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Strategies for Todays
Environmental Parinevship

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, APl 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, APl members pledge to manage our
businesses according to these principles:

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

4 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.

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

% 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.

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

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

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

< To commit to reduce overall emission and waste generation.

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

< 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
PRODUCT COVERED BY LETTERS PATENT. NEITHER SHOULD ANY-
THING CONTAINED IN THE PUBLICATION BE CONSTRUED AS INSURING
ANYONE AGAINST LIABILITY FOR INFRINGEMENT OF LETTERS
PATENT.

Copyright © 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, Selenastrum capricornutum.

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 Type of Date of
Inspection/Review Inspection Report to
Management

8/28/92 Protocol

Evaluation 8/28/92
12/2/93 Protocol Amendment

Review 12/2/93
4/27-28/94 Draft Report

Audit 4/29/94
8/15/94 Final Report

Acceptance 8/15/94

Cusitir, sl £lisle
Christine Sextmith Date

Quality Assurance Coordinator

*Test article characterization, other than that received by the
manufacturer (98.8% 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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Springborn Laboratories, Inc.

Environmental Sciences Division
790 Main Street ¢« Wareham, Massachusetts 02571-1075 e (508) 295-2550 » Telex 4436041 ¢ Facsimile (508) 295-8107

AMENDMENT TO THE STUDY FINAL REPORT
Final Report Title: Tert-Amyl Methyl Ester (TAME) - Toxicity to the Freshwater Alga,
Selenastrum capricornutum
Amendment No. 1 Amendment Date: 12 August 1994
SLI Study No. 12827.0692.6106.430
SLI Report No. 93-11-5065
Study Sponsor: American Petroleum Institute

Study Director: James R. Hoberg

Final Report Modifications and/or Additions:

page 2 - In the third sentence, "maintenance of records" was changed to "maintenance
of these records"

page 12 - In the second complete sentence, "vessel control" was changed to "control
vessel"

page 15 - The statistical section was clarified to explain that EC values could not be

calculated at the 48-hour interval
page 18 - Solubility and volatility information was added to the end of the first paragraph.
- Reference to section 2.6 of the report was added to the eighth sentence.

page 27 - A column for nominal concentrations was added to Table 4.
- Footnote "f' was added to the table.
- The 96 hour cell density value for the B replicate of the 0.52 mg A.l./L treatment
level was corrected to read "9"

pége 28 - The 48-hour EC10, EC50 and ECS0 resuits were removed from the table.

& Springborn

Laboracoies

LETTERS AND REPORTS' Sprngborn Laboratories. inc ietters ang repons are issued for the exclusive use o* the cients 1o whom they are agaressec N2 quotalans Com. reps=s o
use of the Springborr. Laboratones Inc name 1S permitteG except as expressty autnonzed in writng Letters anc repons ape:y ofiy 10 the SPECINC Mzatea s Dragusts or DroCesses e
examined or surveyed and are not necessanly mdicalive of the quaiies of apparent'y identica oOf Simiiar Malena's Procucls or processes The abity O Jerngbor~ Laberal- s 7L
with respect to services rendered shail be umied 1o the amount of the cons:aeration paig for such senvices 8no Not INC.ude 27y CONSseguetd Jamages )
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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: Qﬂ” " P ,%%4/ g/2/5y

James R. Hoberg
Study Director

Supervisor, Quality Assurance Unit

& Springborn
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TERT-AMYL METHYL ETHER (TAME) -
TOXICITY TO THE FRESHWATER ALGA,
Selenastrum capricornutum

GUIDELINE REFERENCE NUMBER: 797-1050

Submitted to:
American Petroleum Institute

1220 L Street, Northwest
Washington, D.C. 20005

SL! Report #93-11-5065
SLI 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. 93-11-5065 Page 2 of 66

GOOD LABORATORY PRACTICES COMPLIANCE STATEMENT

The data and report prepared for "Tert-Amyl Methyl Ether (TAME) - Toxicity To The
Freshwater Alga, Selenastrum 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 (i.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 LABORATORIES, INC.

%wﬂ? f /%///7 A/

‘,ﬁames R. Hoberg / Date
Study Director

Springborn Laboratories, Inc.
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SUMMARY

Tert-Amyl Methyl Ether (TAME) - Toxicity to the Freshwater Alga,

SPONSOR:

PROTOCOL TITLE:

REPORT NUMBER:
STUDY NUMBER:
TEST MATERIAL:
DATE RECEIVED:
DESCRIPTION:
EXPERIMENTAL
START DATE:

EXPERIMENTAL

TERMINATION DATE:

TEST ORGANISM:

DILUTION WATER:

TEST CONDITIONS:

NOMINAL TEST
CONCENTRATIONS:

Selenastrum capricornutum

American Petroleum Institute

1220 L Street, Northwest

Washington, DC 20005

"Protocol for Conducting a 96-Hour Acute Toxicity Test with
the Alga, Selenastrum capricornutum, Following TSCA 797-
1050," Springborn Laboratories Protocol #:091192/TSCA
797.1050 and Protocol Amendment #1 dated 18 November
1993. This protocol conforms to U.S. EPA TSCA Guideline
§797-1050 (U.S. EPA, 1985, 1987)

93-11-5065

12827.0692.6106.430

Tert-Amy! Methyl Ether (TAME) Lot #02814B2

17 August 1993

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

18 November 1993

22 November 1993

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

Algal Assay Procedure (AAP) medium
96-hour duration, 25 °C, 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.l/L
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MEAN MEASURED
CONCENTRATIONS:

. EFFECT CRITERION:

 RESULTS:

0.017, 0.037, 0.067, 0.23, 0.48, 0.52, 1.4 and 3.7 mg A.l./L
Inhibition of cell growth (cuiture density relative to the control)

The 96-hour ECS0 value was calculated to be 0.11 mg A.L/L
(95% confidence limits of 0.018 and 0.64 mg A.l/L). The 96-
hour No-Observed-Effect Concentration (NOEC) was
determined to be 0.017 mg A.lL/L.

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

The objective of this study was to determine the effect of Tert-Amyl Methy! 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 voiatilization. The resuits are
based on mean measured concentrations and are reported as the 96-hour EC10, EC50 and
ECQ0 values (i.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. (SLI), 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 797-1050," Springborn Laboratories Protocol #:091192/TSCA 797.1050, and Protocol
Amendment #1 dated 18 November 1993 (Appendix I). This protocol conforms to U.S. EPA
TSCA Test Guideline §797-1050 (U.S. EPA, 1985, 1987) with modifications approved by the U.S.
EPA to minimize volatilization of the test material from the exposure vessels.

2.2 Test Material

A sampie of Tert-Amyl Methyl Ether (TAME), CAS #994-05-8, Lot 02814BZ, 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 Il). Upon receipt at Springborn, the sample was stored in a
dark, ventilated cabinet at room temperature (approximately 20 °C). 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.L/L).

2.3 Test Organism

The alga used in this toxicity test was the freshwater green aiga 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 + 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. Cuiture 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 AAP 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 SL! from 15 to 19 October
1992 and 14 to 18 December 1992, nominal test concentrations of 0.040, 0.080, 0.16, 0.31, 0.63,
1.3, 2.5 and 5.0 mg A.l./L of TAME were selected for the definitive exposure.

2.6 Preparation of Test Solutions

A 500 mg A.L/L stock solution was prepared by diiuting 0.2530 g (0.2500 g as A.l.) 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.l./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 (i.e., 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 (i.e., 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 Selenastrum capricornutum cells, at a density of 111 x 10* cells/mL, was
aseptically introduced into each flask. This inoculum provided the required initial cell density of

approximately 1.0 x 10* celis/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 0.10 x 0.10 cm in surface area and
0.010 cm deep and containing 0.00010 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.l/L) which most severely inhibited élgal 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 A.l./L). 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 + 1 °C, 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 + 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 214 light meter at 0-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-Line 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 0-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 composited and a portion of each

composite solution was transferred to a 100-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 controi(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 accurding
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
+ 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 V.
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.
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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, 1872). The data were first checked for normality using Shapiro-
Wilks Test (Weber, et a/, 1988) and for homogeneity of variance using Bartletis'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 89% level of certainty was applied.

EC10, 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 EC10, 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 (r%). This regression equation was then applied to estimate the EC values and their

95% confidence limits, using the method of inverse prediction (Sokal and Rohif, 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, 1.0, 10, 100 and 1000 mg A.l/L. Two exposure vessels

were established for each concentration and a control. Following 96-hours of exposure, cell
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densities in the " treatment levels (0.10, 1.0, 10, 100 and 1000 mg A.l./L) averaged 83, 66, 53, 55
and 50 x 10* cells/mL, respectively. The control solutions averaged 93 x 10* cells/mL. The cell
densities observed in the treatment flask represented 11, 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 0.10, 1.0, 10, 100 and 1000 mg A.L/L. Four exposure vessels were estabiished
for each concentration and the control. Two exposure vessels at each test concentration were
inoculated with an initial cell density of 1.0 x 10* cells/mL and two were inoculated with an initial
cell density of 0.10 x 10° cells/mL. Following 96 hours of exposure, cell densities in the replicate

flasks inoculated with 1.0 x 10* cells/mL averaged 23, 22, 17, 3.8 and 1.3 x 10° cells/mL
' representing 45, 48, 60, 91 and 97% reduction respective to the control (42 x 10* cells/mL).
- Following 96 hours of exposure, cell densities in the replicate flasks inoculated with 0.10 x 10*
cells/mL averaged 10, 11, 5.6, 5.1 and 0 x 10* cells/mL, representing 29, 21, 60, 64 and 100%
reduction respective to the control (14 x 10* cells/mL). Results of these preliminary investigations
established that exposure, under closed system conditions, to 1000 mg A.l./L TAME reduced
algal growth by 97 to 100%. Exposure to the same nominal concentration of TAME (1000 mg
A.l/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 ceil 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
1.0x 10* 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, 0.16, 0.31, 0.63, 1.3, 2.5 and 5.0 mg A.l/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,
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relative to nominal, for the longest period of time (i.e., 96 hours). Based on a request from the
U.S. EPA, the initial cell density of 1.0 x 10* 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 umhos/cm 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 soiution
temperature was maintained at 25 °C throughout the study period. The shaking rate was
maintained throughout the exposure at a constant rate of 100 rpm. Light intensity of the test area
ranged from 3200 to 4800 lux (300 to 450 foctcandles).

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 resuited in measured
concentrations which decreased (approximately 25 to 72%) between 0 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.lL/L. Analyses of the

Quality Control samples resulted in measured concentrations which were generally consistent
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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.L/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, i.e., 5.0 mg A.l/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
(0.28, 0.48, 0.52, 1.4 and 3.7 mg A.L/L, respectively) at test termination. Cell fragments and
bloated cells were observed in the 0.067 mg A.l/L treatment level. Bloated cells were observed
in the remaining treatment levels tested 0.017 and 0.037 mg A.L/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 10* cells/mL at test termination. Cell densities in the reference
control (see section 2.6) averaged 63 x 10* cells/mL at test termination. Cell densities in the
treatment levels (0.017, 0.037, 0.067, 0.23, 0.48, 0.52, 1.4 and 3.7 mg A.l./L) averaged 68, 47, 30,
16, 12, 7, 4 and 3 x 10* 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.L/L treatment levels when compared to the cell density (65 x 10* 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 0.017 mg A.l./L. Table 5 presents the EC10, EC50
and EC90 values calculated throughout the exposure period. The 96-hour ECS0 value based on
cell density was calculated by linear regression to be 0.11 mg A.L/L (95% confidence limits of
0.018 to 0.64 mg A.L/L). The 96-hour EC10 and ECS0 values were calculated to be 0.012 and
1.0 mg A.l/L, respectively (95% confidence limits of 0.0016 to 0.072 mg A.l./L and 0.18 to 6.5 mg
A.L/L, 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.l./L test concentration. The subsample was diluted to 275 mL
(calculated TAME concentration of 0.040 mg A.lL/L, nominal) with fresh AAP medium, yielding
0.021 x 10* cells/mL for determination of growth recovery. After two days in fresh medium, 15
x 10* cells/mL were observed. Consequently, the growth of Selenastrum capricornutum after
transfer to fresh medium (dilution to 0.040 mg A.l./L) indicates that TAME has an algistatic, rather
than aigicidal, effect at 3.7 mg A.L./L.
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PROTOCOL DEVIATIONS

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.
Additionally, 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 #1).

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
culture of Selenastrum capricornutum (e.g., OECD, 1984).

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

SPRINGBORN LABORATORIES, INC.
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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 Management
11/19/93 11/19/93 11/19/83
12/4/93 12/6/93 12/17/93
12/9/93 12/9/93 12/17/93
2/23/94 2/23/94 2/24/94
8/11/94 8/11/94 8/12/94
8/12/94 8/12/94 8/12/94

SPRINGBORN LABORATORIES, INC.

ﬁﬂ//wéh 5 Zé’l;’l//}l{/z(/‘*e /9,/42“, ?\{

Doreen S. Newhouse -Bate
Supervisor, Quality Assurance Unit
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Table 1.
during this study.

Composition of algal growth medium (AAP medium) used

Compound

Concentration

NaNO,

MgCl, - 6H,0
CaCl,-2H,0
MgSQO, - 7H,0
K,HPO, - 3H,0
NaHCO,?
H,BO,
Na,SeO,’
MnCl, - 4H,0
ZnCl,

CoCl, - 6H,0
CuCl,-2H,0
Na,MoO, - 2H,0
FeCl,-6H,0
Na,EDTA - 2H,0

25.5 mg/L
12.16 mg/L
4.41 mg/L
14.7 mg/L
1.368 mg/L
15.0/515 mg/L
185.5 ug/L
1.88 pg/L
415.4 pg/L
3.270 ug/L
1.43 ug/L
0.012 ug/L
7.26 ug/L
159.8 pg/L
300.0 ug/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 (NaHCO,) was
added to the test medium to extend the amount of bicarbonate in the closed test system. The
reference control contained standard AAP medium.

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

Source: Miller, W.E., J.C. Greene and T. Shiroyama. 1978. The Selenastrum capricornutum Printz algal
assay bottle test. EPA 600/9-78-018. U.S. Environmental Protection Agency, Washington, D.C.
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Table 2. Conductivity, pH, temperature and light intensity measured
during the 96-hour exposure of Selenastrum capricornutum to
TAME.
Nominal Conductivity
Concentration pH (umhos/cm)
{mg A.L/L) O-Hour  96-Hour 0-Hour  96-Hour
Reference Control® 7.5 8.2 80 80
Control 7.6 9.0 500 500
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
0.63 8.0 8.8 600 500
1.3 8.0 8.9 600 500
2.5 8.0 8.9 600 500
5.0 8.0 8.9 600 500

Minimum/Maximum Temperature (°C)

0 - 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

2 Medium without additional of sodium bicarbonate (500 mg/L, see Table 1).
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Table 3. Concentrations of TAME measured in the exposure solutions
during the 96-hour toxicity test with Selenastrum capricornutum.
Nominal
Concentration Measured Concentration (mg A.l./L)
(mg A.L/L) 0-Hour 96-Hour® Mean®
Control <0.010 <0.010 NAP
0.040 0.023 0.010 0.017
0.080 0.043 0.032 0.037
0.16 0.083 0.050 0.067
0.31 0.27 0.19 0.23
0.63 0.75 0.21 0.48
1.3 0.77 0.27 0.52
25 1.6 1.2 1.4
5.0 5.7 1.6 3.7
QC #1°¢ 0.0470 0.085
(0.0400)¢ (0.0800)
Qc #2 0.879 o718
(1.00) (1.00)
QC #3 7.96 5.35
(10.0) (5.00)

Calculated values are based on actual analytical resuits 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.
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Table 4. Cell densities (x 10* cells/mL) of Selenastrum capricornutum
after 24, 48, 72 and 96 hours of exposure to TAME.

Concentration Cell Density ( x 104 cells/mt)
Nominal Mean Measured 24-Hour 48-Hour 72-Hour 96-Hour
(mg ALA)
Reference Reference
Controf Contral 2 8 19 63
Contral Control A 3 38 18 69
8 2 35 28 B4
c . 2 5 2 8,
Mean(SD) 21) 32 24(5)° 85(3)¢
0.040 0.017 A 2 7 9 53
B 3 8 12 83
c 2 10 2, 69
Mean(SD)? A<) 82) 12) 68(15)d
0.080 0.037 A 3 5 8 a8
8 4 2 10 4
c . 2 5 7,4 47
Mean(SD) 3 42 11(5) aznyee
0.16 0.067 A 1 6 12 a7
8 2 8 8 P
¢ 1 3 21 2
Mean(SD)? 1<)P® 52) 13 30(6)°%
0.31 0.23 A 2 10 g 17
8 1 7 13 19
¢ 2 4 9 1
Mean(SD)? 1<1)? ) 1002)P¢ 15(3)%"'de
0.63 0.48 A 1 7 7 1
g 1 5 7 12
1 10 9 14
Mean(SD)? 1<) 12 81> 12(2)0cde
13 0.52 A 3 4 5 7
B 1 5 4 9
¢ 1 6 6
Mean(SD)? 2P 5P 5(1)°¢ 7(1)%“‘
25 14 A 1 3 2 3
B 1 4 3 5
o4 <1 5 4
Mean(s0)? 10° 4P e 4(1)%’“’
50 a7 A 1 4 3 2
8 1 2 2 3
c 2 3 2 4
Mean(SD)? 1° P 2)%¢ 3(nyoede

Mean and standard deviation (SO) were calculated from original raw data, not from the rounded values presernted in this tabie.

Cell fragments were observed.

Thin celi walls were observed.

Bloated cells were ocbserved.

Significantly reduced as compared to the control based on Williams' Test. 4

The cell density recorded for the control at 48 hours was higher than expected (i.e., 36 x 10 cells/mL). The expectation of 8 x 10" cells/mL is based on the historical
performance of this species and the performance of the reference control orgarisms during this study. Oue to the uncertainty of the accuracy of the ceil densty
determined at 48-hours, these data were not used to calculate EC50 values at this time interval. Cell densities measured for the control 3t subsequent intervals (i.e.. 72
and 96 hours) were consistent with standard expectations for this species.

oo on
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EC10, EC50 and EC90 values for TAME calculated from resuits

Table 5.
(cell density) of the 96-hour toxicity test with Selenastrum
capricornutum.

X = Mean Measured Concentration (mg A.L/L).

Y = Percent Inhibition (in cell density, compared with control)

24- and 48-Hour Results®

72-Hour Results EC10 EC50 EC90
EC value (mg A.l/L): 0.0055 0.12 25
95% Confidence Limits: 0.00030-0.039 0.014-0.69 0.41-21

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

N: 18
Concentration Range®: 0.067 - 3.7mgA.l/L

Regression Equation:

96-Hour Results EC10 EC50 EC90
EC value (mg A.L/L): 0.012 0.11 1.0
95% Confidence Limits: 0.0016-0.072 0.018-0.64 0.18-6.5
Regression Equation: Y = 90 + 42 Log(X)
r: 0.83
N: 24

Concentration Range®:

0.017 - 3.7 mgAl/L

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.
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FIGURE
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Figure 1. ' Graphical illustration of the relationship between cell densities
and time during the 96-hour toxicity test exposing Selenastrum
capricornutum to TAME.
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Springborn Laboratories, Inc.
c < o

790 Mamin Strest @ Wareham, Massachusetts 02571 e (508) 295-2550 @ Teiex 4436041 e Facsimie (S08) 295-8107

TEST PROTQCOL

PROTOCOL TITLE: Protocol for Conducting a 96-Hr Acute Toxicity Test with the Alga,
Selenastrum capricornutum Following TSCA 797-1050.

-TO BE. COMPLETED BY THE STUDY SPONSOR:
Study Sponsof‘n American Petroleum Institute
Address:_1220 L Street, Nonthwest

Washington, D.C. 20005 Phone: (202) 582-33C0
Spéhéor Protocal/Project No.: -

‘Test Substarice: - Tert-Amvi Methvi Ether, (TAME)
}Pumy 94%. .- - . CAS# or LOT#: 0281482

j~Adt'.1rtu.1nal Comments and/or Modifications:

Qé«—l_‘ Jo/6 f22-

/ : Soon/af Approval Date

TO BE COMPLETED 8Y SL! PRIOR TO TEST INITIATION: D642 @

Testing Facility: Springborn Laboratores, Inc. Project #: /RE37 é"-'%? G /06 . 430
Study Cirector: f(‘é/cér‘-?

Test Concentrations: 7, .;g i roied A/, dersz ot -

Sowvent Useg: A/ A Cas# or 8T A

Proposed Scnecule: (Stam) /Aoy G o {Comcieticn) J D& G

Additional Comments anc/or Modificaticns: ) =2 il /942

N f /0
AN NS /z,/é/a ‘ /c/é/ 72
// Stuay DisgZtor Date
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PROTOCOL FOR CONDUCTING A 96-HR ACUTE TOXICITY TEST WITH THE ALGA,
SELENASTRUM CAPRICORNUTUM FOLLOWING TSCA 797-1050

OBJECTIVE

The objective of this testis to determine the effects of a test material on growth (cuiture
density) of Sefenastrum capricornutum, a freshwater green aiga, under static conditions. Test resuits
are reported as 24-, 48-, 72- and 96-hour £C10, £CE0 and ECSO values, i.e., the concentration of
test material that reduces the growth of the ‘est population by 10, 50 and $0%, respectively. This
protocoi conforms to EPA Toxic Substances Control Act Test Guideline §797.1050 (Fed. Reg.
50(188):39321-38323, 27 September 1985, as amended in Fed. Reg. 52(97):15056-19082, 20 May
1987).

MATERIALS AND METHODS

TEST ORGANISMS:

i. Species. The test organism is the freshwater green aiga Selenastrum caoricornutum
{Chioropnyta).

2. Culture Conditions. The algae ara cultursg in a synihetic growth mecium (see celow) in
mecnanicaily snaken (apcroximarsiy 1CC rom) Srlenmever flasks uncer sortnucus lilumination
cf accroximately 3.0C0 iux. Algal cuitures are maintainec in an envircnmeantai chamger at a
lemperature 312221 2 C. New cunuras arz 2siainec rem Carctina Siciogical Supely Company,
Burlingten, North Carcfina. Transfers ars mace reguiarly into resh mecium o provide five-
o figni-cay-cic sulturgs Jcr 1gsl noguialons.

PHYSICAL SYSTEM:

1. Glassware Preparation. All giassware used in tasting is iheroughly scrutced with detergent
and rinsed with tap water, This is follcwac by rinsing with a 1 0% solution (velume) of reagent
nitric acid (MNQ,) {ollowed by a rinse with reagent grace acatone, and a final rinse with
distilled water., The cleanea giassware is siored in clcsed capinets.

™

Medium Preparation. Stock solutions used in the areparation of algat growth medium are
prepared by adding anpropnate amounts of nutrients (Tacle [) to stenle, deionized water. The
stocks are stored in the dark at approximately 4°C 0 minimize photochemical changes, and
are renewed 2avery three months. The same stock sclutions are used fer all mecia pregared
for a given test. The test medium is 2 synthetic algal assay growth medium prepared by
adding appropriate volumes 9f S1ock solutions to ceicnized water, The mecium is then
autoglaved and allowed to come o room tamperature defore use. The == of each batch of
medium is acjusied to 7.5 = 2.1 with dilute hydrochloric acid ¢r secium hycroxide tefore use.

Springbeorn Labceratories Protecs! #: C91:92/TSCA 787.1050 Page 2
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3. Test Containers. Testvessels are 125- or 250-mt Erlenmeyer flasks fitted with stainless steel
caps which permit gas exchange. Fiasks and caps are autoclaved before use. To provide
the proper surface-to-volume ratio, the amount of liquid in each 125- or 250-mL flask is
approximately 50 or 100 mL. respectively. Selection 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 Seringcorn Laboratories. the external packaging of the test
material is inspected for damage. The packaging is removed and the primary storage
container is also inspected for leakage or dcamage. The sample identity and percent active
ingredient are recorged and, uniess different arrangements are made with the stuay Sponsor,
the material is stored in the dark at agproximately 20°C until used.

2. Analytical Measurements. Test concentrations are analytically confirmed in a sample of each
test soluticn collected at test initiation (before distributicn of test solutions into test vessels),
and a compasite sampile from the three repiicate vesseis of each treatment at test termination.
At each sampling interval. three Quaiity Cantrol (QC) spikes of cancentraticn similar o the test
scolution concantrations are analyzed.

TESTING PRQCEDURE:

1. Range-Finding Test. Tc assist :n saiscuon of test concentraticns. 2 preliminary test is
cISnousi2C wiIthout feciicaicn uSing wiZsly 353C3C EIl congenirsuens.  of he aignest
coneentration tested (wai2r saturation ssncentraticn or 1 CCC mgrL) resuits in grewtn recuction
cfless than £0%. a cafinitive test s soncuciac censisung of Sne test congantraucn 21 sither

the water saturation concentration or 1CC0O mg/L.

2. Definitive Test. At least five concentrations. a control, and a scivent control (if appropriate)
are tested, with three replicates of each ireatment. Zxcept for the contrel, the nominal
concentration of test matenal in eacn treatment is acpreximately 50% of the next hicner one.
Test concentrations are selected in zcnsultation with the spensor.  Test vessels are
conaitioned by rinsing with the aporceriate test soluticn. Appropriate volumes of the test
sclutions are then piaced in each flask. Algae are transferred aseptically from the stock
culture 10 2ach test vesse!, with the incculum volume calculated to yield approximately 10*
cells/mL. Test flasks are impartiaily positicned on a snaker in an environmentaily controiled
room. Agitation is approximately 100 rem and temperature is maintained at 24=1°C. Caol
white flucrescent buibs previde cantinucus illuminaticn of approximately 3.0C0 fux at the
suriace of the test solutions.

(8]

Monitering. Test monitering includes measurement of culture density in 2ach test vesse! at
24,48, 72 and 396 hours after the stant ¢f the test: measurement of conauctivity and pi< at the

Seringborn Laboratories Protocol #: 091122/TSCA 797.1050 fzge 3
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start and finish of the test; measurement of light intensity and shaking rate daily; and
continuous measurement of temperature.

Algal culture density is determined by ceil counts using a hemacytometer and a compound
microscope. One sample is taken from each test vessel, and one count is made on each
sample. Whenever feasible, approximatety 400 ceils per replicate are counted in orger ‘o
obtain +10% accuracy at the 395% confidence level. The control cultures shouid be in
legarnthmic growth phase at 96 hours. At each observation, racords are made of any unusuat
appearances of the aigal cells including cefl size, shape, color, occurrence of flocculation,
adherence to giass walls, and/or aggregation.

At test termination the following procedure is used to differentiate between algistatic and
algicidal effects. A 0.5-mL sample of cuiture is taken from eacn replicate of the lowest test
concentration which completely inhibited algal growth. (If aigal grewth is not completely
inhibited at any test concentration, the hignest test concentration that inhibited growth is
used.) These samples are comeined in a new test vessel, and suificient fresh aigal growth
medium is adced o dilute the test chemical tc a concentration that dees not affect growth.
This subculture is incubated under test conditions for up to 9 days, during whicn time it is
examineg microscopically 2ach day 10 determine whether growth has resumed. As soon as
new growth is observed the subculture test is discontinued,

STATISTICAL ANALYSIS.

Far 22cn 24-heur ogsarvaucn .nterval. 2218, 2030 anc 2030 values (the concentrziicns of
test matenal wmicn reguced culture zensity Sy 10, 30 ang 20%, rescecuvety) anc S2%:
conficence limits are getermineg by linear regression ¢f rasoonse {percant reduction ¢f suitLre
Sensity, as comgargs with S2nUSls vs. 2x20sura S3NCaniranss. Fourlinear regrassicn surves
are comgutad tasec on (a) unuansiormea Sata, (b) untransicrmea response vs. ioganhm-
transiormed concentraticn, (c} preoit-transiormed respense vs. untransiormed conceniraticn.
and () propit-rranstcrmed respons? vs. logarnthm-transiormed concentration. The regression
line wnich provides ihe best fit of the untransformea or transformed data is selected basea
on ihe highest coetficient of determinaticn. i.e.. r'. This regression aquation is then applied
to calculate the £C10. ECS0 ana £C30 vaiues and their $3% confidence limits, using he
method of inverse predicticn (Sokal ana Rohif, 1881). A computer program develcpea and
validated at Soringcorn Laporatories is used to assist in these computations.

REPORTING

The raw data and final draft of the regcort are reviewed by the Quality Assurance Unit and
Study Directer. All values of chemical ana water guaiity measurements are regorted to various
levels of significance desending on tha acsuracy of the measuring devices ampioyea curing
any cne process. A single copy of the draft repent will initially be submitted to the swdy
Sponsor for review. Upon accestance oy the Sponscr, three copies of the final report will te
submittea. All repons include. but are not limitaa to, the following information.
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* Springborn Laboratories report number and study numsoer, and sponsar protocol and project
numbars.

* Laboratory and site. dates of testing, and personnel invoived in the study——CQuality Assurance
Unit, Program Coordinator (if applicable), Study Director, Principal Investigater(s).

" identification of test material by sponsor .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.

* Date the definitive test was conducted.

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

* Test container volume, test sciution volume, and inocuium cuiture density.

* Description of axposure sciution preparation scheme.

* Description of test conditions.

* Criteria for determination cf toxic aff2cts ana general observations on ncnguantifianle aifec:s.
" A taple of zuitura gensity measuremants {cr 23cn 24-hcur interval.

* DLata on tast temoeraturas. scacific soncuctivity, pH ana iluminatien.
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" Results of pest-axposure succuiture of growth-infubited celis in fresn medium.
* Reference (or inclusion as an appendix) of any analytical procedures used, if applicable.
* Analytical results of test solution measurements and QA sampies, if applicable.

* Table of analyticai precision anc accuracy cata frem a reccvery study of the test matzriai in
aigal growth medium.

* Deviations from the protocsi not adaressed in protocol amendments will be listed. tcgether
with a discussicn of their impac: on the study, signed by the Principai Investigater anc Stucy
Director.

* Good Laboratory Practice (GLP) compliance statement, signed by the Study Directcr.

* Dates of Quality Assurance reviews and repons (o management of GL> compliance. signed
by the CA unit.
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SPECIAL PROVISIONS

GOOD LABORATORY PRACTICES (GLP): All test procedures, documentation. records, and
reports will comply with the U. S. Znvironmental Protection Agency's Good Lataratory
Practices as promuigated under the Toxic Sunstances Control Act (FEDERAL SEGISTES, Pant
lll, 17 August, 1989).

TEST MATERIAL DISPOSAL: After 50 days of the issuanca of the final test report, the test material

will be returned to the Sponseor's project officer, at Sponsor expense. uniess gifferent
arrangements are made,

REFERENCES

U.S. EPA, 1985. Algal Acute Toxicity Test. Fad. Reg. Vol. 50, No. 188, Secticn 797.1050.
27 September 1985, updated June 19. 1587.

Saokal, R.R,, and F.J. Ronlf. 1981, Sicmerry. 2nd 4. Chaoter 14, 5p. 486-4G8. W.H. Freeman and
Co., New York. 82 co.
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SCURCE: H.W. Nichots.
Hanabook of Phycoiogicai Methoos.

TABLE |

MBL Algai Growth Medium

Compound Finai COncemraiion (mg/L)
CaCi, 2H.0 36.76

MgsSO, 7H,Q 36.97

NaHCO, 12.50

K,HPO, 8N

NaNQ, 85.01

FeCi, &H,C 1.575

CuSQ, s5H.0 .01

Celi, &H,C el

IS0, 7H,C 322z

MnC.. 4H,2 32

Na.MoC, 2W,C 0.CC8

H.80, 1.9

Na, EDTA* 4.3€

: ZDTA is incluced in mecium 7 aigal cuitures sul Aot inclugea in medium for

testing purposes.

1973. Growth mecia—/{reshwater,

Camoridge University Press.

Springborn Laboratones Protocsl #: 091192!TSCA 797.1050

pp. 7-24 IN: J. Stein. ed,,

Cuiture Methods ang Growth Measurements.

Page 7

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted withou

t license from IHS

Springborn Laboratories, Inc.

Not for Resale



API TRxuy02 95 EE 0732290 0554694 T7c EH

Report No. 93-11-5065 4 Page 40 of 66

Sopringbom Laboratories, Inc.

750 Main Street ® ‘Varenam, Massachuseas 02571 & (S08) 295-2550  Teiex 4436041 e Facsimie (508) 295-3107

PROTOCOL AMENDMENT
AMENDMENT #: 1

DATE: 18 November 1983

PROTOCOL TITLE: Protocot for Conducting a 96-Hr Acute Toxicity Test with the Alga,
Selenasrum capricomutum Foilowing TSCA 797-1050.

SPECIES: 8. capricornutum

STUDY SPONSOR: American Petroleum Institute
TEST MATERIAL: Tert-Amyl Methyl Ether, 'TAME")
SU STUDY NO: 12827.0592.5106.430
AMENDMENT(S):

Sased on the sctentiai fcr the test marerial o vciatiiize frem the test system, the fcllcwing
mecifications have teen mace in the stcy gretccel. These mcecificaticns are in agreement
with current 1.8, S2A requirements or testing a vciatile sutsianca in a static algas ast
sysiam.

1. The grotees! states that 250 mL ‘est vessels will contain 1C0 mL of test soiutien and
€3 cacpecd with a stainless steer gas-excnange cacs. Curing !his siudy, aach test
vessel (Erdenmever flask) will be comeletely flled with ‘est sciuticn (zerc heacscace!
and then tightty capced with a silicone sicoper [0 prevent velatilization of the test
substance, The solution volume will e apcroximately 275 mbi.

2 The protocol states that three repiicate flasks will be established for each concentra-
tion or control. During this study, the number of repiicate test vessels will be in-
creasad to 12 par concentration. The adcitional test vessais will allow three vesseis at
each interval (le., 24, 48, 72 and 36 hours) tc be sampled, menitcred for ceil density
and discarcded, since a substantial amount of TAME will be lost from the system cncea
opened.

3) The protocol states that Marine Biological (MBL) freshwater medium wiil be used as
the cuiture ang dilution water. The test organism is currantly maintained in Algal
Assay Procecure (AAP) mecium, a similar medium to MBL medium. Conseqguently, the
test dilution water will be AAP mecium. The compeosition of AAP mecium is presented
in the attacned table.

Protccol #: 091182/TSCA 797.1050 Page 1 of 3 .
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4

8)

8)

D 4/. J
Aporoval Signatures: Oﬂ”’\l/-’;) /G A

Oue to testing in a capped system, dissolved bicarbonate will become the limiting
factor for cell growth. Consequently, to provide sufficient enough aigal growth to
evaiuate the toxicity of the test substance, an additional 500 mg/L of sodium bicarbon-

ate (NaHCO,) will be added to the AAP medium.

In additional to the controi (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 SO mL of AAP medium without additional sodium
bicarbonate. This culture will demonstrate that the algal culture used to inoculate the
toxicity test will mest the standard performance criterion (i.e., the control be in log

phase growth after 36 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

properties. This exposure will aiso be conducted in a capped iask system as

described above for the definitive test.

The protocol states the light intensity of the cuiture and test area will be approximately
S000 lux. To clarify 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: 5.0, 2.5,

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

iy 93

7
James R. Hoberg Date
St /Sgudy Director
,.-@;;/c‘.../ ﬁ L/éz_..(..\ 12/9/2 2
i / i
i 4
/ Richard A. Rhoden, Ph.D. Cate

Study Sponsor Representative
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Table 1.

ALGAL ASSAY PROCEDURE (AAP) MEDIUM

Compound Concentration
NaNQ, 25.5 mg/L
MgCl, « 6H,0 12.16 mg/iL
CacCy, - 2H,0 4,41 mg/L
MgSo, - 7H,0 14.7 mgsL
K,HPO, (K,HPO, - 3H,0) 1.044 (1.368) mg/L
NaHCQ, 15.0 mg/L
H,80, 188.5 ug/L
Na,SeQ,* 1.88 ug/L
MnCi, - 4H,0 415.4 g/l
Zncy, 3.270 ugiL
CoCl, - 6H,0 1.43 o/l
CuCl, - 24,0 2.012 ugiL
Na.MoC, - 2,0 7.25 ugit
FeCl, « 51,0 1$8.3 ug/l
Na.SiC; - 8H.0° 2.0 mgL
Na.E3TA - 2H.C CC.0 ugil

Final pH is acjusted t0 7.5 = Q.1
® Acditional nutrient required, personal communication. Or. R, A. L Guillard, June 1991,
® Na,SiO, « 9H,0 is added to medium used for diatoms (N. peilicuiosa) only.

Source:

Protcesl # 091182/ TSCA 797.1050

Page 3cf 3

W.E. Miller, J. C. Greene, and T. Shiromyama. 1978. The Se/enastum
capricormnutum Prinz algal assay bottle test. £2A §00/9-78-018. U.S. Environ-
mental Protection Agency, Washingion, D.C.
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7.0 APPENDIX 1l - CERTIFICATE OF ANALYSIS
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aldrich chemical co.

chernists helping chemusts in research & industry

SPRINGZURN LARORTORIES PO NBR:
508 293 8407
PAULA LECONTE

PRODUCT INFORMATION

PRODUCT NUMBER: 28309~6& LOT NUMBER: 0281432

FRODUCT NAME: TERT=-AMYL METHYL ETHER, 94X

FORMULA: CsHi40 FORMULA WEIGHT: 102.18
AFPSARANCE COLORLESS LICUID

REFRACTIVE INDEX AT 1.388S

20 DEC C

INFRARED SPECTRUM CONFORMS TO STRUCTURE AND STANDARD AS

ILLUSTRATED ON PAGE 248A OF EDITION I,
VOLUME 3 OF “THE aALDRICH LIBRARY OF F7-IR

SFECTRA".
GAS LIQUID 6.8 %
CHROMATOGRAFHY '
ALDRICH warrants that its p f 10:tha int § \ed in this i
and ather Aldrich publications. Purchaser must dotermine the suitedllity of the Mdrg::vcx,:ms'zaésggf any
product for its particuiar use. See reverse side of invaice or packing sip for addi- bt
tional terms and conditiens aof sale, NOVEMBER (i, 1992

. [A -dldFich chermical ¢6.”

e P.Q. Box 355 Milwaukee, Wisconsin SI201 USA « (€14) 2733850

Springborn Laboratories, Inc.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



API TRx4yD2 95 EME 0732290 0554699 558 IN

Report No. 93-11-5065 Page 45 of 66

8.0 APPENDIX Il - DILUTION WATER ANALYSIS
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Well” Water Sample*
Date Collected: 7/29/83 Date Reported: 9/17/93
Pesticide Screen §;1;lll Result As Received Limit of Quantitation
Alpha BHC < 0.01 zgn 0.01
Beta BHC < 0.01 pgn 0.01
Gamma BHC - Lindane < 001 ug 0.0
Detta BHC < 0.01 g 0.01
Heptachior < 0.01 pght 0.01
Aldrin < 0.01 g/ 0.01
Heptachior Epoxide < 0.01 pgnt 001
DOE < 0.01 ugn 0.01
00D < 0.01 ggt 0.01
oot < 0.01 ugh 0.01
HCB < 0.01 g 0.01
Mirex < 001 pg/l 0.01
Methaxychior < 0.05 ugn 0.05
Dieldrin < 0.01 agtt 0.01
Endrin < 0.01 pgft 0.01
Telodrin < 0.01 ugh 0.01
Chicrdane < 0.3 pgt 0.3
Toxaphene < 4 pgft 4,
PCBs < 1. ugl 1.
Ronnel < 0.01 ugn 0.01
Ethion < 0.02 ugh 0.02
Trithion < 0.05 pgt 0.05
Diazinan < 0.1 2g1 0.1
Methy! Parathion < 0.02 gg/l 0.02
Ethyl Parathion < 0.02 gg 0.02
Malathion < 0.05 pont 0.05
Endosuttan | < 0.01 ught 0.01
Endosulfan |l < 0.01 ug! 0.01
Endosulfan Suffate < 0.03 ug! 0.03
! Well water suppiemerted by Town of Warehamn water
|=: Analyzed by Lancaster Labaratonies, Inc. _
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e e —
Well® Water Sample*
Date Collected: 8/9/93 Date Reported: 8/26/93
Analysis Resuit As Received Limit of Quantitation

Mercury < 0.00020 mg/! 0.00020
Arseric < 0.20 mg/i 0.20
Selenium < 0.20 mgN 0.2
Boron < 0.040 mg/i 0.04

| Thalium < 0.30 mg/ 0.3
Aluminum < 0.20 mgN 0.2
Antimony < 0.20 mg/ 0.2
Barium < 0.10 mg/ 0.1
Berylium < 0,010 mg1 0.01
Cadmium < 0.010 mgn 0.01
Calcium 7.7 mg/i 0.2
Chromium < 0.050 mg/l 0.05
Cobak < 0.050 mg/! 0.05
Copper < 0.020 mg/t 0.02
fron < 0.10 mg/ 0.1
Lead < 0.10 mg/ 0.1
Magnesium 2.31 mg/l 0.1
Manganese < 0.010 mght 0.01
Molybdenum < 0.10 mg 0.1
Nicke! < 0.050 mg/l 0.05
Potassium 1.07 mg/l 0.5
Silver < 0.020 mg/t 0.02
Sodium 14.0 mg/t 04
Ttanum < 0.010 mg/t 0.01
Vanadium < 0.010 mg/t 0.01
Zinc <0.040 mg/ 0.04
Total Organic Carbon *** < 1. mgl 1.
T el water supplemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, inc.
=== Represents “non-purgeable TOC*
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9.0 APPENDIX IV - ANALYTICAL METHODOLOGY
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SUMMARY

An analytical methodology is presented for the measurement of TAME (Tert-Amyl Methyi
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 + 11% for filtered seawater and 102
+ 10 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. Balance: Mettler AE 200 182, four-place analytical
2. Volumetric flask: grade A, assorted sizes
3. Wheaton vials with teflon-lined crimp top lids, aséorted sizes
4, Syringes: Hamilton, assorted sizes, gas tight and valved
S. Absorbent Trap: 25 cm x 0.125 O.D. stainiess steel column packed with 1 cm 3%
OV -1, 15 cm tenax and 8 cm silica gel.
6. Purge and Trap Liquid Sample Concentrator: Tekmar model LSC-2000

Vial Sampling System: Tekmar Model ALS2050
8. Gas chromatograph: Hewiett-Packard 5890A equipped with a capillary injection
port and 105 m x 0.53 mm L.D. 3 um film RT, 502.2 column and Flame lonization

detector.

Springborn Laboratories, Inc.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



API TRx402 95 WE 0732290 0554704 745 WM

Report No. 93-11-5065 Page 50 of 66
Reagents
1 Methanol: reagent grade solvent

2. TAME: Lot # 02814BZ, was received from Experimental Pathology Labs, Inc., on
17 August 1992 and was identified by the Sponsor to be 98.8% pure.

3. Water: All solutions were prepared using water from a Sybron/Barnstead
NANOpure II* (meets ASTM Type lIA 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.

4. AAP Media
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 10 mL 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 10 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 (104, 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
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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 Volume Nominal
Concentration Taken Concentration
(mg/L) (ul) (mg/L)
5.20 25.0 0.026
26.0 25.0 0.130
26.0 50.0 0.260
26.0 100 0.520
26.0 250 1.30
104 250 5.20
104 500 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,
4.16 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 mL/min) 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
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(0.53 mm |.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 ° C

Time (minutes) Temperature (° C)
Purge: 4or6 < 40
Desorption Preheat: NA 175
Desorption: 4.0 180
Bake: 8.0 225

Heating Zones
Temperature °C

Valve:; 200
Mount: 40
Transfer Line: 200

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.
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. Gas Chromatograph: Hewlett Packard 5890A gas chromatograph equipped with a
split/splitiess capillary injection port operated in the splitless mode.

Column: 105 m x 0.83 mm ID x 3 um film
Temperature (°C): injector: 200
column temperature programmed: 40 - 250
Rate: 10 °C per minute from 40 to 70 °C
25 °C per minute from 70 - 250 °C

Gas (mL/minute): Helium
Carrier Gas: ca. 9

Makeup gas(mL/minute): Helium (28)
Run Time: 16 minutes
Retention Time: ca. 12.4 minutes

Integrator: Hewlett Packard 3396A Il programmable integrator

Analysis

TAME was analyzed utilizing purge and trap thick film capillary (0.53 mm 1.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 1A, 2A and 3A,
respectively. System performance was tested for system repeatability in water. Resuits 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
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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, r?, greater than 0.98) from 0.25
mg/L TAME 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.

Nominai Volume Concentration Percent
Concentration Purged Recovered Recovered
(mg/L) (mL) (mg/L) (%)
104 5.00 8.92 85.8
10.4 5.00 9.17 88.1
10.4 5.00 9.39 90.3
4.16 5.00 3.79 91.1
4.16 5.00 3.88 83.2
4.16 5.00 3.84 92.3
0.052 5.00 0.0462 88.9
0.052 5.00 0.0462 88.9
0.052 5.00 0.0462 88.9
Control 5.00 < 0.026 . NA
Control 5.00 < 0.026 NA
Control 5.00 < 0.026 NA

Mean Recovery: 89.7 + 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
(mg/L) (mL) (mg/L) (%)
10.4 5.00 10.0 96.3
104 5.00 12.1 116
104 5.00 12.1 117
10.4 5.00 11.9 114
4.16 5.00 3.79 91.1
4.16 5.00 3.78 90.9
416 5.00 3.79 91.2
0.026 5.00 0.027 105
0.026 5.00 0.027 105
0.026 5.00 0.028 109
Control 5.00 < 0.026 NA
Control 5.00 < 0.026 NA
Control 5.00 < 0.026 NA

Mean Recovery: 104 + 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 resuits 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) (%)
695 200 5.00 694 99.8
695 200 5.00 693 99.6
695 200 5.00 705 101
248 100 5.00 268 108
248 100 5.00 258 104
248 100 5.00 265 107
49.7 20.0 5.00 50.9 102
49.7 20.0 5.00 44.9 90.3
49.7 20.0 5.00 51.7 104
Control 1.00 5.00 < 0.248 NA
Control 1.00 5.00 < 0.248 NA
Control 1.00 5.00 < 0.248 NA

Mean Recovery: 102 + 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 |l water at
0.026 mg/L.

Replicate Area Height
1 47510 5725
2 54711 6099
3 46909 5631
4 36628 5646
5 36305 5689
6 55640 6292
7 54256 6365
Mean: 47423 5922
Std Dev.: 8243 320
% RSD: 17.4 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.  Arepresentative linear regression analysis from standard TAME

analysis.
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Figure 3A. A representative polynomial regression analysis from standard
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10.0 APPENDIX V - EXCERPTED COPIES OF RAW DATA
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Soringborn Laboratories,

Inc.

QC Tabie

Sponsor: Americen Petroleum (nstitute

Test Materiat: Tame
Project No.:
Test Type:

12827-492-5106-430
Selenastrum acute

Sampte Date(s): Ohr (18-Nov-93) & 96hr (22-Nov-9T)

Dats Entered Ay: JPS \9")

Mean Nean
Nominal Interval Analytical Analyticat X of
Sample Concentration Result Resutt Nominal
(mg/L) (mg/L) (mg/L)
1193-1329 0.00 0 MR <0.010 NA NA
11931342 0.00 96 HR <0.010 NA NA
1193-1329 0.040 0 HR 0.023 0.017 2.0
1193- 1341 3.340 96 4R 0.010
1193-1328 Q..3 9 NR 0.043 0.237 6.7
1193-1340 0..8 96 4R 0.032
1193-1227 0.4 3 4R 0.083 0.247 wl.8
1193- 1339 0.18 96 WR 0.050
1193-1326 0.3 c HR 0.27 2.23 75,2
1193-1338 0.3 94 MR g.19
1193- 1325 0.83 0 HR 0.75 0.48 5.8
1193-1337 0.83 96 HR 0.1
1193-1324 1.3 0 R 0.77 0.52 <0.2
1193-1336 1.3 96 HR 0.27
1193-1323 2.5 0 4R 1.6 1.4 $6.5
1193-1335 2.5 94 W 1.2
1193-1322 5.9 0 HR 5.7 3.7 3.3
1193-1334 5.0 96 HR 1.6
Total Mean X of Nominal: 36.4
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Springborn Laboratories, I(nc.

T

able

$ponsor:

Test Material:
Project No.:
Test ype:
Semple Date(s):

American Petroleum Institute

Tome

12827-692-5106-430

Selenastrum acute

Ohr (18-Nov-93) & 96hr (22-Nov-93)
Data Entered By: JPS j’?

Sample {0

1193-1332 qe
1193-1344 ac
1193-1333 ac
1193-1345 qc
1193-1331 ac
1193-1343 ¢

Nominal
Concentration

Interval

Analyticai
Resutlt
(mg/L)

Mean
Anslycical
Result
(mg/sL)

6.65

0.0659

Total Mean % of Nominal:

9.8
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AlGAL éROWTH CALCULATIONS Page ff { Study No. 12827-0592~6106-430
DENSITY CALCULATIONS -

Cell density (10~4 cells/nlL) is cslculated from raw data by the foramula:
Cell Density = 4Calls/(#Fields ® Field Volume).

Means and standard deviations for each trsatdent group are calculated.

7ield Volume is the volume of a hemocytometer grid 0.1 x 0.1 x 0.01 cu.

FIEZLD VOLUME = 1 x 10~(-4) cm3 = 0.0001. mL
G2 @ s 72 96

Contzrol REP A 3.28 38.75 18.00 69.00
Control REP B 2.25 34.75 27.50 €3.7%
Cantzol REP C 1.75 35.25 26.00 €3.25
Mean 2.42 36.25 23.83 €5.33

S.D. 0.76 2.18 5.11 3.19

0.040 mg/L REP A 2.00 7.00 8.50  53.00
0.040 mg/L REP B 2.50 7.75 11.75 83.25
0.040 mg/L REP C 2.00 10.25 12.25 68.50
Mean 2.17 3.33 10.83 £68.25

s.D. 0.29 1.70 2.04 15.13

0.080 REP A 3.00 5.25 7.50 47.75
0.080 REP B 4.00 2.25 10.00 45.50
0.080 REP € 2.00 4.50 16.50 46.75
Mean 3.00 4.00  11.33 [as.67

s.D. 1.00 1.56 4.65 1.13

0.26 REP A 1.25 5.50 11.%0 37.25

0.16 REP B 1.75 7.%50 7.75 25.50
0.26 REP C 1.00 2.75 2G.75 27.75
Mean 1.33 s.25 $13.33 030.17

s.D. 0.38 2.38 6.69 €.24

0.31 REP A 1.50 10.00 §.50 17.25

0.31 REP B 1.25 6.75 12.75 18.50

0.31 REP C 1.50 3.%50 9.25 13.00
Mean 1.42 i6.75 10.17 (J16.25

S.D. 0.14 3.25 2.27 2.88

0.63 REP A 0.75 7.25 7.25 10.75

0.63 REP B 0.50 5.25 7.00 11.75

0.63 REP C 1.00 $.50 _B8.75 _14.25
Mean 0.75 gv.a: v7.67 (Ji12.25%

S.D. 0.25 /4 2.13 0.95 1.80

1.3 REP A 2.75 3.50 5.00 6.50

1.3 REP B 0.75 4.50 4.25 8.75

1.3 REP C 1.2% £.75 5.50 §.28

Mean 1.58  24.58 D492 O7.17

s.D. 1.0 7Z1.13 0.63 1.38

@ Include in EC calculations—JRH 11-28-93.
@ Do not calculate EC’s due to lack a a clear - conc. response—JRH 11-28-93
® Exclude 48 hr. data from EC’s based on @—JRH 5-9-94,
\d
11/23/93
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ALGAL GROWTH CALCULATIONS Page < Study No. 12327-0592-6106-430
2.5 REP A 1.25 2.75 2.25 3.25
2.5 REP B 0.75 4.00 3.00 1.75
2.5 REP C 0.25 4.75 3.50 3.50
Mean 0.75 3.83 (2.92 (h.83
/D S-D- 0-50 @’1-01 0-63 0-80
'94
10.5 REP A 0.50 1.50 2.75 2.00
10/0 REP B 0.75 2.00 2.25 2.50
16.0 REP € 1.50 2.50 1.50 3.50
=" Mean 0.92 2.67 (2.17 (h2.67
7 s.D. 0.52 Jo.76 0.63 0.76
- ..".—\
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