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Enwmwuntaf Partnership 

One of the most significant long-term trends affecting the future vitality of the petroleum industry is the 
public’s concerns about the environment. Recognizing this trend, API member companies have developed a 
positive, forward-looking strategy called STEP: Strategies for Today’s Environmental Partnership. This 
program aims to address public concerns by improving our industry’s environmental, health and safety 
performance; documenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental Principles. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products and services to consumers. The members recognize the importance of 
efficiently meeting society’s needs and our responsibility to work with the public, the government, and others 
to develop and to use natural resources in an environmentally sound manner while protecting the health and 
safety of our employees and the public. To meet these responsibilities, API members pledge to manage our 
businesses according to these principles: 

O To recognize and to respond to community concerns about our raw materials, products and 
operations. 

O To operate our plants and facilities, and to handle our raw materials and products in a manner that 
protects the environment, and the safety and health of our employees and the public. 

O To make safety, health and environmental considerations a priority in our planning, and our 
development of new products and processes. 

O To advise promptly, appropriate officials, employees, customers and the public of information on 
significant industry-related safety, health and environmental hazards, and to recommend 
protective measures. 

9 To counsel customers, transporters and others in the safe use, transportation and disposal of our 
raw materials, products and waste materials. 

O To economically develop and produce natural resources and to conserve those resources by 
using energy efficiently. 

O To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 

9 To commit to reduce overall emission and waste generation. 

9 To work with others to resolve problems created by handling and disposal of hazardous 
substances from our operations. 

O To participate with government and others in creating responsible laws, regulations and standards 
to safeguard the community, workplace and environment. 

+ To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose of similar raw materials, petroleum products 
and wastes. 
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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, 
MANUFACTURERS, 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. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED 
AS GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR 

THING CONTAINED IN THE PUBLICATION BE CONSTRUED AS INSURING 
ANYONE AGAINST LIABILITY FOR INFRINGEMENT O F  LETTERS 
PATENT. 

PRODUCT COVERED BY LETTERS PATENT. NEITHER SHOULD ANY- 

Copyright O 1995 American Petroleum Institute 
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American Petroleum institute 
Health and Environmental Sciences Department 

QUALITY ASSURANCE/GLP COMPLIANCE STATEMENT 

Study Title: Tert-Amyl Methyl Ether (TAME) - Toxicity to the 
Freshwater Alga, Sehnastrum cupricarutum 

Testing Facility: Springborn Laboratories, Inc. 

SLI Study Number: 12827.0692.6106.430 

This study was reviewed by API Quality Assurance personnel under 
the direction of API Management on the dates indicated below for 
compliance with EPA (TSCA) Good Laboratory Practice (GLP) 
regulations. These studies were conducted in accordance with EPA 
GLP regulations, with the exceptions* listed below. 

Copies of reports by API Quality Assurance personnel are 
available upon written request to the Director of the Health and 
Environmental Sciences Department of the American Petroleum 
Institute or his designee. 

Date(s) of 
Inspection/Review 

8 / 2 8 / 9 2  

1 2 / 2 / 9 3  

4 / 2 7 - 2 8 / 9 4  

8 / 1 5 / 9 4  

Christine Sedmith 
Quality Assurance Coordinator 

Type of Date of 
Inspection Report to 

Protocol 
Evaluation 8 / 2 8 / 9 2  

Manaqement 

Protocol Amendment 
Review 1 2 / 2 / 9 3  

Draft Report 
Audit 4 / 2 9 / 9 4  

Final Report 
Acceptance 8 / 1 5 / 9 4  

*Test article characterization, other than that received by the 
manufacturer ( 9 8 . 8 %  pure TAME) was not performed, storage 
stability for this test article is not known, and the method of 
fabrication is maintained with the test article supplier. 
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Spring born Laboratories, Inc. 
Environmental Sc iences  Division 
790 Main Street o Wareham, Massachusetts 02571-1075 0 (508) 295-2550 0 Telex 4436041 0 Facsimile (508) 295-8107 

AMENDMENT TO THE STUDY FINAL REPORT 

Final Report Tttle: 

Amendment No. 1 Amendment Date: 12 August 1994 

SU Study No. 12827.0692.61 06.430 

SLI Report No. 93-1 1-5065 

Study Sponsor: American Petroleum Institute 

Study Director: James R. Hoberg 

Ted-Amyl Methyl Ester (TAME) - Toxicity to the Freshwater Alga, 
Selenastrum capricornutum 

Final Report Modifications and/or Additions: 

page2 - 

page 12 - 

page 15 - 

page 18 - 
- 

page 27 - - 
- 

page 28 - 

In the third sentence, "maintenance of records" was changed to "maintenance 
of these records" 

In the second complete sentence, "vessel control" was changed to "control 
vessel" 

The statistical section was clarified to explain that EC values could not be 
calculated at the 48-hour interval 

Solubility and volatility information was added to the end of the first paragraph. 

Reference to section 2.6 of the repod was added to the eighth sentence. 

A column for nominal concentrations was added to Table 4. 
Footnote "P' was added to the table. 
The 96 hour cell density value for the B replicate of the 0.52 mg A.I./L treatment 
level was corrected to read "9" 

The 4Shour EClO, EC50 and EC90 results were removed from the table. 

L E V E R S  AN3 REPORTS SpngtMr? Laboratories inc ieners ano repons aie issued for lne exclusive use O' lhe i l ierts io w i o i  the!. are a:ziessec h;i  q m a i  Y S  %- r t : - z i  ' ' 

use o+ the Springborr Laboratories I n i  name IS permitlea excepl as eapressly autnorizeb in writ 19 Leners a m  repons apc y o-,, 15 the SD~CI 'SC mite. a b p'3cL?s 3' woies'eo ' F C ' P -  
examined or surveyed ana are no1 necessarily indicative of the quaiil!es 01 8pparewy iaenlica or Slmi:ar maie*ia's ~ ~ O C J C I S  or D - O C ~ S ~ F S  Tne ' 5t)i ,I, o' QE..npt)~-  ;ab:.'a!:' C T  IC: 

w#lh respect to se*mes rendered shall be iirnited IO the amom1 of the consloera1,on paio for sbcn sewces ano no1 inc..tde z-! coTiseaLell ã az-aqts 
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Appendix il - The Certificate of Analysis for Lot No. 07905KZ was removed as this lot was 
not used during testing. 

Approval Signatures: 
r/z/91/ 

4 James R. Hoberg f l  
Study Director 

- 
Supervisor, Quality Assurance Unit 
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TERT-AMYL METHYL ETHER (TAME) - 
TOXICITY TO THE FRESHWATER ALGA, 
Selenastrum capricornutum 

GUIDEUNE REFERENCE NUMBER: 797-1 050 

Submitted to: 

American Petroleum Institute 
1220 L Street, Northwest 
Washington, D.C. 20005 

SLI Report #93-11-5065 

SU Study #12827.0692.6106.430 

Study Director: James R. Hoberg 

Springborn Laboratories, Inc. 
Environmental Sciences Division 

790 Main Street 
Wareham, Massachusetts 02571 

12 August 1994 

AMENDED FINAL REPORT 
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Report No. 93-1 1-5065 Page 2 of 66 

GOOD LABORATORY PRACTICES COMPLIANCE STATEMENT 

The data and report prepared for "Ted-Amyl Methyl Ether (TAME) - Toxicity To The 

Freshwater Alga, Selenasfrum capricornutum" were produced and compiled in accordance with 

all pertinent U.S. EPA Good Laboratory Practice Regulations (40 CFR, Part 792) with the following 

exceptions: routine water screening analyses for pesticides, PCBs and metals are conducted 

using standard U.S. EPA procedures by Lancaster Laboratories, Lancaster, PA. These data were 

not collected in accordance with Good Laboratory Practice procedures (¡.e. no distinct protocol, 

Study Director, etc.). Stability, characterization and verification of the test material identity and 

maintenance of these records on the test material are the responsibility of the Study Sponsor. 

At the termination of the testing program, all remaining test material will be sent to the Study 

Sponsor. Archival of a sample of the test material is the responsibility of the Study Sponsor. 

SPRINGBORN IABORATORIES, INC. 

g a m e s  R. Hoberg f Dáte 
Study Director 

Springborn Laboratories, Inc. 
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SUMMARY 

Teh-Amyl Methyl Ether FAME) - Toxicity to the Freshwater Alga, 
Selenastrum capricornutum 

SPONSOR: 

PROTOCOL TITLE: 

REPORT NUMBER: 

STUDY NUMBER: 

TEST MATERIAL: 

DATE RECEIVED: 

DESCRIPTIO N : 

EXPERIMENTAL 
START DATE: 

EXPERIMENTAL 
TERM IN AT1 ON DATE: 

TEST ORGANISM: 

DILUTION WATER: 

TEST CONDITIONS: 

NOMINAL TEST 
CONCENTRATIONS: 

American Petroleum Institute 
1220 L Street, Northwest 
Washington, DC 20005 

"Protocol for Conducting a 96-Hour Acute Toxicity Test with 
the Alga, Selenasfrum capricornufum, Following TSCA 797- 
1 050," Springborn Laboratories Protocol #:O91 1 92/TSCA 
797.1050 and Protocol Amendment #1 dated 18 November 
1993. This protocol conforms to U.S. EPA TSCA Guideline 
S797-1050 (U.S. EPA, 1985, 1987) 

93-1 1-5065 

12827.0692.61 06.430 

Tert-Amyl Methyl Ether (TAME) Lot #O281482 

17 August 1993 

A clear liquid, 98.8% active ingredient (Certificate of Analysis, 
Appendix I l ) .  

18 November 1993 

22 November 1993 

Selenastrum capricornufum, inoculum - three days since 
previous transfer, source - Springborn culture 

Algal Assay Procedure (AAP) medium 

96-hour duration, 25 OC, continuous illumination at 3200 to 
4800 lux (300 to 450 footcandles), shaking rate of 100 rpm 

0.040, 0.080, 0.16, 0.31, 0.63, 1.3, 2.5 and 5.0 mg A.I./L 

Springborn Laboratories, Inc. 
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MEAN MEASURED 
CONCENTRATIONS: 0.017, 0.037, 0.067, 0.23, 0.48, 0.52, 1.4 and 3.7 mg A.I./L 

EFFECT CRITERION: Inhibition of cell growth (culture density relative to the control) 

RESULTS: The 96-hour EC50 value was calculated to be 0.11 mg A.I./L 
(95% confidence limits of 0.018 and 0.64 mg A.I./L). The 96- 
hour No-Observed-Effect Concentration (NOEC) was 
determined to be 0.01 7 mg A.I./L. 

Results from the supplemental exposure conducted at test 
termination demonstrated that TAME, at a concentration of 
3.7 mg A.i./L has an algistatic (reversible) rather than algicidal 
(non-reversible) effect on the growth of Selenastrum 
capricornutun? once it is diluted to a non-inhibitory 
concentration (0.040 mg A.I./L). 
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1 .O INTRODUCTION 

The objective of this study was to determine the effect of Tert-Amyl Methyl Ether (TAME) on 

the growth of the freshwater alga Selenastrum capricornutum. The exposure system was 

specifically modified to minimize the loss of test material due to volatilization. The resuits are 

based on mean measured concentrations and are reported as the 96-hour EClO, EC50 and 

EC90 values (¡.e., the concentrations of test material that reduce culture density by 10, 50 and 

90%, respectively, as compared with the control). The study was initiated on 16 October 1992, 

the day the Study Director signed the protocol, and was completed on the day the Study Director 

signed the final report. The experimental phase of the 96-hour acute toxicity test was conducted 

from 18 to 22 November 1993 at the Environmental Sciences Division of Springborn Laboratories, 

Inc. (Stl), Wareham, Massachusetts. A final report for this study was issued to American 

Petroleum Institute dated 24 February 1994. This amended final report, 12 August 1994, 

incorporates changes as made in Final Report Amendment #1. 

2.0 MATERIALS AND METHODS 

2.1 Protocol 
The toxicity test was performed according to the Springborn protocol entitled "Protocol for 

Conducting a 96-Hour Acute Toxicity Test with the Alga, Selenastrum capricornutum, Following 

TSCA 797-1 050," Springborn Laboratories Protocol #:O91 192fTSCA 797.1 050, and Protocol 

Amendment #1 dated 18 November 1993 (Appendix I). This protocol conforms to US. EPA 

TSCA Test Guideline ~797-1050 (U.S. EPA, 1985, 1987) with modifications approved by the US. 

EPA to minimize volatilization of the test material from the exposure vessels. 

2.2 Test Material 

A sample of Tert-Amyl Methyl Ether (TAME), CAS #994-05-8, Lot 0281 4BZ, a clear liquid was 

received from Experimental Pathology Labs, Inc., Herndon, Virginia, on 17 August 1992. This 

sample was identified by Aldrich Chemical Company to contain 98.8% active ingredient 

(Certificate of Analysis, Appendix I l ) .  Upon receipt at Springborn, the sample was stored in a 

dark, ventilated cabinet at room temperature (approximately 20 OC). This sample was used to 

Springborn Laboratories, Inc. 
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prepare test solutions for the preliminary and definitive exposures. Additionally, it was used for 

analytical standards and quality control samples. Test concentrations are expressed as 

milligrams of TAME as active ingredient per liter of solution (mg A.I./L), 

2.3 Test Organism 

The alga used in this toxicity test was the freshwater green alga Selenastrum capricornutum, 

strain 1648, class Chlorophyceae. The alga was originally obtained from the Carolina Biological 

Supply Company, Burlington, North Carolina, and was maintained in stock culture at Springborn. 

The culture medium used was Algal Assay Procedure (AAP) medium prepared with sterile, 

deionized water. The components used to formulate the AAP medium are presented in Table 

1. Representative samples of the water source used to prepare the deionized water for AAP 

medium preparation were analyzed for the presence of pesticides, PCBs and toxic metals 

(Appendix ill). None of these compounds have been detected at concentrations that are 

considered toxic in any of the water samples analyzed in agreement with U.S. EPA guidelines. 

In addition, a representative sample of AAP medium is analyzed monthly for total organic carbon 

(TOC) concentration. The TOC concentration of the AAP medium was 0.90 mg/L for the month 

of November 1993. 

The pH of the AAP medium was adjusted to pH 7.5 0.1 with either 0.10 N hydrochloric acid 

or 0.10 N sodium hydroxide. Stock cultures were grown in 125 mL glass flasks containing 50 

mL of medium. The flasks were covered with stainless steel caps which permitted gas exchange. 

The stock cultures were maintained under the following test conditions: shaking rate of 

approximately 100 rpm, temperature of 24 f 1 "C with continuous illumination at the solutions' 

surface with a light intensity of approximately 6000 to 6500 lux (560 to 600 footcandles), for a 

minimum of three days prior to test initiation (SLI Algae Daily Log, 1993). Temperature was 

controlled using an environmental chamber. Lighting was supplied by Duro-Test, Inc. Vita-Lite* 

fluorescent lights. Culture flasks were agitated continuously on orbital shakers. 

Springborn Laboratories, Inc. 
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Stock cultures were transferred to fresh medium approximately twice weekly. The inoculum 

used to initiate the toxicity test with TAME was obtained from a stock culture that had been 

transferred to fresh medium three days prior to testing. 

2 4  Test Dilution Water 

The PAP medium used to prepare the exposure solutions during the preliminary and definitive 

tests was formulated in the same manner as the culture medium except 500 mg/L sodium 

bicarbonate was added to the medium to provide sufficient sodium bicarbonate for cell growth 

in a closed test system. Several liters of test medium were prepared and equilibrated to test 

temperature. The initial pH of this medium was 8.1 and was adjusted to 7.6 with 0.1 N HCI prior 

to use. 

2.5 Test Concentrations 

Based on the results of three range-finding tests conducted at SLI from 15 to 19 October 

1992 and 14 to 18 December 1992. nominal test concentrations of 0.040, 0.080, 0.1 6, 0.31, 0.63, 

1.3, 2.5 and 5.0 mg A.I./L of TAME were selected for the definitive exposure. 

2.6 Preparation of Test Solutions 

A 500 mg A.I./L stock solution was prepared by diluting 0.2530 g (0.2500 g as A.I.) of test 

material with 500 mL of AAP medium containing 500 mg/L of sodium bicarbonate (test medium). 

Test solutions were then prepared by diluting the appropriate amount of the 500 mg A.I./L stock 

solution to a volume of 4000 mL with test medium resulting in the desired nominal test solution 

concentrations. Additional untreated test medium was prepared and designated as the control. 

In addition, a reference control was established, using standard AAP medium without the addition 

of sodium bicarbonate and the closed system vessels, in order to demonstrate that the algal 

culture used to initiate the definitive test met standard performance criterion (Le., log growth 

phase after 96 hours of exposure). 

Sterile Erlenmeyer flasks, twelve flasks per treatment level and the controls, were conditioned 

prior to use by rinsing with the appropriate exposure solution. Approximately 275 mL of the 

Springborn Laboratories, Inc. 
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appropriate test solution was then placed in each of the conditioned replicate flasks. A set of 

control vessels was established which contained test medium. 

An additional reference control vessel was established containing standard AAP medium 

without the addition of sodium bicarbonate or TAME. This vessel was maintained under the 

standard conditions used for algal culture (e.g., 100 mL solution in a 250-mL flask with gas 

exchange cap, see section 2.3). The control vessels were maintained under the same conditions 

as treatment level vessels but contained no TAME. All test vessels were completely filled with 

test solution (Le., zero headspace) and tightly capped with a silicone stopper to prevent 

volatilization of the test material. 

3.0 TEST PROCEDURES 

3.1 Test Initiation 

Within 40 minutes after the test solutions were prepared and added to the replicate flasks, 

2.5 mL of an inoculum of Selenastrurn capricornuturn cells, at a density of 1 1 1 x 1 O4 cells/mL, was 

aseptically introduced into each flask. This inoculum provided the required initial cell density of 

approximately 1 .O x I o4 ceils/mL. 

3.2 Test Monitoring 

3.2.1 Algal Growth. At each 24-hour interval during the definitive test, cell counts were 

conducted on three replicate vessels of each treatment level and control (single vessel for 

reference control) using a hemacytometer (Neubauer Improved) and an Olympus compound 

microscope. One sample (approximately 0.5 mL) was removed from each flask for counting. 

Following counting, the sample and the replicate solution from which the sample was removed 

were discarded. One or more hemacytometer fields, each 0.1 O x 0.1 O cm in surface area and 

0.01 O cm deep and containing 0,0001 O mL of culture, were examined for each sample until four 

fields were counted. Observations of the health of the cells were made and recorded at each 

24-hour interval. The test and control solutions observed at each 24-hour interval were 

discarded after use, due to the potential loss of test material from the test vessels. 

Springborn Laboratories, Inc. 
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3.2.2 Recovery. At test termination, approximately 2.2 mL was removed from the composite 

of the three replicate solutions of the highest test concentration (nominal concentration, 5.0 mg 

A.I./L) which most severely inhibited algal growth. The subsample was diluted with sterile AAP 

medium (pH adjusted to 7.5) to prepare a subculture with a nominal test material concentration 

equal to a test concentration which did not inhibit cell growth during the definitive exposure 

(nominal concentration, 0.040 mg AUL).  This subculture was used to determine if the effects 

of the test material on algae were algistatic, in which case cells would resume growth in the 

subculture, or algicidal, no growth would occur in the subculture. The subculture was incubated 

under closed system test conditions for up to 9 days or until growth was observed. 

3.2.3 Test Conditions. The test was conducted in an environmental chamber designed to 

maintain the following test conditions: a temperature range of 24 f 1 OC, continuous lighting with 

a light intensity within the range of 3200 to 5400 lux (300 to 500 footcandles) and a shaking table 

rate of 100 f 10 rpms. 

Temperature was measured continuously with a Taylor Thermometer Company, Inc. 

minimum/maximum thermometer located in a flask of water adjacent to the test flasks in the 

environmental chamber. The shaking rate of the orbital shakers was recorded daily. Light 

intensity of the test area was measured with a General Electric Type 21 4 light meter at O-hour and 

each 24-hour interval of the exposure period. Light intensity was measured in footcandles and 

converted to lux based on 1 footcandle equals 10.76 lux. Test flasks were randomly positioned 

based upon computer-generated random numbers on a Lab-tine orbital shaker Model #3520 

at test initiation and after each observation interval. 

Water quality parameters (pH and specific conductivity) were measured at test initiation and 

at the termination of the 96-hour exposure period. Measurements at O-hour were conducted on 

the test solution remaining in the 4000-mL flask after the individual test flasks had been filled. 

At test termination, after cell counts were completed, the three remaining replicate vessels for 

each test concentration and the control were individually cornposited and a portion of each 

composite solution was transferred to a 1 00-mL beaker for pH and conductivity measurements. 

~ ~~ ~ ~~~~ 
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Each of these water quality parameters was also measured in the reference control solution at 

test initiation and termination. Test solution pH was measured with a LaMotte Model HA pH 

meter, and specific conductivity was measured with a Yellow Springs Instrument (YSI) Model #33 

salinity-conductivity-temperature meter. 

3.2.4 Chemical Analysis. At test initiation (O hour) and test termination (96 hours), a single 

sample from each test solution and the controls was analyzed for TAME concentration. Samples 

analyzed at O hour were removed from each test solution as it was prepared prior to division into 

the replicate test vessels. Samples analyzed at 96 hours were removed from the individual 

composite solutions of the three replicates of each test concentration and the control(s). In 

addition, three Quality Control (QC) samples were prepared at each interval using fresh algal 

growth medium. QC samples were prepared at nominal concentrations similar to the 

concentration range tested. Each set of QC samples remained with the corresponding set of 

exposure solution samples throughout the analysis. The results of these analyses were used to 

judge the precision and quality control maintained during the analytical process. All samples 

were analyzed for TAME concentration using a gas chromatography (GC) procedure according 

to the methodology presented in Appendix IV. A method validation study conducted at 

Springborn prior to initiation of the definitive test, established a mean recovery of TAME of 89.7 

5 2.3% from AAP medium. Conditions and procedures used throughout the analysis of 

exposure solution samples and QC samples during this study were similar to those described 

in Appendix IV. 

4.0 STATISTICAL ANALYSIS 

The cell density of each flask sampled at each 24-hour interval was calculated by dividing the 

number of cells counted by the total volume of culture examined. Means and standard 

deviations for cell density were calculated for each treatment level and the control(s) from 

individual replicate values. 

Springborn Laboratories, Inc. 
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For the observed values for cell density, the highest test concentration that caused no 

statistical adverse effect, the No-Observed-Effect Concentration (NOEC), was determined using 

Williams’ Test (Williams, 1971, 1972). The data were first checked for normality using Shapiro- 

Wilks Test (Weber, er a/, 1989) and for homogeneity of variance using Bartletts’s Test (Horning 

and Weber, 1985). All statistical determinations were made at the 95% level of certainty, with the 

exception of Shapiro-Wilks’ and Bartlett’s Tests where the 99% level of certainty was applied. 

EC1 O, EC50 and EC90 values (the concentration of test material which reduced cell densities 

by 10, 50 and 90%, respectively) were calculated based on cell density after 72- and 96-hours 

of exposure. EC values could not be calculated at the 24- and 48-hour observation intervals due 

to the lack of a well-defined concentration-response. The EC1 O, EC50 and EC90 values and their 

95% confidence limits were determined by linear regression of response (percent reduction of 

cell density as compared with the control data) vs. mean measured exposure concentration over 

the range of test concentrations where a clear exposure-response relationship was observed. 

Four linear regressions were estimated based on (a) untransformed data, (b) untransformed 

response vs. logarithm-transformed concentration, (c) probit-transformed response vs. logarithm- 

transformed concentration, and (d) probit-transformed response vs. untransformed concentration. 

The regression that best fit the data was selected based on the highest coefficient of 

determination (P). This regression equation was then applied to estimate the EC values and their 

95% confidence limits, using the method of inverse prediction (Sokal and Rohlf, 1981). 

5.0 RESULTS AND DISCUSSION 

Copies of pertinent raw data produced during this study are presented in Appendix V. 

5.1 Preliminary Testing 

A preliminary range-finding exposure was conducted in an open test system (flasks were 

covered with stainless steel caps which permitted gas exchange) from 15 to 19 October 1992 at 

nominal TAME concentrations of 0.10, 1 .O, 1 O, 100 and 1000 mg A.I./L. Two exposure vessels 

were established for each concentration and a control. Following 96-hours of exposure, cell 

Springborn Laboratories, Inc. 
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densities in the ' treatment levels (0.1 O, 1 .O, 1 O, 1 O0 and 1 O00 mg A.I./L) averaged 83, 66, 53, 55 

and 50 x 1 O4 cells/mL, respectively. The control solutions averaged 93 x 1 O4 cells/mL. The cell 

densities observed in the treatment flask represented 1 1 ,  29, 43, 41 and 46% reductions 

respective to the control. 

A second preliminary exposure was conducted in a closed system (flasks with no headspace 

were tightly capped with silicone stoppers) from 14 to 18 December 1992 at nominal TAME 

concentrations of 0.1 O, 1 .O, 1 O, 1 O0 and 1 O00 mg A.I./L. Four exposure vessels were established 

for each concentration and the control. Two exposure vessels at each test concentration were 

inoculated with an initial cell density of 1 .O x 1 O4 cells/mL and two were inoculated with an initial 

cell density of 0.1 O x 1 O4 cells/mL. Following 96 hours of exposure, cell densities in the replicate 

flasks inoculated with 1.0 x lo4 cells/mL averaged 23, 22, 17, 3.8 and 1.3 x lo4 cells/mL 

representing 45, 48, 60, 91 and 97% reduction respective to the control (42 x lo4 cells/rnL). 

Following 96 hours of exposure, cell densities in the replicate flasks inoculated with 0.1 O x 1 O4 

cells/mL averaged 1 O, 1 1 ,  5.6, 5.1 and O x 1 O4 cells/mL, representing 29, 21, 60: 64 and 100% 

reduction respective to the control (1 4 x 1 O4 cells/mL). Results of these preliminary investigations 

established that exposure, under closed system conditions, to 1 O00 mg A.I./L TAME reduced 

algal growth by 97 to 100%. Exposure to the same nominal concentration of TAME (1 O00 mg 

A.I./L), under standard (open) system conditions, resulted in a 46% reduction of algal growth. 

This difference in concentration-effect relationships is believed due to the difference in exposure 

conditions. That is, due to the volatility of the test material, the closed system maintained a 

higher concentration of test material for a longer period of time. Although cell growth is limited 

within a capped system due to the lack of carbon dioxide exchange with the atmosphere, 

inoculation at a lower cell density, which provided a more substantial growth curve before carbon 

dioxide becomes limited, provided toxicity data similar to that of a closed system inoculated at 

1 .O x 1 O4 cells/mL. Based on these data, and consultation with the Study Sponsor and the U.S. 

EPA, nominal TAME concentrations of 0.040, 0.080, 0.1 6, 0.31, 0.63, 1.3, 2.5 and 5.0 mg A.I./L 

were selected for the definitive test. Exposure vessels during the definitive test were tightly- 

capped to provide "closed system" conditions. Closed system conditions were maintained 

during the definitive study to provide conditions which would maintain the highest exposure level, 

Springborn Laboratories, Inc. 
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relative to nominal, for the longest period of time (Le., 96 hours). Based on a request from the 

US. €PA, the initial cell density of 1 .O x 1 O4 cells/mL was required. Additionally, to extend the 

level of bicarbonate in the closed test system, an additional 500 mg/L of sodium bicarbonate was 

required to be added to the test medium. 

5.2 Definitive Testing 

Conductivity, pH, temperature and light intensity measurements recorded during the definitive 

test are presented in Table 2. Conductivity of the exposure and control solutions ranged from 

500 to 600 pmhoslcm at test initiation which is within the expected range for AAP medium with 

additional sodium bicarbonate. Conductivity of exposure and control solutions measured 500 

pmhos/cm at test termination. The conductivity of the reference control solution was 80 

pmhos/cm throughout the exposure period, which is within the expected range for standard AAP 
medium. At test initiation, the pH of the control and reference control solutions was 7.5 and 7.6, 

respectively. The pH of the test solutions was 8.0 for each concentration. Based on the results 

of the control analysis, the presence of TAME at the concentrations tested increased the pH of 

the test medium. At test termination, pH increased in each test solution and control and ranged 

from 8.2 to 9.1. An increase in pH is common in static algal cultures and is due to 

photosynthesis by the algae. Continuous temperature monitoring established that the solution 

temperature was maintained at 25 OC throughout the study period. The shaking rate was 

maintained throughout the exposure at a constant rate of 1 O0 rpm. tight intensity of the test area 

ranged from 3200 to 4800 lux (300 to 450 footcandles). 

The results of the analysis of the exposure solutions for TAME during the definitive exposure 

are presented in Table 3. Analysis for test material concentration resulted in measured 

concentrations which decreased (approximately 25 to 72%) between O and 96 hours and 

averaged 56% of the nominal treatment levels. However, these analyses demonstrated that the 

closed test system employed for this study maintained a substantial amount of the test material 

throughout the exposure period. Based on mean measured concentrations, the treatment levels 

were defined as 0.017, 0.037, 0.067, 0.23, 0.48, 0.52, 1.4 and 3.7 mg A.I./L. Analyses of the 

Quality Control samples resulted in measured concentrations which were generally consistent 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



API TR*402 95 m 0732290 0554b72  305 m 

Report No. 93-1 1-5065 Page 18 of 66 

with the predetermined recovery range (Appendix V) and averaged 94.6% (n = 6) of the nominal 

fortified levels (0.0400 to 10.0 mg A.I./L). Based on the results of the recoveries for the QC 

samples, it was determined that the appropriate quality control was maintained during the 

analysis of the exposure solution samples. The measured concentrations of TAME established 

during this study are believed to accurately represent the exposure conditions maintained during 

the 96-hour test. Although the water solubility limit of TAME is 1.2% (12,000 mg/L, which is well 

above the highest nominal concentration tested, ¡.e., 5.0 mg A.I./L), the volatility of TAME (Reid 

vapor pressure, 1.5 psi) is suspected to be responsible for the loss of test material during the 

exposure period.. 

Cell densities determined at each observation interval are presented in Table 4. Figure 1 

displays the growth curve for each treatment and control during the 96-hour exposure phase. 

Cell fragments, thin cell walls and bloated cells were observed in the five highest treatment levels 

(0.23, 0.48, 0.52, 1.4 and 3.7 mg A.I./L, respectively) at test termination. Cell fragments and 

bloated cells were observed in the 0.067 mg A.I./L treatment level. Bloated cells were observed 

in the remaining treatment levels tested 0.017 and 0.037 mg A.I./L and in the control at test 

termination. Cells exposed to the reference control solution were observed to be normal. 

Control cultures averaged 65 x lo4 cells/mL at test termination. Cell densities in the reference 

control (see section 2.6) averaged 63 x lo4 cells/mL at test termination. Cell densities in the 

treatment levels (0.01 7, 0.037, 0.067, 0.23, 0.48, 0.52, 1.4 and 3.7 mg A.I./L) averaged 68, 47, 30, 

16, 12, 7, 4 and 3 x 1 O4 cells/mL, respectively, at test termination. Statistical analysis (William’s 

Test) demonstrated a significant difference for cell density in the 0.037, 0.067, 0.23, 0.48, 0.52, 

1.4 and 3.7 mg A.I./L treatment levels when compared to the cell density (65 x 1 O4 cells/mL) of 

the control solutions. Based on these results, the 96-hour No-Observed-Effect Concentration 

(NOEC) for cell density was determined to be 0.01 7 mg A.I./L. Table 5 presents the EC1 O, EC50 

and EC90 values calculated throughout the exposure period. The 96-hour EC50 value based on 

cell density was calculated by linear regression to be 0.11 mg A.I./L (95% confidence limits of 

0.018 to 0.64 mg A,I./L), The 96-hour EC10 and EC90 values were calculated to be 0.012 and 

1 .O mg A.I./L, respectively (95% confidence limits of 0.001 6 to 0.072 mg A.I./L and 0.1 8 to 6.5 mg 

A. IJL, respectively). 
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At test termination, a 2.2 mL subsample was removed from the composite of the three 

replicate solutions of the 3.7 mg A.I./L test concentration. The subsample was diluted to 275 mL 
(calculated TAME concentration of 0.040 mg A.I./L, nominal) with fresh AAP medium, yielding 

0.021 x lo4 cells/mL for determination of growth recovery. After two days in fresh medium, 15 

x 1 O4 cells/mL were observed. Consequently, the growth of Selenasmm capricornufum aíter 

transfer to fresh medium (dilution to 0.040 mg A.I./L) indicates that TAME has an algistatic, rather 

than algicidal, effect at 3.7 mg A.I./L. 

Springborn Laboratories, Inc. 
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PROTOCOL DEVIATIONS 

1. The protocol states that a preliminary range-finding test will be conducted without 

replication and suggests that it will be conducted with flasks fitted with gas exchange 

caps and utilizing the standard exposure conditions listed for the definitive test. 

During this test, several preliminary range-finding exposures were conducted which 

contained replicated test solutions in order to improve the reliability of the test results. 

Additionaily, due to the volatility of the test material, the exposure conditions (e.g., 

larger flasks and test solutions, capped vessels, addition of sodium bicarbonate) were 

modified at the request of the U.S. EPA to minimize the loss of the material from the 

test system (see Protocol Amendment #l). 

2. The protocol states that the test organism will be cultured at a light intensity of 3200 

to 5400 lux. The definitive test was inadvertently initiated with a culture maintained 

at 6000 to 6500 lux. This range is within acceptable light intensity ranges for the 

cuiture of Selenastrum capricornutum (e.g., OECD, 1 984). 

It is our opinion that these deviations do not affect the results or interpretation of this test. 

SPRINGBORN LABORATORIES, INC. 

Li /,3ames R. Hoberg Date 
Study Director 
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QUALITY ASSURANCE UNIT STATEMENT 

The raw data and report for “Tert-Amyl Methyl Ether (TAME) - Toxicity To The Freshwater 

Alga Selenastrum capricornutum” were inspected by the Quality Assurance Unit (QAU) at 

Springborn Laboratories, Inc. Environmental Sciences Division to determine adherence with the 

study protocol and laboratory standard operating procedures. In addition, inspection of certain 

phases of the in-life portion of the study was performed. Dates of study inspections, dates 

reported to Study Director and to Management are listed below. 

Based on these inspections, it was determined that this report accurately reflects the raw data 

collected during this study. 

Inspection Date Reported to Study Director Reported to Manaaement 

1 1 I1 9/93 
12/4/93 
12/9/93 
2/23/94 
811 1 194 
811 2/94 

1 1 I1 9/93 
12/6/93 
12/9/93 
2/23/94 
811 1/94 
811 2/94 

1 1 JI 9/93 
12/1 7/93 
12/17/93 
2/24/94 
811 2/94 
811 2/94 

SPRINGBORN LABORATORIES, INC. 

/&A’4 
-date 

Lc&,2& 
Doreen S. Newhouse 
Supervisor, Quality Assurance Unit 

Springborn Laboratories, lnc. 
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TABLES 
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Table 1. Composition of algal growth medium (AAP medium) used 
during this study. 

Compound Concentration 

NaNO, 25.5 mg/L 

MgCS * 6H20 12.16 mg/L 

CaCI, - 2H,O 4.41 mg/L 

MgSO, - 7H,O 14.7 mg/L 

&HPO, * 3H,O 1.368 mg/L 

NaHCO,a 15.0151 5 mg/L 

H,B*, 185.5 pg/L 

Na$eO,b 1.88 pg/L 

MnCI, 4H20 415.4 pg/L 

ZnCI, 3.270 pg/L 

COCI, - 6H,O 1.43 pg/L 

CUCI, - 2H20 0.012 pg/L 

N%MoO, - 2H,O 7.26 pgIL 

FeCI, - 6H,O 159.8 pg/L 

N%EDTA - 2H,O 300.0 pg/L 

Final pH adjusted to 7.5 0.1 

Based on a request from the U.S. EPA, an additional 500 mg/L of sodium bicarbonate (NaHCOJ was 
added to the test medium to extend the amount of bicarbonate in the closed test system. The 
reference control contained standard AAP medium. 

Additional nutrient required, personal communication. Dr. R.R.L. Guillard, June 1991. 

Source: Miller, W.E., J.C. Greene and T. Shiroyama. 1978. The Selenasfrum capricornutun? Printz algal 
assay bottle test, EPA 60019-78-018. U.S. Environmental Protection Agency, Washington, D.C. 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

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  TRm402 95 = 0732290 0554679 7 b T  

Report No. 93-1 1-5065 Page 25 of 66 

Table 2. Conductivity, pH, temperature and light intensity measured 
during the 96-hour exposure of Selenastrurn capricornufurn to 
TAME. 

Nominal Conductivity 
Concentration pH lu m hos/cm\ 

Reference Controla 7.5 8.2 80 80 

(mg A.I./L) O-Hour 96-Hour O-Hour 96-Hour 

Control 7.6 9. o 500 500 

0.040 8.0 9.1 500 500 

0.080 8.0 9.0 600 500 

0.16 8.0 8.9 600 500 

0.31 8.0 8.9 600 500 

O. 63 8.0 8.8 600 500 

1.3 8.0 8.9 600 500 

2.5 8.0 8.9 600 500 

5.0 8. O 8.9 600 500 

Minimum/Maximum Temperature (“C) 

O - 24-Hour 24 - 48-Hour 48 - 72-Hour 72 - 96-Hour 

25/25 25/25 25/25 25/25 

Light Intensity 

24-Hour 48-Hour 72-Hour 96-Hour 

footcandles: 300 - 450 300 - 450 300 - 450 300 - 450 

lux: 3200 - 4800 3200 - 4800 3200 - 4800 3200 - 4800 

a Medium without additional of sodium bicarbonate (500 mg/L, see Table 1). 

~~ 

Springborn Laboratories, Inc. 
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Table 3. Concentrations of TAME measured in the exposure solutions 
during the 96-hour toxicity test with Seienasfrum capricornutum. 

Nominal 
Concentration Measured Concentration (mq A.l./L) 

(mg A.I./L) O-Hour 96-HOUP Mean' 

Control < 0.01 o <0.010  NA^ 

o. O40 0.023 0.01 o 0.01 7 

0.080 0.043 0.032 0.037 

0.16 0.083 0.050 O. 067 

0.31 0.27 0.19 0.23 

O. 63 0.75 0.21 0.48 

1.3 0.77 0.27 0.52 

2.5 1.6 1.2 1.4 

5.0 5.7 1.6 3.7 

QC #lC 

QC #2 

QC #3 

0.0470 
(0.0400)d 

0.979 
(1 .OO) 

7.96 
(1 0.0) 

0.085 
(0.0800) 

0.71 8 
(1 .OO) 

5.35 
(5.00) 

a Calculated values are based on actual analytical results and not on rounded values (two 
significant figures) presented in this table. 
NA = Not Applicable 
QC = Quality Control sample 
Nominal concentration of each Quality Control sample is presented in parentheses. 

Springborn Laboratories, Inc. 
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Table 4. Cell densities (x 1 O* cells/mL) of Selenasfrum capricornutum 
after 24, 48, 72 and 96 hours of exposure to TAME. 

Conceuîrtlion ceil tienlily ( x l o 4  ctils/mL) 
Nominai Mean Measured 24-Hwr 4 8 - H ~ i  72-Houi 96-Houi 

imo U) 

Reierenca Reference 
Conod Corurol 

Cpraol control 

0.040 0.017 

0.080 

0.16 

0.31 

0.63 

1.3 

0.037 

0.067 

0.23 

0.48 

0.52 

2.5 1.4 

5.0 3.7 

A 
B 
C 

Mean(S0)' 

A 
B 
C 

M ~ a n ( C 0 ) ~  

A 
B 
C 

M ~ a n ( S 0 ) ~  

A 
B 
C 

M ~ a n ( S 0 ) ~  

A 
B 
C 

Mean(SQa 

A 
B 
C 

M ~ a n ( S 0 ) ~  

A 
B 
C 

Mean(SJa 

A 
B 
C 

Mean(SO)' 

A 
8 
C 

Msan(C0)' 

2 

3 
2 
2 

2(V 

2 
3 
2 

1) 

3 
4 
2 

3 u  1 
1 
2 
1 

I ( < $  

l<$ 

l ( < l ) b  

2 
1 
2 

1 
1 
1 

3 
1 

2c:)b 

1 
1 

<1  
Vilb 

1 
1 

l(:)b 

19 

18 
28 
26 

24(5)d 

9 
12 
12 

1 1 (2)bd 

8 
10 
17 

11 (qbd 

12 

13mbd 

9 
13 
9 

a 

lO(2)bC 

7 
7 
9 

8 ( l P  

5 
4 
6 

5(l)bc 

2 
3 
4 

3(l)bc 

3 
2 
2 

2(l)bC 

63 

69 
64 
63 

65(qd 

53 
83 
69 

68(1f1)~ 

48 
46 
47 

47(l)de 

37 
26 

30(26jbde 

17 
19 

1 6(:)acde 

11 
12 

12(;+3e 

?(&e 

4(1 ]%Cd8 

7 
9 

3 
5 

2 
3 
4 

3(1)Ocde 

b Mean and standard deviafion (SO) were calculated from original raw d a a  Mt from the rounded values presented in this table. 
Call fragments were observed. 
Thin cell walls were observed. 
Bloated cells were observed. 
Cign8canüy reduced as compared to the control based on WiUiams' Test. 
The call density recorded for the control II 48 hours was higher than expected (¡.e., 36 x lo4  ceildrnl). The expectation of 8 x l o 4  celldrnl is based on the histoneal 
pedomance of this species and Lhe performance of the reference control organisms dumg Mjs study. Due to the uncertainty of the accuracy of me ceH denso 
determined at 48-hours. these data were not used to calculate EC5O values at this m e  rfterval. Cell densilies measured for the control at subseguem intervals (¡.e.. 72 
and 96 hours) were consistem wth standard expectations for this species. 
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Table 5. ECI O, EC50 and EC90 values for TAME calculated from results 
(cell density) of the 96-hour toxicity test with Selenasfrum 
capricornutum. 

X = 
Y = 

24- and 48-Hour Results" 

Mean Measured Concentration (mg A.I./L). 
Percent Inhibition (in cell density, compared with control) 

72-Hour Results EC1 O EC50 EC90 

EC value (mg AUL): 0.0055 0.12 2.5 
95% Confidence Limits: O. 00030-0.039 0.01 4-0.69 0.41 -21 

Regression Equation: 

Concentration Rangeb: 

Probit (Y) = 5.9 + 0.97 Log(X) 
P: 0.73 
N: 18 

0.067 - 3.7 mg A.I./L 

EC90 96-Hour Results EC1 O EC50 

EC value (mg A.I./L): 0.01 2 0.1 1 1 .o 
95% Confidence Limits: 0.001 6-0.072 0.01 8-0.64 0.1 8-6.5 

Regression Equation: Y = 90 + 42 Log(X) 
P: 0.83 
N: 24 

Concentration Rangeb: 0.017 - 3.7 mg A.I./L 

a EC values could not be calculated due to the lack of a well-defined concentration-response 
at this interval. 
Exposure-response relationship was judged to be linear over this concentration range; values 
for this concentration range were included in the linear regression. 
Confidence limit could not be calculated. 

Springborn Laboratories, Inc. 
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FIGURE 

Springborn Laboratories, Inc. 
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Figure 1. 

70 

60 

50 

AU 

30 

20 

10 

Graphical illustration of the relationship between cell densities 
and time during the 96-hour toxicity test exposing Selenasfrum 
capricornutum to TAME. 

I I I 

O 
O Li8 72 

Time (Hours)  

95 

-A- Control 
-V- Reference Control 

0.017 rng A.I./L 
0.037 mg A.I./L 
0.067 mg A.I./L 

.--  

_-- 
----- 

. - - . - - . .  0.23 mg A.I./L 
.-.-.- 0.48 mg A.I./L 
__.-..- 0.52 mg A.I./L 
. . .  O . . .1.4 mg A.I./L 
- -0- - 3.7 mg A.I./L 

- 
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SIGNATURESANDAPPROVAL 

SUBMITTED BY: Springborn Laboratories lnc. 
Environmental Sciences Division 

790 Main Street 
Wareham, Massachusetts 02571 

PREPARED BY: 

date [;. :James R. Hoberg v 
Study Director 

d 
Edward Chalmers date 
Analytical Chemist 

APPROVED BY: 

Doreen S. Newhouse date .,' 
Supervisor, Quality Assurance Unit 

Carlene Thomas date 
Principal investigator 

~3 .-+ 
+--? 

Susan P. Shepherd date 
Coordinator, Data Management 
and Reporting Unit 

Program Manager, 
Environmental Toxicology 

This final report has been signed in accordance with SLI SOP No. 4.3.07(01). 

Spring born Laboratories, Inc. 
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6.0 APPENDIX I - STUDY PROTOCOL 

Springborn Laboratories, Inc. 
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Springborn Laboratories, Inc. 
Emimnmrniisd.neroM.)on 
?KI Main S l r w i  Warenam. MassaCkusem 02577 (5081 295-2550 Telex 4436041 Facsimile (5081 295-8107 

TEST PROTOCOL 

PROTOCOL TITLE: Protocol for Conducting a 96-Hr Acute Toxicity Test with the Alga, 
Selenastmm capricornutum Following TSCA 797-1 050. 

TO BE COMPLETED BY THE STUDY SPONSOR: 

Study Sponsor: American Petroleum Institute 

Address: 1220 L Street, Ncnhwest 

X ^  

Washington. D.C. 20005 Phone: 12021 082-3200 

ponsor ProtocollProject No.: 

Test Substance: Tefi-Amvl Methvl E!her. (TAME') 

Purity: 9496 CASR or LOT#: 0281 462 

Additional Comments andlor Modifications: 

/ Sfionyf Approval Date 

o Ob%? TO BE COMPLETED BY SLI P'ñlOR TO TEST INITlATiON: 

Testing Facrlity: Springborn Laboratories, Inc. 

Study 0irec:or: r&&r - r  
Test Csncentrations: 5 GJ f&$ A, ,,$c2,iY~~~;- 
Soivenr Used: NA di's* cr &.A 
Prooosed Scrteduie: (Stan) //U& g2 icumciericn) / I G2 
Additional Comments andlor Moc!i!icaticns. 

Prolec! b: /ûf>z m, 6 /&. 430 

ZC- ,-& u ) p &  

T%ti?Z J R&LC , &/5L 
Stuay Ci+:or Sate U 

Springcorn Laboratories P~otocoi +- OS: ;92!TSCA 797 ; E O  

Springborn Laboratories, Inc. 
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PROTOCOL FOR CONDUCTING A 96-HR ACUTE TOXICITY TEST WITH THE ALGA, 
SELEEIASTRUM CAPRICORNUTUM FOLLOWING TSCA 797-1 050 

OBJECTIVE 

The objecive of this test is :o determine the effecs of a test material on growth (culture 
density) of Selenasrmm camIcornutum. a freshwater green alga. under static conditions. Test results 
are reponed as 24-, dû-. 72- and 96-hour EC10. EC50 and EC90 values, ¡.e.. the concentration of 
test material that reduces the growth o i  the !est p0pUlatiOn by 10, 50 and 90%, respecively. This 
protocol conforms to E?A Toxic Substances Csntroi Act Ten Guideline s797.105U (Fed. Reg. 
50(188):39321-39323, 27 Septem5er 1985, as amended in fed. Reg. 52(97):1905ó-19082, 20 May 
1987). 

MATEnIALS AND METHODS 

TEST ORGANISMS: 

?.  Soecies. 
Chloroonytai. 

Culture Conditions. ;ne alGaz Zra G ~ i t ~ s ~ G  in a svr,iPstic growth %ec.iurn (sae beiow) in 
merzanicaily szaken (aprroxirncis: i iX rcm] E:!eme:/er 'Iasks uncer :Cnf:nuccs iilumina!:on 
cf accroximatoiy 5:C3 iux. A@:I c-ituros are môin:ainec In an anvircnm-ntai cnamrer ar a 
temperature sf 2.1~1 'C. N01.v c J ! b J ? S  21s :s;aines 1:cm Zarciina 3iclacica Supciy Campan;/. 
lurlingtcn. Nonh Carolina. Transizs 3rP qzisr!!/ into 'rorri merficm :o provide h o -  

The tesi organism is the freshwater green alga SelenaScmm capficofnufum 

2. 

;o eig!:.Ga;/-c:c 2glti;r-S :c: +s: - - - - ' - * : -  . n---<-..bcs. 

PHYSICAL SYSTEM: 

1 .  Glassware Preoaration. All gassware use2 in is :hcrouçnly scruccod with detergent 
and rinsed with iap 'water. This is !oIIcweC Sy rinsing with a : 00ó solution (volume) of reagent 
nitric acid ("0,) :oilowed by a rinse with reagent jrade aotone, and a final rinse with 
distilled water. The cleanea glassware is s:orea in c!csed caoinets. 

Medium Preoaration. stock solutions used in ?he greoaration of algal ;rowth medium are 
prepared by adding aopropriare amounts of nutrients Facie i) to srerile. deionized water. The 
StocKs are stored in the dark at aDDroximate!y 4OC :O minimize photocfiemical cfianges. ana 
are renewed tvey three months. Ïhe  same Stock sclutions are used for 311 media prepared 
for a given test. The test medium is 1 synthetic algal assay growih medium prepared by 
adding appropriate volumes 31 stock Solutions to Ceicnized water. Ï k e  medium is then 
autoc!aved and allowed to come :o roam temperature 3eiore use. The ;ri of sacfi batc5 of 
medium is adjusted ;o 7 5 = 9.1 'with dilute hydrocnloric acid CI Sodium hycroxide before use. 

2. 

Spfinçoorn Libcrarories Pro!ccc/ f :  G9 1 :92/TSCA 797. :O50 Page 2 

Springborn Laboratories, Inc. 
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3. Test C o n t a m .  Ïesr vessels are 125- or 250-mL E:ienmeyer flasks fitted with stainless steel 
caps wnicn oermit gas excnange. Fiasks and caps are autoclaved before use. To provide 
the proper surface-to-volume ratio, the amount of liauid in each 125- or 250-rnL flask is 
approximately 50 or 100 mL. respecweiy. Seleaion of the test medium volume depends on 
the sample requirements for chemical analysis of the test material. Test containers are 
conditioned prior to use. 

CHEMICAL SYSTEM: 

1. Test Material. Upon arrival at Springcorn Laboratories. the external packaging of the test 
material is insoec:ed for damage. Î h e  packaging is removed and the primary storage 
container is also insoected for leakage or aamage. The sample identity and percent active 
ingredient are recoraed and, unless different arrangements are made with the stuay Sponsor, 
the material is stored in the dark at acproximately 2O9C until used. 

Analvtlcal Measurements. Test concentrâtions are analyrically confirmed in a sample of each 
test soiuticn collected at test initiation (before distribution of test solutions into test vessels!, 
and a composite sample from :he three replicate vessels of each treatment at test termination. 
At eacn sampling internal. three Quality Csntrol (QC) spikes of concentraticn similar :o the tes: 
solution concentratioris are analyzed. 

2. 

TESTING PFIOCEDU RE: 

i .  Ranae-;indina Test. Tc assisi in c?!?c:ion of test rrncmrarions. a creliminar/ tes: IS  

P"" _ _ I l -  -C -._- -.O p ' m i : h ~ ~ i  rec;;ct::zri us+ ;;::a!y i=ict-c: *=?- _ - - L  ;L~c^r.:r~i:c4"s. i f  :Es ? : y s c ;  
csncen:ration tested (wai?! muration ;:r.c-nrraricn or : CCC mçiL; results in Srcwtn r?cuc:;on 
ci les; :han 50%. a ceiinitivb tes: is :rnccc:ec crnsis:ir,g Ci ene lesr -mc?niraucn 2: ?iitisr 
the water saturation concentration or 1 CCO mg;L 

Definitive Test. At least five concentrations. a control. and a solvent control (if appropriate) 
are ;ested. with three replicates of ~ 8 c n  îreatment. 3cept  for the crntrol. the nominal 
cencontration of test material in eacri treatnent is acprcximatelv %?/o af the next hicner me. 
Test cmcentrations are seiedel in cmsultation with ?he socnscr. Test vesoe!s are 
conaitioned by rinsing with the apprccriata test soluticn. Appropriate volumes of :he :es: 
solutions are then placed in eacn flask Algae are transferred aseptically from lhe stock 
culture :o lach test vesse!, with the inccilum volume calculated to yield aoproximately I O' 
cellsiml Test flasks are impartially positicnee on a shaker in an environmentally cmrrolled 
room. Agitation is aoproximately 1CO r s n  and temperature is maintainec at 2 4 ~ 1  OC. Csoi 
white !lucrescent bulbs provide C3ntinuas illuminaticn of approximately S.OC0 lux at the 
suriace of the test solutions. 

2. 

3. Monitorinq. Tes: monitcrinç inc!uc'es me-curement of idlture bensity in ?ach test vessel at 
pa, 48, 72 and 96 hours atter the start c i  ;kz !est: measuroment of conauc:ivity and pH at the 

Sorinçborn Lsoratories PforocoI ir: C97 T?Z.:TXA 797.7055 r ' q e  J 
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start and finish of the test: measurement of light intensify and shaking rate daily; and 
continuous measurement of :emperature. 

Algal culture density is determined by cell counts using a hemacytometer and a compound 
micÍoscope. One sample is :aken from each test vessel, and one count is made on each 
sample. Wheneuer feasible, approximateiy 400 cells per replicate are counted in order :o 
obtain 210% accuracy at the 95% confidence level. The control cultures should be in 
loganthrnic growth pnase at 96 hours. At each observation, records are made of any unusual 
appearances of !he algal cells including cell size, shape, color, occxrenca of flocculation. 
adherence to qiass wails. and/or aggregation. 

At test termination the foilowing procedure is used to differentiate between algistatic and 
algicidal effeas. A 0.5-rnL sample of culture is taken from eacn replicate of the lowest :est 
concentration ,whicn completely inhibited algal growth. ( I f  algal growth is not completely 
inhibited at any test concentration. the hignest teSI concentration that inhibited growth is 
used.) These samples are comained in a new test vessel. and suificient fresh algal growth 
medium is added to dilute the test criemical to a concentration that dces not aifec: çrowrh. 
This subculture Is incubated under test conditions for up to 9 days, during whicn :¡me it is 
examinea mic:oscc)pically each day to determine whether growrh has resumed. As soon as 
new growth is obsen/ed the subcJlture test is disconlinued. 

STATlSflCAL ANALYSIS 

h r  5 x 3  Zz-hrrr  ccswvar:cr; ma-vai. E,;: S. E539 anr ZS30 'values (the cmcentrz;:cns s i  
tesi meteria1 'xnicr! rezuces xiture zensiy :y 10. t O  xi ?c)?/1. resoec:ive!y) î x  9Zz.: 
confidence iimirs are ce!eiininecJ 9v linear regression c i  :?saonSI !perctnt reduc5on ci iritu:e 
density, 8s c=r.;zrc3 ..virfi :::itrc!si vs. ?XCASGS rzncr:rx:zr  Fcur linesir :epsssic~ :SNES 
are computed eaiec on ¡.ai untrzns:ormEa a!a .  (bi un1;ans:ûrmea response '1s. iocarithm- 
transformed concenrraticn. [CI prcoit-iransforrned respcnse vs. unlransiormed concen:raticn. 
ana (a) prooit-!ransfcrmea resconss VS. !oçarithm-transformed cmcentrauon. The reçression 
line wnich provides ;he best fit of :he unrransformeo or transformed bata is selected ïaseo 
on :he ?ignes: seetficient of delerminatiOn. ¡.e.. r' . This regression equation is then aopiied 
to calculate :he E2;O. EC50 and f C 3 l  vaiues and !hw S 5 3  confidence limits. ~ising :he 
method of inverse ?redic:icn (~oKP1 ano Rohlf, 1981). â computer program deveicpea and 
valiaated at Springoorn Laoorarones is used :o assist in :hese computa:ions. 

REPORTING 

The raw data and !inal draft of the recon are reviewea by the Cuality Assurance Unit and 
Study 0irec:cr. All values of chemic31 ana water ouaiity measurements are reooned to various 
levels of siçnificance depending on :ha accuacy of :he measuring devices employeo suring 
any one process. A single copy of :he drait repcrt -will initially be submitted to the srudv 
Sponsor for review. Upon acceltaflce oy !he Sponsor. three C3OieS of :he !inal repori :vi11 be 
submittea. Ail repons inc!uae. Sut are not limitea to. the following informarion. 

Sprinçrorn Laaorarories ,JTotoc3I *: O91 192/73CA 797. :C50 P q s  1 
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Springborn Laboratones repon number and study numoer. and sponsor protocol and proiec: 
numbers. 

Laboratory and site. dates of testing, and personnel involved in the s tudy4uai i ty  Assurance 
Unit, Program Coordinator (if applicable), study Oirector. hincipal Investigator(o). 

Identification of test material by sponsor I.D. and sample No., percent active ingredient. color. 
form. and date received at Springborn Laboratories. 

Reference to laboratory notebook or other file containing the raw data. 

Oate the definitive test was conducted. 

Scientific name of the test organism. source. and culturing information. 

Test container volume, test soiution volume. and inoculum culture densify. 

Oescnption of axposure sclution preparation scheme. 

Description of test conaitions. 

Criteria for determination cf toxic 3%?c:s ana general observarions on ncnauanIifiaDle 3ifec:t. 

A racle I f  3ui;ur? aensity measurerxis fcr 2 x 3  3-hcur interval. 

Cxa s n  tas: :e.mziztms. srsc:iic :znccc:ivi:y. pH ana ;Ilumina!ion. 

- , f 3 : Y .  ~.~~~ znc E.:;.: .:s!Ls~ srd sz:& y ~ f i ~ ? ~ ~ ~  jm;ts 5; 21 1.5. 72 and 35 - - = ~ : z  
wcon :ossicle. anc czicïiaiion rriemcs USEO. 

Sesuits of pes:-rxposure SUOcJltUre of growth-inhibited cells in Resn mecium. 

Reference (or inclusion as an appendix) of any anaiyrical procedures used, if applicable. 

Analytical results of test solution measurements and OA samples, if applicable. 

Table of analyticji precson 3nd ac=urac/ data from a :ecsvery study of ;he test marwial in 
aigai growth meaium. 

Deviations from !he protocol not addressed in protocoi amendments will be listed. tcgether 
with a discussicn of :heir imcac: 3n ;he study. signed by the Princpai investigatcr anc Study 
Director. 

Good Laboratory ?:actice (GL?) cornpliance Siatemmt. signed by the Study Direc!cr. 

Oates of Cuaiity Assurance reviews and repons :o managemeni of GLa compliance. siçned 
by the CA unit 

Springoorn Laooatones Prctocal dr O91 792:TSCA 797.7050 Paso ä 
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SPECIAL PROVISIONS 

GOOD LABORATORY P R A C T I E S  (GLP): All test procedures, documentation. recoras. and 
repons will comply ,mith the U. S. Environmental Protection Aaencv's Goad Laoaratow 
Pradces as prornuigated under the Toxic Suostances Contrai Act (FEDERAL 3EGlSE3, Pan 
111, 17 August. 1989). 

TEST MATERIAL DISPOSAL: After 5û days of the issuanca of the final test repon, the test material 
will be rerurned :o the Sponsor's projec: officer, at sponsor expense. unless aifferent 
arrangements are made. 

REFEñENCES 

U.S. -?A. 1985. Algal Ac ï te  Toxicity Test. Seo. 3eg. Vol. 50. No. 188, Seaicn 797.1053. 

Sokal, .?.A., and C.J. Ronlf. loel. BiOme?V. 2nd 3. Chaoter 14. 7p. 456-J98. 'N.H. Fleeman and 

27 September 1985. updateb June 19.1087. 

CS.. New York. 3% CO. 
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TABLE I 

MEL Algal Growth Medium 

Compound Final Concentration (rng/L) 

CaC:, 2H,O 

MgSO, 7H,O 

NaHCO, 

%HPO, 

NaNO, 

FeC:, 6H20 

CUSO: 3S2U 

2z5:1 5H22 

ZnCO, T'ri.& 

; L I C 7  JH,2  

Na,!"?O c , :E2 2 

H$O, 

Na, EDTA* 

26.76 

36.97 

i 2.50 

8 . 7  

85.51 

3 . 2 3  

! .o 

4.3E 

a E T A  is ir.c:ucec :n necitic fz: aiçai a t i r e s  rut ;io[ inc!uaeo ln meaium for 
:esling purposes. 

SCURCE: H.W. Nichois. 1973. Grown ínecia-freshwater. pp. 7-24 IN: J. Stein. ed.. 
Hanabook or' Phyc3iogicsi lUetßoas. Cwrure Merhods and Growrh Measurements. 
Camtxidge University Press. 

Springoom Laboratories Pmoc31 4: 097 f92!XCA 797.7950 Page 7 
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AMENDMENT & 

DATE: 

PROTOCOL .rrruz 

SPECIES: 

CTUDY SPONSOR: 

TEST MATERIAL: 

SU SNDY NO: 

AMENDMEM(S): 

PROTOCOL AMENDME?JT 
1 

18 November 1993 

Protocol fer Conducting a S H r  Acute Toxicity Test with me Mça. 
Selenasmim caDricomm Following TSCA 79f-1050. 

S. capricomulum 

American Pstroieum Institute 

Ten-âmyl Methyl EBer. o 
12927.ûS2.51 C6.430 

Based on the ptential fcr ?he test marenal io vclariiiue !rcm me tes: sys:ern, the fcllcwin: 
incdifications have been mace in !he srucy ;rcrccil. Ï iesa rncdifiuticns are ir: açreement 
wth edffem U.S. S A  :ecrirements :Gr :esrinç a vciatile S ~ E ~ i a f l C a  in a siatic alcai !CS: 
sysïam. 

1. Ïhe grotccil states f iat 253 mL tes: vesse!s will contain 1 CO mL rf :es: soiuticn an¿ 
Ca cacped with a s-anless see1 sas+xc.?ance a c s .  During inis SiLay, aacri :as; 
vessel (Menmeyer flask) will Se cincieteiy filled with !est scluticn (zerc heacs?ace) 
and then tightly caoced with a siiicme stcoper :o prevent vclatilizarion of the :es: 
substance. The solution volume will 5e approximately 275 mL  

Tho protocol states that tnrea replicate tasks will be established for each concentra- 
tion or control. During this snidy, the number of replicate test vessels will be in- 
ceasad to 12 per concentration. The rdeionai test vessels will ailow three vessels at 
eaci interval Oe.. 24. 48, 72 and 96 houn) to be sampled. monitored for ceil density 
and discarded, since a substantial amount of TAME will be lost !rom the system cnca 
opened. 

2) 

3) i h e  protoc31 mes that Marine Biological (MEL) freshwater medium will be used as 
the mlture and dilution water. The test orçaniom is currently maintained in Alpal 
Assay Procedure (AAP) mecium, a similar medium to MEL medium. Consequently, the 
test diludon water will be WP medium. Rie COmpOSitiOn of AAP medium is presented 
in the attacned table. 

Protccd 3: O91 192mCA 797.1 053 Paçe 1 of 3 
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Due to testing in a capped system, dissolved bicarbonate will become the limiting 
factor for cell growth. Consequently, to provide sufficient enough algal growth to 
evaluate the toxicity of the test substance, an additional 500 mg/L of sodium bicarbon- 
ate (NaHC0,) will be added to the AAP medium. 

In additional to the control (AAP medium plus 500 mg/L sodium bicarbonate but 
without TAME), a reference control will be initiated in standard AAP medium. The 
reference control will consist of three 125 mL Erlenmeyer flasks fitted with gas- 
exchange caps and containing 50 mL of AAP medium without additional sodium 
bicarbonate. This culture will demonstrate that the algal culture used to inoculate the 
toxicity test will meet the standard performance criterion (¡.e.. the control be in log 
phase growth after 96 hours) when cultured under Standard conditions. 

The protocol states an additional exposure will be conducted at termination of the 
toxicity test to determine if the test substance has algistatic or algicidal 
propenies. This exposure will also be conduced in a capped tiask system as 
described above for the definitive test, 

The protocol states the light intensity of the culture and test area will be approximately 
MOO lux. To c!ariiy the acceptable range of light intensity, the study will be conducied 
within a light intensity range of 3200 - 5400 lux (300 - 500 footcandles). 

The definitive test will be conducted at the following nominal concentrations: 9.0. 2.5. 
1.3. 0.63, 0.31, 0.16, 0.080 and 0.040 mg A.liL. 

/ 

i Sichard A. ahoden. Ph.0. 
Study Sponsor Representative 

?rotocol X: O91 192TSCA 797.1 O50 Page 2 of 3 

Cate 
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Table 1. ALGAL ASSAY PROCEDURE (UP) MEDIUM 

Concantratian 
25.3 mg/L 
1216 mg/L 
4.41 myL 
14.7 mglL 

1 . O M  (1.368) mg/L 
15.0 mg/L 
185.5 pgiL 
1.88 pgL 

3 m  pgiL 
1.43PglL . 

9.012 9g.L 
T.25 pglL 

7 59.3 p5;L 

2tû.J p5:L 

415.4 pal .  

23.0 mS:L 

Final pH is acjusted to 7.5 e O.: 
Additional nutrient required, personal communication. Or. R. 3. L Ouillard. June 1991. 
NGiO,  9H,O is added to medium used for diatoms (N. peilicdosa) only. 

Source: W.E. Miller, J. C. Gfeene, and T. Shiromyama 1978. Rie Seienasmrm 
capricornmm ?nnQ algal assay Soule test. E?A BG019-18Q18. U.S. Emiron- 
mentai ?rotecJon ASenq, WasninGon. D.C. 

Protccol # O91 192TSCA 797.1050 Page 3 cf 3 Pase 2 of 2 

35prinq&m 
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7.0 APPENDIX II - CERTIFICATE OF ANALYSIS 
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aldricli chemical cm 
ChBmiStS helmng Chemists in researcn 8 industry 

PRODUCT INFORMATION 

GAS LIQUID 
CHkOMATOGk AFHY 

WNFOWS TO STWCTURE ata SÏANDARD AS 
Z U J S Ï R 6 ~  ON PnGE 
VOLUME 3 OF 'THE ALDRICX Lf3RARY OF F Ï - iR  
S F E r n A  " . 

26ân OF EDITION 5.  

Springborn Laboratories, Inc. 
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8.0 APPENDIX 111 - DILUTION WATER ANALYSIS 

Springborn Laboratories, Inc. 
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Pesticide Screen 1;11;111 

Alpha BHC 

Beta BHC 

Gamma BHC - Lindane 

DeQa BHC 

Report No. 93-1 1-5065 Page 46 of 66 

Result As Received Limit of Quanutation 

< 0.01 fig 0.01 

< 0.01 cg 0.01 

< 0.01 fig 0.01 

c 0.01 fig 0.01 

~ ~~ 

Tdodrm 

Chiordans 

Toxaphene 

PCBS 

Ronnel 

Ethan 

1rdhion 

oimon 

M*hyl Parathion 

Ethyl Purthion 

Malathon 

Endoouttan I 
Endosulfan Il 
Endosulían Sulfate 

II II 0.01 HeptacNor < 0.01 fig 
< 001 fig 0.01 

~~ ~ _ _  

< O01 bgl o o1 

03” 03 

e 4 fi@ 4 

1 fi@ 1 

< O01 fig o o1 

< 002 fig o o2 

e 0 0 5 f i @  O 05 

< 0 1 C p I I  o 1  

< o o2 fiUI o o2 

< 002cpII o o2 

< 005 fi@ o o5 

< 001 ppII o o1 

< O01 fig4 o o1 

0 0 3 f i g î  O 03 

II Hepachior Epoxide II < 0.01 fial II 0.01 
ODE II < 0.01 ka4 II 0.01 

Dislm II < 0.01 fidl II 0.01 
Endm < 001 ildl 0.01 

Springborn Laboratories, Inc. 
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Analysis 

Wcuiy 

AnGM 

Sduum 

BWM 

ThdbMi 

ALninum 

Antanoriy 

I 

Report No. 93-1 1-5065 Page 47 of 66 

I Weil' Water Sample* II 
Result As Received Limit of Quantitation 

c o o0020 mp/i 0.00020 

e 0.20 mp'i 0.20 

< 0.20 mg4 0.2 

< 0.040 mpn 0.04 

e 0.30 mgl 0.3 
< 0.20 myl 0.2 

< 0.20 mpci 0.2 

Date Collected: 8/9/93 Date Reported: 8/26/93 

~~~~ ~~ 

zinc 

Total Organic Carbon *** 

II 

<0.040 mp/i 0.04 

c 1 mptL 1. 

Cadmm < 0.010 nlgl 

ca l cm 1.11 m4/i 
C h r o m  e 0.050 ml 0.05 

II e 0.010 mdl II 0.01 II 
II Mokbdenum II e 0.10 mgii II 0.1 II 

O 020 mgl 

codurn 140 n ~ 4  

o o1 c o O10 
II Vanadium II < 9.010 mg1 II 0.01 II 

Springborn Laboratories, Inc. 
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9.0 APPENDIX IV - ANALYTICAL METHODOLOGY 

Springborn Laboratories, Inc. 
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SUMMARY 

An analytical methodology is presented for the measurement of TAME (Tert-Amyl Methyl 

Ether) in AAP media, filtered seawater and freshwater (reconstituted to increase hardness). All 

water samples were analyzed either by direct sampling into a purge and trap liquid sample 

concentrator or vial sampling system. The water phase was stripped of TAME with a high flow 

of helium gas and trapped on an active support material. The TAME was then thermally 

desorbed from the support and transferred through a heated line onto a gas chromatograph for 

separation and quantitation. TAME was detected utilizing a flame ionization detector. 

Quantitation was performed using various fitting techniques both on and off the instrument. 

Mean recovery from AAP media was 89.7 2.3%, 104 I 1 1 % for filtered seawater and 102 

5 1 O for freshwater. Repeatability of TAME analysis showed a 5.4% relative standard deviation 

(%RSD) at 0.026 mg/L from water. 

EQUIPMENT AND REAGENTS 

Equipment 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Balance: Mettler AE 200 182, four-place analytical 

Volumetric flask: grade A, assorted sizes 

Wheaton vials with teflon-lined crimp top lids, assorted sizes 

Syringes: Hamilton, assorted sizes, gas tight and valved 

Absorbent Trap: 25 cm x 0.125 O.D. stainless steel column packed with 1 cm 3% 

OV -1 , 1 5 cm tenax and 8 cm silica gel. 

Purge and Trap Liquid Sample Concentrator: Tekmar model LSC-2000 

Vial Sampling System: Tekmar Model ALS2050 

Gas chromatograph: Hewlett-Packard 5890A equipped with a capillary injection 

port and 105 m x 0.53 mm I.D. 3 pm film RT, 502.2 column and Flame Ionization 

detector. 

Springborn Laboratories, Inc. 
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Reagents ' 

1 Methanol: reagent grade solvent 

2. TAME: Lot # 0281462, was received from Experimental Pathology Labs, Inc., on 

17 August 1992 and was identified by the Sponsor to be 98.8% pure. 

Water: All solutions were prepared using water from a Sybron/Barnstead 

NANOpure II' (meets ASTM Type IIA specifications) filtered and sterilized water 

purification system. The filtered sterilized water typically shows greater than 16.7 

Mohm-cm resistivity and less than 1 mg/L total organic carbon. 

3. 

4. AAP Media 

5. Filtered seawater 

6. Hard Reconstituted water 

PROCEDURE 

Preparation of Stock Solution 

Primary standards were prepared by placing approximately nine and a half milliliters (mL) 

of methanol into a 1 O m i  volumetric flask. The flask was allowed to stand unstoppered to allow 

any methanol along the neck to evaporate and was weighed to the nearest 0.1 milligram (mg). 

TAME was immediately added to the flask using a microliter syringe, making sure the primary 

material fell directly into the alcohol. The vessel was reweighed, diluted to the mark, stoppered, 

and finally mixed by inverting the flask several times. 

The solution was transferred to a 1 O mL crimp top bottle with a Teflon lined lid and stored 

in a refrigerator until used. This stock was used with further dilution for sample fortification and 

standard(s) preparation. All stock solutions and dilutions were stored in Wheaton vials with 

Teflon lined crimp tops in a refrigerator. 

Preparation of Standards for Purge & Trap 

Secondary standards (1 04,26.0 and 5.20 mg/L in methanol) were drawn into a microliter 

syringe and spiked directly into water in a 5 mL gas tight Luer lock syringe. These aqueous 

standards were added directly to the purge vessel and analyzed immediately. Calibration and 

Springborn Laboratories, Inc. 
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check standards were prepared just prior to analysis. Standards were prepared in a 5 mL gas- 

tight syringe using TAME working standards. Examples of formulation working standard 

formulation are outlined below: 

Stock 
Concentration 

(mg/L) 

Volume Nominal 
Taken Concentration 
(PL) (mg/L) 

5.20 
26.0 
26. O 
26.0 
26.0 
1 04 
104 

25.0 
25. O 
50.0 
1 O0 
250 
250 
500 

0.026 
0.1 30 
0.260 
0.520 
1.30 
5.20 
10.4 

Sample Fortification 

Method validation/recovery samples were prepared using AAP media, filtered seawater 

and freshwater (reconstituted to increase hardness). Samples were fortified with dilutions of the 

TAME stock in volumetric flasks and loaded onto a automatic liquid sample autosampler (LSC 

2050). The fortified levels produced were 0.052,4.16 and 10.4 mg/L TAME in AAP media, 0.026, 

4.1 6 and 10.4 mg/L in filtered seawater and 49.7, 248 and 695 mg/L in freshwater (reconstituted 

to increase hardness). Three replicates at each level were prepared for each experiment along 

with three unfortified matrix blanks. 

Liquid Sampler 

Samples were loaded into 40 mL vials. Vials were placed in vial sampler. Five milliliters 

sample was transferred from the vial samples into the purge vessel attached in-line with the 

activated sorbent support matrix (EPA method 624 trap) and the stripping program initiated with 

a high flow of helium (60 mumin) bubbled through the vessel. The sorbent trapped gaseous 

TAME from the helium carrier gas. This approach was effective because the compound is highly 

volatile. After the water phase had been stripped for four or six minutes, the sorbent trap was 

heated and TAME stripped into the carrier and brought through a heated capillary transfer line 

Springborn Laboratories, Inc. 
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(0.53 mm 1.D fused silica) onto the top of the gas chromatographic column located in a capillary 

injection port of the gas chromatograph. 

TAME was separated chromatographically using a temperature program after splitless 

injection from the purge and trap liquid sample concentrator. 

Liquid Sample Concentrator: Tekmar LSC-2000. 

Programmed Purge & Trap Conditions 

Standby Temperature: 40 O C 

Purge: 

Desorption Preheat: 

Desorption: 

Bake: 

Heating Zones 

Valve: 

Mount: 

Transfer Line: 

Time (minutes) 

4 or 6 

NA 

4.0 

8.0 

Temperature OC 
200 

40 

200 

Temperature ( O  C) 

c 40 

175 

180 

225 

Gas Chromatography 

Gas chromatographic analysis was conducted utilizing a directly coupled liquid sample 

concentrator (purge and trap) into the capillary injection port. The samples were introduced by 

programmed injection from the purge and trap. The refocusing of sample entered the column 

occurred at the head of the column as a function of the film thickness of the RT, 502.2 column. 

Springborn Laboratories, Inc. 
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Gas Chromatograph: Hewlett Packard 5890A gas chromatograph equipped with a 

split/splitless capillary injection port operated in the splitless mode. 

Column: 105 m x 0.53 mm iD x 3 pm film 

Temperature ( O C ) :  Injector: 200 

column temperature programmed: 40 - 250 

Rate: 1 O 0 C per minute from 40 to 70 "C 
25 O C  per minute from 70 - 250 O C  

Gas (muminute): Helium 

Carrier Gas: B. 9 

Makeup gas(mL/minute): Helium (28) 

Run Time: 16 minutes 

Retention Time: m. 12.4 minutes 

Integrator: Hewlett Packard 3396A II programmable integrator 

Analysis 

TAME was analyzed utilizing purge and trap thick film capillary (0.53 mm I.D.) gas 

chromatography flame ionization detection (GC/FID). Water samples were loaded onto the purge 

vessel (5 mL) of the LSC-2000 using a 5 mL gas tight syringe or vial transfer line from the vial 

sampler. The purge program was initiated and the systems allowed to sequence through the 

preprogrammed methods (purge and trap, gas chromatograph and integrator). 

RESULTS AND DISCUSSION 

Analytical results for the recovery of TAME from AAP media, filtered seawater and 

freshwater (reconstituted to increase hardness) are presented in Table lA,  2A and 3A, 

respectively. System performance was tested for system repeatability in water. Results of 

repeatability studies are presented in Table 4A. Run time for samples was approximately 27 

minutes. Samples were introduced through the capillary injection port operated in the splitless 

mode onto the gas chromatographic column. The split vent was closed for the 4 minutes of 

Springborn Laboratories, Inc. 
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desorb on the purge and trap. Figure 1A is a representative chromatogram of TAME analysis 

by purge and trap GC-FID. 

TAME analysis was generally linear (correlation coefficient, ?, greater than 0.98) from 0.25 

mg/LTAME in water through 5.0 mg/L (Figure 2A). Detector response was not linear, rather there 

is a notable curve apparent in detector response from 0.026 though 10.4 mg/L TAME (Figure 3A). 

The integrator had software to fit calibration data to polynomial fit. Recovery samples for AAP 

media and filtered seawater were calculated using a least squares polynomial analysis performed 

on the height response. Recovery from freshwater (reconstituted to increase hardness) samples 

were calculated using a least squares linear regression analysis performed on the height 

response. 

The reports generated by the integrator were categorized in a report with concentration 

(mg/L) calibrated from a 5-mL sample. Check standards were evaluated periodically and 

providing up-to-date evaluation of system calibration. Calibration was monitored utilized a series 

of stock standards in methanol. Evaluation was based on the trend of results and the reported 

value for that standard. Working standards were prepared around the concentration range of 

interest and stored along with other operating information on the integrator. Calibration could 

be conducted using linear, polynomial or point to point fitting techniques. 
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Table 1A. Analytical results for the recovery of TAME from AAP media. 

Nominal Volume Concentration Percent 
Concentration Purged Recovered Recovered 

(m9/L) (mL) (mg/L) (%I 

10.4 5.00 8.92 85. a 
10.4 5.00 9.17 88.1 

10.4 5.00 9.39 90.3 

4.16 

4.1 6 

4.16 

0.052 

0.052 

0.052 

Control 

Control 

Control 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

3.79 

3.88 

3.84 

O. O462 

0.0462 

0.0462 

< 0.026 

< 0.026 

< 0.026 

91.1 

93.2 

92.3 

88.9 

88.9 

88.9 

NA 

NA 

NA 

Mean Recovery: 89.7 f 2.3% 

The minimum detectable concentration was 0.026 mg/L for a 5.00 mL sample which is the lowest standard 
used in the polynomial fit. 
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Table 2A. Analytical results for the recovery of TAME from filtered 
seawater. 

Nominal Volume Concentration Percent 
Concentration Purged Recovered Recovered 

@LI ( W L )  (%I 

10.4 5.00 10.0 96.3 

10.4 5.00 12.1 116 

10.4 5.00 12.1 117 

10.4 5.00 11.9 114 

4.16 

4.16 

4.16 

0.026 

O. 026 

0.026 

Control 

Control 

Control 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

3.79 

3.78 

3.79 

0.027 

0.027 

0.028 

< 0.026 

c 0.026 

c 0.026 

91.1 

90.9 

91.2 

105 

105 

1 o9 

NA 

NA 

NA 

Mean Recovery: 1 O4 f 11 % 

The minimum detectable concentration was 0.026 mg/L for a 5.00 mL sample which is the lowest 
calibration standard used in the polynomial fit. 
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Table 3A. Analytical results for the recovery of TAME from freshwater 
(reconstituted to increase hardness). 

Nominal Volume Concentration Percent 
Concentration Dilution Purged Recovered Recovered 

(mg/L) Factor (mL) (mg/L) (%I 

695 200 5.00 694 99.8 

695 200 5.00 693 99.6 

695 200 5.00 705 1 o1 

248 

248 

248 

49.7 

49.7 

49.7 

Control 

Control 

Control 

1 O0 

1 O0 

1 O0 

20.0 

20.0 

20.0 

1 .o0 

1 .o0 

1 .o0 

5.00 268 108 

5.00 258 104 

5.00 265 1 07 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

50.9 

44.9 

51.7 

102 

90.3 

104 

c 0.248 NA 

e 0.248 NA 

c 0.248 NA 

~~ ~ ~ ~~ 

Mean Recovery: 102 f 10% 

The minimum detectable concentration was 0.248 mg/L for a 5.00 mL sample which is the lowest standard 
used in the linear regression analysis. 
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Table 4A. Repeatability of TAME analysis from ASTM Type II water at 
0.026 mg/L. 

Replicate Area 

~~ 

Height 

4751 O 

5471 1 

46909 

36628 

36305 

55640 

54256 

5725 

6099 

5631 

5646 

5699 

6292 

6365 

Mean: 

Std Dev.: 

% RSD: 

47423 

8243 

17.4 

5922 

320 

5.4 
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Figure 1A. A representative chromatogram of TAME purge and trap 
GC/FiD analysis. 
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Figure 2A. A representative linear regression analysis from standard TAME 
analysis. 

GC with  Flame ionization Detection 

Correlation Coefficient 0.090966 

300 

240 

180 

12Ci 

60 

I I I 
l 

I c t  l I l I 

0.0 1 . l  2.2 3.3 4.4  5.5 
Norninoi Concentration (mq/L) 

~~ 
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Figure 3A. A representative polynomial regression analysis from standard 
TAYEp$ÌJysis. (a2 3 3 b W -  d / d d  -23-d @G E. 6 

T d M L  MErHon V & m  r/dM 
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10.0 APPENDIX V - EXCERPTED COPIES OF RAW DATA 
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4 

Sorimtorn L . D O r a t o r i u .  IK. 

Smote !O 

1193-1329 
1193-13L2 
1193- 1329 
1193- 13b1 
1193- 1328 
1193- 1340 

1193-1327 
1193- 1339 
1193-1326 
1193-1338 
1193-1325 
1193-1337 
1193-1326 
1193.7336 
1193- 1323 
1193-133s 
1193- 1322 
11 93- 133C 

Mean Mean 
z Of Intervsl Atulyr ica i  A ~ l y t  : cal Waniri.1 

t n i / L l  t I rq fL1  ( n q / L )  

Concencrarion Result Resut t Y Q < n t M L  

....-.-.-------_-.-..._._____._____._..........._.----._-.__.--._.______.. 
0.00 O H I  eO.010 NA Y I  

0.00 96 na go.o!o Y 1  w4 

o.Ob0 o nn 0.023 0.017 -2.0 
3.3.0 96 rlQ 0.910 
0 . 3  O H I  û.OL3 0.937 16.7 
0.28 96 A l l  0.032 
O. :6 3 4R 0.063 O. $67 c l  .5 
O. 16 96 na 0.050 
0.31 O U R  0.27 2.13 75.2 
0.31 96 HI( O. 19 
0.63 O Y I  0.75 0 . u  15.3 
0.63 96 WR 0.21 

1.3 o un 0 . n  0.52 -0.2 
1.3 96 R I  0.27 
2.5 O I R  1 .b 1 .i 56.5 
2.5 96 49 1 . z  
5.J O H I  5 . 7  5.7 3 . 3  
5.0 96 MR 7.6 

local *tan X o f  Nominai: %.i 

Springborn Laboratories. Inc. 

                                      
                                         
                                      
                                         

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  TR*402  95 W 0732290 0554718 23T W 

Report No. 93-1 1-5065 Page 64 of.66 

Sprinpborn Laboratories. [ne. 
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ALCAL G 2 O W  CALClJLATIONS Page :c( ... Stxdy NO. 12827-0592-6106-430 

Cell density (10A4 cells/aL) is calculated f=om raw data by tho f o m l a :  
Cell üensity = #Cells/(#Pields Field Voltamo). 

mans and standard deviations for each treabent group are calcu1at.d. 
Seid Volume fs tbr volume of a hemocytometer grid 0 .1  Y 0.1 x 0.01  cm. 

FIELD v o m  * 

control REP A 
Control REP B 
Control REP c 

Mean 
S.D. 

0.040 mp/L REP A 
0.040 mg/L EIEP E 
0.040 mg/L REP c 

Mean 
S.D. 

0.080 REP A 
0 . 0 8 0  REP B 
0 . 0 8 0  REP c 

Mean 
S.D. 

0.16 RZP A 
0.16 RfP B 
0.16 RE? C 

Mean 
S.D. 

0 . 3 1  REP a 
0 . 3 1  REP B 
0.31 REP C 

Mean 
S.D. 

0.63 REP A 
0.63 REP B 
0.63 REP C 

Mean 
S.D. 

1.3 REP A 
1 . 3  REP B 
1 .3  REP C 

Mean 
S.D. 

1 X 10A(-4) cm3 = 0.0001.mL 

24 
3.25 
2.25 
1 .79  
2.42 
0.76 

2 .00  
2 .50  
2 .00  
2.17 
0.29 

3 .00  
4.00 
2.00  
3.00 
1.00 

1 .25  
1 . 7 5  
1 .00  
1 .33  
0 .36  

1.50  
1.25  
1 .50  
1.42 
0.14 

0.75 
0 .50  
1 .00  
0 .75  
0 .25  

2.75 
0 .75  
1 .25  
1.58 
1.04 

@ 48 
38.75 
34.75 
35.25 
36.25 

2.18 

7 - 0 0  
7.75 

10.25 
8 .33  
1 .70  

5.25 
2.25 
4 .50  

1.56 

5.50 
7 . 5 0  
2.75 
5.25 
2.38 

10.00 
6 .75  
3 .SO 

'6.75 
3.25 

7.25 
5.25 
9.50 

4.00 

c f:::: 
3.50 
4 .50  
5 . 7 5  

&I. 13 
2-4.58 

72 
18.00 
27. SO 
26.00 
23.83 

5.11 

8.50 
11.75 
12.25 
10.83 

2.04 

7.50 
10.00 
16.50 
11.33 

4.63 

11. 50 
7.75 

2C. 75 
b 1 3 . 3 3  

6.69 

8 . 5 0  
12.75 

or;: :: 
2.27 

7.25 
7 .00  
8 . 7 s  

it"7.67 
0.95 

5.00 
4.25 
5 . 5 0  
4.92 
0.63 

96 
69.00 
63.75 
63 25 
65.33 

3.19 

53.00 

c68.25 

83 25 
68 50 

15.13 

47.75 
45. 50 

&tf 
1 . 1 3  

37.25 
25.50 
27.75 

630.17 
6.24 

17.25 
1 8 .  50 

0;:: :; 
2.88 

10.75 
11.75 
14.25 

1 - 8 0  

6.50 

d l 2 . 2 5  

8.75 
6.25 

a 7 . 1 7  
1.38 

O Include in EC calculations-JRH 1 1-28-93. 
@ Do not calculate EC's due to lack a a clear - conc. response-JRH 11 -28-93 
8 Exclude 48 hr. data from EC's based on W R H  5-9-94. 

L! 
11/ 23 /9 3 
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=AL GEOWTH CALCIJLXTIONS Page Study NO. 12327-0292-6106-430 

2.S REP A 
2.5 REP B 
2.5 REP c 

Xean /3  S . D .  
3 6  

REP A ::$ REP B 
..o REP c 
-\ Wean 
2f S.D. 

1.25 
0.75 
0.25 
0.75 
0.50 

0.90 
0.75 
1.50 
0.92 
0.52 

2.7s 
4.00 

3.50 
2.00 

0.76 

2.25 3.25 
3.00 4.7s 
3.50 

02.92 d::: 
O. 63 0.80 

2.75 2.00 
2.25 2.50 
1.50 3.50 

0 2 . 1 7  &.67 
0.63 0.76 

L\ 
11/23/93 
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