how laboratory methods impacted the actual LC50 values. The 
final database contained 748 toxicity values. 

The majority of the data was on crude oils (55%) and diesel (3 1%). Gasoline, jet fuel, and lube oil 
comprised less than 7% of the total number of toxicity values in the database. Invertebrate data 
comprised 65.4% of the data in the database. Fish comprised 26.6% of the data, while algae 
comprised only 8% of the data. 

As the basic data on methods and results were analyzed it became apparent that one of the major 
factors in influencing LC50 values was the presence or absence of free product in the test chambers. 
Since the presence or absence of free product in the test chamber was found to have the largest 
impact on reported LC50 values, it was maintained as the major sorting factor throughout this study. 

In many cases, methodological procedures had an effect on the resulting LC50 values. Reported 
LC50 values for the same oil product often differed significantly based on: whether the test 
chambers were open or closed, if the test was conducted in freshwater or saltwater, and how long 
oil water solutions were mixed prior to adding test organisms. Finally it was found that LCSOs 

ES-  1 
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calculated and reported for similar products were very different based on which "concentration" 
values were used in the fmal calculations. Some were based on dissolved hydrocarbons from single 
oi1:water ratio test solutions, others were based on multiple ratio test solutions, others were based 
on tests that used measured concentration data from individual test chambers, and fmally some were 
based on nominal concentrations. The importance of methods was expected and investigators 
planned from the outset to utilize a database that was designed to allow comparisons of toxicity 
values developed and based on similar methods. 

The database was developed into a computer program referred to as "OILTOX". With the help of 
this program, the user can find, review, sort, and print out individual LC50 values used in this study. 
The user is also able to query the database and ask for data on select test species, products, and 
toxicity test method characteristics. The program also allows the user to link the individual LC50 
value to a specific reference. The program does not include every possible LC50 value available 
since certain quality criteria were used prior to deciding whether data should be included in this 
study. The database was provided to API as a separate diskette along with a brief users manual. 

Median toxicity values were computed for each oil product and taxonomic group once the data were 
sorted by the absence and presence of free product in the test solutions. In all cases for a given 
product type, tests conducted with "free product absent" solutions reported lower LC50 values when 
compared to respective "free product present" LC50 values. Approximately 75% of the data records 
were for "free product absent" studies while 25% of the data records were for "free product present" 
studies. Suitable algal data sets were not found for the bunker, gasoline and lube oil groups. 
Gasoline data (12 values) were available only for the invertebrate "free product absent" data set. 
Only twelve data values were available for the jet fuel data set. 

Median effect concentrations Calculated for saltwater and freshwater "free product absent" tests did 
make a difference in the overall product ranking. It appears that, for invertebrates, the toxicity of 
crude is higher in freshwater when compared to bunker and diesel, but that under saltwater 
conditions, bunker and diesel appear much more toxic than crude. 

Median effect concentrations calculated for saltwater and freshwater "free product absent" tests with 
fish did make a difference in the overall ranking. The toxicity of crude appeared higher to fish in 
freshwater when compared to bunker and diesel, but under saltwater conditions, bunker and diesel 
appear more toxic than crude. 

Median effect concentrations calculated for saltwater and freshwater studies with "free product 
present" in tests did make a difference in the overall ranking. It appears that the toxicity values of 
crude to fish, when free product is present, are lower when compared to all other oil product groups. 
The median acute effect concentrations for crude in freshwater was 1525 mgA, while across the other 
oil product groups the median effect concentration ranged fiom 12.70 mgA to 560 mgA. In saltwater 
the median effect concentration of crude was 1365 mdl, while across the other product groups the 
median effect concentration ranged from 55.00 mg/l to 70.50 mgíl. 

E S - 2  
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The present review indicates that the more toxic oil product groups are the diesel and bunker oils. 4 

Lube oil shows some very low LC50 values but the data set is very limited and should not be 
equated to those products with significantly more information. Furthermore, lube oil toxicity can 
be affected significantly by special additives which can vary considerably based on the manufacturer. 
The least toxic oil product groups were the crude, jet fuel and gasoline groups. Published data were 
sparse for the jet fuel, gasoline and lube oil groups. 

Based on the interpretational difficulty associated with a single LC50 value, existing data were 
sorted using a new criteria and notation. This term, the Lethal Loading factor or LL50, expresses 
the results in what could prove to be a more appropriate context for oil product rankings. In short, 
the Lethal Loading concept attempts to quantitate the toxicity of a product in terms of the amount 
of whole product added to water to cause a 50% mortality of test organisms (LL50). Another limiter 
to the data set is that all LL50 test results must be based on multiple ratio test solutions. This means 
that test solutions were developed using different oi1:water ratios (i.e., loadings), and the resultant 
water soluble components were not diluted prior to adding organisms. The importance of this 
selection to ranking oil products becomes evident when the data are sorted and compared using the 
three resultant criteria, (Le., the LL50, the LCSO-free product present, and the LC5O-free product 
absent). This recognizes that there is no single "concentration" of any one compound in oil product 
toxicity test solutions, and the LC50 nomenclature is not appropriate for whole oil product toxicity 
tests. 

Regardless of the criteria used to rank toxicity, crude oil was consistently the least toxic product. 
The value of the LL50, however, was that it demonstrated that the relative amounts of various 
products that are needed in water to cause a given effect (i.e., 50% mortality) varies considerably. 
This relative loading factor is transparent with typical LC50 results. The significance of the LL50 
factor can be seen in Table ES-1 below. 

Table ES-1. 
Pairwise comparisons of median effect concentration values by LL50 and the absence of free 

product, taxon and oil product group. Critical value = 0.05. Bold indicates significance. 

Median Free Median Ratio 
Product Absent LL50 LL50 to Free Significance 

Oil Product IaUu LC50 ímg/ll (mp/f) Product Absent Level 

Crude Invertebrates 6.3 1 475 (75x1 (p < 0.001) 
Crude Fish 3.12 3200 (1,026~)  (p < 0.001) 
Diesel Invertebrates 3.36 9.4 (3x1 (p < 0.002) 
Diesel Fish 3.50 162.5 (46x) (p < 0.001) 

E S - 3  
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The differences in relative toxicity of both crude and diesel are lost when compared via the reported 
LC50 values. The median values represent many data points and the differences between fish and 
invertebrates or diesel and crude are shown only as a factor of 2 (6 / 3). The impact of sorting 
literature test results based on LL50 criteria is quite dramatic. Using conventional comparisons or 
LC50 values, it would appear that only 2X as much crude is required to have the same impact as 
diesel on invertebrates. Based on the amount of product actually required in water (the basis of the 
LL50 calculation), however, over 50X more crude than diesel is required to produce the same lethal 
impact on invertebrates. This distinction is lost using conventional LC50 values and thus can easily 
mislead efforts comparing relative toxicities of products. LC50 values developed via this study are 
basically reporting dissolved component levels which further mask actual product levels needed to 
create the acute effect. Thus by lumping all the reported literature values together with a single 
designation (LC50), regardless of methodology, the key whole product differences are lost. This in 
effect masks the relative differences in potential impact between various products. The grams per 
liter basis of the LL50 calculation helps relate the relative toxicities to a whole product basis and 
environmental loading levels. The LL50 value should prove to be a more realistic and useful 
predictor of actual acute impacts in the event of a product spill. 

Chapter 2: Besides the toxicity of an oil product, the persistence, or length of exposure of an oil 
product, is also an important parameter for assessing the effects of an oil spill. The primary 
processes determining the fate of crude oils and oil products after a spill are spreading, evaporation, 
emulsification, dispersion, dissolution, reaction, and sedimentation. These processes are influenced 
by the spill characteristics, environmental conditions, and the nature of the spilled material. 

An equilibrium-partitioning model was used for assessing the relative persistence of oil and oil 
products in aquatic environments. The ultimate fate of the petroleum products is based solely on 
their physiochemical properties (Le., molecular weight, solubility, vapor pressure, and octanol/water 
partition coefficient). Because of the many confounding effects infìuencing the fate of oil in the sea 
(e.g., physical conditions involving wind speed and direction, surface currents, water depth, and 
habitat), a model based on physiochemical data will only provide a relative scale as to which oil and 
oil products will persist in aquatic environments. 

Oil products consist of many individual components; therefore, a broad range of physio-chemical 
data was used to characterize the individual crude oil or oil product. Two model runs for each 
substance were conducted to provide both a conservative (worst case) and non-conservative (best 
case) prediction of product persistence. 

A numerical scale was developed for crude oils and oil products based on their persistence in aquatic 
environments. Persistence is defined as the fraction remaining in the water, soil, and sediment. The 
relative persistence is estimated at the midpoint of the best case and worst case scenarios. 
Generally, it can be concluded that gasoline, jet fuel, and fuel oil #2 are relatively nonpersistent in 
the marine environment. Lube oils are slightly persistent, Bunker C (fuel oil #6)  is relatively 

E S - 4  
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persistent, and asphaltenes are highly persistent. Crude oils, on average, are considered persistent; 
however, some components are nonpersistent and others are highly persistent. 

Chapter 3: Two operating definitions associated with persistence were developed. The first deals 
with a toxicity-based connotation (Le., persistent compounds or products are undesirable because 
they cause chemical toxicity in terms of biomagnification, bioaccumulation, or chronic toxicity). 
The second definition deals with habitat impacts associated with residual or persistent components 
of oil products or crudes. 

With these two aspects of persistence in mind, a better understanding of the appropriate use of the 
term "persistence" can be developed. After the initial phases of a spill, when most of the active 
dissolution and volatilization has been accomplished, oil spill residuals fi-om heavier products and 
crudes become less bioavailable with time. Thus, from the toxicity based persistence perspective, 
these residuals represent less of an acute threat. Thus when estimating an acute toxicity concerns 
in oil spills, it is not appropriate to utilize a direct proportion for estimating acute injury (Le., 
multiplication of two numerical factors one representing acute toxicity and another persistence). 
However, based on the habitat aspects of the term, the use of injury estimators (numerical values), 
developed through direct proportions between appropriate persistence and toxicity ratings is 
somewhat more defensible. If realistic persistence values are utilized along with appropriate 
chronic toxicity functions, some estimate of long term habitat and chronic injury is possible. This 
estimate could be viewed as an overall estimator of both a habitat based concerns and, if 
appropriately developed, also serve as a substitute for the general lack of chronic toxicity 
considerations in the injury formulas. 

Summary: LC50 values were evaluated regarding their usefulness in ranking oil product acute 
aquatic toxicity. This study clearly demonstrates that methodological differences in conducting 
oil product toxicity tests have a significant impact on the actual LC50 calculated for an oil 
product. Using selected criteria and a new notation referred to as the Lethal Loading factor, 
actual differences in whole product toxicities are shown to be quite pronounced although these 
differences have in the past been difficult to assess using the generic LC50 designation. LC50 
values for the same product class can vary over three orders of magnitude. Rankings based on 
common methodological groupings demonstrate that, for example, diesel can be 29 times more 
toxic than crudes using the LL50 grouping but only 1.5 times more toxic using the "free product 
absent" test solution grouping. This disparity in reported toxicity values demonstrates the need 
for standardization of the methods used to test, calculate and compare oil product toxicities. The 
LL50 method is suggested as the more relevant and useful method to assess relative acute values 
for oil products. The method, based on multiple oi1:water ratios, also yields more robust 
empirical information regarding the true differences that whole oil products have in their ability 
to cause acute aquatic injuries in the environment. 
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1.0 CHAPTER 1: REVIEW OF TOXICITY VALUES 

1.1 ~NTRODUC~~ON 

The overaii objectives of the toxicity value review were to: 

Review and select toxicological information appropriate for analysis, 
Evaluate toxicity values for selected oil products, and 
Rank oil products based upon their toxicity values. 

A database of toxicological information was developed from literature sources. A key feature 
of the organization of the database was the ability to describe the methodological parameters 
assoCiated with the development of toxicity values. This is crucial in evaluating LC50 values 
since methods used in the aquatic testing procedures have a dramatic impact on the results. 

The daiabase ailowed for a comparison of the key methodological aspects of the toxicity tests 
reviewed including a determination of which methodological procedures had a significant 
impact on the results. Areas where data are lacking or where there are low confidence levels 
in developed toxicity values are also discussed. 

Toxicity values and ranges were determined from literature sources for the following major 
taxonomic groups: 

Fish, 
invertebrates, and 
Algae. 

The major categories of oil products for which toxicity was evaluated include: 

Bunker, 
Crude, 
Diesel, 
Gasoline, 
Jet Fuel, and 
LubeOil. 
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A key factor in the analysis of the data was the consideration of the basis upon which each 
LC50 (lethal concentration needed to cause 50% mortality of test organisms) had been 
calculated. This is important to toxicity value development since LC5Os are the basis of the 
Department of the interior (DOI) Type A toxicity factors and probably have some influence on 
state directions. With complex mixtures such as oil products, LC50 calculations and their 
results can cause confusion due to the various methods used in calculating the "concentration" 
term. The results from these types of tests and calculations can be very different for the same 
oil product. 

Our efforts attempted to identify the confounding factors in study design such that toxicity 
values could be compared in a "method normalized" manner. As the report describes and 
demonstrates, this approach proved to be an essential step in evaluating and developing the 
most accurate and representative set of toxicity values for oil products. If oil products are to 
be ranked from most to least toxic based on literature data, method normalization is important. 
The normalization had impacts not only on the reiative ranking of one product to another but 
also demonstrated that reported LC50 values on the same product class can vary over three 
orders of magnitude depending on the methods used in conducting the test. As the basic data 
on methods and results were analyzed it became apparent that one of the major factors in 
influencing LC50 values was the presence or absence of free product in the test chambers. 

Since the presence or absence of free product in the test chamber was found to have a sizable 
impact on reported LC50 values, it was maintained as the initial sorting mechanism throughout 
this Chapter. In addition to assessing the relative importance: of other methodological factors 
(e+ open or closed test chambers, duration of oil agitation), the methods and conventions 
used in expressing the results of oil product aquatic toxicity tests were also evaluated. 

Traditional LC50 notations for oil products, as used in any number of literature reviews and 
rankings on oil products (e.g. DOI assessments), do not denote the basis of the LC50 value. 
Actually, the term LC (lethal concentration) is basically inappropriate for oil products since 
there is no single concentration of any one compound within toxicity test solutions derived 
from oil products. The term is most appropriate for a single compound dissolved in a test 
solution tested at a variety of concentrations allowing a true LC50 to be developed. 
Furthermore, the term LC50 as applied to oil products is quitte misleading to a reviewer of oil 
product data since one immediately assumes that the number associated with the concept (e.g., 
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an LC50 of loo0 mg/l) represents the dissolved fraction which was &he "effective 
concentration". 

In oil product testing, the "concentration" tested is developed by either mixing: 

A single oil to water ratio (Le., 1 gram/litre) and diluting the resulhg solution to 
create a series of test solutions, or 

A series of oil to water ratios (i.e., 10, 5, 2.5, 1.0, and 0.5 grams/litre of product) 
whereby the resulting solutions are tested without further dilution. 

Although the two methods above are extremely different in approach to test solution 
development, current notation allows both results to be expressed simply as an LC50 result. 
In addition to the fact that the actual method of test solution development is totally masked by 
using the LC50 notation, the term "concentration" can take on many meanings that without a 
detailed review of the study it is difficult, if not impossible, to interpret the significance of the 
LCSO result. The lethal "concentration" has been found, for example, to be based on : 

Total hydrocarbons (assessed using a variety of methods all of which vary in their 
ability to measure different components in the test solutions), 

Aromatic hydrocarbons, 

Nominal hydrocarbons, Le. concentrations estimated from a single measured or 
unmeasured stock solution which was then diluted to create multiple test concentrations 
for exposure, and 

Nominal concentrations estimated from multiple ratio test systems. These 
concentrations of hydrocarbon are developed by mixing four to five different oil to 
water ratios in separate test chambers thus creating individual test solutions. 

Based on the above sources of confusion when viewing a single LC50 value, existing data was 
reviewed and sorted using a different notation. This term, the Lethal Loading GUO), 
expresses the results in what could prove to be a more useful context for oil product rankings. 
In short, the Lethal Loading concept attempts to quantitate the toxicity of a product in terms of 
the amount of whole product added to water to cause a 50% mortality of test organisms 
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CLSO) (Girling et ai. 1992). The LI50 concept is described in detail in the Methods Section 
and is further applied in the Results and the Discussion and Siimmary Section of this Chapter. 

1.2 METHODOLOGY: ANALYSIS AND R A ” G  OF TOXICITY VALUES 

ï.2.ï Literature Search and Collection 

I.2.I.I Searching and Screening of Literature CYîutkms 

The objective of the literature search was to use only data collected from the original source. 
This was a necessity since methodological parameters were needed if the toxicity data were to 
be appropriately reviewed and evaluated. Therefore, the emphasis was placed on obtaining the 
primary literature. Review articles and secondary literature were also screened for their value 
in providing primary literature citations. 

A vast quantity of oil product literature covering a wide range of subjects is available. It was 
necessary to focus on the key literature pertinent to this study. The main criteria used to select 
pertinent literature were that each reference: 

Was post-1970, 
Reported acute toxicity (mortality) data, and 
Reported numeric data. 

1.2.1.2 On-line M a s e s  

Informational databases available from Dialog Information Services, Inc. (Dialog) and the 
Chemical information Service, Inc. (CIS) were searched via computer for references of 
interest. Keywords were used to select references. Single keywords and keyword strings were 
developed for our search using words such as: 

Petroleum, 
oil, 
Toxic, 
Effect, 
Acute, 
spill, 
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Not coal, 
Fuel, 
Crude, 
Hydrocarbons, 
Bioassay, and 
Others. 

1.2.1.2.1 Dialog Information Services 

The databases searched via Dialog are provided below including a brief description of each 
database. 

Energy Science and Technology 

The Energy Science and Technology database of the U.S. Department of Energy includes 
environmental topics covered in journal articles, report literature, conference papers, books, 
etc. 

Aquan'c Sciences and Fisheries Abstracts 

Aquatic Sciences and Fisheries Abstracts provide a comprehensive database of abstracts on the 
science, technology, and management of marine and freshwater environments provided by the 
U.S. National Oceanic and Atmospheric Administration (Part 1 - Biological Sciences and 
Living Resources; Part 2 - Ocean Technology, Policy, and Non-living Resources; Part 3 - 
Aquatic Pollution and Environmental Quality). 

N a t i 0 ~ 1  Technical Information Service (NTIS) 

The NTIS database includes government sponsored research, development, and engineering as 
well as analyses prepared by federal agencies, their contractors, or grantees (and some state 
and local agencies). 

Oceanic Abstracts 

Oceanic abstracts are an organized index of technical literature published worldwide on marine 
related subjects. 
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Pollurion Abstracts 

Pollution Abstracts are a leading resource for references to environment-related literature on 
pollution, pollution sources, and pollution control. 

Envimline 

Enviroline is a comprehensive environmental bibliography (fields include: management, 
technology, planning, law, political science, economics, geology, biology, and chemistry as 
they relate to environmental issues). 

Biosis Previews 

Biosis Previews are comprised of the following relevant subfiles: 
Biological AbstractsRPM (reports, reviews, meetings), and BioResearch index. 

Biological Abstracts, 

Cornpendex Plus 

Compendex Plus provides abstract information from the world's significant literature of 
engineering and technology (civil, energy, environmental, geological, and biological 
engineering and technology). 

T o m e  is comprised of the following relevant subfiles: Toxicity Bibliography, Toxicology 
Document and Data Depository File, Federal Research in Progress, and Hazardous Materials 
Technical Center File. 

1.2.1.2.2 Chemical Information Services 

The databases searched via CIS including a brief description of each database are provided 
below. These four databases were accessed using Chemical Abstract Service (CAS) numbers 
and compound names. These are EPA-sponsored databases and contain numeric data 
(toxicological, physidchemical properties) for the compound(s) of interest and include 
reference citations. 
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AQUIRE 

AQUIRE is the Aquatic Information Retrieval database. AQUIRE contains information on 
acute, chronic, bioaccumulative, and sublethal effects data from experiments performed on 
freshwater and saltwater organisms. 

OHMTADS 

OHMTADS is the Oil and Hazardous MaterialdTechnical Assistance Data System. 
OHMTADS provides up to 126 different fields of information including physical, chemical, 
biological, toxicological, and commercial data on over 1,402 materials, with emphasis on their 
environmental effects and emergency response. 

ISHOW 

ISHOW is the Information System for Hazardous Organics in Water. Contains melting point, 
boiling point, partition coefficient, acid dissociation constant, water solubility, and vapor 
pressure for more than 5,400 chemical substances. 

ENWROFAE 

ENVIROFATE is the Environmental Fate Database. ENVIROFATE includes data on 
environmental transformation rates and on physical-chemical properties for over 800 
sub stances. 

1.2.1.3 Other Sources of Data 

Pertinent information was also obtained through searches of the following sources: 

ENïïüX, Inc. Resource Libraries 

ENTRIX possesses a great deal of literature on topics related to petroleum products and the 
environment. Journal articles, reports, books, and other references, including API document 
catalogues and spill conference proceedings, were reviewed for pertinent toxicological data on 
petroleum products to the aquatic organisms of interest. 
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Univers@ of Delaware Library 

The University of Delaware's library system includes a main referendresource library and a 
marine studies library. The University has an on-line biloliographic database @ELCAT) 
which is keyword searchable and accesses all library holdings. In addition, the library also 
offers on-line reference searching of Biological Abstracts and Aquatic Sciences and Fisheries 
Abstracts. The University's holdings were searched using keyword strings as described in 
Section 2.1.2. 

Bibliographies 

Two bibliographies on the fate and effects of aquatic oil pollution and the biological effects of 
oil pollution in the marine environment were screened and ,relevant references were selected 
for acquisition. These were: 

Seakem. 1987. Bibliography on the Fate and Effects of Aquatic Oil Pollution: A 
Survey of International Oil Pollution Literature to 1987, and 

Ffion-Myklebust, C. and K. Johannessen. 1980. Biological Effects of Oil Pollution in 
the Marine Environment: A Bibliography. Intemational Council for the Exploration of 
the Sea (ICES), Marine Environmental Quality Committee, C.M. 1980/E:31. 

In addition, reference lists provided in review papers, books, and applicable journal articles on 
the toxicological effects of oil were screened and selected as aippropriate. 

1.2.1.4 Selection and Collection of Pertinent Lìîemîure 

References were selected for acquisition if they contained or were thought to contain numeric 
information on at least one of the oil product categories of interest, a taxonomic group of 
interest, and a toxicity endpoint of interest (Le., acute lethality). References with information 
relating toxicity and persistence of oil products were also selected. 

The wide range of information created limiiations in acquiring some references. Nearly all 
English language journals and books with pertinent infonnaú.on were located at the University 
of Delaware. References which were difficult to obtain included foreign language material, 
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Ph.D. theses and/or specialized foreign or domestic research group reports, seminars, or 
conference proceedings. 

Upon acquisition of literature, it was necessary for us to review each article, extract the 
appropriate information and transfer this information into a usable format for management and 
analysis. With this in mind, a computerized database was developed to manage the specific 
study result (Le. LOO) and study methodological data contained in the literature reviewed. 

1.2.2 Database Development 

A computerized data management system (OILTOX) was developed, programmed and 
compiled using the ARAGO dBXL-Quicksilver software. The developed database includes 
functions for LC50 data value sorting (e.g., by methodological parameter, species, product), 
exporting and reporting. 

1.2.2.1 Key Study P a m e t e r s  

The fist step in the development of the database was to identify which methodological 
parameters most influenced the actual LC50 value developed in a study, the interpretation of 
results, and the comparability of data between studies. A preliminary review of a subset of 
references was initiated to help identify key study parameters. Based upon this review and 
ENTRIX experience, twenty one parameters were selected for entry into the database. The 
database was designed such that these parameters were entered as individual fields for ease of 
sorting and study grouping. A sample data entry form displaying the key fields selected is 
presented in Figure 1-1. The fields selected for inclusion in the database are detailed below. 

1.2.2.1.1 Oil Product 

Each oil product category was assigned an alphabetic code. Oil products within one category 
were individually identified by numeric code. For instance, all crude oils were assigned the 
letter "C", with Kuwait crude as Col, Cook Inlet crude as C02, Southern Louisiana crude as 
C03, etc. The 
following categories of oil products were developed for toxicity evaluations: 

In this way, oils could be evaluated either individually or as a group. 

C=Crude Oil, 
B=Bunker C Fuel (No. 6 Fuel Oil), 
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I 

MI TOXICITY DATABASE ENTRY :FORM: 712400 

D I D W W a  2) 
G - G a d h  
J I  Ja Fucl (Na I )  
K = Xcraraw 
L = L i k o u  

SîudypurpoSeEndpointprimary: I I I 1 1 I 

Persistence Data Reported? (Y=ycsØ"=no): 

C k m i c  Data Reported? (Y=yes/Ntao): 

Agitation Duration During Preparation (lus)?: 
(û=û/l=O-in= 1-W- lZ-W4=>%/5=not reported) 

Test Solutim Dcvelopmcnt: (l=singk ratio/r=multiple ratioß=Uot reported): 
~ t s t  cbambur (i=opcnl2iclosedn=not reported): 0 
 nt noduct h n t :  ~=pre=ntlN=abscntNt\mloiown): 

m m m :  qcsoi~ciw~~cso~~ciw INOECIUIECI 

If Yes, Quaiitative (1) or Quantitativ@)? 0 

~ ~ a s u r c t i / ~ n m ~ t o c k  ~=measurc~=unmeBSured/Ststock): 0 
Reliability codt (blow/M=mediuWH=high): 

L t Shcdy doCs not meet d e r i a  for reüabiuiy (bw) 
M t Snrdy mece some der ia  for reiiabiliry (mcduun) 
H t Shrdy met i  oll &ria for reüabüe (high) 

~~ 

Figure 1-1. Example of the database entry form. 
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D=Diesel (No. 2 Fuel Oil), 

G=Gasoline, 
J=Jet Fuel (No. 1 Fuel Oil and Kerosene), and 
L=LubeOil. 

Closely related oils were grouped according to similarity of boiling ranges, percent by volume 
of ceriain hydrocarbon types, and other components (carbon number, etc.). Individual oil 
products identified in this study, by oil product group, are provided below. 

Bunker Fuels: 

BOI 
BO2 
BO3 
Bo4 
Bo5 

* B o 6  

Crude Oils: 

CO1 
CO2 
CO3 
Co4 
CO5 
CO6 
CO7 
CO8 
Co9 
c10 
c11 
c12 
C13 
C14 
C15 

Bunker "C" (unspecified), 
Venezuelan Bunker C, 
Fuel Oil No. 6, 
Bunker C light, 
Heavy Fuel Oil No. 4, and 
Navy Special (reported to be between fuels nos. 4 and 5). 

Kuwait (light) crude, 
Cook Inlet crude, 
Southern Louisiana crude, 
Florida Jay crude, 
Prudhoe Bay crude, 
Venezuelan crude (incl. BCF-22), 
Western sweet blend crude, 
Transmountain crude, 
Norman Wells crude, 
Hibemia crude, 
Amauligak crude, 
Tarsuit crude, 
Lago Medio crude, 
Atkinson crude, 
Bent Hom crude, 

C16 Ramashkincrude, 
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C17 WestTexas crude, 
C18 Dubai crude, 
C19 Nigerian crude, 
C20 Pembina crude, and 
C21 Alaskan crude (ARCO, unspecified). 

Diesel FueIdHeating Fuels (No. 2): 

DO1 Diesel, 
Dû2 Fuel OilNo. 2, 
DO3 Fuel Oil No. 2 - h a c e  fuel, 
DO4 Light diesel fuel, 
DO5 Heavy diesel fuel, 
DO6 Navy distillate fuel, and 
Dû7 Marine diesel. 

Gasolines: 

GO1 Leadedgasoline, 
GO2 Unleaded gasoline, and 
GO3 Lowleadedgasoline. 

Kerosene/Jet Fuels (incl. Fuel Oil No. 1): 

JO1 Jet fuel - JP8, 
JO2 Light Fuel Oil No. 1, 
JO3 Jet fuel - J P 9 ,  and 
JO4 Jet fuel - JP4. 

Lubricating Oils: 

LO1 Auto IubeAubncating oil (unspecified), 
LO2 Heavy maxine lube, and 
LO3 9250 lube oil. 
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1.2.2.1.2 Study Purpose Endpoint 

We anticipated that study endpoints would vary from study to study. Some studies report 
thresholds that kill 100% of test organisms (LClOO) rather than 50% (LC50) while others use 
immobility rather than mortality as an endpoint. This field was created to select and group 
endpoint-specific values to ensure legitimate comparisons of data. Acute toxicity values were 
the focus of this sn&. 

1.2.2.1.3 Test Solution Development: Agitation Duration During Preparation 

The toxicity of oil products is generally attributed to the portion that dissolves into the water 
column, in other words, the concentration of dissolved hydrocarbons that results from an 
oUwater mixture. The amount of dissolved hydrocarbon present in a test solution is somewhat 
dependent on the amount of time an oilíwater mixture is agitated prior to organism exposure. 
In some cases, oil is added directly to the water with little, if any, agitation. In others, an 
oil/water solution is mixed for 20 hours, allowed to settle, and the water soluble fraction 
(WSF) drawn from the bottom of the vessel (containing no neat product, only dissolved 
hydrocarbons) is used as a toxicant stock solution. The amount of dissolved hydrocarbon to 
which test organisms are actually exposed could differ significantly in these two situations. 
Each design produces different test solutions although equal amounts of neat product were 
used. It was therefore prudent to have the capability to identify agitation duration and 
subsequently evaluate studies based on this factor. 

1.2.2.1.4 Test Solution Development: Free Product Present or Absent 

A significant number of oil product tests actually have free product present in the test 
chambers. Many studies mix oil and water and then decant the water soluble component (after 
some period of settling) and use only the oil free phase in the tests. In order to assess the 
importance or impact of this factor on toxicity values, this category was developed in the 
database. As mentioned earlier, the presence or absence of free product was utilized as the 
initiai sorting mechanism in the analysis of toxicity values. 

1.2.2.1.5 Test Solution Development: Analytically Measured or Unmeasured Exposures 

Measured/Unmeasured/S tock refers to whether total dissolved hydrocarbons were measured in 
the test solutions. Endpoint values (LCSOs) can be calculated in a variety of ways including: 
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1) based on actual measured dissolved hydrocarbon concentrations in test chambers 
(measured), 2) based on nominal neat product levels added to test chambers (unmeasured), or 
3) based on measured dissolved hydrocarbon concentrations in a single stock solution and 
extrapolating this measurement to test chamber concentrations (stack). The final result of the 
toxicity test will depend on which "concentration measurement" is used in the LC50 
calculation. Since oil product tests have been known to have results expressed using ail of the 
above concentration expressions, this parameter requires evaluation regarding its impact on 
toxicity values. 

Even when test solutions are measured regarding the hydrocarbon levels or types, the 
information is of little value since the measurement is a generic type of analytical term i.e. 
"total hydrocarbon" or "total organic carbon". Unlike a specific compound LC50 where the 
concentration of a component can be related to an effect, total hydrocarbon measurements 
encompass from a few to over 100 components, ail of which have varying individual 
toxicities. This aspect combined with the variability in other methodological procedures gives 
one cause to question the utiiity of even measured values in ranking and comparing oil product 
toxicity values. 

i.2.2.1.6 Test Chamber 

Due to the volatile nature of many hydrocarbons, it was necessary to try and differentiate 
between those studies using open test chambers versus those using closed test chambers. 
Those studies utilizing open test chambers will experience a loss of toxicant during the course 
of experimentation. Open chamber test systems, using volatile products, could result in higher 
LC50 values than equivalent tests using closed chambers. 

1.2.2.1.7 Test Solution Development: Single Ratio and Multiple Ratio Test Designs 

As noted in the above discussions, a number factors can influence the actual concentrations of 
hydrocarbons found in solutions produced for aquatic toxicity testing. Aside from agitation 
duration, open or closed test chambers, and the presence or absence of free product, the 
impact of "single" versus "multiple" ratio test solution development on product toxicity values 
was evaluated. Hydrocarbon concentrations in the test solutions will vary according to 
whether the test solutions were derived from a single ratio (oi1:water) mix or from a multiple 
ratio (okwater) mix (Figure 1-2). 0ii:water ratios will have a significant impact on the 
toxicity results since the ratio of oil to water impacts both the quantitative, and to an extent, 
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Figure 1-2. Singie m i o  test vernis multiple ratio test 
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the qualitative characteristics of the test solution being developed for testing (Shiu, et al, 
1988). 0il:water ratios need critical assessment as to their role in infiuencing toxicity value 
development. 

Studies using multiple versus single ratio tests were identified during the data review. 
Multiple and single ratio test systems are presented in Figure 1-2. The relative amounts of 
individual hydrocarbon components found in stock solutions using the single ratio design is 
limited due to the single oil to water mixture. When the single stock solution is diluted to 
create toxicity test solutions, the ratio of components remains the same and only the amount or 
concentration of dissolved components change. Toxicity tests conducted with test solutions 
derived from single 0il:water ratio mixtures would be expected to show predictable dose 
response relationships since solution strength is primarily dependent on levels of dilution. 

This is contrasted to the multiple ratio study design. When multiple oi1:water test ratios are 
developed, a number of significant changes occur. First the component concentrations and 
ratios vary based on the oil:water mixture used. Given a specific percentage by weight of 
water soluble materials for any given oil product, the absolute amounts of water soluble 
materials in a 10 g/l versus a 1 g/l oii:water test mixtures will be quite different. One might 
expect that the total amount of potentially soluble hydrocarbon levels can be estimated by 
assuming that all soluble materials have an equal tendency to dissolve in water regardless of 
the 0il:water ratio. This is not necessarily the case since surface area considerations become a 
factor when large amounts of oil are added to water. The multiple ratio approach provides the 
researcher with an empirical estimate of the importance of 0il:water ratios in determining 
toxicity. Results derived from a multiple ratio experiment provide a more useful predictive 
tool when applied to real world situations. Since 0il:water ratios are site an spill specific, a 
single ratio test provides a result of questionable utility in predicting oil product impact during 
a spiil. 

1.2.2.1.8 Reliability Code 

Data extracted from references were evaluated for quality by analyzing the methodologies 
through which they were generated. Data were assigned to a category of high, medium, or 
low quality as described below: 

Data assigned to the “high” quality category met most or all of the following criteria for 
quality: 
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a. the test methodology was judged satisfactory, with appropriate test design and 
acceptable procedures including: 

- controls utilized, 
- acceptable survival in controls (80% minimum), 
- minimum of 10 organisms per treatment, 
- evidence of test organism acclimation, 
- minimum of 5 toxicant concentrations used, and 
- evidence of quality assurance. 

b. the test matenal was well characterized and dissolved chemical measurements were 
made in test chambers. 

If a paper exhibited a deficiency in one of the above areas, it was not automatically placed in 
the next lower quality category. Rather, the deficiency was weighed against the remaining 
strengths of the paper and judged as to its significance to overall data results. If the majority 
of the remaining information presented in the paper was superior, a single deficiency in the 
above criteria did not warrant a lower quality ranking. 

Data assigned to the "medium" quality category met some of the high quality criteria, but 
lacked 2 or more items listed in a) above. Data were also assigned to the "medium" quality 
category if criteria b) above was not satisfied. 

Data assigned to the "low" quality category did not meet the cntena for quality. A low quality 
study may be characterized as not meeting any of the criteria above and may not have 
sufficient methodological detail to judge the quality of experimental design. 

1.2.2.2 Data Entry 

The key study parameter data as identified in Section 1.2.2.1 was extracted from each article 
and transcribed onto the database entry form. Every individual toxicity value within a 
reference was recorded on a separate data form, Le.,, became an individual record. 
Information on these forms was then entered into the danbase using the designed database 
software. 
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1.2.2.3 Ikrta QNQC 

Data QNQC is essential in protecting the integrity of the database. A strict QMQC 
transmittal sequence was developed to monitor data from initial transcription to final storage 
into the database. Data transmittal forms (Figure 1-3) accompanied completed data forms as 
they proceeded through verification and validation checks. The data transmittal form was used 
to track data to ascertain the immediate status of aU data. 

The major steps of the data transmittal process were as follows: 

Reference data were transcribed onto a database entry form, 
The date completed and transcriber's initiais were entered onto the transmittal form, 
Completed forms were submitted to the data entry personnel who would then enter the 
data into the computer, 
The data entry personnel would then produce a QNQC verification table to be checked 
against the original hard copies, 
Any necessary revisions to the database were made and re-checked against the hard 
copies, and 
Backup copies of the database were made. 

Completion of each of the above transmittal steps were recorded on the data transmittal form 
by date completed and initialized. 

1.2.3 Analysis and Ranking of Toxicity Values 

1.2.3.1 Statistical Analyses 

Statistical inference testing of effect concentration (LC50 data) values presented in this Chapter 
was performed using nonparametric test statistics. The use of nonparametric statistics was 
more appropriate than parametric statistics since the effect concentration data by major 
taxonomic group for free product presence and absence were not normaily distributed as 
indicated in Figures 1-4 and 1-5. Also, calculated LC50 values for free product present and 
free product absent data have differing variances. These factors make analysis using 
nonparametric statistics (i.e., median values) more appropriate than using parametric statistics 
(i.e., mean values). 
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TOXICIïYVALUE DATABASE 

BATCH NUMBER: # OF PAGES SUBMlTI'ED 
STUDY WE@) INCZUDED: 
FILE NAME:(ïF COMPuTEiüZED): 

PROJECT híANAGEñA'EC"ICIAN STAFF. 
DATA FORM CHECKED: 

TECHNICLAN STAFF/coMPuTER APP. TECH: 
DATA KEYPUNCHED : 
BACKUPS COPIES MADE 
DATA FILE REFORhUTïED: 

COMPUTER APP. TEmCIENIcLAN STAFF: 
QA/QC PROCEDURES COMPLETED: 

TECHNICIAN sTAFF/coMPuTER APP. TECH: 
DATA FILES UPDATED: 
BACKUP COPIES MADE: 

COMPUTER APP. TJXHPROJECT MANAGER: 
DATA LOADED INTO RAW DATABASE 
QA/QC TABLES PRODUCED: 

PROJECT MANAGEFüCOMPUTER APP. TECH: 
QAJQC TABLES VERIFDD 
DATA FILES UPDATED: 
BACKUP COPIES MADE 

COMPUTER APP. TECWPROIECT MANAG= 

- DATA FILES LOADED INTO FINAL DATABASE 
BACKUP COPIES MADE: - 

Figure 1-3. Example data transmittal form. 
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Figure 1-4. Normal probability ploîs of effect concentration (md) values 
by taxonomic group. 
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Figure 1-5. Frequency histograms of LU0 values by taxonomic group. 
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The Mann Whitney test (Zar, 1974) was used to determine whether two independent samples 
(e.g. bunker versus crude) had the same median. The level of significance used for ail 
analyses refer to significance at the five percent level (aipha=0.05, 95% confidence level). 

The Kruskal-Wallis test (Snedecor and Cochran, 1979) was used when more than two classes 
were compared in a pairwise manner. If the Kruskai-Wallis test produced a significant 
difference, the Mann-Whitney test was used for ail pairs in the comparison with critical values 
being adjusted by Bonferroni's method (Johnson and Wichern, 1982). Bonferroni's method 
allows for examination of aii possible pairwise combinations without increasing the probability 
of making a Type I error. A Type I error occurs when a significant difference is found but 
does not actuaiiy exist. The use of Bonferroni's method provided a conservative estimate of 
significance. in ail cases the significance levels are presented as two-tailed pvalues. Adjusted 
statistical critical levels based on Bonferroni's method are presented in Table 1-1. 

Table 1-1. Adjusted Critical Values based on Bonferroni's Method (O.OS/# of comparisons). 

# of Classes # of CornDansons Critical Value 

2 1 .o50 
3 3 .O17 
4 6 .o08 
5 10 .o05 
n [n(n-1)]/2 

Notched box-and-whisker plots are provided for severai comparisons tested in this report. in 
some caes,  More than one plot is provided for the same &a set. In these cases, the 
additional plots allow an expanded view of the data for easier cornparison of the data. Box- 
and-whisker plots are useful in comparing paraiiel batches of data. The plot divides the data 
into four areas of equal frequency. The box encloses the middle 50 percent. The median is 
drawn as a horizontai line inside of the box. The width of the box is proportional to the 
square root of the number of observations in the group. A notch is added to each box at the 
median. The length of the notch represents an approximate 95 percent confidence interval for 
the median. Comparisons of median values can be made at the 95 percent confidence level by 
examining whether two notches overlap. If two notches overlap, the medians are not 
significantly different. An example box-and-whisker plot is presented in Figure 1-6. The 
letters along the X ax is  refer to product types @-Bunker, C-Crude, D-Diesel, J-Jet Fuel, L- 
Lube Oil). 
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Figure 1-6. Example of a box-and-whisker plot. 
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All statistics used in the analysis of toxicity values were generated using the Statgraphics 
Statistical Software, Version 5.0. 

1.2.3.2 Approach 

1.2.3.2.1 Oil Product Toxicity Values 

A main goal of our analysis was to normalize the data set in order to produce the most useful 
and meaningful toxicity values possible. The fírst step of our normalization was to exclude, 
from the analysis, data records classified as "low reliability" (Appendix Table C-1). Data 
classified as "low reliability" were considered to have insufficient methodological detail to 
judge the quality of the study or were judged to be deficient in study design or procedures. 

As noted earlier, with complex mixtures such as oil products, LC50 data are problematic 
because the meaning of the term "concentration" can vary extensively depending upon the 
methodological procedures used. A key methodological parameter which is important in the 
calculation of a toxicity value for a given oil product is the presence or absence of free product 
during the study. A preliminary analysis of the free product present data versus free product 
absent data, by two major taxon groups, indicated that free product presence was significant in 
calculations of toxicity values (Table 1-2). 

In aii cases, median effect concentrations for free product present studies were significantly 
higher when compared to the median effect concentrations of studies with free product absent. 
With this in mind, free product presence and absence data were analyzed separately. The 
majority (99.2%) of free product absent LC50 values were derived from single ratio tests 
while the majority (80%) of free product present LC50 values were derived from multiple 
ratio tests. 
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Table 1-2. Pairwise comparisons of median efFect concentration values by the presence of 
free product, taxon and oil product group. Critical value = 0.05. Bold indicates 
significance. 

FPA FPP 
MedianLC50 Median(LC50) Ratio 
Free Product Free Product of FPP to Significance 

oil Product Taxon Absent (mg/l) Presentfmnli) a - Level 

Bunker 
Bunker 
Crude 
Cnide 
Diesel 
Diesel 
Lube OiI 
Lube Oil 

Invertebrates 
Fish 
invertebrates 
Fish 
Invertebrates 
Fish 
Invertebrates 
Fish 

3.00 
3.60 
6.31 
3.12 
3.36 
3.50 
1.58 
2.25 

55.85 
55.70 
225.00 
1365.00 
9.40 
45.10 
55.50 
68.00 

(p=O.O22) 
(P < 0.004) 
(p < 0.001) 
(p < 0.001) 
(p < 0.002) 
(p < 0.001) 
(p=0.032) 
(p=O.0497) 

Since study methods can have substantial impacts on calculated toxicity values, the effects of 
selected methodological procedures on calculated toxicity values were examined by oil product 
group, major taxonomic group, and free product presence or absence. The methodological 
procedures examined include: 

Agitation During Preparation, 
Test Solution Development, 
Test Chamber, 
Test Duration, 
Lifestage Tested, 
Exposure Method 
Test Condition, and 
Measured/S tocWUnmeasured. 

The &ove methodological procedures are d-scribed in Section 1.2.2.1. The lack of algal 
toxicity data precluded an in-depth analysis of the effect of methodological procedures on 
calculated toxicity values for this taxonomic group. 

Median toxicity values were calculated by oil product group, specific oil product, free product 
presence/absence, and taxonomic group. Methodological parameters found to have a 
significant effect on toxicity values are described. Toxicity values were calculated for each 
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lifestage of each taxonomic group by oil product where data were available. When intelpreting 
the eflect concentrazion &a, note that the higher the efect concentration value, the lower the 
toxicity of the product, and the lower the efect conceruration value, the higher the toxiciry of 
the product. 

1.2.3.2.2 Ranking of Oil Product Toxicity 

A dative ranking of oil product toxicity was developed as part of this study. The major oil 
product groups (Le. bunker, crude, diesel, gasoline, jet fuel and lube oil) were ranked, relative 
to one another, based upon calculated median effect concentrations. Rankings were also 
developed for each taxonomic group for both free product absent and free product present 
data. Rankings were also developed for each life stage by taxonomic group. An oil product 
group which had no data for a particular ranking was excluded from the ranking. Any 
methodological procedures which may affect the rankings are presented. 

Painvise statistical comparisons of the median effect concentration values of the oil products in 
each major ranking are presented. 

For each ranking presented, an approximate scale is provided for comparison of the relative 
median concentration of the oil product as compared to the median concentration of the least 
toxic oil product. Each scale value was derived by dividing the median value of the least toxic 
group by the median value of the oil product group being compared. The result of the division 
was rounded to the nearest integer. Since the oil pmduct mnkings are derived f m m  the 
median effect concentmtion values, mnkings with dvferent scale values may or may not be 
significantly dvferent. Tables are provided where statistical differences can be ascertained. 

A summary of the types of toxicity value comparisons and rankings performed is presented 
schematically in Figure 1-7. The figure also provides guidance as to where the toxicity value 
or ranking results are found within the report. 

1.2.3.2.3 The LU0 Concept 

Based on all the factors that can influence and confound LCSO values when applied to oil 
product toxicity data, it is apparent that a different method for expressing toxicity data derived 
from whole product aquatic tests is needed. Although hydrocarbon toxicity can be investigated 
using LC50 principles, for the reasons described above, complex solutions from whole product 
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toxicity tests do not lend themselves well to the LC50 notation. There is no straightforward 
way to compare relative product toxicity when results are expressed as a function of selected 
dissolved components. Since API is interested in developing accurate rankings of acute 
toxicity on oil products, any method which helps place products on a normalized scale should 
be assessed. 

The lethal loading concept (LL50) was developed (Girling, et al, 1992) as a method of 
expressing actual whole oil product toxicity to aquatic organisms. The method relies on 
selekted toxicity data sets which use whole oil products at multiple 0il:water ratios as the 
method for test solution development. A further restriction inherent in the expression is that 
oil to water solutions are not diluted further and that ail test solutions are independently created 
using a series of oil: water ratios. The method does not require any measured concentrations in 
order to be used. Observed mortality based on various 0il:water mixtures (as presented in 
Figure 1-2) is the basis of the calculation resulting in a " lethal loading" level which causes an 
effect. 

The LL50 concept has been developed further through numerous discussions within 
CONCAWE's Ecology group as the latter assessed the industry needs regarding oil product 
emtoxicity data. As the group reviewed oil product data and üied to compare relative 
toxicities of products, the weakness of the LC50 term as a tool for comparing oil products 
became apparent (CONCAWE, 1988). Methodological differences between toxicity tests were 
abundant in the literature although the importance or impacts of the varying methods on 
toxicity values were not evaluated by CONCAWE. 

The database developed in this study allowed for sorting of information by multiple versus 
single ratio test solution procedure. Since the LI50 approach does not rely on analytical 
measurements, the comparisons do not suffer from the uncertainties associated with comparing 
a host of analytical methods within the literature. An LU0 data set was created by selecting 
literature test results which satisfied the LU0 criteria (Le., multip1e:ration solution and based 
no dilution). This subset of LU0 values were then used to calculate median toxicity values 
and rank oil products by major taxon and oil product group. The product ranking results from 
the LU0 approach were compared to median toxicity values and rankings based on the "free 
product present" and "free product absent" data sets. 
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1.3 RESULTS: ANALYSIS AND R A " G  OF TOXICITY VALUES 

1.3.1 Literature Search and Collection of Toxicity Data 

Severai databases, bibliographies, and the ENTRM library were searched for toxicity values. 
Database searches utilizing the Dialog Information Service yielded approximately 325 relevant 
references. Titles were screened and abstracts were obtained for approximately 200 of these 
references. Upon screening the abstracts for content and availability, 115 references were 
selected for acquisition. 

Database searches utilizing the Chemical Information System were not very productive. 
References selected in 0"ï.ADS were pre-1970 and thus did not meet our search 
requirements. The search of the AQUIRE, ENVIROFATE and ISHOW databases produced no 
references meeting our selection criteria. 

Through database searches, combined with bibliographies and ENTRIX library resources, 
approximately 8,000 references on the fate and effects of oil products in aquatic systems were 
screened. Of these, approximately 250 were selected for acquisition and 140 were acîually 
obtained and reviewed. Of the 140 articles reviewed (Appendix A), 46 references reported 
data in a usable format for entry into the toxicity database, representing 748 individual data 
records. The data presented in this report are representative of the 140 articles reviewed. 

1.3.1.1 Chamcteniation of Petroleum Toxicity L i t e m r e  

It became evident through screening the literature references on oil products, that only a small 
portion (0.6%) of the references were useful to our study. Much of the literature was 
secondary in nature, discussing laboratory or field observations without generating new data. 
Many times hydrocarbon toxicity data were developed using only specific components of oil 
products (e.g., naphthalene) and the toxicity of the whole product was not evaluated. Also, a 
great number of papers dealt with aspects of petroleum toxicity which are not addressed by this 
study. These papers included studies on bioaccumulation and chronic, histopathologic, and 
behavioral effects. As a result, the 8,000 titles originally screened were reduced to 
approximately 250 pertinent references. 

In many cases the titles of references were misleading. Papers frequently did not report 
mortality data or LC50 values. In some cases results were reported in percent (%) of test 
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solution, which had no meaning independent of that study. in addition, cerhk references 
were from sources which were difficult to locate and collect. Consequently, 140 titles were 
acîuaily collected and reviewed for this study, 46 of which contained usable data. These were 
papers that computed the median lethal concentration CC50 or TLM) for a given oil to a test 
species, or papers whose data ailowed the calculation of an LC50 or L U 0  value. Generally, 
the literature is reflective of a component orientation to toxicity and not the whole product 
approach helpful in ranking products themselves. 

The majority of the selected articles were published in the mid to late 1970's. While there was 
an adequate proportion of high quality articles reviewed, comparability between papers was 
Iimited due to variability in test methodologies. The importance of test methodological 
procedures to calculated toxicity values is presented in Section 1.2.2.1. 

I.3.1.2 Chamctenzation of Extmcted Data 

The final developed database contained 748 data records. Of these 748 data records, LC50 
values were reported for 741 records. Seven records contained effect concentration data 
denoted as "NOEC" (No Observed Effect Concentration). 

The "low reliability" data comprised approximately 7% (52 records) of the entire database 
(Figure 1-8). A statistical evaluation of the data indicated that the median effect concentration 
of the "low reliability" data records (47.50 mg/l) was significantly higher than the median 
effect concentration of either the "high reliability" data records (5.04 mg/l) or the "medium 
reliability" records (6.97 mg/l, p<O.OOl). The "high reliability" and "medium reliability" 
data sets did not have significantly different median effect concentrations @=0.07). 

The data set used in our analysis excluded the 52 "low reliability" records and the 7 "NOEC" 
data records. Our fuiaí dataset was comprised of 689 data records. The number of toxicity 
values collected by oil product, taxonomic group and free product presence is provided in 
Table 1-3. 

The majority of the data was on crude oils (55%) and diesel (31%). Gasoline, jet fuel, and 
lube oil combined comprised less than 7% of the total number of data records in the database. 
Invertebrate data comprised 65.4% of the data records in the database. Fish comprised 26.6% 
of the data while algae comprised only 8% of the data. Appropriate data for aquatic 
macrophytes were not found. 
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Figure 1-8. Frequency of data records by reiiabiiity code. 
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Toxicity studies utilizing algae and plants showed extreme variability in test methodologies and 
toxic endpoints. Endpoints included effects on photosynthetic rates, growth rates, chlorophyll 
content, mortality rates, and community structure. Only limited mortality data were available 
for algal species. In our database, effect threshold concentrations included reductions in 
growth rates and mortality. 

The majority of the studies were saltwater tests (84%), using adult organisms (62%) under 
static conditions (91%). In addition, the majority of studies utilized open test chambers 
(72%), with all of the fish data generated under open chamber conditions. 

Approximately 75% of the data records were for "free product absent" studies while 25% of 
the data records were for "free product present" studies. Over 90% of the invertebrate data 
was comprised of "free product absent" data while approximately 56% of the fish data was 
"free product absent" data. Only 18% of the algal data was "free product absent" LC50 data. 

Toxicity values for "free product absent" studies were typically generated (99.2%) by "single- 
ratio" tests. This indicates that a single stock solution (water soluble fraction, WSF) was 
developed from the test oil and diluted to the various test concentrations. Of the data 
generated by the WSF studies, approximately half were based on measured total dissolved 
hydrocarbons present in the stock solution. The other half were actual measured 
concentrations in the test chambers after serial dilution of the stock. 

Toxicity values for "free product present" studies were typically generated (80%) from 
"multiple-ratio" tests. In these studies different 0il:water ratios were mixed and each WSF 
was mixed and tested independently. Endpoint values were reported in the amount of neat oil 
added to water, i.e., "lethal loading". Only one reference reported LC50 values both in terms 
of amount of neat product as well as the total dissolved hydrocarbons that resulted from that 
loading. These two methods represent very different approaches and the concentrations of 
water soluble components wiU vary significantly between methods for the same product. A 
detailed discussion of these phenomena is available in Shiu, et al. (1988). 

1.3.2 Analysis and Ranking of Oil Product Toxicity 

The results of our analysis of oil product toxicity values and ranking is divided into 6 main 
areas. These are discussed, in turn, as follows: 

1-33 
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1.3.2 -1 Invertebrates: Free Product Absent 
1.3.2.2 Invertebrates: Free Product Present 

1.3.2.3 Fsh: Free Product Absent 
1.3.2.4 Fish: Free Product Present 

1.3.2.5 Algae: Free Product Absent 
1.3 -2.6 Algae: Free Product Present 

1.3.2.1 Inverîebmtes: Free Product Absen! 

A schematic of the results included in this Section is presented in bold print in Figure 1-9. 

1.3.2.1.1 Median Toxicity Values 

Oil Product Group Comparisons 

Gasoline exhibited the highest (least toxic) median effect LC50 concentration (20.25 mg/l) 
while lube oil exhibited the lowest (most toxic) median effect LCSO concentration (1.58 mg/l). 
Median effect concentration values for bunker, diesel and jet fuel were not significantly 
different. Crude oil had a significantly higher median effect concentration (6.31 mg/l) when 
compared to the median effect concentrations of both bunker (3.00 mg/l) and diesel (3.36 
mg 11). 

The median effect LCSO concentration values for invertebrates by oil product group are 
presented in Table 1-4 and Figure 1-10. The distribution of invertebrate effect concentration 
values are presented in Figure 1-11. Only 1 data value for jet fuel was available in this 
category. Figure 1-9, Table 1-4, Figure 1-10 and Figure 1-11 are presented on the following 
4 pages. 

Median effect LCSO concentrations for invertebrates were significantly different between 
severai oil product groups @<0.001). PairWik comparisons of median LCSO values by oil 
product group are presented in Table 1-5. 
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Tabie 1-4. Median effect concentrations (mgn) for invertebrates by OU product. 
(Free Product Absent) 

BppLcr 
Bunker C (unspeCificd)(BOl) 
Venezuelan Bunker CW2) 
BuPLa C Light -04) I Navy specul o 

crpde 
lhwait (light) crude (col) 
Cook Met Cnide (COZ) 
s o u t h a n L o u i ~  cnidc (ccn) 
Fiorida Jay Crude (W) 
Pmdhoe Bay crnde (Cm) 
Vcaczudan uude ((36) 
Western Saien Blend Cnide (íX7) 
nansmoiuitain crude (coe) 
Nomiari Weih CNdC (Cos) 
Hibunia Cnide ( (30) 
Amauiigak Cnide (C11) 
Tarsuit Cnide (C12) 
h g 0  w o  cnidc (c13) 
Atkinso0 Crude (Cl4) 
&nt Hom Qpde (ClS) 
Remrnhkin Crude ((36) 
West T a  Chde (C17) 

Diacl 
Di& @01) 
Fuel Oii No. 2 @OZ) 
Fud Oil No. 2, FMua oil @03) 
Light D i a d  Puci (DO4) 
H u v y  D i e l  Fuel (DOS) 
NavyDistillitt@06) 
Msrine Dicscl@O7) 

GyoliDe 
Lcadcd Gasoline (Gol) 
unleaded Gasoline (coz) 

Ja hicl 
Jet Fuel * JP8 (JO1) 
Jet FUCI - JP9 (J03) 
Jct N - JP4 (JW) 

Lpbcw 
Alxtokibc(Lo1) 
HeavyMaMeLobt(U2) 
9250 Lube oil (Lm) 

1 

Invertebrates I 

28 3.00 o 9 0  630 
8 3.10 0.90 630 
12 270 0.90 630 
6 3.22 2.29 450 
2 3.85 3.70 4.00 

zu 631 0.04 n.o0 
17 10.40 0.77 25.00 
97 5-16 0.04 20.97 
27 16.20 210 19.80 
4 0.17 0.M 0.25 
16 212 0.69 '73.00 
6 4.06 1.72 8.06 
6 7.23 1.U 10.60 
6 3.94 1.10 556 
7 533 0.60 6.84 
6 5.92 1.08 10.60 
6 6.46 1.66 6.73 
6 7.08 3.47 720 
6 9 s  3.22 1210 
6 202 O58 227 
6 257 1.07 530 

2 5.00 5.00 5.00 

i29 u6 O31 7190 
10 2270 4.07 71.90 
99 3.20 o21 10.00 
16 350 1.00 20.00 

2 5.65 4.m 6.70 
2 350 350 350 

12 2035 c90 Sl.40 
6 1635 5.40 27.00 
6 28.95 4.90 51.40 

1 350 350 350 
1 350 3.50 350 

14 LS8 COS 2.40 
6 0.41 0.08 150 
6 1.73 0.92 2.40 
2 2.00 200 200 
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INVERTEBRATES: FREE PRODUCT ABSENT 

E + + 

I C D Q J L 
OXL P R O D W  OROW 

Figure 1-11. Box-and-whisker plot of median effect LCSO concentrations (ma) for 
invertebrates by oil product group and fiee product absent. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  P U B L * 4 5 9 4  95 = 0732290  0542938  L O 7  

I 
Tabie 1-5. Statistical significance (p-values) of comparisons between oil product groups. 

Bold indicates significance. Critical value = 0.003. 

Invertebrates: Free Product Absent 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBEOIL 

BUNKER (< 0.001) (0.28) (<0.001) (0.81) ( e  0.001) 
CRUDE (< 0.001) (< 0.001) (0.56) ( < 0.001) 
DIESEL (< 0.001) (0.92) (< 0.001) 
GASOLINE (O. 14) (< 0.001) 
JETFUEL - (O. 13) 
LUBE OIL 

~ 

Lifestage Comparisons 

The median effect concentration LC50 values for invertebrates by lifestage are presented in 
Table id (following page). 

There were few data values regarding the egg stage of invertebrates. No egg effect 
concentration data were available for gasoline, jet fuel and lube oil. Although not significant 
@=0.77), the median effect concentration for crude was the highest (5.70 mg/l) while diesel 
had the lowest median effect concentration (0.43 mg/l). 

No larval effect concentration data were available for gasoline, jet fuel and lube oil. The 
median effect concentration values for larval invertebrates for bunker (1.80 mg/l), crude (2.00 
mg/l) and diesel (1.30 mg/l) were not significantly different @=0.41). 

There were significant differences between juvenile invertebrate median effect concentration 
values by oil product group (JI < 0.001). Pairwise comparisons of median LC50 values by oil 
product group for juvenile invertebrates are presented in Table 1-7. 
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Table 1-7. Statistical significance (p-values) of comparisons between oil produd groups. 

Bold indicates significance. Critica3 value = 0.003. 

INVERTEBRQTES: FREE PRODUCT ABSENT: JUYENILES 

BUNKER CRUDE DIESEL GASOLINE JET'FUEL LUBEOIL 

BUNKER (O. 15) (0.03) ( < 0.001) (1.W) (< 0.001) 
CRUDE (O. 13) ( < 0.001) (0.67) (< 0.001) 
DIESEL (O.aQ9 (0.42) (< 0.001) 
GASOLINE (O. 14) (< 0.001) 
JET FUEL - (O. 13) 

LUBE OIL - 

The median effect concentration for gasoline was significantly higher when compared to the 
median effect concentrations of the bunker, crude and lube oil product groups. The median 
effect concentration for lube oil was significantly lower when compared to the median effect 
concentration of any of the oil product groups except jet fuel. 

No adult effect concentration data were available for gasoline, jet fuel and lube oil. The 
median effect concentration for adult invertebrates for crude (8.20 mg/l) was Significantly 
higher when compared to both bunker (3.20 mg/l, p<O.OOl) and diesel (3.36 mg/l, 
pCO.001). The median effect concentrations for bunker and diesel were not significantly 
different (p =0.98). 

Methodological Procedure Comparisons 

The results of statistical tests for effects of methodological procedures on toxicity values are 
presented in Appendix Tables B-1 and B-2. These tables contain median LCSO values and 
statistical levels @-values) calculated for specific methodologid procedures. An oventiew of 
these statistical comparisons is presented in Table 1-8. The following information details 
significant differences in the calculated median effect concentration of each oil product group 
based upon the methodological procedures examined. 

No significant differences were found between effect concentration and methodological 
procedure for the bunker oil group. 

1 - 4 1  
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Table 1-8. Overview of statistical comparisons between methodological procedures 
and oil product: invertebrates, Free Product Absent. 

INVERTEBRATES: FREE PRODUCI'ABSENT 

O E  PRODUCT 

NwibcrofObscrvotbns 28 224 129 I2 I I4 
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For the crude oil group, the duration of agitation during mixing did make a significant 
difference in the effect concentration calculated for the product. In general, as the amount of 
agitation increased, so did the toxicity of the crude oil group. The median effect concentration 
for tests conducted with an agitation level of between O and 1 hour (25.50 mg/l) was 
significantly higher when compared to tests where the agitation was >24 hours (median 4.49 
mg/l, p<O.001). The median effect concentration for tests conducted with an agitation level 
of between 12 and 24 hours (8.46 mg/l) was significantly higher when compared to tests where 
the agitation level was > 24 hours (median 4.49 mg/l p < 0.001). 

Test solution development also made a significant difference on the effect concentration. 
Single ratio tests had a lower median effect concentration (5.70 mg/l) when compared to the 
median effect concentration (46.50 mg/l) for multiple ratio tests (p < 0.001). 

Whether the test chamber was open or closed also made a significant difference on the effect 
concentration. If the test chamber was closed the median effect concentration was lower 
(median 4.49 mg/l) than if the test chamber was open (median 7.40 mg/l, p < 0.003). 

A test duration of 24 hours had a significantly higher median effect concentration than the 
median effect concentration of tests conducted for > 96 hours (p~0.001). A test duration of 
96 hours had a significantly higher median effect concentration than the median effect 
concentration of tests conducted for > 96 hours (p < 0.001). 

The lifestage tested also contributed significantly to effect concentration. The crude oil group 
was most toxic to larval invertebrates (median 2.00 mg/l) and least toxic to adult invertebrates 
(median 8.20 mg/l). The median effect concentration of larval invertebrates was significantly 
lower when compared to juvenile and adult invertebrate median effect concentrations 
(pCO.004 and pCO.001 respectively). The median effect concentration of juvenile 
invertebrates was significantly lower (median 5.30 mg/l) when compared to adults (p < 0.002). 

Exposure method also indicated to be of importance in arriving at an effect concentration 
value. Static tests had a significantly higher median concentration (6.78 mg/l) when compared 
to the median effect concentration (1.74 mg/l) of flow-through tests (p < 0.001). 
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Whether the test was conducted in freshwater or saltwater also had a significant effect on effect 
concentration values. Saltwater tests had a significantly higher median effect concentration 
(6.92 mg/l) when compared to freshwater tests (median 2.31 mg/l, p<0.001). . 

The method of measuring total dissolved hydrocarbons concentrations (as defined in Section 
1.2.2.1.5) also had a significant effect on effect concentration values. The median value for 
the "unmeasured" (based on nominal neat product) effect concentration (19.80 mg/l) was 
significantly higher when compared to "measured" and "stock" median effect concentrations 
@<0.001 and p<O.002, respectively). The median value for "measured" effect concentration 
(4.06 mg/l) was significantly lower when compared to the "stock" median effect concentration 
(8.71 mg/i, p<O.001). 

For the diesel group, the duration of agitation during mixing also made a significant difference 
in the median effect concentration calculated for the product. The median effect concentration 
for tests conducted with an agitation of between 1 and 12 hours (0.92 mg/l) was significantly 
lower when compared to tests where the agitation was > 24 hours (median 9.50 mg/l, 
pC0.004). The median effect concentration for tests conducted with an agitation of between 
12 and 24 hours (3.36 mg/l) was also significantly lower when compared to tests where the 
agitation level was > 24 hours (median 9.50 mg/l, p < 0.001). 

Whether the test chamber was open or closed also made a significant difference on the effect 
concentration. If the test chamber was closed (median 8.35 mg/l) the median effect 
concentration was higher than if the test chamber was open (median 3.28 mg/l, p<O.001). 

A test duration of 4 hours had a significantly higher median effect concentration than the 
median effect concentration of tests conducted for 24 or 96 hours (p<O.OOl ,  p<O.ûûl, 
respectively). A test duration of 48 hours had a significantly higher median effect 
concentration than the median effect concentration of tests conducted for 96 hours (pCO.003). 

The lifestage tested also contributed significantly to effect concentration. Diesel appears to be 
most toxic to the egg and juvenile life stages. The median effect concentration of larval 
invertebrates (1.30 mg/l) was significantly lower when compared to the juvenile median effect 
concentration (6.60 mg/l, p<O.OOl). The median effect concentration of juvenile 
invertebrates was significantly higher when compared to adults (median 3.36 mg/l, p C 0.001). 
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Whether the test was conducted in freshwater or saltwater also made a significant effect OR 
effect concentration values. Saltwater tests had a significantly lower median effect 
concentration (3.36 mg/l) when compared to freshwater tests (median 7.95 mg/l, p C 0.001). 

Gasoline 

Whether the test was conducted in freshwater or saltwater had a significant impact on effect 
concentration values. Saltwater tests had a significantly higher median effect concentration 
(26.'00 mg/l) when compared to freshwater tests (median 5.83 mg/l, p=0.045). 

Jet Fuel 

No significant differences were found between effect concentration and methodological 
procedure for the jet fuel group. 

No significant differences were found between effect concentration and methodological 
procedure for the lube oil group. 

1.3.2.1.2 Ranking of Oil Product Toxicity 

The following rankings were developed from the calculated median effect LC50 concentration 
values. In evaluating the rankings presented, one should keep in mind that the placement of 
jet fuel is based upon 1 data value. 

In general, the gasoline and crude groups were the least toxic when compared to the other 
groups. The bunker, diesel and jet fuel groups appear to be twice as toxic when compared to 
the crude oil group. Lube oil appears to be 4 times as toxic when compared to the crude oil 
group and 13 times as toxic when compared to gasoline. Lube oil data were very limited. 
Also, lube oils contain specific additives which can significantly impact resulting toxicity data. 

The relative ranking of each oil product group, from most toxic to least toxic, is presented in 
Table 1-9. Table 1-9 includes an overall ranking as well as a ranking by life stage. 
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Table 1-9. Relative ranking of each oil product group from most toxic to least toxic. An oil 
product which does not appear in a ranking did not have data to be included in that 
ranking. Numbers in parentheses ( ) provide an approximate scale for cornparkon of the 
relative median concentration of the oil product as compared to the medium concentration 
of the least toxic oil product. For example, the overail toxicity of the lube oil, based upon 
the median vaiues, was approximately i3 times that of gasoline. 

Lube ûiI(13) Diesel (13) Diesel (2) Lube ûil(13) 
Bunker (7) Bunker (6) Bunker (1) Jet Fuel (6) 
Diesel (6) C d e  (1) Crude (1) Bunker (5) 
Jet Fuel (6) Crude (4) 
Cnide (3) Diesel (3) 
Gasoline( 1) Gasohe(1) 

Bunker (3) 
Diesel (2) 
Crude (1) 

The above rankings are subject to vaxiations in the foliowing methodological procedures as 
described in Section 1.3.2.1: 

Agitation Duration, 
Test Solution Development (single, multiple ratio), 
Test Chamber (open, closed), 
Test Duration, 
Lifestage Tested, 
Exposure Method (static, flow-through), 
Test Condition (freshwater, saltwater), and 
Measured, unmeasured, stock. 

Since test conditions significantly impacted the median effect concentration for severai oil 
product groups, the overaii ranking was further refined into a saltwater and freshwater ranking 
for this category (Table 1-10). These rankings may also be more applicable to a given spiii 
situation. 
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Table 1-10. Relative ranking of each oil producî group by test condition from most toxic to 
least toxic An oil product which does not appear in a ranking did not have data to 
be included in that ranking. Numbers in parentheses ( ) provide an approhate  
d e  for comparison of the dative median concentration of the oil product as 
compared to the median concentration of the least toxic oil product. 

Overall Ranking 
Freshwater Conditions) 

Lube oil(7) 
Cnide (3) 
Jet Fuel (2) 
Bunker (2) 
Gasoline( 1) 
Diesei (1) 

OverallRanking 
JSaltwater Conditions) 

Lube oi1(16) 
Bunker (10) 
Diesel (8) 
Crude (4) 
Gasoline( 1) 

Median effect concentrations calculated for saltwater and freshwater "free product absent" tests 
did make a difference in the overall ranking. It appears that, for invertebrates, the toxicity of 
crude is higher in freshwater when compared to bunker and diesel, but that under saltwater 
conditions, bunker and diesel appear much more toxic than crude. In freshwater, the median 
effect concentration across oil product groups ranged from 1.21 mg/l to 7.95 mg/l. in 
saltwater, the median effect concentration across oil product groups ranged from 1.66 mg/l to 
26.00 mg/l. 

1.3.2.2 Invertebmtes: Free Product Present 

A schematic of the results included in this Section is presented in bold print in Figure 1-12. 

1.3.2.2.1 Median Toxicity Values 

Oil Produci Group Comparisons 

Crude oil exhibited the highest (least toxic) median effect LC50 concentration (225 mg/l) 
while diesel exhibited the lowest (most toxic) median effect LC50 concentration (9.40 mg/l). 
Median effect concentration values for bunker, diesel and lube oil were not significantly 
different. Crude oil had a significantly higher median effect concentration when compared to 
the median effect concentration of diesel. The median effect concentration of crude was not 
significantly different from the median effect concentration of bunker. 
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The median effect LC50 concentration values for invertebrates by oil product group are 
presented in Table 1-11 and Figure 1-13. No data were available for gasoline and jet fuel. 
The distribution of effect concentration LC50 values for invertebrates are presented in Figure 
1-14. Table 1-11, Figure 1-13 and Figure 1-14 are presented on the following 3 pages. 

Median effect LC50 concentrations for invertebrates were significantly different between 
several oil product groups @<O.ûûl). Pairwise comparisons of median LCSO values by oil 
product group are presented in Table 1-12. 

Table 1-12. Statistical significance (pvaiues) of comparisons beîween oil produd pups. 
Bold indicates Significance. Critical value = 0.008. 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBEOIL 

BUNKER (O. 19) (0.21) no data no data (1.W 
CRUDE (< 0.001) no data no data (O. 19) 
DIESEL no data no data (O. 18) 
GASOLINE no data no data 
JET FUEL no data 
LUBE OIL - 

Lifestage Comparisons 

The median effect concentration LC50 values for invertebrates by lifestage are presented in 
Table 1-13. 

No data were available for any of the oil product groups regarding the egg lifestage of 
invertebrates. 

No larval effect concentration data were available for bunker, gasoline, jet fuel and lube oil. 
Four effect concentration values were available for crude and 2 for diesel. Although a small 
sample size and not significantly different, the median effect concentration for crude (350 
mg/l) was 50 times higher than the median effect concentration for diesel (7.00 mg/l, 
p=O.11). 
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Table 1-11. Median effect concentrations (mg/l) for invertebrates by oil product. 
(Free Product Present) 

CrmCle 
Kuwait (light) Qrrde (col) 
Cook Inlet Cnide (COZ) 
southern Lollisiano cnidc (au) 
Florida Jay Crude (CW) 
Prpähoc Bay Crude (cwi) 
venauclan Cnide (cw) 
Westan Sweet Blend Cnide (coir) 
nausInorintain Cmde (cos) 
Norman Wells Crude (Cos) 
Hibernia Cnide (C10) 
Amauligak Cnide ( a l )  
Tarsuit Cnide (C12) 
Lago Medio Crude (C13) 
Akinson M (C14) 
BentHorn(3rridc(Cls) 
hmmhkin Crude (C16) 
West T a m  crride (C17) 

D i d  
Diesel 0 1 )  
Fucl oil No. 2 (Dû2) 
piiel oil No. 2,Fumacc oil (Dû3) 
Light D i d  Fuel (DO4) 
iicavy Dicscl Fuci @OS) 
N~vyDirtillatepOó) 
Marine Diesel m7) 

* b e  
mcd cirsoliot (Gol) 
unleidcd Gruoliae (Ga) 

JM Fuel 
Jet PUCI - Jp8 (JO1) 
Jet F d  - JP9 (J03) 
J C ~  Fuci - JP4 (JW) 

Lubeou 
Auto Luk W1) 
Heavy Marine Lribe (U2) 
9250 kibe oil 03) 

Invertebrates 
FrccFnnìactPrcwt 

N Mediui Min Mar 
~ 

2 55- U70 100.00 

2 55.85 11.70 100.00 

22 225.00 4.70 USO0 
10 350.00 58.00 u500 

8 350.09 3750 1700 

1 560.00 560.00 560.00 

1 25.00 25.00 25.00 
2 31.85 3165 31.6s 

17 9.40’ 130 477â 

11 4.00 130 4178 

1 10.00 10.00 10.00 
1 20.00 20.00 20.00 
2 2435 7.70 41.00 
2 37.80 4.10 7150 

2 SSJO 20.00 91.W 

2 5550 m.00 91.00 

Note: Low rcliobility &&a excluded 
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Fignrc 1-13. Bar chart of median effect LCSO concentrations (ma) for invertebrates 
by oil product group and free product present. 

INVER"Eì3RA"ES: FREE PRODUCï PRESENT 
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Figure 1-14. Box-and-whisker plot of median effect LC50 concentrations (mu) for 
invertebrates by oil product group and free product present. 
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No juvenile effect concentration data were available for either gasoline or jet fuel. The median 
effect concentrations of bunker (55.85 mg/l), crude (59.00 mg/l), diesel (41.00 mg/l) and lube 
oil (55.50 mg/l) were not significantly different @=0.97). 

No adult effect concentration data were available for bunker, gasoline, jet fuel and lube oil. 
The median effect concentration of crude (loo0 mg/l) was significantly higher than the median 
effect concentration of diesel (6.60 mg/l, p < 0.001). 

Methodological Procedure Comparisons 

The results of statistical tests for effects of methodological procedures on toxicity values are 
presented in Appendix Tables B-3 and B-4. These tables contain median LC50 values and 
statistical levels (p values) calculated for specific methodologid procedures. An overview of 
the statistical comparisons is presented in Table 1-14. The foiiowing information details 
significant differences in the calculated median effect concentration of each oil product group 
based upon the methodological procedures examined. 

Bunker 

No significant differences were found between effect concentration and methodological 
procedure for the bunker oil group. 

Crude 

Test solution development had a significant difference on the effect concentration. Single ratio 
tests had a lower median effect concentration (58.50 mg/l) when compared to the median 
effect concentration for multiple ratio tests (475.00 mg/l, p=O.Ol). 

The method of measuring total dissolved hydrocarbon concentration (as defmed in Section 
1.2.2.1.5) also had a significant effect on effect concentration values. The median effect 
concentration value for "stock" (58.50 mg/l) was significantiy lower when compared to 
"unmeasured" median effect concentration (475 mg/l, p=0.012). 
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Table 1-14. Ovemiew of statistical comparisons between methodological procedures 
and oil product: Invertebrates, Free Product Present. 

INVERTEBRATES: FREE PRODUCT PRESENT 

OIL PRODUCï 

NiunbcrqfOaKNorions 2 22 I7 O O 2 

Iadicata that not aion@ datir p o d  were nailable for -cai comparison. 
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Diese1 

For the diesel group, the duration of agitation also made a significant difference in the median 
effect concentration calculated for the product. The median effect concentration for tests 
conducted with no agitation (20.00 mg/l) was significantly higher when compared to tests 

where the agitation was between O and 1 hour (median 3.95 mg/l, pCO.036). 

Gasoline 

No data available. 

Jet Fuel 

No data available. 

No significant differences were found between effect concentration and methodological 
procedure for the lube oil group. 

1.3.2.2.2 Ranking of Oil Product Toxicity 

The following rankings were developed from the calculated median effect LCSO concentration 
values. In evaiuating the rankings, one should keep in mind that the placement of lube oil and 
bunker groups is based upon only 2 lube oil and 2 bunker data values. 

Diesel appears to be 24 times as toxic when compared to the crude oil group. Both lube oil 
and bunker appear to be 4 times more toxic when compared to the crude oil group. Diesel 
appeared to be six times as toxic when compared to the lube oil and bunker groups. 

The relative ranking of each oil product group, from most toxic to least toxic, is presented in 
Table 1-15. Table 1-15 includes an overall ranking as well as a ranking by life stage. 
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I 
Table 1-15. Relative ranking of each oil product group from most toxic to least toxic An 

oil product which does not appear in a ranking did not have data to be included in 
that ranking. Numbers in parentheses ( ) provide an approximate d e  for comparison 
of the relative median concentration of the oil product as compared to the median 
concentration of the least toxic oil product. 

bNERTEBRATES: FREE PRODUCr PRESENT 

Larvae Juvenile - Adult û v e d  Ranking Eges 
lacross life stages) 

I 
Diesel (24) no data Diesel (50) Diesel (1) Diesel (152) 
Lube m(4) C d e  (1) Lube (1) C d e  (1) 
Bunker (4) Bunker (1) 
Cnide (1) C d e  (1) 

The above rankings are subject to variations in the following methodological procedures as 
described in Section 1.3.2.2: 

Agitation duration, 
Test Solution Development (single, multiple ratio), and 
Measured, unmeasured, stock. 

It should be noted that all of the "free product present" data for invertebrates were conducted 
under saltwater conditions. 

1.3.2.3 Fish: Free Pmduct Absent 

A schematic of the results included in this Section is presented in bold print in Figure 1-15. 

1.3.2.3.1 Median Toxicity Values 

Oil Product Group Comparisons 

Although not significantly different, bunker exhibited the highest (least toxic) median effect 
LC50 concentration (3.60 mg/l) while lube oil exhibited the lowest (most toxic) effect LCSO 
concentration (2.25 mg/l). 
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The median effect LC50 concentration values for fish by oil product group are presented in 
Table 1-16 and Figure 1-16. The distribution of effect LC50 concentration values is presented 
in Figure 1-17. Table 1-16, Figure 1-16 and Figure 1-17 are presented on the following 3 
pages. 

Median effect LC50 concentrations for fish were not significantly different between the oil 
product groups @=0.49). PainiVise No data were available for gasoline and jet fuel. 
comparisons of median LC50 values by oil product group are presented in Table 1-17. 

Table 1-17. Statistical significance (p-values) of comparisons between 03 product groups. 
Bold indicates significance. Critical value = 0.008. 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBE OIL 

BUNKER (0.73) (0.96) nodata no data (0.21) 
CRUDE (0.19) no data no data (0.33) 
DIESEL no data no data (0.48) 
GASOLINE no data no data 
JET FUEL - no data 
LUBE OIL 

Lifestage Comparisons 

The median effect LC50 concentration values for fish by lifestage are presented in Table 1-18. 

Data for the egg, larval and juvenile lifestages of fish were available for the crude oil product 
group only. 

No adult effect concentration data were available for the gasoline and jet fuel oil product 
groups. Although the Kruskall-Wallis test indicated a significant difference between the 
median effect concentrations of oil product groups for adults, @=0.03), painvise comparisons 
of median LC50 values by oil product group for adults do not find significance (given 
Bonferroni's adjustment) between any of the oil product groups (Table 1-19). 
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Table 1-16. Median effect concentrations (mg/l) for fish by oil product. 
(Free Product Absent) 

Fish 

13 3.60 u0 7.00 

9 3.10 1.69 4.70 

4 4.20 130 7.00 

c 

Oil Product 

Brulbcr 
BimierC(ruispecined)(BOl) 
v-BunLtrc(B0.2) 
BunhCIight(Bû4) 
N ~ y s p w a l ( B O 6 )  

KUw8it (light) CNde (col) 

southun Louisiana cmdc (an) 

V-huude(c06) 

C m d c  

Cook Inlet Cmde (Coz) 

Fioride Jay Crude (a) 
Prudhoe Bay Cnide (CW) 

Wmtun Sweet Blend Cnide (CO7) 
Tranxmooimtain Cnide (a) 
Nonnra W e h  cmdc (CO9) 
H i a  13ntde (C10) 
Amauligak Cnide (C11) 
Tarsuit Cnide (C12) 
h o  Medio &de (CU) 
A&inson Crude (C14) 
Ba11 Hom Cnide (C15) 
iLiirmrh+in Cnuic (Cl6) 
Wwt Terar CNdc (C17) 

Diad 
D i 4  (Dol) 
Fuel Oil No. 2 @Oz) 
Fud Oil No. 2, Furnace oil (Dû3) 
Light Diesel Fucl(DO4) 
Heavy Ditsel Fuel (DOS) 
NlvyDiStillote(D0ó) 
MariPt D i d  (Doi) 

G & d i U C  
kacicd Garohe (Gol) 
Unleaded Gawiine (a) 

Jet Fild 
Ja Fuel - JP8 (JO1) 
la Fuel - JP9 (103) 
Ja N - JP4 (JW) 

Liibc Oll 
Auto Lubc (Loi) 
Heavy MMne Lube (LM) 
9250 Lubc oil 0 3 )  

Nate: Lew rcliaòiüfy &U ackdcd 

54 3.12 o90 -960 
6 923 á60 11.00 

25 2.48 0.90 11.72 
5 9.70 530 1980 

14 210 1.05 7.99 

4 750 5.00 10.00 

31 350 0.U 7.60 
1 0.89 089 0.89 
22 235 0.15 6.90 

4 7.05 430 7.60 
4 4.45 290 720 

4 22s 2.00 2.70 

4 22s Zoo 270 
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FISH: FREE PRODUCJT ABSENT 
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Table 1-19. Statistical significance (p-values) of comparisons k e e n  oil product groups. 
b i d  indicates significance. Given Bonferrani's adjustment to the significance 
levei, no statistical differences were found. Critical value = 0.008. 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBE OIL 

BUNKER (0.07) (0.96) no data no data (0.21) 
CRUDE (0.01) no data no data (0.07) 
DIESEL no data no data (0.48) 
GASOLINE no daîa no data 
ET FUEL _I no data 
LUBE OIL 

~~~ ~ 

Methodological Procedure Comparisom 

The results of statistical tests for effects of methodological procedures on toxicity values are 
presented in Appendix Tables B-5 and B-6. These tables contain median LC50 values and 
statistical levels (p values) calculated for specific methodological procedures. An overview of 
the statistical comparisons is presented in Table 1-20. The following information details 
significant differences in the calculated median effect concentration of each oil product group 
based upon the methodological procedures examined. 

Bunker 

Whether the test was conducted in freshwater or saltwater had a significant effect on effect 
concentration values. Saltwater tests had a significantly lower median effect concentration 
(3.10 mg/l) when compared to freshwater tests (median 5.85 mg/l, p=0.048). 

The lifestage tested made a significant difference in effect concentration between juveniles and 
adults. The median effect concentration of juvenile fish was significantly lower (median 2.04 
mg/l) when compared to adults (median 5.00 mg/l, pC0.002). 
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Table 1-20. Ovemiew of statisticai comparisons between methodological procedures 
and oil product: Fish, Free Product Absent. 

FISH: FREE PRODUCI' ABSENT 

OIL PRODUCT 

NiunbcrofObscrvatkuw 13 U 32 O O 4 

Wcam that not eaougb data poinu were wadable for statistical atmparison. 
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The method of measuring total dissolved hydrocarbon concentrations (as defined in Section 
1.2.2.1.5) ais0 had a significant effect on effect concentration values. The median effect 
concentration value for "measured" (2.21 mg/l) was significantly lower when compared to the 
"stock" median effect concentration (5.70 mg/l, p <0.001). 

Diesel 

For the diesel group, the duration of agitation during mixing also made a significant difference 
in the median effect concentration calculated for the product. The median effect concentration 
for tests conducted with an agitation of between O and 1 hour (6.05 mg/l) was significantly 
higher when compared to tests where the agitation was between 12 and 24 hours (median 2.29 
mg/l, p=0.006). 

A test duration of 24 hours had a significantly higher median effect concentration than the 
median effect concentration of tests conducted for 96 hours @=0.007). 

Whether the test was conducted in freshwater or saltwater also had a significant effect on effect 
concentration values. Saltwater tests had a significantly lower median effect concentration 
(2.90 mg/l) when compared to freshwater tests (median 7.30 mg/l, p=0.004). 

Gasoline 

No data available. 

No data available. 

Lube Oil 

No significant differences were found between effect concentration and methodological 
procedure for the lube oil group. 
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1.3.2.3.2 

The following rankings were developed from the calculated median effect LC50 concentration 
values. 

It appears that in this category the crude, bunker and diesel oil product groups have similar 
toxicities. Lube oil appears to be slightly more toxic than the other product groups. 

The’relative ranking of each oil product group, from most toxic to least toxic, is presented in 
Table 1-21. Table 1-21 includes an overall ranking as well as a ranking by life stage. 

Ranking of Oil Product Toxicity 

I 
Table 1-21. Relative ranking of each oil product group from most toxic to least toxic. An 

oil product which does not appear in a ranking did not have data to be included in that 
ranking. Numbers in parentheses ( ) provide an approximate scale for c o m p h n  
of the relative median concentration of the oil product as compared to the median 
concentration of the least toxic oil product. 

Overall Ranking a Larvae Juvenile - Adult 
lacross life stages) 

Lube OiI(2) no data no data no data Lube Oil(2) 

Diesel (1) -g -g -g 
Crude (i) for for for Diesel (1) 

Bunker (1) 
Bunker (1) Crude (1) 

The above rankings are subject to variations in the following methodological procedures as 
described in Section 1.3.2.3: 

Agitation duration, 
Test duration, 
Lifestage tested, 
Test condition (freshwater, saltwater), and 
Measured, unmeasured, stock. 

As test conditions significantly impacted the median effect concentration for several oil product 
groups, the overall ranking was refined into a saltwater and freshwater ranking for this 
category (Table 1-22). These rankings may also be more applicable to a given spill situation. 
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Table 1-22. Reiative ranking of each oii product group by test condition from most toxic to 
least toxic An oil product which does not appear in a ranking did not have data to 
be included in that ranking. Numbers in parentheses ( ) provide an approximate 
d e  for comparison of the relative median concentration of the oil product as 
compared to the median concentration of the least toxic oil product. 

OverallRanking 
Freshwater Conditions) 

LubeOiI (3) 
Crude (3) 
Bunker (1) 
Diesel (1) 

Overall Ranking 
{Saltwater Conditions) 

Lubeoil (2) 
Diesel (1) 
Bunker (1) 
Crude (1) 

Median effect concentrations calculated for saltwater and freshwater “free product absent” tests 
with fish did make a difference in the overall ranking. The toxicity of crude is higher to fish 
in freshwater when compared to bunker and diesel, but under Saltwater conditions, bunker and 
diesel appear more toxic than crude. The range of median effect concentration values in 
freshwater across oil product groups was 2.60 mg/l to 7.30 mg/l while in saltwater the median 
effect concenirations across product groups ranged from (2.00 mg/l to 3.73 mg/l). 

1.3.2.4 Fish: Free Product Present 

A schematic of the results included in this Section is presented in bold print in Figure 1-18. 

1.3.2.4.1 Median Toxicity Values 

Oil Product Group Comparisons 

Crude exhibited the highest (least toxic) median effect LC50 concentration (1365 mg/l) while 
diesel exhibited the lowest (most toxic) effect concentration (45.10 mgIl). 

The median effect LC50 concentration values for fish by oil product group are presented in 
Table 1-23 and Figure 1-19. The distribution of effect LC50 concentration values are 
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Table 1-23. Median effect concentrations (mo) for fish by oil product. 
(Free Product Present) 

Oil Product 

Brintrr 
BunkaC(unrpeQndXBO1) 
VenczncianBunitct C (Boz) 
B U X I ~  Clight (BO4) 
NivySpcc i . l (B06)  

Kuwait (light) crude (col) 

Souulan Louisipnr, cnde (ccm) 
PNdhOeBay Cnide (cos) 

C r O d C  

Cook Inlet criide (Coz) 

Florida Jay Crude (W4) 

Wcstcm Swect Bimd aude (UV) 
Trmsmow~taia cnidc (COS) 
Normeri Web Cru& (Cos) 
Hibarnia Crude (C10) 
Amadigak uudt (al) 
Tanuit Cnide (Cl2) 
Lago Medio CNde (CU) 
Atkhcm crude (cl4) 
Beat Hom Crude (Cls) 
Rlma.hLin Cnide (C16) 
WestTcxas Crude (c17) 

VCllCZUCh Cnide (coa) 

4 55.70 10.00 250.00 

4 55.70 10.00 250.00 

46 l365 15.00 8oam 
16 2615 15.00 80000 

14 4350 15.00 80000 

12 1525 40.00 3200 

4 6150 2’7.00 200.00 

20 45.10 3.80 9600 

12 16250 33.00 9600 

4 1150 3.80 41.00 
4 u.75 5.10 47.20 

m-i 
D i d  (Dol) 
Fuci Oil No. 2 @02) 
Pud Oil No. 2, Furnace Oil (DO3) 
right Diescl Fud (DW) 

NavyDktillate@06) 
MMne Diesel @07) 

H u v y D - F = J o  

Gudipe 
kaâd Gasoijne (Gol) 
Unleaded Gaaohe (GûZ) 

Jet Fhd 
Jet FUC~ - JP8 (JO1) 
Jet hiel - IP9 (Ja)  
Jet Riel - JP4 (JO4) 

Labe OU 
AiitoLubc(LD1) 

9250 Lube oil 0 3 )  
Hesvy Marioc Lube (UE) 

Noz= Low reiiabdìq &?a a c h i c d  

8 560.00 1.û5 1600 

4 525.00 470.00 560 
4 595.00 1.85 1600 

3 68.00 33.00 1û3.W 

3 68.00 33.00 103.00 
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BUNKER 

CRUDE 

DIESEL 

JET FUEL 

LUBE OIL 

FISH: FREE PRODUCI' PRESENT 

I I I I I I 

I 

I 
o 3ee 60 O o 0.0 1200 1800 

MEDIAN f f fECT CONCENTRfiTION hg/l> 

Figure 1-19. Bar chart of median effect LC50 concentrations ( m a )  for fish by 
oil product group and free product present. 
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presented in Figure 1-20. Figure 1-20 is presented on the foilowing page. 

Median effect LC50 concentrations were not significantly different except between the crude 
and diesel oil product groups (p c 0.001). Pairwise comparisons of median LC50 values by oil 
product group are presented in Table 1-24. 

Table 1-24. Statistical significance (p-values) of comparisons between oil produd groups. 
Bold indicates significance. Criticai value = 0.005. 

F”: PRODUCT 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBEOIL 

BUNKER (0.028) (O. 82) no data (0.05) (O. 86) 
CRUDE (< 0.001) no data (O. 16) (O. 13) 
DIESEL no data (0.024) (1.W 
GASOLINE no data no data 
JETFUEL (0.08) 
LUBE OIL 

Lifetage Comparisons of Fish 

The median effect LCSO concentration values for fish by lifestage are presented in Table 1-25. 

Effect concentration data for fish for life stages egg and juvenile were available only for the 
crude oil product group. No larval fish data were avdable. 

No acceptable adult effect concentration data were available for the gasoline product group 
(see Appendix C). There was a significant difference in median effect concentration for adults 
between the crude oil product group and the other oil product groups. Pairwise comparisons 
of median LCSO values between the oil product groups are presented in Table 1-26. 

1 - 7 2  
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i 
Table 1-26. Statistical significance (p-values) of comparisons between oil product groups. 

Bold indicates significance. Critical vaiue = 0.005. 

FREE PRODUCT &UL"s 

BUNKER CRUDE DIESEL GASOLINE JETFUEL LUBEOIL 

BUNKER (0.04) (0.82) no data (0.05) (O. 86) 
(O. 18) CRUDE (<O.ûûl) nodata (O. 18) 

GASOLINE no data no data 
JET FUEL - (0.08) 
LUBE OIL 

DIESEL no data (O. 024) (1.0) 

I 
Methodolugical Procedure Comparisons 

The results of statistical tests for effects of methodological procedures on toxicity values are 
presented in Appendix Tables B-7 and B-8. These tables contain median LCSO values and 
statistical levels (p values) calculated for specific methodological procedures. An overview of 
the statistical comparisons is presented in Table 1-27. The following information reviews 
significant differences in the calculated median effect concentration of each oil product group 
based upon the methodological procedures examined. 

Bunker 

No significant differences were found between effect concentration and methodological 
procedure for the bunker oil group. 

Test solution development had a significant difference on the effect concentration. Single ratio 
tests had a lower median effect concentration (40 mg/l) when compared to the median effect 
concentration (3200 mgll) for multiple ratio tests (p < 0.001). 

The method of measuring total dissolved hydrocarbon concentrations (as defined in Section 
1.2.2.1.5) also had a significant effect on effect concentration values. The median effect 
concentration value for "unmeasured" (3200 mg/l) was significantly higher when compared to 

1 - 7 5  
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Table 1-27. Overview of statistical comparisons between methodological procedures 
and oil product: Fish, Free Product Present. 

FISH: FREE PRODUCï PRESENT 

OIL PRODUCX 

Number of Observorionr 4 46 20 O 8 3 
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"measured" and "stock" median effect concentrations (JI < 0.002 and p < 0.001, respectively). 
The median effect concentration value for "measured" (42 mg/l) was not significantly different 
when compared to the "stock" median effect concentration (40 mg/l, p= 1.00). 

Diesel 

For the diesel group, the duration of agitation during mixing made a significant difference in 
the median effect concentration calculated for the product. The median effect concentration 
for tests conducted with no agitation (795 mg/l) was significantly higher than the median effect 
concentration for those with an agitation of between O and 1 hour (38.75 mg/l, p=0.02). 

Test solution development had a significant difference on the effect concentration. Single ratio 
tests had a lower median effect concentration (12.70 mg/l) when compared to the median 
effect concentration (162.50 mg/l) for multiple ratio tests @<0.002). 

The exposure method had a significant difference on the effect concentration. Static tests 
exhibited a lower median effect concentration (38.75 mg/l) when compared to flow-through 
tests which had a median effect concentration of 795.00 mg/l @=0.02). 

Whether the test was conducted in freshwater or saltwater also had a significant effect on effect 
concentration values. Saltwater tests had a significantly higher median effect concentration 
(70.50 mg/l) when compared to freshwater tests (median 12.70 mg/l, p=0.03). 

The method of measuring total dissolved hydrocarbon concentrations (as defined in Section 
1.2.2.1.5) also had a significant effect on effect concentration values. The median effect 
concentration value for "unmeasured" (162.50 mg/l) was significantly higher when compared 
to the "stock" median effect concentration (12.70 mg/l, p<O.002). 

Gasoline 

No data available. 

1 - 77 
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Jet Fuel 

No significant differences were found between effect concentration and methodological 
procedure for the jet fuel group. 

Lube Oil 

No significant differences were found between effect concentration and methodological 
procedure for the lube oil group. 

1.3.2.4.2 Ranking of Oil Product Toxicily 

The following rankings were developed from the calculated median effect LC50 concentration 
values. 

It appears than in this category (fish, free product present) that diesel, bunker and lube oil are 
much more toxic when compared to crude oil or jet fuel. 

The relative ranking of each oil product group, from most toxic to least toxic, is presented in 
Table 1-28. Table 1-28 includes an overall ranking as well as a ranking by life stage. 

Table 1-28. Relative ranking of each oil product group from mast toxic to least toxic An oil 
product which does not appear in a ranking did not have data to be included in that 
ranking. Numbers in parentheses ( ) provide an approximate d e  for comparison 
of the relative median concentration of the oil product is compared to the median 
concentration of the least toxic oil produd. 

Larvae Juvenile - Adult Overall Ranking EUE 
{across life stapes) 

Diesel (30) no data no data no data Diesel (57) 
Bunker (46) Bunker (25) for for 
Lube ûil(38) 
Jet Fuel (5) Jet Fuel (2) 
Crude (1) Crude (1) 

-g Lube od(20) -g 

1 - 7 8  
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The above rankings are subject to variations in the following methodological procedures as 
described in Section 1.3.2.4: 

Agitation duration, 
Test solution development (single, multiple ratio), 
Exposure method (static, flow-through), 
Test conditions (freshwater, saltwater), and 
Measured, unmeasured, stock. 

Since test conditions significantly impacted the median effect concentration for the diesel oil 
product group, the overall ranking was refined into a Saltwater and freshwater ranking for this 
category (Table 1-29). These rankings may also be more applicable to a given spill situation. 

Median effect concentrations calculated for saltwater and freshwater "free product present" 
tests did make a difference in the overall ranking. It appears that the toxicity of crude to fish, 
when free product is present, is low compared to all other oil product groups. The median 
effect concentration for crude in freshwater was 1525 mg/l while across the other oil product 
groups the median effect concentration ranged from 12.70 mg/l to 560 mg/l. In saltwater the 
median effect concentration of crude was 1365 mg/l while across the other product groups the 
median effect concentration ranged from 55.00 mg/l to 70.50 mg/l. 

Table 1-29. Relative ranking of each oil product group by test condition from most toxic to 
least toxic An oil product which does not appear in a ranking did not have data to 
be included in that ranking. Numbers in parentheses ( ) provide an approximate 
scale for comparison of the relative median concentration of the oil product as 
compareù to the median concentration of the least toxic oil product. 

Overail Ranking 
/Freshwater Conditions) 

Diesel (120) 

Bunker (12) 
Jet Fuel (3) 
Cnide (1) 

Lubeoil (22) 

Overall Ranking 
[Saltwater Conditions) 

Bunker (25) 
LubeOil (20) 
Diesel (19) 
Cnide (1) 

1 - 7 9  
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1.3.2.5 Algae: Free Product Absent 

A schematic of the results included in this Section is presented in bold p h t  in Figure 1-21. 

I .3.2.5.1 Median Toxicity Values 

Oil ProduCr Group Comparisons 

The median effect LCSO concentration values for algae by oil product group are presented in 
Table 1-30 and Figure 1-22. The distribution of effect LCSO concentration values is presented 
in Figure 1-23. Figure 1-21, Table 1-30, Figure 1-22 and Figure 1-23 are presented on the 
following 4 pages. 

A to& of 10 algal toxicity values were collected for this category. Data on algal toxicity was 
for crude (5 records), diesel (4 records), and jet fuel (1 record). The median effect 
concentrations between each product group were not significantly different @=0.92). 
Pairwise comparisons of median LCSO values by oil product group are presented in Table 1- 
31. 

~~~ ~ 

Table 1-31. Statistical significance (p-vaiues) of comparisons between oil product groups. 
Bold indicates significance. Criticai value = 0.017. 

ALGAE: FREE PRODUCT ABSENT 

CRUDE DIESEL JET FUEL 

CRUDE (0.90) (1.W 
DIESEL (1.W 
JET FUEL 

Methodological Procedure Comparisons 

Not enough data were available to analyze test procedures for each study group. 

1 - 80 
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Table 1-30. Median effect concentrations (mg/i) for Algae by oil product. 
(Free Product Absent) 

I 
Oil Rodnct 

(3rrdc 
Kuwait (light) crude (mi) 
soothan Louuiann uudc (CCB) 

h d h o e B a y ~ ( c o 5 )  
v--(co6) 

Cook Inlet Cnide (Coz) 

plorid. Jay Crude (a) 

Wutcrn Swcet Blend Crude (CW) 
Ttansmountain Crude (a) 
Norman W e h  Chde (Cos) 
H i i i  cnidc (Cio) 
Amauiigak Crude (C11) 
TPrsuit Crude (C12) 
Lago M d o  Chde (Cu) 
Atkinam Cnide (C14) 
Nigerian Cnide (C19) 
P e m b h  cnldc (czo) 
AlaskanCNde-unspeo-ARCO(Q1) 

Mad 
Diad  (Dûl) 
Fuel oil No. 2 (Da) 
Fucl OU No. 2, Furnacc oil (Dû3) 
Xiat D i d  Fucl(D04) 
H u v y  Diesel Fuel 05) 
Navy Distillate o 
Marine Di& (Dûíj 

Gudioe 
imdcd Garoline (001) 
Unieadcd Gsroline (Gû2) 

Jet FPd 
Jet Fiid - lP8 (101) 
Jet Fuel - JP9 (Ja) 
Jct F d  - lP4 (JW) 

Lobc OU 
Auto Lube (?.ûl) 
Hcavy Marine Lube (Lez) 
wokibe oil (Lo3) 

Algae 
ReeRodpdAbunt 

s 480 L.OO nm 

5 4.80 1.00 5.00 

4 u0 2.00 soo0 

4 430 200 5.00 

1 4 m z @ 4 a U o  
1 4.20 4.20 4.20 
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DIESEL 
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1.3.2.5.2 Ranking of Oil Product Toxicity 

The following rankings were developed from the calculated median effect LC50 concentration 
values. The relative ranking of each oil product group, from most toxic to least toxic, is 
presented in Table 1-32. Table 1-32 includes an overall ranking only. 

Table 1-32. Relative ranking of each oil product group from most toxic to least toxic An 
oil product which does not appear in a ranking did not have data to be included in that 
ranking. Numbers in parentheses ( ) provide an approximate xale for comparison 
of the relative median concentration of the oil product as compared to the median 
concentration of the least toxic oil product. 

OVeraIl Ranking 

Jet Fuel (1) 
Diesel (1) 
Cnide (1) 

1.3.2.6 Algae: Free Pmduct Present 

A schematic of the results included in this Section is presented in bold print in Figure 1-24. 

1.3.2.6.1 Median Toxicity Values 

Oil Product Group Comparisons 

The median effect LC50 concentration values for algae by oil product group are presented in 
Table 1-33 and Figure 1-25. The distribution of effect LC50 concentration values are 
presented in Figure 1-26. Table 1-33, Figure 1-24, Figure 1-25 and Figure 1-26 are presented 
on the following 4 pages. 

A total of 45 algal toxicity values were collected for this category. Data on algal toxicity were 
found for crude (28 records), diesel (15 records), and jet fuel (2 records). The median effect 
concentrations were not significantly different @=O. 90). Pairwise comparisons of median 
LC50 values by oil product group are presented in Table 1-34. 

1 - 85 
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Table 1-33. Median effect concentrations (mg/i) for Algae by produa. 
(Free Product Present) 

c 
Algae 

Fret Rpduct prrsemt 

Oil Product N M c d i a n M i n  Mnx 

Cnuie 
Kuwait (iight) Crude (Col) 
Cook Inlet Crude (Coz) 

Fiorida Jay Cnide (W) 
Prudhoe Bay Crude (COS) 

Westem Sweet Blend Crude (CO7 
Tranamoutain Crude (038) 
Nomm W e h  crridc (al9) 

Amauiigak Crude (C11) 
Tpmiit cnidc (C12) 
Lago Medio Cmde (Cl3) 
Atlrinsan Cnide (C14) 
Nigerian Cnide (C19) 
Panbins (=Ndc (a) 

soothcni Loulliana cnidc (co3) 

v--(co6) 

H i  uudc (C10) 

Alaskan cnidc-Mspec-ARcqc21 

28 95.00 1.00 lsoa 
3 1500 1500 u00 

3 1500 1500 u00 

7 70.00 1.00 1500 

4 1.00 1.00 30.00 

4 3.00 1.00 600.00 

4 450 1.00 l20.00 
3 1500 1500 1500 

M a d  
D i d  @01) 
Fuel Oil No. 2 (002) 
F u i  Oil No. 2, Fumaa oil @û3) 
light Did Fuel @04) 
Heavy Di& Fuel (DOS) 
Navy Distillate @oa) 
Marine D i d  ( D O 7  

Is 50.00 50.00 u00 

15 50.00 50.00 1500 

G d o c  
M t d  Gmolinc (Gol) 
Unicadcd Gssoiine (GO2) 

Jet Fud 
' Jet FUC~ - JP8 (JO1) 

Jct Ricl - JP4 (JO4) 
Jet Fuel - JP9 (JO3) 

Auto Lubc (LD1) 

9250 Lubc oil (Lo3) 
Hcavy Marine Liibe (ra2) 

2 210.00 160.00 260.00 
1 260.00 260.00 260.00 

1 160.00 160.00 160.00 

Note: LQW rciìabiliry dota rxcldrd 
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CRUDE 

DXtSEL 

=Ne 

ALGAE. FREE PRODUCT PRESENT 

Figure 1-25. Bar chart of median effect LCSO concentrations (mgíl) for algae by 
oil product group and free product present. 

MEDICIN EFFECT CûNCENTRCITION Cng/1) 
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ALGAE: FREE PRODUCT PRESENT 
cx %mo> 

n 
rl .. P 
z 
W c a 

t c 
O o u 

Figure 1-26. Box-and-whiskex plot of median effect L U 0  concentrations (mu) for 
algae by oil product group and f ie t  product present 
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Table 1-34. Statistical significance (p-values) of comparisons between oil product groups. 
Bold indicates significance. Critical value = 0.017. 

ALGAE: FREEPRODUCTPRESENT 

CRUDE DIESEL JET FUEL 

CRUDE (0.93) (0.90) 
DIESEL (0.37) 
JET FUEL 

Methoablogictrl Procedure Comparisom 

The results of statistical tests for effects of methodological procedures on toxicity values are 
presented in Appendix Table B-9. This table contains median LC50 values and statistical 
levels (p values) calculated for specific methodological procedures. An overview of the 
statistical comparisons is presented in Table 1-35. The following information details 
significant differences in the calculated median effect concentration of each oil product group 
based upon the methodological procedures examined. 

Cnide 

No significant differences were found between effect concentration and methodological 
procedure for the crude group with the exception of closed test chambers vs studies where the 
test chamber was not reported. 

Diesel 

No significant differences were found between effect concentration and methodological 
procedure for the diesel group. 

Jet Fuel 

No significant differences were found between effect concentration and methodological 
procedure for the jet fuel group. 
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f 
ALGAE: FREE PRODUCT PRESENT 

!I a 
8 

i 

Iodicws that not enough data points were available for statistical comparison. 

0 idcates that no armparisom for the given M procedure and oil product d t c d  in a statistidy signrfignt difference. 

idcates timt at least i ciam aimpanson resuited in a statistidy signifiornt difference. 

Table 1-35. Overview of statistical comparisons between methodological procedures 
and oil product: Algae, Free Product present. 

OIL PRODUCl' 

Number OfObservatiOnr 28 15 2 
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1.3.2.6.2 Ranking of Oil Product Toxicity 

The following rankings were developed from the calculated median effect LC50 concentration 
values. The relative ranking of each oil product group, from most toxic to least toxic, is 
presented in Table 1-36. Table 1-36 includes an overall ranking only. 

Table 1-36. Relative ranking of each oil product group from mast toxic to least toxic An 
oil product which does not appear in a ranking did not havedata to be included in 
that ranking. Numbers in parentheses ( ) provide an approximate scale for cornparkon 
of the relative median concentration of the oil product as compared to the median 
concentration of the least toxic oil product. 

Overall Ranking 

Diesel (4) 
Cnide (2) 
Jet Fuel (1) 

When evaiuating these rankings it should be noted that the jet fuel data were conducted in 
freshwater and the crude oil product group data was conducted under saltwater conditions. 
Information was not available as to whether the diesel data were from tests conducted under 
freshwater or saltwater conditions. 

1.3.3 LU0 Value Calculations 

The LU0 data set was created fkom the existing database and used to rank oil product toxicity 
by major taxon and oil product group. The LI50 concept was described in the Methods 
Section of this chapter. The LU0 data set consisted of 130 LC50 values which were derived 
using multiple ratio test solutions where the concentrations were "unmeasured". The number 
of data records (LI50 values) by taxonomic group and oil product are presented in Table 1-37. 

1 - 92 
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Table 1-37. The number of data records (LU0 values) by taxonomic group and oil product. 

Oil Product All Taxon Combined Fsh Inverts Algae 

CRUDE 
DIESEL 

JET FUEL 

80 34 18 28 

40 12 13 15 

10 8 - 2 

The majority of LU0 data are in the crude and diesel product groups. LL50 data are lacking 
for the bunker, gasoline and lube oil groups. The median (and range) of LU0 values, where 
available, by oil product and taxonomic group are presented in Table 1-38. 

Table 1-38. The median and range ( ) of L U 0  values (mgfl) by taxonomic group and oil produd. 

Oil Product m Inverîebmtq -n@le 

CRUDE 3200 (40-80,OOO) 475 (25 - 13,500) 95 (I - 1,500) 

DIESEL 162.5 (33 - 9,600) 9.4 (1.3 - 4,778) 50 (50- 1,500) 

JET FUEL 560 (1.85 - 1,600) No Data 210 (160 - 260) 

The median LI30 value for crude in both the fish and invertebrate groups is significantly 
higher QI < 0.001, less toxic) when compared to diesel. For the algae group, there were no 
significant differences between the oil products. The relative rankings of the oil products by 
LU0 values by major taxonomic group are presented in Table 1-39. 

1 - 93 
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Table 1-39. Relative ranking of each oil produd group from most toxic to least toxic An 
oil product which does not appear in a ranking did not have data to be included in 
that ranking. Numbers in parentheses ( ) provide m approhate  scale for comparison 
of the relative median concentration of the oil produd as compared to the median 
concentration of the least toxic oil product. 

Overall Ranking Jnvertebra@ A!me 
Diesel (29) Diesel (20) Diesel (51) Diesel (4) 
Jet Fuel (3) Jet Fuel (6) Crude (1) Crude (2) 
Crude (1) Cxude (I) Jet Fuel (1) 

In the overail ranking, the diesel group appears to be the most toxic with the crude group 
being the least toxic. The median LI50 value for diesel is significantly higher than the median 
LI50 value for crude in the above overall, fish and invertebrate rankings. In the algae 
ranking, there is no significant difference between median values of any of the oil products. 

1.4. DISCUSSION AND SUMMARY: ANALYSIS AND R 4 ” G  OF TOXIClTY VALUES 

1.4.1 Literature Search and Collection 

In total, approximately 8,000 references on the fate and effects of oil products in aquatic 
systems were screened. The majority of the selected articles were published in the mid to late 
1970’s. While there was an adequate proportion of high quality articles reviewed, 
comparability between papers was limited due to variability in test methodologies. The final 
developed database contained 748 data records. The dataset used in our analysis excluded 52 
”low reliability” records and 7 “NOEC” data records. The final dataset was comprised of 689 
data records. 

The majority of the data were on crude oils (55%) and diesel (31%). Gasoline, jet fuel, and 
lube oil combined comprised less than 7% of the total number of data records in the database. 
Invertebrate data comprised 65.4% of the data records in the database. Fish comprised 26.6% 
of the data while algae comprised only 8% of the data. Appropriate data for aquatic 
macrophytes were not found. Approximately 75% of the data records were for “free product 

1 - 9 4  
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absent" studies while 25% of the data records were for "free product present" studies. Over 
90% of the invertebrate data was comprised of "free product absent" data while approximately 
56% of the fish data was "free product absent" data. Only 18% of the algal data was "free 
product absent" data. 

1.4.2 Analysis and Ranking of Oil Product Toxicity 

An analysis was performed for the following 6 oil product groups and 3 taxonomic groups: 

Oil Product Group Taxonomic Group 

Bunker 
Crude 
Diesel 
Gasoline 
Jet Fuel 
Lube Oil 

invertebrates 
Fish 
Algae 

The analysis was further divided into "free product present" and "free product absent" data. 

In order to arrive at valid toxicity values and rankings of the oil products, a careful review of 
test solution and exposure methodology, as well as endpoint computation, was performed. 
Test methods were shown to provide significantly different results depending upon the 
procedures used and how endpoint results are calculated. In many cases methodological 
prosedures were important in determining calculated "free product absent" and "free product 
present" values. These procedures included whether the test chamber was open or closed, the 
test was conducted in freshwater or saltwater, the duration of agitation prior to testing, the 
duration of the test, and whether the oil product concentration was measured from a stock 
solution or other method. 

in order to normalize the data to minimize the influence of test methodologies and calculation 
procedures, the analysis was conducted by taxonomic group for studies where free product was 
absent and free product was present. LC50 values calculated for "free product absent" data 
were significantly different than LC50 values calculated for "free product present" data for the 
same oil products and taxonomic groups. 

1-95 
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Median toxicity values were computed for each oil product and taxonomic group by the 
absence and presence of free product (Table 1-40). In all cases, "free product absent" data had 
higher median effect concentrations when compared to respective "free product present" 
median effect concentration data. The median toxicity values presented in Table 1-40 were 
used to provide a ranking of oil products by taxon and the absence or presence of free product 
(Figure 1-27). Where data were available, rankings by lifestage were presented. 

Algal data were not available for the bunker, gasoline and lube oil groups. Gasoline data (12 
values) were available only for the invertebrate "free product absent" data set. Only twelve 
data values were available for the jet fuel data set. 

The present review indicates that the more toxic oil product groups are the diesel, bunker and 
lube oil groups. The least toxic oil product groups were the crude, jet fuel and gasoline 
groups. Data were sparse for the jet fuel, gasoline and lube oil groups. 

If all the data were combined across taxon and across the presence or absence of free product, 
the oil products would be ranked as follows in Table 1-41. 

1 - 96 
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Table 141. Relative ranking of each oil product group from most toxic to least toxic An 
oil product which does not appear in a ranking did not have data to be inciuded in 
that ranking. Numbers in parentheses ( ) provide an approximate scale for comparison 
of the reiative median concentration of the oil product as coinpared to the median 
concentration of the least toxic oil produd. 

ALL DATA COMBINED 

Overall Ranking 

In the above ranking, bunker, diesel and lube oil median toxicity values show no statistically 
significant differences. Crude, gasoline and jet fuel also are not significantly different. 

U 0  Calculated Toxicity Values 

The L U 0  data set consisted of toxicity studies which were sorted using multiple ratio derived 
test solutions. Ideally the calculations and the resulting LU0 value is based on nominal 
loading values used in making the multiple ratio test solutions. By using the same statistical 
methods as when calculating LCSOs, the LU0 notation projects potential effects of various 
oikwater mixtures (loadings) on aquatic organisms. 

The LU0 is quantitatively and conceptually quite different from the LC50. The LU0 does 
not attempt to express effect based on dissolved concentrations. It also does not attempt to 
relate specific hydrocarbons to an effect. It simply provides a relative measure of the 
product’s total effect on an organism based on a specific range of 0il:water loadings. The 
LM0 notation reflects the overall products toxicity by expressing the amount of product 
required for a given effect. Since dissolved hydrocarbon concentration is difficult to relate to 
actual product loading, it would seem logical to express the actual toxicity in terms of the 
amount of oil product actually required to cause an effect (Le., the loading). This is 
inherently more useful when attempting to predict toxic impact in a waterway and it also 

presents the product in a more realistic light regarding the whole products’ true toxicity, Le., 
the amount which is required to cause a given effect. 

1 - 99 
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The ranking computed across taxonomic group for LU0  data is provided along with the 
ranking computed for the "free product absent" and "free product present" groups (Table 1- 
42). 

i 
Table 142. Relative rankings for LU0 and "free product present" and "free product absent" 

groups from most toxic to least toxic. An oil product which does not appear in a ranking 
did not have data to be included in that ranking. Numbers in parentheses ( ) provide an 
approximate scale for comparison of the relative median concentration of the oil product as 
compared to the median concentration of tùe least toxic oil product. 

ALL TAXONOMIC GROUPS COMBINED: 

ûveraü Rankjng overp11 Ekankiag OVerallEkankiag 
I 

LL50 Data Free Product Present Free Product Absent 

Diesel (29) Diesel (13) 
Jet Fuel (3) Bunker (11) 
Crude (1) Lube Oil (9) 

Jet Fue1 (1) 
Cnide (1) 

Lube oil (12) 
Bunker (6) 
Diesel (6) 
Jet Fuel (5) 
Crude (4) 
Gasoline (1) 

~~ 

Ushg the LL50, "free product present" and "free product absent" data across taxonomic group 
indicates that diesel, bunker and lube oil are st i l l  the most toxic of the oil groups. The crude 
oil group is consistently low in the rankings and falls to the bottom of the LU0 and "free 
product present" rankings (least toxic). 

State and federal toxicity factor methods which calculate LCSOs by either total dissolved 
petroleum hydrocarbons (TDPH) or a specific weighted chemical component of the oil 
product, are frequently based on the dissolved constituents. The use of LC50 data creates a 
narrower range of toxicity across all oil products and it appears reasonable that a scale of 1 to 
10 is adequate in comparing toxicity between oil products. This implies that the most toxic 
and least toxic oil products differ only by a factor of 10. Based on Table 1-42 under "free 
product absent", the overall ranking would indicate that a 1-10 scale is not unreasonable. 

However, the LU0 data provided a wider range of toxicity across oil products and taxonomic 
groups (Table 1-43). This implies that the scale of comparison between the LU0 and "free 
product absent" LC50 data are not the same and therefore, if the LU0 values are the most 
appropriate values to use for toxicity evaluation in a true spill incident, then a scale of 1 to 10 

1 - 100 
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is not appropriate. For example, in Table 1-40, the toxicity of crude in relation to the diesel 
group is largely dependent upon which ranking you choose. In the LU0 ranking, the toxicity 
of diesel is approximately 29 times higher than that of crude. In the "free product present" 
ranking, diesel appears approximately 13 times more toxic than crude. In the "free product 
absent" group, the toxicity of diesel appears to be oniy 1.5 times that of crude. The disparity 
in calculated toxicity vdues therefore requires a standardization of the toxicity values used by 
regulators in assessing the toxicity of spilled oil products. 

A comparison of the median LU0 and "free product absent" values by taxonomic group and 
oil product is presented for comparison in Table 1-43. 

Table 1-43, Painhe comparisons of median effect concentration values by LL50 and the absence 
of free product, taxon and oil product group. Critical value = 0.05. Bold indicates 
significance. 

Median Free Median Ratio 
Product Absent U 0  U 0  to Free Significance 

oil  Product Taxon LC50 (me/l) Imnn) Product Absent Level 

Crude invertebrates 6.31 475 (75x1 (p < 0.001) 
Crude Fish 3.12 3200 (1,026~) (p < 0.001) 
Diesel invertebrates 3.36 9.4 (3x1 (p< 0.002) 
Diesel Fish 3 S O  162.5 ( G X )  (p < 0.001) 

With complex mixtures such as oil products, LC50 data are problematic because the meaning 
of the term "concentration" can vary extensively depending on the methods used. It is obvious 
that the results from these types of tests and calculations can be very different for the same oil 
product. The meaning of the term LC50 as it pertains to oil products and its application to 
assessment of impact is under question. This study would indicate that any interpretation using 
LC50 data for purposes of setting an injury level or ultimately, a toxicity value, must be 
studied quite carefully to ensure that the leap from the laboratory to an actual vulnerability 
assessment is a credible and valid one. 

1 - 101 
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2.0 CHAPTER 2: ANALYSIS AND RANKING OF OIL PRODUCT PERSISTENCE 

2.1 INTRODUCTION 

The persistence, or length of exposure, of an oil product is an important parameter for 
assessing the effects of an oil spill on the aquatic environment. The propensity of a substance 
to persist in aquatic environments depends on numerous physical, chemical, and biological 
processes. The fate of oil and oil products is controlled by spreading, evaporation, 
emulsification, dissolution, reaction, natural dispersion, and sedimentation. Site-specific 
factors (e.g., habitat, weather, water depth, currents, and wave energy) alter the effectiveness 
of these processes; however, the relm've rates of these processes are controlled by the 
physiochemical nature of the spilled materiai (Table 2-1). 

The scope of work did not permit an extensive review of all the site- and spill-specific 
parameters that influence persistence of petroleum hydrocarbons in the aquatic environment. 
The approach used here only considers the physiochemical properties of the oil or oil products. 

Table 2-1. Basic physiochemical properties influenang various spill processes.1 

Suill Process Basic Prooerties 

spreading 
Evaporation 
Emulsification 
Dispersion 
Dissolution 
Reaction 
Sedimentation 

Adapted from Mackay et al. (1983). 

Surface Tension, Viscosity 
Vapor Pressure, Distillation Curve 
Wax and Asphaltene Content 
Surface Tension, Viscosity, Density 
Solubility 
Chemical Nature 
Partition Coefficient, Solubility 

Crude oils are comprised of a broad spectrum of individual hydrocarbons. The composition of 
each oil product is assumed to follow the fractional distillation model, where the range of 
boiling point and carbon number increases from gasoline through Fuel Oil #6 (Le., Bunker C). 
Crude oils are treated as either light-, medium-, or heavy-weight, depending on the relative 
amounts of individual oil products. An additional fraction, termed asphaltenes, is added to 
crude oils to simulate the residue remaining after the distillation of a crude oil. 

2 - 1  
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Persistence is based on the time a chemical is present in a specific media. For example, water 
column persistence is defined as the time a chemical is detectable in the water column. 
Factors influencing persistence of a crude oil or oil product in the water column is excessively 
complicated. Not only must site-specific parameters (e.g., habitat, wave energy, salinity, 
temperature, winds speed) be considered, but other spill-specific factors also impact 
persistence (e.g., rate and amount of release, application of dispersants). The definition of a 
relative persistence scale can not normalize all of these variables; therefore, a relative 
persistence scale is defined as the amount of material that partitions, at equilibrium, into water, 
soil, and sediment. This work considers only the fate of the starting material, and does not 
consider any transformation reactions (e.g., photo de-composition and biodegradation). 

An equilibrium-partitioning model is employed to compare the persistence of petroleum 
products in aquatic environments. The only factors that influence persistence in this 
application are the physiochemical properties of the crude oils and oil products. Persistence is 
defined as the amount of original material remaining in the soil, sediment, and water column 
after a spill. The material released into the atmosphere is considered nonpersistent. The 
aquatic environment considered in this application (i.e., the unit world) is defined as a closed 
system; however, the size of the individual compartments are excessively large compared to 
the amount of hypothetical material released and are appropriately scaled to reflect real world 
circumstances. 

Chemicals move throughout the unit world based on fugacity gradients (Le., mass in solution 
flows from high fugacity to low fugacity). The matenal partitions into the various 
compartments until the system is in equilibrium, Le., when all compartments have the same 
fugacity or chemical potential. However, most oil spills never reach a state of equilibrium. 
Kinetic factors (e.g., wind speed and water currents) usually determine the extent of a spill, 
how fast it dissipates, and whether a specific component will volatilize. Nevertheless, the 
equilibrium approach yields important information on the direction or the tendency of 
petroleum to partition into various environmental components. The fundamental goal of this 
chapter is to compare the relative persistence of oil products in aquatic systems, and noz to 
predict the characteristics of a spill as a function of time, incorporating site- and spill-specific 
information. This relative persistence ranking scale requires only certain assumptions of the 
physiochemical properties of petroleum hydrocarbons. 

2 - 2  
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Quantifying physiochemical properties of petroleum hydrocarbons is no trivial task. 
Difference in bulk starting material and refinery operations virtually assures no two oils or oil 
products wili have exactly the same chemical composition. Therefore, a fractional distillation 
model is used to generate the physiochemical data required to run the equilibrium-partitioning 
model. The exact values of the model output are not as important as the trends detected, and 
the relative importance of the different environmental compartments. 

The overall objectives of this persistence of petroleum product review are to: 

Assess the relative persistence of oil products in the aquatic environment, and 
Rank oil products based upon their persistence in the aquatic environment. 

It should be emphasized that this analysis has a number of qualifications. First the crude oil 
and oil products are characterized with a broad range of physiochemical properties. These 
data have been estimated, and are not from measurements of actual samples. Second, this 
treatment is not compound specific; it treats an oil or oil product as a range of chemical 
components. Third, relative persistence was estimated with an equilibrium partition model. 
There is no aprion reason to assume an oil spill is in equilibrium. Finally, several important 
environmental parameters (e.g., wind speed, wave energy, currents, water depth, and habitat) 
are not considered in this study. The fate of petroleum products in the aquatic environment 
depends on physiochemid, as well as environmental parameters. 

2.2.1 Physical Properties 

Crude oil is a complex mixture of alkanes, iso-alkanes, cyclo-alkanes, alkenes, aromatics, 
napthalenes, and related sulfur, oxygen, and nitrogen hydrocarbon derivatives. Crude oils 
from different regions of the same field often differ in their proportions of these classes of 
compounds. Also, differences in refining technologies and practices contribute to the 
variability of oil and oil product composition. Therefore, a broad range for the 
physiochemical properties was used to characterize the individual crude oil or oil products, and 
to demonstrate the relative difference among oil products. It was our intent to estimate a 
realistic range of data to demonstrate the interactions of physiochemical properties on 
persistence of petroleum hydrocarbons. 

2 - 3  
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2.2.1.1 Molecular Weight 

Petroieum products come from the fractional distillation of crude oil, which yields various 
fractions that are classified according to their boiling points. Boiling points of hydrocarbons 
are related to their molecular weight (i.e., carbon number); therefore, distillation fractions are 
enriched in certain hydrocarbons (Figure 2-1). The fractions obtained from the distillation 
process are cornpiex; each fraction may contain hundreds of individual chemical compounds. 

2.2.1.2 Water Solubility 

Generally, the solubility of hydrocarbons decreases as the carbon number increases. Heavier 
components of petroleum are generally considered insoluble in water, the lighter components 
such as C4 to C6 paraffins and the aromatic compounds benzene, toluene, and xylene have a 
small but measurable solubility in water. If the oil and water were in equilibrium, then a 
specific compound will partition between the two phases to the extent determined by the 
component's water solubility coefficient. However, most water soluble compounds also have 
high vapor pressures (see section 2.2.1.3) and are lost to evaporation during the fist few hours 
after a spill. Therefore, the likelihood of loss through solubility is relatively small. 

Vapor pressure is one of the most important properties governing the persistence of a 
compound in aquatic environments. The pressure of the vapor phase of a substance in 
equilibrium with its condensed phase is defined as the vapor pressure of the substance. The 
value of the vapor pressure depends only on the nature of the substance and temperature. 
Vapor pressure tends to increase directly with temperature. The likelihood of a component to 
evaporate after an oil spill is directly proportional to the vapor pressure (Le., the higher the 
vapor pressure, the greater the chance of volatilization and escape into the atmosphere). 
Components that evaporate are generally considered nonpersistent. The rate of evaporation of 
the lighter components is influenced by the percentage of lighter components in the oil, the 
temperature of the oil, and severai spill- and site-specific factors (e.g., oil thickness, surface 
area of the spill, and physical forces such as wind and wave action). The evaporation process 
is considered important during the first 24 hours after the spill (Mackay et al., 1983). 

2 - 4  
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2.2.1.4 OctunoUWatet Partition Coefficient 

only a few crude oils weather to produce residues that are denser than water and sink 
(CONCAWE, 1983). The majority of components in crude oil are lighter than water, and 
even if they form emulsions the resultant material is positively buoyant. Nevertheless, floating 
oil may encounter heavy minerai particles, e.g. sand, silt, etc., especially in near-shore areas. 
Components of an oil may become adsorbed onto particles, and the resultant conglomerates 
become negatively buoyant and sink. The oil is transported to the sediments; oil may also 
adsorb onto beach particles depending on the location of the spill and subsequent migration of 
the oil. It has been established that the affinity of a specific component to adsorb onto a solid 
particle can be related to the octanol/water partition coefficient, &W. A high &W value 
indicates that a chemical will adsorb strongly to soil, sediment, and suspended sediment. 

2.2.2 Equilibrium Partitioning Modei 

An equilibrium partitioning model (Mackay and Paterson, 1982; Neely and Mackay 1982) was 
used for assessing the relative persistence of oil and oil products in aquatic environments. The 
calculations can be compared for individual oils and oil products to determine the long-term 
persistence in the environment. The ultimate fate of petroleum products is based solely on 
their physiochemical properties (Le., molecular weight, solubility, vapor pressure, and 
OctanoYwater partition coefficient). Confounding effects (e&. , habitat, weather, water depth, 
currents, and wave energy) were not considered in this treatment, and no time-dependent 
distribution patterns were calculated. 

The Mackay Level I environmental fate model (EqP) is based on the thermodynamic principle 
of fugacity. Fugacity, f, is a measure of chemical potential, which like temperature and 
voltage can be used to predict whether heat or electricity will flow from one "compartment" to 
another and how fast. If the driving force or departure from equilibrium (Le., f2 - fi) is zero, 
then there is no net flux or movement from one compartment to another. Chemicals are 
continually striving towards a state of equal fugacity. 

Concentrations are replaced by an equilibrium measure (i.e., fugacity), thus simplifjhg 
mathematical expressions for intermedia partitioning and transport. The model partitions 100 
moles of a hypothetical compound, defined by the user, into various environmental 
compartments. After configuring the model with the required physiochemical data, the 
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distribution pattern of oil or an oil product into the unit world (i.e., atmosphere, water 
column, soil, sediments, suspended sediments, and biota) is calculated. The unit world 
simulated in the EqP model is a closed system; however, the compartments are excessively 
large compared to the amount of material released into the system. The dimensions for the 
compartments are atmosphere (1000m x 1000m x 6000m), water (1000m x 700m x lorn), soil 
(1000m x 300m x 15cm), and sediment (1000m x 700m x 3cm). The concentration of 
suspended matter in the water is 5 ppm (total volume = 35x113). This application of the EqP 
model neglects bioaccumulation of hydrocarbons in aquatic organisms. 

2.2.3 Ranking of Oil Product Persistence 

The EqP model attempts to predict persistence based on the physiochemical properties of each 
oil or oil product. Since these materials consist of hundreds of individual compounds, a 
multiple component approach is used to characterize each oil or oil product. The model results 
wili be dependent on input parameters selected for the key chemical characteristics (Le., 
molecular weight, solubility, vapor pressure, and KOW) of the oil or oil product. Since oil 
products are defined as a range of compounds (represented by both low and high ranges of 
physiochemical data), two runs per product group are conducted to provide both a conservative 
(worst case) and non-conservative (best case) prediction of product persistence. This helps 
place a range of persistence for various oils and oil products released into the environment. 
The best case (least persistent) model run is configured using the values for low molecular 
weight, high solubility, high vapor pressure, and low octanol/water partition coefficient. The 
range of physiochemical data is not a measure of analytical uncertainty, but rather a measure 
of the complex chemical composition of crude oil and oil products. 

Persistence in the aquatic environment is considered an aggregate term consisting of the 
material that partitions into the water, soil, sediment, and suspended matter. For presentation 
purposes the suspended sediment fraction is combined with the sediment fraction. The 
material that partitions into the atmosphere is considered nonpersistent. A numerical scale is 
calculated for crude oils and oil products based on the persistent fraction calculations. The 
relative persistence is presented as a range delineated by the best case and worst case 
scenarios. 

2 - 7  
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2.3 RESULTS AND DISCUSSION 

2.3.1 Model Input Parameters 

Individual oil products are distilled from crude oil. The chemical composition of oil products 
is considered to be a continuum, represented by different degrees of distillation (Figure 2-1). 
Each fraction is defined in terms of a boiling point range, and no post-refining blending is 
considered. The lightest fraction (gasoline) has the lowest boiling point and consists primarily 
of C5 - Cl1 hydrocarbons. The distillation process continues through, jet fuel, fuel oil #2, 
Iube oils, and Bunker C (fuel oil #6). Crude oil is considered an aggregate of all the 
previously listed oil products, plus an additional fraction that represents residual asphaltenes. 

The physical properties of oil and oil products are determined by the chemical nature of the 
individual components. Although certain generalizations can be made, no exact numbers are 
given for physiochemical data because the composition of an oil product varies depending on 
the source and refinery. The range of molecular weight, solubility, vapor pressure, and &W 

(octanoUwater partition coefficient) for each oil and oil product used in this study are shown in 
Figure 2-2 through 2-5. Low-molecular-weight hydrocarbons are more soluble, have a higher 
vapor pressure, and have lower GW than heavier products. It was assumed that solubility, 
vapor pressure, and GW decrease logarithmically with increasing molecular weight (Neff, 
1979). 

2.3.2 Cnide Oil and Oil Product Persistence 

Two EqP model runs were made for each material under consideration. First, the relative 
persistence was estimated assuming "best-case" conditions (low persistence). Model input 
parameters were selected, from the range of physiochemical data in Figures 2-2 through 2-5, 
to simulate the least persistent components of a particular product. Therefore, the lowest 
molecular weight, highest solubility, highest vapor pressure, and the lowest &W values were 
used to configure the model (Table 2-2). A "worst-case" scenario (high persistence) was 
simulated using the highest molecular weight, lowest solubility, lowest vapor pressure, and 
highest KOw estimates available (Table 2-2). These ranges were selected based on the 
fractional distillation process. Results from this analysis are presented in Figure 2-6. 

2 - 8  
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Je t  Fuel 

Fuel O i l  #2 

L u b e  O i l s  
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Asp ha I ten e s  

Molecu la r  Weight ( g / m o l )  
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O 200 400 600 800 

Molecular  Weight  (g/moi)  

FIGURE 2-2. Estimated ranges of molecular weights (%moi) of petroleum products. 
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FIGURE 2-3. Estimated ranges of water solubilities (mgL) of petroleum products. 
Data are log transformed. 

2 

-10 -8  - 6  - 4  -2 O 

Log [Solubility (mg/L)]  
2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  P U B L * 4 5 9 4  95 I 0732270 05430LL 7L3 

Ga so lin e 

Je t  Fuel 

Fuel Oil # 2  

Lube O i l s  

Bunker C 

Asp ha Itenes 

Log [Vapor P ressu re  (Pa) ]  
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1 1 1 1 1 1 1 1 1 1 1 1  

-3 - 1  1 3 5 -7 -5 
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FIGURE 2-4. Estimated ranges of vapor pressure (Pascals) of petroleum products. 
Data are log transformed. 
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Gasoline 

Jet  Fuel 

Fuel Oil: #2 

Lube Oils 

B u n k e r  C 

Asphaltenes 

2 4 6 8 
I I I I 

I I I 1 

2 4 6 8 

Log wow1 

FIGURE 2-5. Estimated ranges of octanoYwater partition coefficients (KOw). 
Data are log transformed. 
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The relative persistence of oil products in aquatic environments vary from C 1% to about 
13%. The relative persistence is defined as the number of moles, out of 100, that partition, at 
equilibrium, into the water column, sediment, or soil. The range of relative persistence, 
obtained from the high and low estimates of the physiochemical properties, had no significant 
impact for gasoline and jet fuel. Both of these oil products were relatively nonpersistent 
(Figure 2-6). 

Fuel oil #î was also relatively nonpersistent; however, some of the compounds in fuel oil #2 
were appreciably persistent in the aquatic environment (Figure 2-6). Relative persistence 
increased from lube oils through Bunker C, and residual asphaltenes were the most persistent 
fraction of crude oil. 

The fraction of material that persists in the water column is negligible when compared to the 
soil and sediment compartments. The majority of the persistent fraction is distributed evenly 
between the soil and sediments. is lost to the 
atmosphere via evaporation. 

The remaining material, up to 99.9%, 

The range of relative persistence (Figure 2-6) is not a measure of uncertainty, but an estimate 
of the differences in persistence that is expected for an oil or oil product. Oil products are 
complex mixture of organic chemicals, and the relative persistence of some compounds are 
either more or less than others. Average buk persistence for an oil product is estimated at the 
midpoint between the least persistent fraction and the most persistent fraction. 

The range between the more persistent fraction and the less persistent fraction is greatest for 
crude oil. Crude oil is a mixture of everything from gasoline to asphaltenes. The relative 
persistence calculations (Figure 2-6) demonstrate that some components of crude oil are 
nonpersistent (gasoline), and others are highly persistent (asphaltenes). The origin of the crude 
oil will determine the relative importance of the different fractions; crudes are classified as 
light, medium, or heavy depending on their composition. 

2 -  13 
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Table 2-2. physiochemicai data used in relative persistence model runs. 

oil Product 
Vapor 

PressUre 

(Pa) 

Gasoiine 
Low persistence 
High persisîence 

Jet Fuel 
Lowpersistence 
High persistence 

Fuel oil #2 
Low persistence 
High persistence 

Low persistence 
High persistence 

Low persistence 
High persistence 

Low persistence 
High persistence 

Lube oils 

Bunker C 

Asphalmes 

75 
125 

125 
200 

200 
275 

275 
375 

375 
500 

500 
600 

50 
2.0 

2.0 
0.02 

0.02 
2E-04 

2E-04 
2E-06 

2E-06 
2E-08 

2E-08 
2E-09 

=+o4 
lo00 

lo00 
10 

10 
o. 10 
o. 10 
0.001 

0.001 
1E-05 

1E-05 
1E4ó 

2.5 
3.5 

3.5 
4.5 

4.5 
5.5 

5.5 
6.5 

6.5 
7.5 

7.5 
8.0 

2- 14 
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Gasoline 

Jet  Fuel 

Fuel Oil #2 

Lube Oils 

Bunker  C 

Asphaltenes 

Pers is tent  Fract ion (%) 

O 2 4 6 8 10 12 14 
1 I 1 I I I 1 

Soil 
Sediment  

I Least Pers is tent  Com ponen t s  

I I 1 I I 1 I 

O 2 4 6 8 10 12 14 
Pers is tent  Frac t ion  (%) 

Figure 2-6. Persistent fraction of petroleum products in aquatic environments, expressed as 
percent of original material remaining in water, sediment, and soil. For each pair, the top bar 
represents the least persistent components and the bottom bar represents the most persistent 

components. Solid lines outline the range of persistence for each oil or product, 
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2.3.3 Numerical Persistence Scale 

Relative rankings for each oil product, from least persistent to most persistent, are fisted in 
Table 2-3. Data from Figure 2-6 were used to compare the oil products. A numencal scale 
was developed by dividing the mid-point of the range of relative persistence estimates for each 
oil product by the least persistent oil product (gasoiine). Gasoline, jet fuel, and fuel oil #2 are 
relatively nonpersistent. Lube oils are persistent, and fuel oil #6 is highly persistent. Residual 
asphdtenes are the most persistent oil product considered in this study. 

A persistence ranking for a crude oil requires a definition of the composition &e., the mass 
fractions of different classes of compounds). Some components of crude oil are extremely 
persistent, while most other fractions are nonpersistent. A persistence ranking score is defined 
for a generic light, medium, and heavy crude by estimating the mass fractions of the individual 
products. Fractional distillation data from CONCAWE (1983) was used to generate the data 
in Table 2 4 .  Crude oil rankings are also presenîed in Table 2-3. 

Table 2-3. Numerical d e  for relative persistence of oil and oil products in the 
aquatic environment. 

OiI/Oil Product Relative Persistence 

Gasoline 

Jet Fuel 

Fuel Oil #2 

Lube Oils 

Light Crude Oil 

Fuel Oil #6 

Medium Crude Oil 

Heavy Crude Oil 

Residual Asphaltenes 

1 

2 

8 

55 

320 

400 

450 

590 

1600 

2 - 16 
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Cnide Oil: Gasoline 

Light 12.5 

Meùium 12.4 

Heavy 2.6 

Jet Fuel 

21.1 

16.6 

8.8 

Estimated from ,.actional I 

Table 24. Estimated mass fraction for three generk crude oils.lJJ 

Residual 
Fuel Oil #2 Lube Oils Bunker C Asuhaltenes 

15.4 15.4 

22.3 22.3 

29.2 29.2 

by CONC W E  (1983). 

Residual fraction fróm CONCAWE (1983) is assumed to consist of equal parts of 
BunkK C and residual asphaitenes. 

22.2 

16.7 

17.2 

13.4 

9.7 

13.1 

istillai w data reporte 
2 AI fractions are expressai as percentage of total. 

2.4 SUMMARY 

The primary processes determining the fate of crude oil and oil products after a spill are 
spreading, evaporation, emulsification, dispersion, dissolution, reaction, and sedimentation. 
These processes are influenced by the spill chaxacteristics, environmental conditions, and 
physiochemical properties of the spilled material. Because of the confounding effects of site- 
and spill-specific variables, physiochemical data will only provide a relative scale as to which 
oil and oil products will persist in the aquatic environment. 

An equilibrium partitioning model provides insight into where the oil and oil products will 

partition in aquatic environments. The model semes as a mathematical tool that differentiates 
between oil and oil products, without becoming a site-specific oil spill model. The generic 
environment used for the model consists of atmosphere, water, soil, suspended matter, 
sediment, and biota. 

Quantifying the physiochemical data associated with the oils and oil products is difficult 
because refining processes and technologies differ worldwide. For this reason, physiochemical 
data is considered a continuum, and oil products are represented as broad ranges of compounds 
characterized by carbon number and boiling points. This approach represents the fractional 
distillation process, and ignores any post-refining blending. Estimates are made for molecular 
weight, aqueous solubility, vapor pressure, and octanollwater partition coefficient. 

2 - 17 
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A numerical persistence scale is outlined and crude oil and oil products are ranked based on 
their persistence in aquatic environments. Persistence is defined as the aggregate fraction 
remaining in the water, soil, and sediment. Generally, it can be concluded that gasoline, jet 
fuel, and fuel oil #2 are relatively nonpersistent in the marine environment. Lube oils are 
slightly persistent, Bunker C (fuel oil #6) and crude oils are persistent, and asphaltenes are 
highly persistent (Table 2-3). 

It should be reemphasized that this analysis has a number of qualifications. First the crude oil 
and oil products are characterized with a broad range of physiochemical properties. This data 
has been estimated, and is not from measurements of actual samples. Second, this treatment is 
not compound specific. It treats an oil or oil product as a homogeneous, hypothetical 
compound. Third, relative persistence was estimated with an equilibrium model. There is no 
u prion reason to assume an oil spiil is in equilibrium. Finay, several important 
environmental parameters (e.g., wind speed, wave energy, currents, water depth, and habitat) 
are not considered in this study. The fate of petroleum products in the aquatic environment 
depends on physiochemical, as well as environmental parameters. A detailed analysis based 
on spill-specific and site-specific conditions was beyond the scope of this study. 

2 -  18 
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3.0 CHAPTER 3: OIL PRODUCT TOXICITY AND PERSISTENCE: A 
PERSPECTIVE 

3.1 ~NTRODUCIION 

Public outcry after a number of incidents within a period of a year (1989-1990) in the United 
States resulted in legislation designed to improve response preparedness to oil spills (Oil 
Pollution Act of 1990). The incidents also gave rise to a renewed interest and utilization of 
DOI rules regarding the assessment of damages to natural resources. States also began 
devising their own "formulas" for compensating the public for damages to a marine resource. 

How damaging are major spills? Do products actually persist for many years and have toxic 
effects? This section of the report will provide a perspective regarding the use of the terms 
toxicity and persistence in predicting injury and developing compensation formulas. 

The discussion below evaluates acute toxicity and persistence associated with oil products and 
crude as related to oil spills in general. Recognizing that this discussion is based in this 
context is important, since the ultimate impacts of oil are related to exposure conditions, 
product composition, and type of release. The prediction of biological injury is related then to 
both the inherent toxicity of the substance and the conditions of exposure. The discussion 
below views the spill scenario as a single incident and does not examine any cumulative or 
other risks which would be considered if other exposure methods (e.g., multiple spill 
incidents, slow releases) were a factor. 

3.2 TOxIcrrYOFOIL 

How toxic is oil? This study and State/DOI compensation formulas focus on acute toxicity in 
evaluating oil spill injuries. We have seen from discussions in this study that toxicity data 
associated with oil products are highly dependent on the test method used. This does not mean 
that the tests are not useful or that the science is inaccurate. It only means that test results and 
use thereof must consider the exposure methods used when the laboratory test was performed. 
As is evident fiom this study, all LCSO values are not comparable and careful consideration to 
methodology is important when interpreting the values. 

3 - 1  
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Concern for the impact of released oil products must be judged based on the amount of oil 
product needed to cause a given negative effect. As we have seen, some of the approaches to 
quantifjing toxicity attempt to use the most toxic components of the oil product to represent 
the overail toxicity of the product. This is primarily because toxicologists have not been able 
to accurately represent the toxicity of complex mixtures. The science of aquatic toxicology 
typically utilizes the dissolved compound as the exposure concentration on which to base an 
LC50. With single compound products, it is sensible to compare the toxicity of the product to 
the dissolved fraction. Since oil products have a sizable non-soluble fraction, describing the 
products' toxicity based on a small fraction of the product (dissolved or soluble portion) does 
not provide an accurate representation of the overaii product toxicity. 

We have seen from the analyses presented in this study that components and dissolved 
fractions are not necessarily representative of the relative toxicity of oil products themselves 
(Table 1-43). Oil products have components that can be viewed as relatively toxic. 
Naphthalenes and phenanthrenes have LC50 values in the low mg/l ranges for many marine 
invertebrates (Neff, 1985). Pesticides are normally considered the most toxic compounds to 
aquatic organisms and have LC50 values in the 10-9OOO ug/l range (Nimmo, 1985). The 
amount of oil product needed to cause a lethal effect to invertebrates in the laboratory varies 
considerably. Median effect levels for 224 crude oil data points on invertebrates, using the 
LC50 and the LL50 method of representation, are 6.31 and 225 mg/l respectively. Median 
levels for fish and the same crudes have median LC50/LL50 comparisons of 3.12 to 1365 mg/l 
respectively. Other comparisons are provided Table 1-40. 

Predicting the environmental threat of whole crude based on the most toxic component of the 
crude can be viewed as a misrepresentation of the overall impact of the product on aquatic 
organisms. Since spills occur with product (not a single component of the product), it would 
seem reasonable to compare and rank products based on studies that utilize variable ratios of 
whole product and water (multiple ratio method). These tests are best represented by the 
LU0 value. Therefore, answering the question "how much product is needed to cause the 
effect?" is the ultimate gauge of relative product toxicity. This provides a better perspective 
regarding the relative risk of oil product present during a spill incident since the LU0 can be 
related to a weight of product per volume of water. 
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3.3 P E R S S E N C E  AND OIL PRODUCTS 

After spills, a large fraction of the oil product volatilizes into the atmosphere. In the short 
term, the importance of this fact in mitigating acute injury is dependent on the specific site and 
the oil product. For example, a large percentage of kerosenes and diesel fuels will ultimately 
partition into the atmosphere, thus the injury they can cause while approaching equilibrium 
will be based on water depths, wind conditions, temperatures and other site specific variables. 
Once at or near equilibrium, we have seen in Chapter 2 that certain products (gasoline, diesel, 
kerosene) leave little residue in water columns and a relatively small fraction of the total 
spilled volume remains or is available to partition to sediment or other receptors. 

3.3.1 Persistence: Toxicity Based Concerns 

The term persistence has two aspects that need to be considered. Persistence when viewed in 
terms of toxicity is often thought of as negative. Certain pesticides or chlorinated products 
(PCBs) that persist can provide long term risks due to their ability to incorporate themselves 
into organisms, biomagnify in food chains and potentially impact reproductive and other key 
biochemical systems. The persistence of these products is of concern not only because they do 
not degrade over time or remove themselves from naturai systems, but also because of their 
instrinsicly toxic characteristics. Therefore, when compounds are persistent, mobile, able to 
biomagnify, and toxic they are in fact reasons for concern. We can refer to this group of 
persistent cornpounds/products as those which should elicit a toxicity based concern. 

Fortunately, oil products do not share ail the characteristics noted to provide the same toxicizy 
based concern that pesticides and other selected compounds cause. This is due to the fact that 
oil products by and large do not biomagnify through food chains since most higher organisms 
in the food chain (some crustaceans, most fish, all mammals) have enzyme systems capable of 
metabolizing aromatic compounds within their tissues (Neff, 1985). This is not to say that 
dissolved polyaromatic hydrocarbons do not bioaccumulate. The ability of organisms to 
metabolize varies e.g. bivalves have a rather poor PAH metabolizing ability. Studies have 
shown that these highly lipophilic compounds (PAHs) can accumulate in organisms when an 
exposure concentration is maintained in a laboratory environment. The significance of this 
finding in relation to the actual environment is, however, unclear. The mere phenomenon of 
bioaccumulation is not necessarily an indication that negative impacts are being exerted on the 
organism. Studies by Neff have also shown that organisms placed in PAH-free water after an 
exposure are able to release (Le., depurate) contaminants and thereby regain an 
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uncontaminated state. Finally, aromatic hydroarbon compounds that may accumulate in 
organisms for a period of time are not commercially designed, potent chemicals as are 
pesticides. The overail significance of bioaccumulation from a spill has by no means been 
fully evaluated nor is there a body of evidence demonstrating cause and effect. 

The toxicity based definition of persistence is often the impiied meaning when the term is 
used. As spilled oil weathers, its characteristics change. Compounds which were bioavailable 
during the early phases of a spiil become less available due to either losses to the atmosphere 
or to aggregation through sedimentation, precipitation or emulsification. AU these processes 
serve to reduce the overall bioavailability through the water column or dissolved fraction 
pathway. 

Based on the above description of the fate of spilled oil, a common industry perspective is that 
the persistent oil components from a spill (residues, tar bails, mousse etc.) are of low concem 
since they are not bioavailable. Thus multiplying a toxicity factor by a persistence factor in a 
compensation table seems illogical and is questioned. The argument is made that if the more 
persistent components are not bioavailable due to their form and low solubility, they cannot 
exert a toxic impact or cause biological injury. The problem with this argument is that it 
assumes that the primary reason for multiplying a persistence factor is the toxicity based 
concern noted above. 

States are using acute toxicity data and relating this endpoint or consideration directly to 
persistence by multiplying the two factors. This in effect attempts to directly relate two poorly 
related factors (persistence and acute toxicity). One factor (persistence) implies a long term 
exposure concern whereby the other (acute toxicity) denotes an impact requiring brief 
exposure. This, it could be argued, is the fundamenml problem with interpreting a States' use 
of the term persistence in a toxicity-based context. Acute effects can be predicted without a 
great deal of consideration to persistence. Chronic effects, however, could more appropriately 
be related to toxicity-based context of persistence. The following discussion notes the second 
aspect of persistence which needs to be considered in assessing total injury. 
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3.3.2 Persistence: Habitat Based Concerns 

As noted there are at least two perspectives on persistence. The above discussion is referred to 
as the toxicify based persistence argument. The second perspective can be described as the 
habitat bared view. It is based on the observation that certain spilled oils or crudes have a 
tendency to have long term negative impacts on selected habitats. These impacts primarily 
refer to mechanical disruption caused by oil residues on e.g., ocean sediments, rocky 
substrates, beaches, intertidal zones, and coral reefs. Impacts can be related to actual oil that 
comes on shore or weathered residues and solids from offshore incidents. These impacts are 
referred to as habitat related since they can interfere with the normal physical characteristics of 
substrates which serve as habitats for a variety of organisms. Residuals may take the form of 
tar baiis and or mousse that have settled in bays or deeper waters thus having a potential 
impact on the inhabitability of the sediments. They may also take the form of precipitated oils 
agglomerated with inorganic and organic particles or debris. Residues can also be viewed as 
potentially ingestible by filter feeding organisms depending on their physical size and form. 
This physical interference may persist for significant periods of time since the same 
characteristics of the weathered hydrocarbons which reduce their biological availability also 
allow them to persist as a potential habitat impediment. 

3.4 SUMMARY 

With these two perspectives regarding persistence in mind, a better understanding of the 
appropriate use of the term "persistence" can be developed. After the initial phases of a spill, 
when most of the active dissolution and volatilization has been accomplished, oil spill residuals 
from heavier products and crudes become less bioavailable with time. Thus, from the toxicity 
based persistence perspective, residuals represent a less acute threat over time. When using 
the toxicity based interpretation of the term persistence, it is not appropriate to utilize a direct 
proportion for estimating acute injury (i.e., multiplication of two numerical factors 
representing acute toxicity and persistence). However, the use of the term as a directly 
proportional factor from a habitat based standpoint is somewhat more defensible since it could 
be viewed as both a habitat based factor and a substitute for the lack of chronic toxicity 
considerations in the formulas. 
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APPENDIX B: RESULTS OF STATISTICAL COMPARISONS OF OIL PRODUCT 
AND TIFSTING METH0DOIX)GIES 
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Appendix Table B-l. Statistical comparisons of median effect concentration data by methodological 
parameter. I 
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[ Appendix Table B-2. Statistical comparisons of median effect concentration data by methodological 
parameter. 
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[Appendix Table B-3. Statistical comparisons of median effect concentration data by methodological I 
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Appendix Table B-4. Stabtical comparisons of median effea concentration data by methodological - parameter. 
KwindiciinKrmblwillb , 

INVERTEBRATES: FREE PRODUCl’ PRESENT pnlUCif- 
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Appendix Table B-5. Statistical comparisons of median effect concentration data by methodological 
parameter. 
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Appendix Table B-ó. Statistical comparisons of median effect concentration data by methodological 
, parameter. 
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I Appendix Table B-7. Statistical comparisons of median effect concentration data by methodological 
parameter. 
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[ Appendix Table B-8. Statistical c o r n p a n s  of median effect concentration data by methodological 

* 

parameter. 
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Appendix Table B-9. Statistical comparisons of median effect concentration data by methodological 
parameter. 
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APPENDIX C: DATA CLASSWED AS LOW RELIABILllY 
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APPENDIX D: OILTOX DATABASE SYSTEM VERSION 1.0 USERS GUIDE 
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NOTE: PORTIONS OF THIS PROGRAM, COPYRIGHT 1993 WORLDTECH SYSTEMS, INC. 

TERMS: “API” MEANS THE AMERICAN PETROLEUM INSTITUTE. 

I DISCLAIMER: 

BOTH MI  AND ENTRIX, h C .  MAKE NO REPRESENTATIONS OR WARRANTIES WïïH RESPECT TO 

THE CONTENT HEREOF, AND SPECIFICALLY DISCLAIM ANY IMPLIED WARRANTIES OF 

MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. 

THIS PROGRAM IS PROVIDED “AS 1s’’ WITHOUT WARRANTY AS TO PERFORMANCE, 

MERCHANTABILITY, OR FiTNESS FOR ANY PARTICULAR PURPOSE. THE ENTIRE RISK AS To THE 

RESULTS AND PERFORMANCE OF THIS PROGRAM IS ASSUMED BY THE USER. 

Emm, h C .  MAKES NO WARRANTY AGAINST MATERIAL THAT HAS BEEN LOST, STOLEN, OR 

DAMAGED BY ACCIDENT, MISUSE, OR UNAUTHORIZED MODIFICATION. 

NEITHER API NOR ENTRIX, INC. WILL BE LIABLE FOR SPECIAL, INCIDENTAL, CONSEQUENTIAL, 

INDIRECT, OR OTHER SIMILAR DAMAGES. THIS MEANS API AND ENTRIX, INC. ARE NOT 

RESPONSIBLE OR LIABLE FOR DAMAGES OR COSTS INCURRED AS A RESULT OF LOSS OF TIME, LOSS 

OF DATA, LOSS OF PROFITS OR REVENUE, OR LOSS OF USE OF THE SOFTWARE, OR ANY OTHER 

LOSSES WHATSOEVER. API AND E N T m ,  h C .  ARE NOT RESPONSIBLE OR LIABLE FOR DAMAGES 

OR COSTS INCURRED IN CONNECTION WITH OBTAINING SUBSTITUTE SOFTWARE, CLAIMS BY 

OTHERS, INCONVENIENCE, OR SIMILAR COSTS. 
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~"RODUC~ON TO TEE OILTOX DATABASE 

The Oil and Oil Product Toxicity Database (OILTOX) was developed for the American 
Petroleum Institute(API) by ENTRIX, Inc. as described in the API Report entitled "A Critical 
Review of Toxicity Values and an Evaluarion of the Persistence of Petroleum Products for Use 
in Natural Resource Damage Assessments". The database contains acute toxicity values for a 
variety of oils and oil product groups as weil as major taxonomic groups. Additionally, the 
database contains a va.riety of parameters which describe the methodological conditions under 
which each toxicity value was derived. The oil groups, taxonomic groups, and methodological 
parameters included in the database are described in the above mentioned report. 

The OILTOX software is user-friendly, mouse compatible and runs on IBM compatible 
microcomputers. Although OILTOX was designed to be simple and straight-forward, use of 
the software assumes that the user has limited knowledge of database management and 
computer functions. 

The database provided on the attached diskette is the "Read-Only" version. The database 
contains 748 individual data records and allows the user to browse the existing data set as well 
2s produce a variety of data reports. The information comprising each data record in the 
database is presented on the data entry form in Figure 1. The database structure is presented 
in Table 1. The oil product and species code lists are provided at the end of this users guide. 

System Requirements 

You can run OILTOX on the IBM PC, Personal Computer AT, PC/XT, or 100% compatible 
computers. 

OILTOX runs with PC-DOS release 2.0 or greater. 

To Set-up OILTOX, you will need the program diskette and at least 2 MB of hard disk space 
and 640K of RAM memory. A color monitor is helpful but not essential in running the 
program. 
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API TOXCI'IY DATABASE ENTRY FORM: 712400 

Effect Concentration (mg/i): Primary: 

D = DiCsel (No. 2) 
G æ Gasoline 
J = Jet Fuel (No. 1) 
K = Kerosene 
LsLIrbcOil 

O I 

Study hirposc Endpoint: Primary: 
EhDPûiNìS: (LCSO lLC100 I EC50 I ECIW I NOEC I LOEC) 

, Persistence Data Reported? (Y=yes/N=no): 0 
Chronic Data Reported? (Y=yes/N=no): 0 
Agitation Duration During Preparation (hrs)?: 

If Yes, Qualitative (1) or Quantitativc(2)? 

0 
(O=o/l=û-1/2=1-1Sn= 12-24/4=>24/S=not reported) 

Test Solution Development: (l=singIe ration=multiplc ratioß=not reported): 
Test Chamber: (l=open/2=closedn=not reported): 
Free Product Present: (Y=presentlN=abscntN=unlaiown): u 
Species Identification Code: m] 
AgeiLife-stage Code: (O=egg/l=larvaeL?=juvenilen=adult): 0 
Study Type (l=iab/2=ficld(deiiberatc spül)rj=ficld(accidental spill): 0 
Exposure Method(ST=static, non-rcnewed/SR= static, renewcd/ET= flow-through): ml 
Test Condition (FW=freshwater/SW=saitwater): ml 

~ e ~ t  Duration GOUS): ml 

MeasuredAJnmeasuredlStock (M=measuredN=unmeaed/S=stock): 0 
Reliability Code (Liclow/M=medium/H=high): u 

L = Sr~dy does not meet criteria for reliability (low) 
M = Sn<dy meets some criteria for reliabiìiry (medium) 
H = Study meets ail criteria for reliability (high) 

Peer Reviewed? (Y=yes/N=noN=unknown): 0 
Reference Number: -1 Year Published: [ T I  

Remarks : 
1 

AdaWmaì Notu: (Not fop Computer Enby): 

Figure 1. Example of the database entry form. 
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Structurr for databa. : F:URAWUPITôX.DIF 
N h r  o f  records : 74a 
List updet. : 03-30-93 

Field Field N a m  Type Length Dee 
------.--_-------------------.-------------*--- 

1 
2 
3 
1 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I I  
19 
20 
21 
22 

OILPRQ, 
PRIMEN0 
PERSIST 
WAL 
CHROWIC 
AGITATE 
TESTSüL 
TESTCHM 
FREEPRW 
TESTDUR 
SPECIES 
LI FESTAGE 
SNDYTYPE 
EXMETH 
TESTCOND 
EFFCONCP 
MEASURED 
RELIABLE 
PEERREV 
RE FNUWEER 
YRPUB 
REMARKS 

Character 
Character 
Character 
Nuærfc 
Charicter 
Nunerit 
Nunrfc 
Nuner i c 
Character 
N w r  i c 
Nuncr i c 
Nuner i c 
Nuner i c 
Character 
Character 
Nuner i c 
Character 
Character 
Character 
Nunerie 
Nuner i c 
Charactor 

3 
5 
1 
1 
1 
1 
1 
1 
1 
3 
5 
1 
1 
2 
2 
9 2 
1 
1 
1 
3 
1 
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I OILTOX Users Guide: Version 1.0 I 

If you are having RAM memory problems, you may want to lower the number of buffers in 
the Config.Sys file and clear out other memory resident programs. 

INSTALLATION 

The OILTOX diskette is  not copy protected. You should make backup copies of the software 
for archival purposes. The program disk contains the following files: 

OLTOX. €XE 
ñPW.MEM 
APIïOX.DBF 
APISPP-DBF 
APIOLDBF 
APIREF. DBF 
0ILPROD.NDX 
REFNUM.NDX 
SPPCODE.NDX 
REFN0.NDX 
0iLNAME.NDX 

To install OLTOX on your computer, copy (using DOS commands) aU of the files from the 
OILTOX program diskette to the directory and subdirectory in which you would like the 
OILTOX program to reside. For further details on using DOS commands please refer to your 
DOS manual. 

Installation Instructions Example: 

Installing from Drive A: to C:\OILTOX subdirectory: 

1) Create subdirectory OILTOX to contain program. 
ie. @ DOS prompt (C:\ >) type in MD OILTOX then press enter 

2) Insert the OILTOX program diskette into Drive A: 

3) Copy all files from diskette to subdirectory OLTOX 
ie. @ DOS prompt (C:\>) type in Copy A:*.* C:\OILTOX then press enter. 
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i) Get into the OILTOX subdirectory 
ie. At the DOS prompt (C:\>) type in CD C:\OILTOX then press enter 

2) Type in OILTOX and press enter to execute the program. 
i.e. At the DOS prompt (C:\OILTOX>) type in OILTOX then press enter. 

PROGRAM FUNCIIONS 

A mouse or keyboard can be used in moving about the OKLTOX program. When using the 
keyboard, you can press the "highlighted" letter of a given choice to select that choice or you 
can move the cursor to that choice and press the enter key. If using a mouse you can just 
"click" on a selected choice. 

Note: In the foliowing guide, the term "click" refers to both pressing the mouse button on a 
selected choice and, if using the keyboard, pressing the enter key once the choice has been 
selected. 

There are six major panels (choices) available from the Main Menu. These are: 

PASSWORD BROWSE REPORTS FILEMAINTENANCE UTarrncs EXIT 1 
These choices are described in detail below: 

Password 

When you start  the OILTOX program, you will need to enter a password before you can use 
any of the modules. When you click on the password panel, you will be prompted to enter a 
password (up to 8 characters). When you first receive the program, the password assigned is 
OILTOX. You can change the password by entering an X after the password. For example, 
when you are prompted to enter the password, if you enter APIOILX, you will access a screen 
from which you can change the password. 
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Browse Data 

When you click on the Browse Data panel, you are provided with one choice: 

BROWSE EXISTING Tox~crry DATA 

Browse Existing Toxicity Data 

This module allows the user to browse existing data records. The data records are accessed 
by Oil Product code in alphabetical order. Help messages are provided at the bottom of the 
screen. 

The codes for the OIL PRODUCT and SPECIES variables can be accessed through this 
screen. You can also access the literature reference from which each data record was 
developed. To access the code lists or the literature reference, place then ciick the mouse 
cursor on the "V" which is located immediately to the left of each respective variable. The 
code list or literature reference will appear on the screen. To move up and down each code 
list, use the updown arrow keys, the PgDn/PgUp keys, or place the mouse cursor on the 
arrows located in the popup window and click on the direction in which you would like to 
move. To Exit the code list, press the ESC button. 

You are provided with several panels (options) in the Browse Data Screen. 

NEXT: 
PREV: 
+ 10: 
-10: 
VIEW: 

Moves to the mt record in the toxicity database. 
Moves to the previou record in the toxiciry database. 
Jumps ahead 10 data records in the roxiciq database. 
Jumps backwards 10 data records in the toxicity database. 
Produces a view screen where each toxiciry data record is presented in 
table form (1 record per line). 

When VIEW is selected: 

To move between records, use the Up and Down arrow keys to move one record at a 
time, and PgUp and PgDn to move one screen at a time. Use Cid-PgUp and Ctrl- 
PgDn to move to the beginning or the end of the database. Use HOME to move to the 
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OILTOX Users Guide: Version 1.0 I 

first field of a record or END to move to the last field. To move across a record you 
can place the mouse cursor on the arrows located in the popup window (horizontal 
direction) and click on the direction in which you would like to move or drag the 
cursor in the direction you would like to move. Press ESC to Exit the VIEW screen 
and return to the Browse screen. 

QW Quits the browse module and returns to the main menu. 

Reports 

User Specified L&a Repod 

The Reports module allows the user to produce a user-defined report. For instance, you may 
be interested in reviewing data on diesel fuel toxicity to saltwater invertebrates. When the 
Report module is selected, a Report Selection Checkiist will appear on the screen. By clicking 
on the appropriate checkboxes, the user can select these fields and subsequent produce a report 
containing only these data. The reports can either be written to the screen, an ASCII Text file 
or sent directly to the printer. Click on as many checkboxes as you wish. When you have 
checked the boxes from which your report will be created, click on the OK panel. 

For each checkbox checked, a prompt will be provided to determine the vdue or range on 
which that parameter is to be selected. For example, if the "Free Product Presence" checkbox 
is checked, you will be prompted to enter a "Y" or "N". In either case, the output produced 
will consist of only those records you selected (e.g. if a "Y" was entered, the report would 
contain only toxicity data where exposure systems had "Free Product Present"). You may 
click on as many checkboxes as you wish in developing a report. If no checkboxes are 
checked, then ail data records will be selected. The checkboxes allow a wide variety of 
subsets of the database to be created. (See " Utilities"). 

In selecting by Oil Product you may select by specific Oil Product code or you may select by 
group. For example, if you wanted to select Cook Inlet Crude you would enter "C02". If you 
wanted to select ail Crudes you would enter "C". 
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The codes for the OIL PRODUCT and SPECIES variables can be accessed through this 
screen. To access the code lists place then click the mouse cursor on the "V" which is located 
immediately to the left of each respective variable. The code list will appear on the screen. 
To move up and down each code list, use the up-down arrow keys, the PgDdPgUp Keys, or 
place the mouse cursor on the arrows located in the popup window and click on the direction 
in which you would like to move. To Exit the code list press the ESC button. 

Once you have selected to send the output to the screen, the printer or to a Ne, you will be 
prompted to select a report output format. 

If you choose "Send TOX Values to the Screen", the following data will be written to the 
screen: 

OILP: Oil Product Code 
ENDPT: 
CONC(mg/l): Effect Concentration (mg/l) 
SPP: Species 
TESTCOND: Test Condition 
FREEPROD: Free Product Presence 
YEAR: Year Published 
REF #: Reference Number 

Test Endpoint (Le., LC50, EC5O) 

Reference Numbers in OILTOX relate to the assigned reference numbers in Appendix A of the 
API Repon entitled "A Critical Review of Toxiciry Values and an Evaluarion of the Persistence 
of Petroleum Products for Use in Natural Resource Damage Assessments". 

If you choose to send the output to a file, you will be prompted to enter a filename. If not 
otherwise specified, the output Ne will have a default extension of .PRT and will be written to 
the default directory. 

If you choose to send the report to the printer, the report will be sent directly to the printer. 
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I OILTOX Users Guide: Version 1.0 I 
When the report is completed, a message wiil be displayed as to the number of data records 
selected for the report (number of records meeting the selection criteria). 

Types of Reports 

There are three types of report output which can be produced if you select to sent the output to 
a file or to the printer. These are: 

LCSO VALUES, and 
ALL FIELDS: 1 RECORD PER PAGE, 

ALL FIELDS: 1 RECORD PER ROW: (COMMA DELIMITED) 

All Fields: 1 Record Der Pape: 

If this report format is selected, ail of the data fields from each record WU be displayed as 
presented in Figure 2. Only one data record will be displayed per page. 

LC50 Values 

If this report format is selected, the following information wii i  be displayed, 1 record per h e :  

Primary Endpoint Effect Concentra tion (mg/I) Species Reference # 

An example of this report output type is presented in Figure 3. 

All Fields: 1 Record per Row: [Comma Delimited) 

If this report format is selected, all of the data fields from each record will be displayed, 1 
record per line with each field separated by a comma (,). This type of format can easily be 
read into a spreadsheet program or other software package. An example printout of this type 
of report is presented in Figure 4. The order of the variables in the output report are presented 
in the first line of the report. 
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1 AP1 TOXICITI DATA REWRT: PAGE 

O i l  Product: LO1 

Study Purpose Endpoint: Primrry: E a 0  

Persistence Data Reportecl: N 
Chronic Data Reportad: Y 
Agitition Duration During Preparatiem (hrs): 
Test Solution Developi*nt: 1 
Teat Char:  2 
Free Prabct Present: W 
Test Duration (hrr): i 
S p u i n  idmtificrtion Code: 262 
Age-Life Stage: 2 
study Typ.: 1 
Exposure Method: ST 
Test Candftion: Si 

c 

Effect ConcantratSon (mg/L): Primary: 1.50 

MeasuredNmasured/Stok: W 

Reliability Code: H 
Peer Revieucd: U 
Reference Wer:  bc 
Year Published: 1989 

Rarmrks: 
lamobility. Value represents rlOOX YSF. Measured by flwresc 
«Ke spectroscopy. 

Figure 2. Example output from report module using the 
"Au Fields: 1 Record per Page" option. 
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Primary Effect  conc 
Endpoint (mg/lI, primary 

ECSO 
L b O  
E a 0  
L n 0  
E G O  
EC50 
ECSO 
E b O  
EC50 
LCSO 
ECSO 
LCSO 
E G O  
ECSO 
LCSO 
LM0 
L a o  
LMO 
LC50 
L b O  
LCSO 
LCSO 
LMO 
LC50 
L G O  

1 .so 
0.44 
0.30 
0.38 
1 .so 
0.08 

100000.00 
100000.00 

1 .66 
1.66 
0.92 

2.40 
1.80 

91.00 
20.00 
2.00 
2.00 
2.00 
2.00 

68.00 
2.50 
2. m 

33.00 
103.00 

2.38 

Spp Refir: 

262 W 
262 84 
201 ô4 
201 W 
201 84 
262 W 
303 14 
302 14 
262 84 
262 04 
201 84 
2Q1 ô4 
201 a4 
262 ô4 
262 1 
262 1 
262 1 
262 1 
170 1 
170 1 
i70 1 
110 1 
110 1 
110 1 
110 1 

Figure 3. Example output from report module wing the 
"LCSO Values" option. 
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OILP,ENOP, PERS, CHRO,AGIT, TSOL,TCHA, FREE, TûüR, SPP, LI FES, s~PE,D(~ETH,~#UID,EFFCOWC,~EAS,RELX ,PEER,REFY,YEM 
LOI, ECS0,N,N,~,1,2,Nl ~,~62,2,1,ST,Sü, I.SO,H,H,U, 84,1989 
LO1, LCSO,N,N,4,1,2,N, 68,262,2,l,ST,Sü1 O.U,H,H,U, 84,1989 
LOI, EC5O,N,N,L,1,2,W, 48,201,2,lISI,FU, 0.30,H,H,U, 84,1989 
LO1 , LCS0,N.N , 4,f ,2,N, U,  201 , 2,1 , ST, N, 0.38,ü1 H ,U, 84, 1989 
LO1 , ECSO,N,N,4, 1,2,N, 4,201,2,1, ST, FU, 1 .SOIHI H,U, 84,1989 
LO1, ECSO,N,N,4,1 J,N, 48,262,2,l,ST,SUU, 0.08,H,H,U, 84,1989 
LO1 , ECS0,N ,I ,S , 2,3,Y ,2COl3O3, 3,1 , ST, FU, lOOOOO.OO,U, L,U, 14,1975 
LO1 , ECSO,N,N, S ,2,3 , Y ,24~,302,~, 1, ST, FU, 100000.00, U,L,U, li, 1975 
L02, ECS0,W,N,4,1,2,Nl 48,26~,2,l,ST,SU, 1.66,H,HIU, 84,1989 
L02, La0 ,N , N , 4 , 1 , 2 ,N , @,262,2,1 , Sl , NI 1 -66, H, H ,U, 84 , 1989 
LO2, ECSO,N,N,4,1,2,1, 48,201,2,1,S1,N1 0.92,M,HIU, &,1989 
L02, LC%,N,N,~,1,2,N1 48,201,2,1,ST1N, 2.38,WIH,U, 84,1989 
Lm , Ea0 ,N I N , 4 , 1.2, N, 4 I 201 I 2,1, ST I N , 2-40 , M I  H , U, 84 , 1989 
102, E S O ,  N , N , C, 1 , 2 I N , 4 , 262,2, l , ST , SU, 1.80 ,HI  H ,U , 84 , 1989 
la, LC50,Y ,I , 1,1 I 1 , Y , 24,262,2, 1, ST, SU, 91.00, S,H,U, 1 , 1975 
La, LC50,Y ,N, 1,1,1 , Y, 46,262,2, l , ST, SU, 20.00, S I  H,U, 1 , 1975 
LO3 , LC50 , Y , N I 1 , 1,1 , N , 24 , 262 , 2,1 , ST , SU, 2.00 ,S , H , U, , 1975 
103 , LCSO , Y, N , 1 , 1.1 , N I 48,262 , 2,l , ST, SU, 2.00 ,S, H ,U, ,1975 
Lm , LU0 , Y , N , 1,1,1, N , 96,170,3 , 1 , ST , Sü, 2.00 , S , H ,U, , 197s 
La, LC50,Y ,N,1 , 1,l1N, 2t,170,3,1,ST,SU, 2.OOIS,H,U, , 1975 
LO3 , LCSO , Y ,N I 1 , 1 , 1, Y I 24 I 170 ,3 I 1 , ST , SU, 68.00 , S , H ,U, , 1975 

LO3, LCSO , Y ,N , 1 , 1,l ,N , 24,110,3,1, S f ,  FU, 2.70 , S,H ,U, 1 , 1975 
La, LC50,Y ,N, 1,l ,l,Y , %,110,3,1,ST,N, 33.OO,S,HlU, 1,1975 
LOS, LC50, Y ,N , 1 , 1 , 1 ,Y , 24,110,3,1 , ST, N, 103 .OO, S I  H , U, 1,1975 

L O S ,  LCSO,Y,W,l, 1 1 1  IN, %,110,3,1 I S T I F U I  Z-fO,S,H,U, ,1975 

Figure 4. Example output from report module using the 
“All Fields: 1 Record per Row, Comma Delimited” option. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



A P I  PUBL84594 95 = 0 7 3 2 2 9 0  0543073  398 

I OILTOX Users Guide: Version 1.0 1 

File Maintenance 

When you click on the File Maintenance Panel, you are presented with 2 options. These are: 

BACKUP "HE DATABASE, and 
RESTOREINDEXFILES 

Backing-Up the Database 

Choosing this option backs-up the files which comprise the database (.DBF mes). The 
backed-up fdes are given the same name with an extension of .BDB (Backed-up DataBase). 
The backed-up database files are saved to the default drive and directory. 

Restonng Index mes 

The database files and code list ñies are indexed by selected parameters such as reference 
number, oil product, etc. These indexes are contained in files with an .NDX extension. If 
one of these index fdes is opened and subsequently abnormally exited, the index file may not 
reflect the current contents of the active database or the files may have been corrupted. If the 
index files are corrupted, they can be restored with this option. Executing this option deletes 
all of the .NDX Nes and creates new ones from the current database. It is a good practice to 
restore the index files at the start and end of each session of database use. Restoring the index 

files is a good way to c o n f m  that your .NDX files are currently 100% indexed to the active 
database. 

Utilities 

There are 3 options to choose from the Utilities Menu. These are: 

EXPORT ASCII FILE, 
EXPORT LOTUS FORMATTED FILE, and 
CHANGE MOUSE SUPPORT 
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Exporf ASCH File 

With this option, the entire database can be exported in SDF (System Data Format) format. 
Each record is a fixed length; the end of a record is marked with a carriage return and a lhe 
feed. A .TXT extension is provided to the filename unless another extension is provided. 
Subsets of the database may be exported in ASCII format using the Reports module. The 
variable order of the exported database is presented in the database structure (ïable 1). 

Export Lotus Formatted File 

With this option, the entire database can be exported in Lotus 1-2-3 spreadsheet format. 
Records are copied to Lotus 1-2-3 rows, and fields are copied to Lotus 1-2-3 columns. A 
.WKS extension is provided to the filename unless another extension is provided. Subsets of 
the database may be exported in ASCII comma-separated format (spreadsheet compatible) 
using the Report module. The variable order of the exported database is presented in the 
database structure (Table 1). 

Change Mouse Support 

This option allows the user to turn the mouse on and off. If the mouse is turned off, the user 
must use the keyboard to move about the program. 
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I SPE~IESCODELISIS I 

Fish: 100- 199 

Freshwater 100-149 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

Chinook salmonlOncorhynchus tshawytscha 
Coho saimonlOncorhynchus kisutch 
Pink salmon/ Oncorhynchus gorbuscha 
Sockeye salmon/ Oncorhynchus nerka 
Arctic charlSalvelinus alpinus 
Dolly VardedSalvelinus malm 
Arctic grayling/îñymallus arcricus 
Threespine sticklebacWGasterosteus a c u l e m  
Slimy sculpinfCottus c o g m  
Fathead minnowlPimephales promelas 
Gold fishlCarassius auratus 
Golden shiner/ Notemigonus chrysoleneas 
Bluegill sun fishllepomis macrochirus 

Saltwater 150-1 99 

15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

Walleye poììock/ïñeragra chalcogramma 
Atlantic siversidelMenidia menidia or Menidia beryìlina 
Pink salmon/ Oncorhynchus gorbuscha 
D~l ìy  Varden/ Salvelinus malma 
Sockeye salmon/ Oncorhynchus nerka 
Saffkon codlEleginus gracilis 
Tube-snoutslAulorhynchus~a~dus 
Shiner perch 
Sandlance 
Chum salmon 
Staghorn sculpin 
Pipe fish 
Capelin 
Stany flounder/ Platichthys stellatus 
Pacific hemngl Clupea pallasi 
Great sculpin1 Myoxocephalus polyacanthocephalus 
Crescent gunnerlPholis laeta 
Cockscomb pncklebacklAnoplarchus purpurescens 
MummichoglFundulus heteroclitus or Funàulus similus 
Sheepshead minnowlCyprinodon vanegatus 
BleaWAlbumus albumus 
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Invertebrates: 200 - 300 

Freshwater 200-229 

201 Water fiealDaphnia magna 
202 Asellus aquaricus 
203 CopepodlNìrocra spinipes 

Salhuaier 230-299 

233 
234 
235 
236 

237 

238 
239 
240 
24 1 

242 
243 
244 
245 
246 
247 
248 
249 
250 
25 1 
252 
253 
254 
255 
256 
257 
25 8 
259 
260 
26 1 
262 
263 

Arctic krillíï'hysanoessu raschii 
W u t e  shrimplPenaeus setifem 
Brown shnmplPenaeus aztecus 
Nemerteans/ Parunemerres peregrina (purple ribbon worm) 
Lineus vegetus (brown ribbon worm) 
AnnelidslNereis vexillosa (mussel worm) Hannothe imbricata (scale 
worm) 
Hall's colusíColus halli 
PeriwinkìeslLinorina sirkana (Sitka) Thais lima (ñie) 
Purple margaritelMargarires pupillus 
ChitondKarharina mnicara (leather) Tonicellla lineara (lined) Mopalia 
ciliaru (ciliated) 
White cucumberlEupenracra quinqueimita 
Six-armed starfishlleprmterias hauen's 
Green sea urchinlStrongylocenrroncr drobachiensis 
TarspotlCucurnaria vega 
AmphipodlOrchomene pinguis 
Purple shore crabJHemigrapsis nudus 
Grass shrimp/ Palaemonetes pugio or Crangon alaskensis (ref#ll5) 
Rock crab 
Kelp crab 
Tanner crab/ Chionoecetes bairdi 
Crab/ Parag rapsus quadridentarus 
King crab1 Paralithodes camtscharica 
Kelp shrimplEualus suckteyi or Eualus spp. 
Scooter shrimplEua1u.s fabricii 
Humpy (humpback) shrimplPandaZus goniurus 
Coonstripe shrimplPandalus hypsinotur or Pandalus danae 
Quahog clamlMercenan'a sp. 
Dungeness crabllancer magister dana 
Ghost crablûcypode quadrara 
Planktonic shrimplluciferfaxoni 
Brine shnmplAnemia 
S hnmpl Crangon crangon 
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264 
265 
266 
267 
268 
269 
270 
27 1 
272 
273 
274 
275 
276 
277 
278 
279 
280 
28 1 
282 
283 
284 
285 
286 
287 
288 
289 
290 
29 1 
292 
293 
294 
295 
296 
297 
298 

I OILTOX Users Guide: Version 1.0 I 
American oyster/ Crassostrea virginica 
Arctic invertebrateIOnisimus litoralis 
Arctic invertebrate1Boeckosirnu.s edwardsi 
Arctic hvertebrate1Anony.x nugar 
Arctic invertebrate1Calanus hyperboneus 
BarnacielBalanus glandula 
Supralittord isopodllygia exotica 
CopepOdlAcama tonsa 
Am phipodlElasmopus pectenicrus 
AmphipodlGammarus oceanicus 
Amp hipodlOrchomene pinguis 
Isopodlldothea wosnesenski 

Hermit CrabslPagurus hinuriusculus 
Dock shrimplPandalus dame 
Pink shfimplPandalus borealis 
Polychaetous annelidl Capitella capitata 
Polychaetous annelidlCirrifonnia spirabranch 
Polychaetous annelidlCterwdrilus serrana 
Polychaetous annelidl Ophïyotrocha puenlis 
Polychaetous annelidlOphryotrocha sp. 
Polychaetous annelidlNeanrhes arenaceodemata 
Arctic shallow-water mysidlMysis oculata 
My sidlAcanrhomysis pseudomacropsis or Mysidopsis almyra 
Sea cu cum berlEupentacta quinquesemita 
Sea cucumber1Cucwnaria e$ vega 
Littleneck clam/ Protothaco staminea 
MussellMytilus edulis 
LimpetlNotoacmaea spp. 
Plate limpetlCollisella scutum 
Chitonllschnochiton stellen 
ChitonlKatharina tunicata 
SnaillLittorina sitkanna 
Snaillhíargarites pupilus 
Whelksf Nucella lima and Neptunea lyrata (ridged) 

Scallopslchlamys spp. 
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PlanîslAlgae: 300 - 399 

Fresh water 300-349 

301 Green algae/Selanastnum c a p n c o m m  
302 Green algaelEuglena gracilis 
303 Green dgaelScenedesmus quadricauda 

Saltwater 350-399 

35 1 
352 
353 
354 
355 

360 
36 1 
362 
363 
364 
365 

370 

Diatom/ Skdetonema costanun 
Diatom/ Chaetoceros septerunonalis 
Diatom/ Navicula batrusiensis 
Diatom/ Nitschia delicatissima 
DiatomlQlindrotheca sp. 

Green algaelDunaliella euchlora 
Green dgaellsochrysis galbana 
Green algaelMonochrysis lutheri 
Green algaelNannochlons oculata 
Green algae/ Chlamydomonus pulstuilla 
Green algae 1 Chlorella autotrophica 

Blue-green algaelAgemenellwn quadruplicanun 

Zooplankton: 400 - 499 

Freshwater 400-449 
Saltwater 450-499 
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Crude Oils 

CO 1 
coz 
CO3 
CO4 
CO5 
CO6 
CO7 
CO8 
CO9 
c 10 
c11 
c12 
C13 
C 14 
C15 
C16 
C17 
C18 
c 19 
c20 
c 2  1 

Kuwait (light) crude 
Cook Inlet crude 
Southern Louisiana crude 
Florida Jay crude 
Prudhoe Bay crude 
Venezuelan crude (incl. BCF-22) 
Western sweet blend crude 
Transmountain crude 
Norman Wells crude 
Hibemia crude 
Amauligak crude 
Tarsuit crude 
Lago Medio crude 
Atkinson crude 
Bent Hom crude 
Ramashkin crude 
West Texas crude 
Dubai crude 
Nigerian crude 
Pembina crude 
Alaskan crude (ARCO, unspecified) 

Diese1 Fueis 

DO1 Diesel 
DO2 Fuel Oil No. 2 
DO3 
DM Light diesel fuel 
DO5 Heavy diesel fuel 
DO6 Navy distillate fuel 
DO7 Marine diesel 

Fuel Oil No. 2 - furnace fuel 

L OILTOX Users Guide: Version 1.0 I 

I ÖXLPRODU~CODELIST I 
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Bunker Oil 

BO1 Bunker "C" (unspecified) 
BO2 Venezuelan Bunker C 
€303 Fuel Oil No. 6 
BO4 Bunker C light 
BO5 
BO6 

Heavy Fuel Oil No. 4 
Navy Special (rptd to be btwn comm. fuels no. 4 and no. 5 )  

Jet Fuel 

JO1 Jet fuel - JP8 
JO2 
JO3 Jet fuel - JP9 
JO4 Jet fuel - JF4 

Light Fuel Oil No. 1 

Gasolines 

GO1 Leadedgasoline 
GO2 Unleaded gasoline 
GO3 Low leaded gasoline 

Lube Oils 

LO1 
LO2 Heavy marine lube 
LO3 9250 lube oil 

Auto lubdlubncating oil - unspec. 
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