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Strategies for Today’s
Environmental 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, 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.

APl 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:

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

< 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.

4+ 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, health 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, MAN-
UFACTURERS, 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 PROD-
UCT COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CON-
TAINED IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE
AGAINST LIABILITY FOR INFRINGEMENT OF LETTERS PATENT.
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American Petroleum Institute
Health and Environmental Sciences Department
QUALITY ASSURANCE/GLP COMPLIANCE STATEMENT

Study Title: Tert-Amyl Methyl Ether (TAME) - Acute Toxicity to
the Mysid Shrimp (Mysidopsis bahia) Under Static Renewal Conditions.
Testing Facility: Springborn Laboratories, Inc.

SLI Study Number: 12827.0394.6110.510

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, as well as
those listed on the Springborn GLP Compliance Statement.

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
4/25/94 Second Protocol

Review 4/25/94
4/27-28/%4 In-Life Inspection

and Data Audit 5/2/94
6/13/94 Draft Report

Audit 6/14/94
10/15/94 Revised Final Draft

Report Review 10/15/%4
12/21/94 Final Report

Review 12/21/94
12/30/94 Amended Final Report
2 Review and

Acceptance 12/30/94

(4 /7_5_

Quality Assurance Coordinator Date

*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.
Environmenta! Sciences Division

780 Main Street e 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 Methy! Ether (TAME) - Acute Toxicity to Mysid Shrimp
(Mysidopsis bahia) Under Static Renewal Conditions

Amendment No. 1 Amendment Date: 29 December 1994
SLI Study No. 12827.0394.6110.510

SLI Report No. 94-5-5269

Study Sponsor: American Petroleum Institute

Study Director: Mark W. Machado

Final Report Modifications and / or Additions:

Page 8: The date of Protocol Amendment #1 was changed to the corrected date of the
amendment

Page 40-41: The corrected version of Protocol Amendment #1 was included on these
pages

Approval Signatures:

Mﬂj ) 10l /ey
Mark W. Machado Date

Study Director

T
' \ @'\fYoLm‘L\CQ 11(? G(Qu‘
Patricia D. Royal Date

Manager, Regulatory Affairs and
Quality Assurance Unit

& Springborn

LETTERS AND REPORTS Spnngbom Laboratanes. Inc. ietters and reports are issued for the exciusive use of the Chents 1o whom they are addressed. No quotahons from reports or
use 0f the Spnngbom Laboratones. INC name is permitied excep! s expressly authonzed n wting Letiers and repons app'y only 10 the Specihc matenals products or processes tested
*1aMiNGd Ot Surveysd and are not ity 10 of the quall of apparently Jentica! of SiMusr Mmatenals. products or processes The iabiity of Spnngborn Laborgiones. inc
Wwith respect 10 38rvices rendered shall be kmited 10 the amount of the congideration paid for such services and nol Nciude any coNsequental damages
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TERT-AMYL METHYL ETHER (TAME) -
ACUTE TOXICITY TO MYSID SHRIMP

(Mysidopsis bahia) UNDER STATIC
RENEWAL CONDITIONS

TSCA Guideline § 797.1930

Submitted to:
American Petroleum Institute

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

SLI Report #94-5-5269
SLI Study #12827.0394.6110.510

Study Director: Mark W. Machado

Springborn Laboratories, Inc.
Environmental Sciences Division
790 Main Street
Wareham, Massachusetts 02571-1075

29 December 1994

AMENDED FINAL REPORT
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Report No. 94-5-5269 Page 2 of 73

GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

The data and report presented for "Tert-Amyl Methyl Ether (TAME) - Acute Toxicity to
Mysid Shrimp (Mysidopsis bahia) Under Static Renewal Conditions" were produced and
compiled in accordance with all pertinent EPA Good Laboratory Practice Regulations (40 CFR,
Part 792) with the following exception: routine water and food contaminant screening analyses
for pesticides, PCBs and toxic metals. These analyses were conducted using standard U.S. EPA
procedures by Lancaster Laboratories, Lancaster, Pennsylvania. These data were not collected
in accordance with Good Laboratory Practice procedures (i.e., no distinct protocol, Study
Director, etc.). Storage stability, characterization and verification of the test substance identity
and maintenance of these records on the test substance are the responsibility of the Study
Sponsor. Total organic carbon analyses for fitered seawater conducted by Galbraith
Laboratories, Knoxville, Tennessee, utilized standard U.S. EPA procedures, but were not
conducted in accordance with Good Laboratory Practice procedures. At the termination of the
testing program, all remaining test substance will be sent to the Study Sponsor. Archival of a
sample of the test substance is the responsibility of the Study Sponsor.

SPRINGBORN LABORATORIES, INC.

W YMX i

Mark W. Machado ate
Study Director

Springborn Laboratories, Inc.
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SUMMARY

The purpose of this study was to estimate the acute toxicity (LC50) of Tert-Amy! Methyl
Ether (TAME) to mysid shrimp (Mysidopsis bahia) under static renewal conditions. The LC50 is
defined as the concentration of the test substance in dilution water which causes mortality of 50%
in the exposed test population after a fixed period of time. Twenty organisms (ten per replicate)
were exposed in duplicate test vessels to each of six concentrations of TAME and a dilution
water control for 96-hours. During the test, nominal concentrations of 1.6, 4.0, 7.3, 15, 30 and
60 mg A.l./L were maintained by renewing solutions at 24-, 48- and 72-hours of exposure. Each
replicate solution was sampled and analyzed for TAME concentration at 0-hour (test initiation)
and 96-hours (test termination) of exposure. Due to the variability between replicates and
sampling intervals, the analytical results obtained for the lowest treatment level will not be
reported. Based on the results of these analyses, the mean measured exposure concentrations
were defined as 5.0, 9.5, 19, 35 and 65 mg A.L/L. Biological observations and observations of
the physical characteristics of the exposure solutions were made and recorded at test initiation
and every 24 hours thereafter until the test was terminated. Throughout the exposure period,
treatment level solutions were observed to be clear and colorless and contained no visible sign
of undissolved test substance (e.g., precipitate).

At test termination (96-hours), 100% mortality was observed among mysids exposed to
the highest mean measured concentration tested (65 mg A.L/L). Monrtality of 60 and 95% was
observed among mysids exposed to the 19 and 35 mg A.l./L treatment levels, respectively, while
mortality of 20 and 10% was observed among mysids exposed to the 5.0 and 9.5 mg A.l/L
treatment levels, respectively. Sublethal effects (e.g., lethargy, darkened pigmentation) were
observed among all of the surviving mysids exposed to the 19 and 35 mg A.L/L treatment level '
and among several of the surviving mysids exposed to the 5.0 and 9.5 mg A.L/L tréatment levels.
Mortality of 5% was observed in the lowest treatment level tested (i.e., 1.6 mg A.L./L, nominal) with
two of the surviving mysids observed to be lethargic. The LC50 values, 95% confidence intervals
and No-Observed-Effect Concentration (NOEC) established during this study are summarized in

the following table.

Springborn Laboratories, Inc.
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TEST RESULTS
No-Observed-
LCs0 Effect Concentration
(mg AL/ Through 96 Hours
(mg A.L/L)*
24-Hour® 48-Hour® 72-Hour? 96-Hour®
> 65 > 65 18 14 < 5.0
(13- 23) (10-19)

Based on mean measured concentrations of TAME (as active ingredient).
Corresponding 95% confidence interval is presented in parentheses.

LC50 value empirically estimated as being greater than the highest mean measured concentration
tested. _

4 LC50 value and 95% confidence interval calculated by probit analysis.
® LCs0 value and 95% confidence interval calculated by moving average angle analysis.

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The purpose of this study was to estimate the acute toxicity (LC50) of TAME to mysid
shrimp (Mysidopsis bahia) under static renewal test conditions. The LC50 is defined as the
concentration of the test substance in dilution water which causes mortality of 50% in the
exposed test population after a fixed period of time. This value is often used as a relative
indicator of potential acute hazards resulting from release of the test substance into aquatic
environments. The study was initiated on 25 April 1994, 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 definitive test was conducted from 3 to 7 May 1994 at the
Environmental Sciences Division of Springborn Laboratories, Inc. (SLI), located in Wareham,
Massachusetts. All original raw data and a copy of the final report will be stored with the Study
Sponsor. A final report for this study was issued to American Petroleum Institute dated 19
December 1994. This amended final report, 28 December 1994, incorporates changes made as

presented in Final Report Amendment #1.

2.0 MATERIALS AND METHODS
2.1 Protocol
Procedures used during this acute toxicity study followed those described in the
Springborn protocol entitled “TAME: Acute Toxicity to Mysids (Mysidopsis bahia) Under Static-
Renewal Conditions, Following TSCA Guideline 797.1930", Springborn Laboratories Protocol
#:042594/TSCA/S510/TAME (dated 25 April 1994) and Protocol Amendment #1 (dated 17 May

- 1994) (Appendix l). The methods described in this protocol generally follow the standard
procedures described in the U.S. EPA Toxic Substance Control Act (TSCA) Test Guidelines §
© 787.1830 (U.S. EPA, 1985). Where applicable, Springborn Laboratories, Inc. Standard Operating

Procedures (SOP) were followed during the conduct of the study.

2.2 Test Substance
Two samples of Tert-Amyl Methyl Ether (TAME) (CAS # 994-05-8), a clear liquid, were

received from Experimental Pathology Labs, Inc., Herndon, Virginia. The first sample,

Springborn Laboratories, Inc.
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Lot # 02814BZ, was received at SLI on 17 August 1992 and was used to prepare analytical
standards during the method validation/recovery study and to prepare Quality Control samples
during the definitive exposure. The sample was identified by Aldrich Chemical to contain 98.8%
active ingredient; A.l. (Certificate of Analysis, Appendix Il). The second sample, Lot # 07905KZ,
was received at SLI on 2 November 1992 and was used to prepare exposure solutions during
the preliminary and definitive exposures. The sample was identified as reagent grade by Aldrich
Chemical and contained 98.7% active ingredient (Certificate of Analysis, Appendix II). Upon
receipt at SLI, the samples of test substance were stored in a dark, ventilated cabinet at room
temperature (approximately 20 °C). Test concentrations are expressed as milligrams of test
substance (as active ingredient) per liter of test solution and are reported as mg A.l/L.

At the request of the Study Sponsor, mass spectral analysis was conducted on the initial
batch of TAME received at program initiation, and the additional batches received throughout the
course of the program. The purpose of the mass spectral analysis evaluation was to determine
test material integrity throughout the duration of the program. Initial evaluation of test material
(i.e., lot # 02814BZ) was conducted on 3 December 1992. Following completion of this flow-
through acute toxicity test with mysids, spectral analysis was conducted on 20 July 1994 on each
of the remaining two lots (lot # 02814BZ and lot # 07905KZ). The spectral analysis conducted
on 20 July 1994 on the two remaining lots in comparison to the initial spectral analyses of lot
# 02814BZ established that negligible change in test material composition had occurred during
storage at Springborn Laboratories, Inc. (i.e., approximately 24 months).

2.3 Test Organisms

The mysid shrimp (Mysidopsis bahia) was selected as the test species since it is a
recommended (U.S. EPA, 1975) species and commonly used warm water marine invertebrate in ’
static acute toxicity tests. The mysid shrimp used during this study (SLI Lot #94A28) were
produced by broodstock originally obtained from Aquatic Biosystems, inc., a commercial supplier
in Ft. Collins, Colorado, an held at Springborn in a 500-L fiberglass tank under a photoperiod
of 16 hours of light and o -iours of darkness. A closed loop recirculating filtration system
provided natural seawater to the holding tank. The seawater was characterized as having a

Springborn Laboratories, Inc.
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salinity ranging from 19 to 21 °/oo and a pH of 7.6. Test organisms were maintained under these
conditions for a minimum of 14 days prior to testing. The temperature in the holding tank was
24 °C during this 14-day period. Juvenile mysids, s 24 hours old, were collected using a
variation of the method described by Reitsema and Neff (1980). The mysids were fed live brine
shrimp, Artemia salina, nauplii twice daily (Daily Record of Mysid Culture Conditions).
Representative samples of the food source were analyzed for the presence of pesticides, PCBs
and toxic metals (Appendix lll). Food sources were considered to be of acceptable quality since
the total concentration of pesticide measured was less than 0.3 mg/kg (ASTM, 1985).

2.4 Test Dilution Water

The dilution water used during this study was from the same source as the water which
flowed into the tank used to hold the mysid shrimp. The dilution water was collected from the
Cape Cod Canal, Bourne, Massachusetts with a pump (fiberglass reinforced thermoplastic
housing) and a polyvinyl chloride (PVC) pipe and was then transported to the laboratory in a
3400-L fiberglass tank. In the laboratory, the seawater was passed through a series of
polypropylene core filters (20- and 5-micron) and then recirculated within an epoxy-lined concrete
reservoir prior to use. The seawater was pumped to the laboratory under constant pressure
through PVC pipe and a polypropylene heat exchanger system. The seawater used during this
study had a salinity range of 31 to 33 °/oo and a pH range of 7.9 to 8.0. The salinity of the
seawater used in the test was adjusted to 20 + 3 °/oo by diluting with freshwater. The freshwater
is characterized as soft and is a combination of on-site well water and Town of Wareham well
water. Representative samples of the seawater as well as the freshwater used to adjust the
salinity were analyzed for the presence of pesticides, PCBs and toxic metals (Appendix IV). 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 and ASTM (1985) standard practices.
in addition, representative samples of the seawater as well as the freshwater used were analyzed
monthly for total organic carbon (TOC) concentration. These analyses established that the TOC
concentration of the seawater and freshwater ranged from 0.84 to 2.9 mg/L and 0.43 to 0.79
mg/L, respectively, for the months of Novoemoer 1893 to April 1994 (TOC and TSS Master Log,
Vol. 1). Several species of mysid shrimp are maintained in water from the same source as the

Springborn Laboratories, Inc.
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dilution waters utilized during this study and have successfully survived and reproduced over
several culture generations. The performance of the mysid cultures, in combination with the
previously mentioned analyses, confirms the acceptability of this dilution water for use during the
conduct of bioassays.

2.5 Test Conditions

The test system was designed to provide six concentrations of TAME and a dilution water
control to duplicate test vessels. Test vessels were labeled to identify the nominal test substance
concentration and designated replicate. Test vessels were impartially placed in a temperature
controlled waterbath designed to maintain solution temperatures at 25 + 2 °C. A photoperiod of
14 hours light and 10 hours darkness provided light with an intensity of 30 footcandles at the
surface of the test solutions was provided by Dura-Test vita-Lite® fluorescent bulbs. Sudden
transitions from light to dark and vice versa were avoided.

2.6 Test Concentrations

Selection of nominal TAME concentrations for the 96-hour definitive toxicity test with
Mysidopsis bahia was based on toxicity information developed at Springborn through preliminary
testing. The nominal concentrations chosen were 1.6, 4.0, 7.3, 15, 30 and 60 mg A.l./L.

2.7 Exposure Solution Preparation

The toxicity test was conducted in glass mason jars which contained a total solution
volume of 940 mL. The test solution in each vessel had a depth of 16 cm and a surface area of
28.3 cm®. Duplicate test vessels were established for each treatment level and the control.
Control vessels were established which contained the same dilution water as the exposure
concentrations but contained no test substance. Replicate treatment level solutions were
prepared individually by volumetric addition of the appropriate amount of test substance directly
to the test vessels which were previously filled to 80% capacity with dilution water. The test
vessels were then completely filled to the top with dilutinn water, leaving no headspace, covered
with a metal screw-top lid with a Teflon® liner to minifnize evaporation and loss of test substance
due to volatilization and inverted several times ensuring adequate mixing. Test solutions were
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renewed at the 24-, 48- and 72-hour interval. A duplicate set of exposure vessels was
established to prepare fresh renewal solutions. Solutions were renewed by carefully siphoning
the aged solution out of the test vessel using an inverted glass powder funnel and a length of
silastic tubing. The open end of the funnel was covered with 363 micron Nitex® screen attached
with silicone adhesive to prevent loss of mysids. Approximately 80% of the aged solution was
removed, leaving an adequate amount of solution remaining for surviving mysids. Freshly
prepared solution was added to the test vessel in the same manner by siphoning into the test

vessel using the funnel.

3.0 TEST PROCEDURES
3.1 Stability and Aqueous Solubility Trials
Prior to initiation of this study, a stability and aqueous solubility evaluation of TAME was
conducted at Springborn Laboratories, Inc. The evaluation was conducted in a ciosed system
designed to minimize headspace at a nominal concentration of 600 mg A.l./L and in the presence
of test organisms (sheepshead minnow). The test solution was analyzed for TAME

concentrations at 0, 24, 48 and 96 hours of exposure.

The average measured concentration of TAME at 0,24, 48 and 96 hours of the exposure
period was 755, 491, 484 and 343 mg A.L/L, respectively. Although the O-hour recoveries were
somewhat higher than anticipated, the results established that under the maintained test
conditions, the test material was relatively stable during the initial 48-hours of the exposure
period. These results also suggest that the water solubility under these conditions approximate
500 to 600 mg A.l/L. In addition, dissolved oxygen concentration measured during this test
indicated that in the presence of test organisms (sheepshead minnow), the dissolved oxygen

concentration fell below 60% of saturation following 48 hours.

The above results established that TAME was generally stable for a period of 48 hours
under the maintained test conditions and support the premise th=: it i appropriate to conduct
the tests with TAME under static renewal conditions. Since dissolved oxygen concentrations fell
below 60% of saturation at 48 hours of exposure, the mysid study was conducted with 24-hour
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renewals to avoid the potential for low dissolved oxygen concentrations during the in-life portion
of the study.

3.2 Test Initiation

The test was initiated when ten mysid shrimp (s 24 hours old, 20 per treatment level and
the control) were impartially selected and distributed to each replicate vessel. Mysids were
added two at a time to each replicate aquarium until each aquarium contained 10 mysids.
Mysids were fed brine shrimp nauplii (Artemia salina) once daily during the exposure period.

3.3 Test Monitoring

Biological observations of the exposed mysid shrimp and obsewation§ of the physical
characteristics of the test solutions were recorded at test initiation and at each subsequent 24-
hour interval until test termination (96 hours). Mortalities were recorded and removed from each
test vessel every 24 hours during the exposure period.

3.4 Water Quality Measurements

Dissolved oxygen concentration, pH, salinity and temperature were measured once daily
in both replicates of each treatment level and the control. At each renewal interval (i.e., 24, 48
and 72 hours) water quality measurements were taken from both the newly prepared and old test
solutions. Salinity was measured with an ATAGO refractometer. The pH was measured with a
Jenco Model 601A pH meter and combination electrode; the dissolved oxygen concentration was
measured with a Yellow Springs Instrument (YSI) Model #57 dissolved oxygen meter and probe
and the daily temperature was measured with a Brooklyn alcohol thermometer. Light intensity
was measured with a General Electric type 214 light meter. Continuous temperature monitoring
of the surrounding water in the waterbath was also performed using a Fisher Scientific Min/Max

thermometer.

3.5 Analytical Measurements
During the definitive exposure period, water samples were removed from each replicate
solution of each treatment level and the control at 0 and 96 hours for the analysis of TAME
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concentration. Samples analyzed at the 0-hour sampling interval were removed from the freshly
prepared test solutions. Samples analyzed at the 96 hour sampling interval were removed from
the aged (24 hour old) exposure solutions. Each exposure solution sample was collected from
the approximate midpoint of the test vessel with a volumetric pipet. In addition, three Quality
Control (QC) samples were prepared at each sampling interval and remained with the exposure
solution samples throughout the analytical process. These QC samples were prepared in dilution
water at concentrations of TAME similar to the exposure concentration range. Results of the
analyses of the QC samples were used to judge the precision and quality control maintained
during the analysis of exposure solution samples. All samples were analyzed for TAME using
a gas chromatographic (GC) procedure according to the methodology described in Appendix V.
A method validation study conducted at SLi prior to the initiation of the definitive test, established
an average recovery of 104 + 11% for filtered seawater. 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 STATISTICS

The mean measured concentrations tested (based on 0- and 96-hour analyses) and the
corresponding biological response (mortality) derived from the definitive toxicity test were used
to estimate the median lethal concentrations (LC50) and 95% confidence limits at each 24-hour
interval of the exposure period. The LC50 is defined as the concentration of the test substance
in dilution water lethal to 50% of the test organism population at the stated exposure interval.
If s 50% mortality was observed in any of the concentrations tested, the LCS0 value was
estimated to be greater than the highest treatment level tested and no statistical analyses were
performed. {f at least one test concentration caused mortality of greater than or equal to 50%
of the test population, then a computer program (Stephan, 1982, personal communication) was
used to calculate the LC50 values and 95% confidence limits.

Three statistical methods were available in the computer program: moving average angle
analysis, probit analysis, and nonlinear interpolation with 95% confidence limits calculated by
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binomial probability. Moving average angle and probit analyses yield statistically sound results
only if at least two concentrations produce a mortality of between 0 and 100% of the test
organism population. The selection of reported LC50 values and 95% confidence limits was
based upon an examination of the data base and the results of the computer analysis. Selection
criteria included the establishment of a concentration-effect (mortality) relationship, the number
of concentrations causing partial responses, and the span of responses bracketing the LC50
value. If two or more statistical methods produced acceptable results, then the method which
yielded the smallest 95% confidence limit was selected. The No-Observed-Eftect Concentration
(NOEC) during the 96-hour exposure period was also determined. The NOEC is defined as the
highest concentration tested at and below which there were no toxicant related mortalities or
physical and behavioral abnormalities (e.g., lethargy) with respect to the control organisms.

5.0 RESULTS

Copies of excerpted raw data on the exposure conditions (e.g. water quality, test
substance concentration analyses) and the concentration-effect response are presented in
Appendix VI.

5.1 Preliminary Test

Prior to initiating the definitive study, several preliminary range-finding tests were
conducted at SLI. An initial preliminary study was conducted in which mysid shrimp were
exposed under static renewal conditions with zero headspace at nominal TAME concentrations
of 0.81, 11, 110 and 500 mg A.l/L and a dilution water control. This study was conducted to
evaluate the mysid shrimp age class which is most sensitive to exposure to the test substance.
Following 96 hours of exposure, mortality of 0, 10, 40 and 100% was observed among the s 24
hour old mysid age class exposed to the 0.81, 11, 110 and 500 mg A.l/L concentrations,
respectively. Mortalities ranging from 0 to 10% were observed among the 5 to 6 day old mysid
age class exposed to the same nominal concentrations. Based on these results, it was
determined that the < 24 hour old mysids were the most sensitive age class and would be used

in the definitive study.
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An additional preliminary exposure was conducted prior to initiating the definitive study.
Mysid shrimp were exposed under static renewal conditions (zero headspace) to nominal TAME
concentrations of 0.81, 2.4, 5.7, 13, 32, 81 and 200 mg A.lL/L and a dilution water control.
Following 48 hours of exposure, 100% mortality was observed in the highest concentration tested
(200 mg A.l./L). At test termination (72 hours), mortality of 50 and 100% was observed among
organisms exposed to the 32 and 81 mg A.L/L treatment levels, respectively, while mortality
ranging from 20 to 40% was observed among mysids exposed to the remaining concentrations
tested (0.81 to 13 mg A.L/L). Sublethal effects (e.g., lethargy, darkened pigmentation) were
observed among surviving organisms exposed to all of the concentrations tested except for the
lowest concentration (0.81 mg A.l./L). Based on these results, nominal concentrations of 1.6, 4.0,
7.3, 15, 30 and 60 mg A.l/L were selected for the definitive test.

Based on the results of preliminary exposures, an initial definitive test was initiated by
exposing mysids to nominal TAME concentrations ranging from 16 to 500 mg/L. Resuits of the
analysis of the exposure solutions at 0 hour established measured concentrations which were
only approximately 25% of the nominal fortified levels. Additional investigations determined that
additional mixing of the solutions prior to addition of the test organisms significantly increased
solubility of the test article and increased recoveries. Based on the results of these
investigations, the initial definitive test was terminated at 72 hours. Since onily approximately 25%
of the added material was recovered in the exposure solutions during this initial definitive test,
the concentration response observed during this study may have been influenced by undissolved
material and therefore, may not accurately define the toxicity of TAME based on the available
measured concentrations (i.e., approximately 25% of nominal). Subsequently, preliminary testing
was performed using the modified solution preparation procedure (i.e., additional mixing) to
establish the exposure concentrations for subsequent definitive testing.

5.2 Definitive Test
5.2.1 Evaluation of Test Conditions - Results of the water quality parameters (pH,

dissolved oxygen concentration, temperature, and salinity) measured during the definitive toxicity
test are presented in Table 1. All water quality parameters measured were unaffected by the
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concentration of TAME and remained within acceptable ranges for the survival of mysid shrimp.
Daily measurement of the temperature in the test solutions established that the exposure solution
temperatures ranged from 24 to 25 °C throughout the test period. Continuous temperature
monitoring of the surrounding water in the waterbath established that the exposure solution
temperatures ranged from 24 to 26 °C throughout the test period.

5.2.2 Analytical Results - The results of the analyses of the exposure solutions for
TAME concentration during the exposure period are presented in Table 2. Analysis performed
at 0 hour for the 1.6 mg A.lL/L (nominal) treatment level resulted in measured concentrations
which were variable and inconsistent with percent recoveries established at other treatment
levels. An additional set of samples from the 1.6 mg A.l/L treatment level were removed and
analyzed after the 24-hour interval of this study in an attempt to reevaluate exposure conditions.
Results of these analyses along with the samples analyzed at 96 hours demonstrated
considerable variability as compared to the 0-hour analysis for this treatment level. Due to
resulting variability between replicate exposure solutions and sampling intervals, a mean
measured concentration will not be calculated for this treatment level: all conclusions will be
based on the nominal concentration. Mean measured concentrations for the remaining treatment
levels averaged 121% of nominal and defined the concentrations as 5.0, 9.5, 19, 35 and
65mg Al/L. Figure 1 presents the relationship of the nominal to mean measured
concentrations. Analysis of the Quality Control (QC) samples at each sampling interval (0 and
96 hours) resulted in measured concentrations which were consistent with the predetermined
recovery range (Appendix V) and averaged 98% (N = 6) of the nominal fortified levels (1.5 to 60.0
mg A.l/L). Based on the results of these analyses, it was determined that the appropriate quality
control was maintained during the analyses of the exposure solutions.

5.2.3 Biological Results - The mean measured concentrations tested, the
corresponding cumulative percent mortality and the observations made during the definitive
exposure are presented in Table 3. At test termination (96-hours), 100% mortality was observed
among mysids exposed to the highest mean measured concentration tested (65 mg A.L/L).
Mortality of 60 and 95% was observed among mysids exposed to the 19 and 35 mg A.lL/L
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treatment levels, respectively, while mortality of 20 to 10% was observed among mysids exposed
to the 5.0 to 9.5 mg A.lL/L treatment levels, respectively. Sublethal effects (e.g., lethargy,
darkened pigmentation) were observed among all of the surviving mysids exposed to the 19 and
35 mg A.L/L treatment level, among several of the surviving mysids exposed to the 5.0 and
9.5 mg A.L/L treatment levels. Mortality of 5% was observed in the lowest treatment level tested
(1.6 mg A.L/L, nominal) with two of the surviving mysids observed to be lethargic. Figure 2
presents the 96-hour concentration-response (mortality) curve established for this study. Due
to the lack of analytical data to define the exposure concentration in the lowest (nomirial)
treatment level tested (1.6 mg A.L/L), the NOEC is conservatively estimated as < 5.0 mg A.l/L.
Data obtained for the lowest treatment level were also excluded from the calculation of the LC50

value as well.

Table 4 presents the LCS0 values, corresponding 95% confidence intervals and the No-
Observed-Effect Concentration (NOEC). Based on mean measured concentrations, the 96-hour
LCS50 value for mysid shrimp exposed to TAME was calculated by moving average angle analysis
to be 14 mg A.L/L (95% confidence interval 10 to 19 mg A.L/L).

Springbomn 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 TRx4D0? 95 WM 0732290 0555006 039 W

Report No. 94-5-5269 Page 19 of 73

PROTOCOL DEVIATIONS

1. The study protocol states that the calculated LCS0 will be based on measured
concentrations of the six test substance concentrations established during the study.

In this study, six test substance concentrations were established for the definitive
study and samples were taken in all replicate test solutions and the negative control
at test initiation and termination for analysis of test substance concentration. Results
obtained for the lowest treatment level, however, were omitted from the calculation
of the LC50 due to the noted variability in measured concentrations, preventing an
accurate assessment of the exposure conditions. Since the biological responses at
measured concentrations < 9.5 mg/L were very similar, caiculation of the LC50 will be
unaffected by the elimination of the low treatment level (i.e.,, 1.6 mg/L, nominal)
established in this study.

2. The study protocol states that dissolved oxygen concentration will not be allowed to
exceed 105% of saturation at any time during the study. In this study, dissolved
oxygen concentration exceeded 10% in several test vessels at test initiation, however,
the highest dissolved oxygen concentration was 109%.

Reason: The dilution water used in this study are stored in bulk quantity in large
holding tanks. It is suspected that the dilution water was maintained and heid at
temperatures slightly cooler that of test temperature and when warmed to test
conditions yielded dissolved oxygen concentrations greater than 100% of saturation.

It is our opinion that these deviations did not affect the results of this study.

SPRINGBORN LABORATORIES, INC.

Wl Wadll b

—{—

Mark W. Machado Date'
Study Director
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QUALITY ASSURANCE UNIT STATEMENT

The raw data and report for *Tert-Amyl Methyl Ether (TAME) - Acute Toxicity To Mysid
Shrimp (Mysidopsis bahia) Under Static Conditions" 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 the 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
4/27/93 4/27/94 5/6/94
5/5/94 5/5/94 5/6/94
5/11/94 5/11/94 5/20/94
5/12/94 5/12/94 5/20/94
5/16+17/94 5/17/94 5/20/94
5/18/94 5/18/94 5/20/94
6/2/94 6/2/94 6/3/94
9/26+27/94 9/27/94 10/7/94
9/30/94 9/30/94 10/7/94
10/5/94 10/5/94 10/7/94
12/19/94 12/19/94 12/19/94
12/28/94 12/28/94 12/28/94

SPRINGBORN LABORATORIES, INC.

<"—'$

Patricia D. Royal Date
Manager, Regulatory Affairs
and Quality Assurance Unit
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Table 1. The water quality parameters measured during the 96-hour
static renewal exposure of mysid shrimp (Mysidopsis bahia) to
TAME.
Nominal 0 Hour 24 Hour" 48 Hour" 72 Hour® 96 Hour
Concentration — ——
(mg A.LA) A B A B A B A B A B
pH

Control 80 8.0 8.0/79 7979 8.0/80 8080 8079 8079 8.0 8.0
16 8.0 8.0 80/80 80/BO 8080 8080 8080 80/8.0 8.0 8.0
40 80 80 8.0/8.0 80/80 8080 8080 8.080 8.080 8.0 .0
73 8.0 8.0 8079 8079 80/80 8080  8.0/80 8.080 8.0 8.0
15 8.0 8.0 80/80 7.9/80 8080 8080 8.0/B80 8.0/80 7.9 79
2 8.0 8.0 79/80 79/80 8080 80BO 8080 80/80 78 8.0
€0 8.0 8.0 79/80 79/80 80RO 8080 80/80 80/8.0 79 79

Dissolved Oxygen, mg/L

(% Saturation)

Control 76 7.7 7077 TAMT 1276 7277 1078 74778 7.2 7.0
(104) (105  (97)/(105) (87)/(105) (99)/(103)(99)/(104) (96)/(105)(97)/(108) (99) ©6)
1.6 7.7 7.8 70776 70776 7074 TA16 7476 14778 6.8 7.1
(105  (109)  (96)/(104) (9€)/(104) (96)/(100)(97)/(103) (97)/(103)(87)/(108) (s3) 7
4.0 7.8 7.6 7276 1277  1ANS 14715 70777 10777 7.0 7.0
(107)  (104)  (89)/(104) (39)/(105) (B7)/(10)(@7)/(101) (96)/(104)(9€)/(104)  (96)  (96)
7.3 7.8 7.7 72077 72077 1274 TA7S 14718 TAM18 7. 70
(107)  (105)  (99)/(105) (99)/(105) (99)/(100)(87)/(101) (97)/(108)(97)/(105) {87 {96)
15 17 7.8 7277 72016 1175 72774 7078 712177 71 7.2
(105  (107)  (99)/(109) (99)/(104) (87)/(101)(99)/(100) (96€)/(108)(99)/(104) &N (©9)
% 7.8 7.8 7376 1376 72714 1374 777 72717 7.1 7.0
(107} (107 {100})/(104)}100)/(104) (89)/(100)(97)/(100) (97)/(104)(99)/(104) & (96)
60 7.8 7.8 7377 1316  TAM4 7215 72117 70778 7. 7.0
(107)  (107)  (100)/(105X100)/(104) (97)/(100)(99)/(101) (29)/(104)(96)/(105) &7 (e6)

Temperature ('C)"

25 2525 25724 25/24 25
Salinity °/o0)®
2 2212 2/ 22 2

* Measurements at renewal intervals (i.e., 24, 48 and 72 hours) are presented as aged/freshly prepared

solutions.

b Values presented represent the range of daily temperature (Bz-kivyn Alcohol Thermometer) and salinity
measured in all test_concentrations and the control at the stz..2d observation interval.’ Continuous

: (Fisher Scientific Min/Max thermometer) established a temperature range of

24 - 26 °C in the surrounding water bath, throughout the exposure period.

temperature monitoring
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Table 2. Concentrations of TAME measured in the replicate (A,B) test
solutions during the 96-hour static renewal exposure of mysid
shrimp (Mysidopsis bahia).

0-Hour 96- Hour Mean
Nominal Measured Measured Measured
Concentration Concentration® Concentration® Concentration®
(mg A.L/L) (mg A.l./L) (mg A.L/L) (mg A.L/L)
A B A___ 8
Control < 050 <« 0.50 <013 <« 013
1.6 <050 1.3° 4.3 3.7 ~*
4.0 3.9 5.0 5.8 54 5.0 (0.8)
7.3 9.5 7.7 10 10 9.5 (1.3)
15 17 17 , 20 23 19 (3)
30 29 30 39 41 35 (6)
60 65 60 70 66 65 (4)
Qc #1' 1.21 1.58
(1.50)9 (1.50)
QC #2 32.4 28.6
(30.0) (30.0)
QC #3 62.2 58.9
(60.0) (60.0)

© Samples analyzed represent the freshly prepared exposure solutions.

Samples analyzed represent the aged (24 hour old) exposure solutions.

¢ Mean measured concentrations were calculated using the actual unrounded analytical results and not
the rounded (two significant figures) values presented in this table. Standard deviation is shown in
parentheses.

4 Exposure solutions were resampled at the 24-hour interval in order to reevaluate exposure conditions
for this treatment level. Resulting measured concentrations were 0.54 and 1.54 mg A.L/L on the A and
B replicates, respectively.

® Due to the variability between replicate exposure solutions and sampling intervals, a mean measured

concentration will not be calculated for this treatment level. All conclusions will be based on the stated

nominal concentration.

! QC = Quality Control sample.
9 Value in parentheses represents the nominal fortified concentration for the corresponding QC sample.
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Table 3. Mean measured concentrations tested, corresponding
cumulative percent mortality and observations made during the
96-hour static acute exposure of mysid shrimp (Mysidopsis
bahia) to TAME.

Mean Cumulative Mortality (%)
Measured
Concentration 24-Hour 48-Hour 72-Hour 86-Hour
(mg A.LL) A B Mean A B Mean A B Mean A B Mean
Control 0 0 O 0 0 O o0 o0 0O 0 O
9 (0 © (O (0) () ©) (0
1.6 0 0 O 0 0 o0 0 0 Q% 10 0o s°
(0 (0 © (© © (© (1) (0
5.0 0 0 O 30 0 159 30 0 159 30 10 20%
@ () @ () @ () @ ()
9.5 0 0 O 10 0o 5" 10 10 10" 10 10 10"
0 (0 (1 ) (1 (1) (1)
19 0 0 O 20 30 25" 60 50 55° 70 50 60°
© © @ © () (5 @ )
35 0o 0 o 30 40 35° 80 90 8s° 90 100 95°
(©) (0) ® @ 8 (9 (9 (10)
65 0 20 1ic° 40 30 35 %0 90 oo 100 100 100
© 2 @ @ (9 (O (10) (10)

Mean measured concentration not available for this treatment level (1.6 mg A.L/L, nominal),

All of the surviving mysids were observed to be lethargic.

Several of the surviving mysids were observed to be lethargic and exhibited darkened pigmentation.
One of the surviving mysids exhibited partial loss of equilibrium.

Two of the surviving mysids were observed to be lethargic.

Two of the surviving mysids exhibited darkened pigmentation.

Several of the surviving mysids were observed to be lethargic.

Several of the surviving mysids exhibited darkened pigmentation.

All of the surviving mysids were observed to be lethargic and exhibited darkened pigmentation.

All of the surviving mysids exhibited partial loss of equilibrium.

-— - g = @ O 0 O 9

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 TRx40? 95 EM 0732290 0555013 279 M4

Report No. 94-5-5269 Page 26 of 73

Table 4. The LCS50 values, corresponding 95% confidence intervals and
the No-Observed-Effect Concentration (NOEC) for the 96-hour
static renewal toxicity test exposing mysid shrimp (Mysidopsis
bahia) to TAME.

No-Observed-
LC50 Effect Concentration
(mg A.LL)® Through 96 Hours
(mg A.L/L)*
24-Hour® 48-Hour* 72-Hour? 96-Hour®
> 65 > 65 18 14 < 5.0
(13- 23) (10 - 19)

* Based on mean measured concentrations of TAME (as active ingredient).

Corresponding 95% confidence interval is presented in parentheses.

LC50 value empirically estimated as being greater than the highest mean measured concentration
tested.

9 LCs0 value and 95% confidence interval calculated by probit analysis.

* LC50 value and 95% confidence interval calculated by moving average angle analysis.
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Figure 1. Relationship between mean measured concentrations (analysis
at 0- and 96-hours) and the nominal treatment levels
established during the 96-hour static renewal toxicity test
exposing mysid shrimp (Mysidopsis bahia) to TAME.
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Figure 2. The 96-hour concentration-response (mortality) curve for the
static renewal toxicity test exposing mysid shrimp (Mysidopsis
bahia) to TAME. '

Y = 3.1614X + 1.8746 ’
8.4 +—
3 7 /’/
5 /
-] .
o /
2
[ 6.0 - /
— /
o /
Q S
[
Q 4.5 T
- T3 I/
{ A ! ! {
- 1 t . B ]
0.344 0.6388 1.032 1.379 1.720
Log Concentraticn (mg A.l./L)

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 TRxuQ0? 95 EE 0732290 0555017 914 WA

Report No. 94-5-5269 Page 30 of 73
SIGNATURES AND APPROVAL
SUBMITTED BY: Springborn Laboratories, Inc.
Environmental Sciences Division
790 Main Street

Wareham, Massachusetts 02571-1075

PREPARED BY:

lU Mﬂt@ 1oh1 41 &a{’ % 1[5 /54 dor D

ark W. Machado Date Robm H. Dyer Date
Study Director Principal investigator
/ !lié ‘vD\CQAg{E /_Q'Q? 9(/ j ¢(>ec ¢’
Mark DaSilva Date Lu a M. Thibauit Date
Analytical Chemist Coordinator, Data Management

and Reporting Unit

APPROVED BY:

5%4 4 gﬂmwww’\w

Donald C. Surprenant * Date’ Patricia D. Royal Date
Program Manager Manager, Reguiatory Affairs
Environmental Toxicology and Quality Assurance Unit

This final report has been signed in accordance with SLI SOP No. 4.3.07(1).

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 TRxu0? 95 BN 0732290 0555018 450 N

Report No. 94-5-5269 Page 31 of 73

6.0 APPENDIX | - STUDY PROTOCOL
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TAME - ACUTE TOXICITY TEST TO MYSIOS (Mysidopsis bshia) UNDER STATIC-
RENEWAL CONDITIONS, FOLLOWING TSCA GUIDELINE 797.1930.

1.0 OBJECTIVE

The purpose of this test will be to determine the 36-hour acute toxicity of a test substanca to a
representative marine invertabrate, the mysid (Mysidopsis bahia), under staticrenewal conditions.
During the conduct of the study, all test solution renewals will be performed at 24-, 48- and 72-
hours of exposura. LCS0 values with 95% confidencs limits and a No-Observed-Effect
Concentration (NOEC) of TAME to mysids will be determined. The methods described in this
protocol generally follow the standard procedures described in the U.S. EPA Toxic Substance
Control Act (TSCA) Test Guidelines § 797.1930 (U.S. EPA, 1985). Where applicable, Springbom
Laboratories, Inc. Standard Operating Procedures (SOP) will be followed during the conduct of
the study.

2.0 STUDY DESIGN

Groups of ten mysids (twenty mysids per treatment level and contral) will be exposed in a static
system far 86 hours to various concentrations of TAME. During the conduct of the study, each
exposure vessel will be sealed, maintaining little or no headspace, in an effort to minimize
volatilization of the test substance. Dilution water controls will be included. Test concentrations
will be selected based upon resuits of range-finding experiments. During the course of the study,
watar quality will be monitored and daily observations for visible abnormalities and mortality will
be made and recorded. All test solutions will be renewed at 24-, 48 and 72-hours of exposure.
The concentration of the test substance in each vessel will be verified by a GC - purge and trap
analytical method. At the and of the 96-hour exposure pericd, an LCS0 and a No-Observed-
Eftect Concentration (NOEC) will be determined.

3.0 MATERIALS AND METHODS

3.1 CHEMICAL SYSTEM

3.1.1. Test Substance. Upon arrival at Springborn Laboratories, Inc., the external packaging
of the test substance will be inspected for damage. The packaging will be removed and
the primary storage container will also be inspected for leakage or damage. The sample
icentity and percent activity will be recorded and, unless diffsrent arrangements are made
with the Study Sponsor, the = - ":ubstance will be stored in the dark at approximatety
20°C until used. The Study Spo. < ir will be responsible for the characterization of the test
substance.
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3.1.2. Test Substance Concentration Selection. Test substance concantrations will be based
on tha results of a praliminary range-finding test. The preliminary range- finding test will
be conducted with both newly hatched (< 24 hours oid) and young adult (S - 6 days old)
mysids. A minimum of ten mysids will be exposed to a series of widely spaced
concentrations of test substance. The age class which is most sensitive to the test
substance will be used to perform the definitive test. If no apparent ditferences are found,
s 24 hours old mysids will be used. The range of concentrations selected for the
definitive test is intended to inciude both 100% eifect and no-effect leveis, but due to the
nature of some test substances, one or both leveis may not be observed. No attempt will
be made to determine the degree of adsorption cf the test substance by the test system,
as this falls outside the scope and intent of this study. Six test concentrations and a
negative control will be used. Each test substance concentration will be 1.5 to 2 times
the concentration of the next lower concentration of test substance. A negative control
consists of dilution water without the test substancs.

3.1.3. Stock Solution Preparation. The test substance will be weighed on an analytical
baiance for which a calibration log is maintained. A Chemical Usage Log will also pe
maintained in which the amount, the date, the intended use and the user’s initials will be
recorded each time the test substance is used.

3.1.4. Exposure Solution Preparation. Each replicate sciution of TAME will be prepared by
adding the test substance directly into each respective test vessel. Each test vessel will
be filled with dilution water to approximately 90% capacity and an appropriate afiquot of
the test substance will be added. The solutions will be gently stirred for approximately
30 seconds, the test vessal will be filled to capacity with dilution water (no headspace)
and then sealed with a screw-top lid. The procedure will be followed at test initiation and
at the 24-, 48- and 72-hour renewal.

3.2 TEST ORGANISMS

3.2.1. Species. Mysids, Mysidopsis bahia. will te used to conduct this acute toxicrty test. Test
organisms will be < 24 hours old or 5 to 6§ days old at the initiation of the test. Mysics
will be obtained from in-house cultures by isciating sexually mature aduits prior to
inittating the test. Young produced by these isolated aduits will be collected and
subseguenty pipetted into the test vessel.

3.2.2. Justification of Soecles. Characteristics which make this test organism suitabie for acute
toxicity testing are their ease of culturing and hancling, their sensitivity to a variety of
chemical substances, and the extensive data base for this common marine invertebrate.

3.2.3. Origin and Acclimation. Mysid cultures will be maintained at Springbomn Laborataries,
Inc. Water used to culture mysids will be simil~r to the characteristics described for

dilution water. Culture water will be maintainéd af 25 « 2°C.

3.2.4. Feeding. Mysids will be fed live brine shrimp nauglii, Arternia salina, at least twice daily
prior to and once daily during the 86-hour test Periodic analyses of representative
sampies of the food will be canducied to ensure the absence of potential toxicants,
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including pesticiaes, PCBs and selected toxic metais, at concentrations which may be
harmful to mysids.

32.5. Handling. Fire-polished, wide-bare pipats will be used to transter mysids, taking care to
minimize possibie strass due to handling. Mysids that are damaged ar dropped duning
transter will not be used,

3.2.8. Loading, Biomass loading will not exceed 30 mysids per iiter of test solution.

3.3 PHYSICAL SYSTEM

3.32.1. Test Vesseis, Test vesseis will be 540 mL glass jars. The test vassels will be chemically
cleaned befare the test is started following standard laboratory procedures, The vesseils
will be washed with hot water and a detergent, rinsed with acetone, and then ringed
extansively with water, The test vesseis will be compietely filled with tast solution (no
headspace) and covered with a metal screw-top lid with a teflon liner to minimize
evaporation and loss of test substance dua to volatilization. The test solution voiume in
each replicate vessel will be 840 mL. Test vessels will be labeled to identity the
treatment/control and the replicate designation.

3.3.2. Replication and Controi of Bias. Two replicates will be included with each exposure
concentration and control. Test vesseis will be positioned impartially inside a waterbath.
Each replicate vesse! will cantain tan mysids (20 mysids per concentration and controi).
Mysids will be added impartially to the test vessals, two at a time, until each vessel
containg ten mysics.

3.3.3. Dilution Water. Natural filtered seawatsr from Cape Cod Canal will be used as dilution
water for the test. The water will be filtered through a sefies of polypropyiene core filters
as fine as 5-um and heated to the raquirad test tamperature. The water is characterized
as having a safinity range of 30 to 35 %00 and a pH range of 7.7 to 8.3. Salinity and pH
of aach new batch of seawatasr will e measured o ensure that these parameters are
within the normal acceptanle ranges. The salinty of the seawater used in the test will be
adjusted to 20 °/co + 3 percent by ciluting with laboratory dilution water. This water is
routinely used in freshwater toxicity tesws. Pericdic analyses of representative sampies
of dilution ‘water source and the freshwater used ‘o adjust salinity will be conducted to
ensure the absence of potential toxicants. inclucing pesticices. PCBs and selectad toxic,
metals, at concentrations which may te harmiul to the test organisms.

3.4 TEST CONDITIONS

3.4.1. Temperature. Water temparature cf the test soiutions will be maini.ined at25 ~ 2°C by
placing the test vessels in a waterbath at the appropriate test tei.:. .. iture.

3.4.2. Dissoived Oxygen. Total cissolved oxygen concentration will not be aliowed ta drap
below 60% or go above 105% of saturation during the test. Test solutions will not te
aerated.
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3.4.3. Salinity, Salinity of the seawater will be maintained at 20%/c0 = 3 percent

3.4.4. Lighting. Light intensity at the water surface will be 20 - 100 foctcandles. Fiuorescent
bulbs will be used to provide lighting. The photoperiod will be maintained at 14 hours
light:10 hours dark using an automatic timer.

3.4.5. Test Initiation. The tast begins when all mysids have been impartially placed in the test
vessals and terminates after 96 hours of exposure. Mysids will be fed once daily curing
the 96-hour exposura period,

J3.4.6. Renewal Scheme. Fresh test solutions will be prepared every 24 hours at each treatment
level and control. Test organisms will be carefully transferred into the freshly prepared
test soiutions at each renewal interval using a fire-polished wide-bore pipet.

3.5 SAMPLUNG AND OBSERVATIONS

3.5.1. Sampling. Sampies from both replicate test vessels of sach concentration and control
will be taken at the initiation (new solutions) and termination (old solutions) of the test (0
and 96 hcurs) for determination of test substance concentrations. Water samples will be
taken from a point approximately midway between the surface, boticm and sides of each
test vessel and either analyzed immaediately after sampling or approgriately preserved and
stored until analysis can be performed.

Three quality control (QC) samples will be prepared at each sampling interval and stored
and analyzed with the set of study samples. The QC samples will be prepared in diluent
water at tast substance concentrations similar to the treatment level range. Resuits of
these analyses indicate the accuracy of the analydcal method for measuring test
substance concentration at each sampiing pericd. The analytical method used to
measure test substance ccncentration in the exposure solutions will te validated a
Springbom Laboratories at the expected nominal concenuation range prior to test
initiation.

3.5.2. Wsater Quality Measurements. At test initiation and daily thereafter, water quality
variables (temperature, pH, salinity and dissolved oxygen concentrations) will be
measurad in aach test vessel. Measurement techniques will follew methods described
in Standard Methods for the Examination of Water and Wastewater (APHA, 1989). The
temperature range will be monitored continuously in cne test solution by using a
minimum-maximum thermometer. Readings of temperature extremes will be recorded

Caily.

3.5.3. Biological Cbservations. At the start of the test and at 24 hour intervals thereafter,
cbservations of stress, abncrmal behavioral activity and mortality will be made. QOead
mysids will be removed from test solutions at thesa intervals. In addition, characteristics
of the test solutions (such as precipitated materials, cloudiness, etc.) will be aiso
observed and recordsd.
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3.5.3. Acceptability Criterion. During the definitive test, mortality or test organisms exhibiting
abnormai benavior in the control must not exceed 10% at termination, or the test will be
considered unacceptable.

4.0 STATISTICAL ANALYSIS

Mortality data derived from the acute test will be used to statistically estimate a median lethal
concentration (LCS0) and its 95% confidence interval after each 24-hour interval of axpesure.
The LCS0 is the measured concentration of the test substancs in dilution water which produces
50% mortality in the test population at the stated times of exposure. LCSQ vailues will be
computed using mean measured concentrations.

A computer program will be used to estimate LCS0 vaiues using one of three statistical methods:
probit analysis, moving average method, or binomial probability. The method selected is
determined by the data base (i.e., presence or absence of 100% response, number of partiai
responses, etc.). An LCS0 value cannot be caiculated if the mortality data derived is insutficient
accerding to any of the three statistical methods. The probit methed provides values of the
slope, including 95% confidencs intervais, as well as appropriate statistical tests to evaluate
goodness-of-fit. In addition, the highest test concentration that shows no difference from the
control (No-Chserved-Effect Concentration, NOEC) will be determined and reported.

5.0 RECCORDS TO BE MAINTAINED

Records to be maintained will include, but will not be limited to, correspondence and other
documents relating to the interpretation and evaiuation of data as well as ail raw data and
documentation generated as a result of the study.

6.0 REPORTING

The raw data and final draft of the report will te reviewed by the Quality Assurance Unit and the
Study Director. Chemical and water quality measurements will be reparted to various levels of
significance depending on the accuracy of the measuring devices employed during any one
precess. A single copy of the draft report will be inftially submitted to the Study Spensor for
review. Upon acceptance by the Sponsor, three copies of the final report will be submitted. All
reports will incluce, but are not be limited to, the following information:

- Springbom Laboratories. Inc., report and project numbers and it applicable, Sponsor
protocol and project numbers and the dates of when the definitive test was conducted.

- Labaratory and site, the dates of testing and personnel involved in the study, i.e., Quality
Assurance Unit, Program Ccordinater, Study Directer, Principal Investigator.
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. All information pertaining to the test substance which appears on the sample bottle, a.g.,
its empirical formula, molecuiar structure, sourcs, percant actve ingredient, physical
properties, Sponsor's test sutstance L.D., and sample number if available.

- Characterization and crigin of the dilution water.

* Scientific name of the test crganisms, source and d.um:ing information (Including salinity
and temperature).

. Exposure systam description, dilution water velume, number of organisms per treatment,
construction materials used, depth and volume of test containers, and test conditions.

. Description of the test substance delivery system and stock sciution preparation.

. information regarding test temperatures, dissoived oxygen concsntration, pH, salinity,
photoperiod and light intensity used.

- Observations of insolubility of the test substancs, including the test levels and when
observed.

. Definition of criteria used to determine sublethal effects and generai observations on non-
quantifiable effects.

. Number and percentage of organisms that showed lethality in the controis and in each
treatment at each observaticn period, in tabular form.

. Description or reference (or inclusion as an appendix) to chemical and statistical
procedures applied.

. Analytical resuits of test concentration measurements and QC samples.

hd i applicable, means and standard deviations of measured concentrations of the test
substance, as well as nominal test concentrations.

d The 24- 48- 72- and 96-hour LC30 with §5 percent conﬁdence limits, and the No-
Observed-£ifect Concentration (NCEC).

d Concentration-response curves for mertality data collected at 24, 48, 72 and 96 hours.

- Deviations from the protecal not addressed in protocsl amendments, together with a
discussion of the impact on the study.

- Good Laboratory Practice (GLP) compliance statement signed by the Study Director.
’ Dates of Cuality Assurance reviews, signed by the QA Unit.

- Location of the raw data and report.
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7.0 PROTOCOL CHANGES

All amendments to the aporoved protocol must be documentad in writing and signed by both
the Study Qirector and the Sponsor. Protocol amendments and deviations must include the

. reasons for the change and the impact of the change on resuits of the study, if any. f
necessary, amendments initlally may be in the form of verbai authorization, followed by
Springbom's written documentation of the amendment. In such a case, the etfective data of the
amendment will be the date of verbal authorization.

8.0 SPECIAL PROVISIONS

GOOD LABORATORY PRACTICES (GLP): All test procedures, documentation, records, and
reports will comply with the U. S. Environmental Protection Agency’'s Good Laboratory Practices
as promulgated under the Toxic Substance Control Act (FEDERAL REGISTER, Part lil, 17 August,
1988)

TEST SUBSTANCE DISPOSAL: After 50 days from the issuance of the final test report for this
or related studies, the tast substance will be returned to the Sponsor’s preject officer, at Sponsor
expense, uniess different arrangements are made.

ARCHIVAL: All raw data and the final report will be archived by the Stucy Sgonsor unless
different arrangements are made.

9.0 REFERENCES

APHA, AWWA, WPCF. 1989. Standard Methods for the Examination of Water and Wastawater.
17th Edition, Washington, DC.

U.S. Environmental Protection Agency. 198S. Toxic Substances Control; Good Laboratory Practice
Standards; Final Rule. (40 CFR, Part 792) Federal Register, Part i, 48(2‘.30) 53922-53944,
August 17, 1289,

U.S. Environmental Protection Agency. 1985. Toxic Substance Controf Act Test Guidelines.

Federal Register 50(188): 39252-35516, Septemter 27, 1985. Amenced May 20, 1987,
Juty 1, 1991 and July 1, 1992,
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Springborn Laboratories, Inc.
Environmental Sciences Division

790 Main Street @ Wareham, Massachusetts 02571 e (508) 295-2550 e Telex 4435041 e Facsimils (508) 2958107

PROTOCOL AMENDMENT
AMENDMENT #: 1
: UKORRECT OATE
DATE: o5-Aprir+04 17 A KM goemmorro of tum 13bTHY

PROTOCOL TITLE: "TAME - Acute Toxicity to Mysids (Mysidopsis bahia) Under Static-
Renewal Conditions, Following TSCA Guideline 797-1930."

STUDY SPONSOR: American Petroleum Institute -
TEST MATERIAL:  Tert Amyl Methyl Ether (TAME)

SLI STUDY NO: - 12827.0394, 6110£g DuoereT STUeY Nl
Pescres 8y Huy (3faly
AMENDMENT(S):

1. The foliowing information has béen provided as specified on page cne of the protocol.
Test Concentrations: 60, 30, 15, 7.3, 40, 1.6 and control. ’
Camer Used: NA CAS# or Lot#: NA
Proposed Experimental Schedule: o 7
(Start) 5-3-94 {Completion) 5-7-94 (Draft Report) 5-27-94

Amendment:

The Study Protocol states that test organisms will be carefully transferred into the
freshly prepared test solutions at each renewal interval using a fire-polished wide-bore
pipet. In this study, the mysids will not be transferred. The solutions will be renewed
by carefully siphoning the old solution out of the test vessels using an inverted glass
powder funnel and a length of silastic tubing. The open end of the funnel will be
covered with 363 micron Nitex screen attached with silicone adhesive to prevent
removal of the mysids. Approximately 90% of the old solution will be removed leaving
an adequate amount of solution remaining for the mysids. Freshly prepared solution
will be added to the test vessel in the same manner by siphoning into the test vessel
using the funnel.

Reason for Change:
Transferral of mysids is time-consuming and can be injurious due to the mysids’ highty

mobil activity. This change is instituted to reduce the risk of mortality to the mysids
due to handling in transferral procedures.

o¥asn
Springborn Laboratories Protocol #:-042694/TSCA/S10/TAME age 1 of 2
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Impact:
This change will not hava an impact on the study.
Amendment:

The protocol states that each replicate solution of TAME will be prepared by adding
the appropriate aliquot of test substance directly into each test vessel pre-filied to
approximately 90% capacity with dilution water. The solutions will be gently stirred for
approximately 30 seconds and then the vessel will be filled to capacity with dilution
water and sealed with a screw-top lid to maintain zero headspace.

In this study, the procedure for preparation of the solutions was modified, The
appropriate aliquot of test substance was added directly to the test vesse! which was
pre-filed with dilution water to approximately 90% of capacity. The test vessels were
filled to capacity in order to maintain zero headspace, sealed with a screw-top lid and
inverted several times.

Reason for Change:

An initial attempt at conducting a definitive study yielded analytical results which were
Inconsistent with axpectation based on prior preliminary exposures with the test
substance. Analytical results for this initial attempt were low (i.e., approximately 25%
of nominal) and quite variable. This initial attempt was eventually aborted. Through
additional anatytical investigations it was determined that mixing of the solutions by
simply inverting the test vessels several times yielded better dissolution of the test
substance and resulted in a higher measured to nominal concentration ratio.

Impact:

This change is not expected to have had an impact on the study.

Approval Signatures: w : 5 /ﬁkﬂ
M . Machado Date
SLI Study Director
&4/ ﬁ éé«—l»\ o/2 (24
ichard A. Rhpden, Ph.D. Date

Sponsor Study Monitor

e peorstel WER
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7.0 APPENDIX Il - CERTIFICATE OF ANALYSIS
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aldrich chemicat co.
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Hatched Brine Shrimp Grab Sample*
Date Collected:7/26/93 Date Reported: 9/6/93
Pesticide Screen ;1 " Result As Received Limit of Quantitation
Alpha BHC < 0.01 my'g 0.01
Beta BHC < 0.01 mgkg 0.01
Gamima BHC - Lindane < 0.01 myg 0.01
Deta BHC < 0.01 mykg .01
Heptachior < 0.01 mghg 0.01
Adrn < 0.01 mog 0.01
Hegtachior Epoxide < 0.01 mg/g 001
DOE < 0.01 mg'kg 0.01
000 < 0.01 mg/g 0.01
oot < 0.01 mg/g 0.01 i
HCB < 0.01 mgky 0.01 I
Mrex < 0.01 mykg 001 i
Methaychior < 0.05 mykg 0.05 4]1
Dielrin < 0.01 mgkg 0.01
Endrin < 0.01 mgg 0.01
Telodrin < 0.01 my'kyg 0.01
Chiordane < 0.05 mgkp 0.05
Toxaphene < 0.1 myky 0.1
PCBs < 0.2 mykg 02
Ronne! < 0.01 myg 0.01
Ethion < 0.02 myikg 0.02
Trithion < 0.05 mg/g 0.05
Diazinon < 0.1 mgkp 0.1
Methyl Parathion < 0.02 mgkg om
Ethyl Parathion < 0.02 mg/kg 0.02
Malathion < 0.05 mgkg 0.05
Endosutfan | < 0.01 mykg 0.01
Endosutfan § < 0.01 myykg 0.01
Endosutfan Sulfate < 0.03 mg/kg 0.0
Chiorpyrifos < 0.01 mg/kg 0.01
L_;?’"d by Lancaster L_&m e, .
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Hatched Brine Shrimp Grab Sample*
Date Collected: 7/28/93 Date Reported: 9/6/93
Analysis Result As Received Limit of Quantitation

Mercury < 0.30 mghyg 0.30
Pesticide Screen LA atached

Boron < 20. mgkg 2.
Thalium < 100. mg'g 100.
Assminum < 80. my'g 80.
Antimony < 40. mg''g 40,
Barum < 20. mgkg 2.
Barylium < 1.0 mgfep 10
Cadmium < 4.0 mgg 40
Cakum 243. my/g 60.
Chromium < 8.0 mgg 80
Cobat < 10. mykg 10.
Copper < 8.0 mgg 80
fron < 20. mgg 2.
Lead < 20. mg/kg 2.
Magnesium 718, mg/g %
Manganese < 40 mgig 40
Molybderum < 10. mgig 10.
Nickel < 10. mgykg 10.
Potassium 1,100. mgykg 100.
Siver < 4,0 mg/kg 4.0
Sodum 8,010 mg/g 200,
Teankm < 20 myg 20
Varsdum < 4.0. myxg 40
I < 40. mg/kg 40.
* Anaiyzed by Lancaster Laboratonies, Inc.
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9.0 APPENDIX IV - DILUTION WATER ANALYSIS

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 TRx40? 95 EE 0732290 055503b 87 IH

Report No. 94-5-5269

Page 49 of 73

' Filtered Seawater Grab Water Sample”*
Date Collected: 7/29/93 Date Reported: §/17/93
Pesticide Screen LIt Result As Received Limit of Quantitation

Alpha BHC < 0.01 pgh 0.01
8eta BHC < 001 gt 0.0t
Gamma BHC - Lindans < 0.01 pgt 0.01
Detz BHC < 001 ggN 0.0t
Hegtachior < 001 g 0.01
Adrin < 0.01 pgt 0.01
Heptachior Epcxide < 0.01 gt 0.01
DOE < 001 g 0.01
poo < 0.01 gph 0.01
Dot < 0.01 g 0.01
HCB < 0.01 ggt 0.01
Mrx < 0.01 g 0.01
Methaxychior < 0.05 gg 0.05
Dieidrin < 0.01 xp 0.01
Endrin < 001 ggh 0.01
Telodrin < 0.01 g/t 0.01
Chiordare < 0.3 aph 0.3
Toxaphene <4 g 4
PCBs < 1 g 1
Ronnel < 0.01 g/ 0.01
Ethion < 0.02 poh 0.02
Trthion < 0.05 gt 0.05
Diazinon < 0.1 0.1
Methyl Parathion < 0.02 gg 0.2
Ethyt Parathion < 0.02 o 0.02
Malathion < 005 gt 0.05
Endosulfan | < 0.01 gt 0.01
Endosulfan 1 < 0.01 ggn 0.01
Endosulfan Sulfate < 003 pph 0.03
* Anslyzed by Lancastsr Laborztories, Inc. _ ]
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Filtered Sea Water Grab Water Sample*
Date Collected: 8/9/93 Date Reported: 8/26/93
Analysis I Result As Received Limit of Quantitation

Mercury < 0.00020 mgh 0.00020
Arsenic < 0.20 m 0.20
Selenim < 0.20 m1 020
Boron 3.20 gy 0.040

| molum < 0.0 m 030

I Aumirum < 020 mg! 020
Antimony < 020 mg! i 020
Barium < 0.10 mp 0.10
Berykum < 0.010 mg 0.010
Cadmium < 0.010 mg 0.010
Cakcium 284, my 020
Chromium < 0.050 mg i 0.050
Cobat < 0.050 mp1 0.050
Copper < 0.020 mf 0.020
Fon < 0.10 mg 0.10
Lead < 0.10 mgh 0.10
Magnesium 1,080 mg? 10
Manganese 0.068 mg 1l 0.010
Molybderum < 0.10 mgh 0.10
Nckel < 0.050 myt 0.050
Potassium 317. mgh 0.50
Siver < 0.020 mp 0.020
Sodum 9,620. mg/ 20.
Teaum < 0.010 my | 0.010
Vanadum it < 0.010 mn it 0.010
Znc | < 0.040 mgh I 0.040
Total Organic Carbon ** i < 1.mgt f 1.
* Analyzed by Lancaster Laboratories, bnc.
*s* Represerts mmeabh ToC"
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Well' Water Sample*
Date Collected: 7/29/93 Date Reported: §/17/93
Pesticide Screen LIi;l Result As Received Limit of Quantitation
Alpha BHC < 0.01 g 001
Beta BHC < 001 g 0.01
Gamyma BHC - Lindane < 0.01 29" 0.01
Oeta BHC < 0.01 g 0.0t
Heptachior < 001 g 0.01
i Ade < 001 xg 0.01
[ Heptachior Epcide < 0.01 xgf 0.1
§ oo < 001 gg 0.01
Doo < 001 g 0.0
poT < 0.0 gt 0.01
Hes < 0.01 g 0.0
Ve < 0.01 g9 0.01
Mathoxychior < 0.05 pgh 0.05
Dieidrin < 0.01 e 0.01
Endrin < 0.01 g/ 0.01
Telodrin < 0.01 gN 0.01
Chiardane < 0.3 g/t 0.3
Toxaphene < 4. p9) 4.
PCBs < 1. pof 1.
Ronnel < 0.01 gA 0.01
Ethion «< 002 gt 0.02
Trithion < 0.05 no 008
Diazinon < 0191 0.1
Maettwl Parathion < 0.02 gagh 0.02
Ethy! Parathion < 0.02 gt 0.02
Malathion < 0.05 g 0.05
Endosulfan | < 0.01 gt 0.01
Endosuitan 1 < 0.01 g 0.01
Endosulfan Suffate < 0.03 g 0.03
Wel wates suppiemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, inc.
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H Well' Water Sample*
H Dats Coliected: 8/9/93 Date Reported: 8/26/93
I Analysis Result As Received Limit of Quantitation
{ Morcury < 0.00020 mg/ 0.00020
I Anenic < 0.20 mgh 020
Selenium < 0.20 mg 02
I Boron < 0.040 mgh 0.04
{ ke < 0.30 m/ 03
I Aumoum < 0.20 mg/ 02
§ Aimory < 0.20 mg 02
[ Buim | < 0.10 mgh X
i Buylm < 0.010 m ] 0.01
Cadmium < 0,010 mg 0.01
Caicium 7.71 mf 02
Chromium < 0.050 mg? 0.05
Cobat < 0.050 mg/ 0.05
Copper < 0.620 mg/ 0.02
Fon < 0.10 mg 0.1
Lead < 0.10 mo 0.1
Magnesim 231 mgh 0.1
Manganess < 0.010 mg 0.01
Molybdenum < 0.10 mp1 0.1
Nckel < 0.050 mg/ 0.05
Potassum 1.07 mgh 05
Svr < 0.020 mp 0.02
Sodum 4.0 mg 04
Tewim < 0.010 mg 0.01
Vanadumn < 0.010 m1 0.01
o <0.040 mg! 0.04
Total Organic Carbon *** <1.molL 1.
! Wel water supplemented by Town of Warsham water
* Analyzed by Lancaster Laboratories, inc.
*** Represents “non-purgeable TOC*
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10.0 APPENDIX V - ANALYTICAL METHODOLOGY
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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 substance. 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 + 5% for freshwater, however, the analyte purging efficiency from a hard reconstituted water
matrix presents a greater degreé.l of instrumental variability. Therefore the standard deviation
acceptance criteria has been increased to 10% to more acutely represent the recovery data.
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
Volumetric flask: grade A, assorted sizes
. Wheaton vials with teflon-lined crimp top lids, assorted sizes
. Syringes: Hamilton, assorted sizes, gas tight and vaived
. Absorbent Trap: 25 cmx 0.125 O.D. stainless steel column packed with 1 cm 3% OV -1,
15 cm tenax and 8 cm silica gel.

[ J I R U

[+ 2]

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

7. Vial Sampling System: Tekmar Model ALS2050

8. fAas chromatograph: Hewlett-Packard 5830A equipped with a capillary injection port and
105 m x 0.53 mm 1.D. 3 um film RT, 502.2 column and Flame lonization detector.
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Reagents

1. Methanol: reagent grade solvent

2. TAME: Lot # 02814BZ, was received from Experimental Pathology Labs, Inc., on 17 August
1982 and was identified by the Aldrich Chemical Company to be 98.8% pure.

3. Water: All solutions were prepared using water from a Sybron/Barnstead NANOpure 1I*
(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

S. 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
substance fell directly into the alcohol. The vessel was reweighed, diluted to the mark,
stéppered, 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

Secondanr thndards (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) (ma/L)
520 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 Héd Leen 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 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 splitiess
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: 4o0r6 < 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 functinn of the film thickness of the RT, §02.2 column.
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Gas Chromatograph: Hewlett Packard 5890A gas chromatograph equipped with a
split/splitless capillary injection port operated in the splitiess mode.

Column: 105 m x 0.53 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(mbL/minute): Helium (28)
Run Time: 16 minutes
Retention Time: ca. 12.4 minutes

Integrator: Hewilett Packard 3396A Il programmable integrator

Analysis

TAME was analyzed utilizing purge and trap thick film capillary (0.53 mm LD.) gas
chromatography flame ionization detection (GC/FID). Water samples were loaded onto the purge
vessel (5 mL) of the LSC-2000 using a § 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. Results of
repeatability studies are presented in Table 4A. Run time for samples was approximately 27
minutes. Samples were introduced through the capillary injoction port operated in the splitless
mode onto the gas chromatographic column. The split ve:it 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, %, 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.

Nominal Volume Concentration Percent
Concentration Purged Recovered Recovered
(mg/L) (mL) (mg/L) (%)
10.4 5.00 8.92 85.8
10.4 5.00 9.17 88.1
104 5.00 8.39 80.3
4.16 5.00 3.79 91.1
4.16 5.00 3.88 93.2
4.16 5.00 3.84 923
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 resuits for the recovery of TAME from filtered

seawater,
Nominal Volume Concentration Percent
Concentration Purged Recovered Recovered
(mg/L) (mL) (mg/L) (%)
104 5.00 10.0 96.3
104 5.00 121 116
10.4 5.00 121 117
104 5.00 11.9 114
4.16 5.00 3.79 911
4.16 5.00 3.78 90.9
4.16 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 §.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 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) (%)
695 200 5.00 694 89.8
695 200 8.00 693 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 + 5% (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.

! The analyte purging efficiency from a hard reconstituted water matrix presents a greater degree of
instrumental variability. Therefore the standard deviation acceptance criteria has been increased to
10% to more accurately represent the recovery data.
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Table 4A. Repeatability of TAME analysis from ASTM Type Il water at

0.026 mg/L.

Replicate Area Height
1 47510 5725
2 54711 6099
3 46909 5631
4 36628 5646
5 36305 5699
6 55640 6292
7 54256 6365

Mean: 47423 5822
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
TAME analysis. ’
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11.0 APPENDIX V1 - RAW DATA
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Sonngcom Laooraicnes, Inc.

12827 0394 6110 510

CBSERVATION K=Y

NONE - Cbservation was mace anc ncthing cut of the ordinary was ocservec.

AS - AT THE SURFACE

MSP - MUSCTL=E SPASM

Clz - COMPLZTE LOSS OF SCUILBRIUM

fi

- PARTIAL LCSS CF ECUILBRIUM

‘u
In

T+ - LETHARGIC

b

FEAE - PECTORAL FINS ANTERICALY XTENCED
£XO - SXOPHTHALMUS

ZA - SXTENDED ABDOMEN

HYP - HYPERACTIVE

Z7R - ZSRATIC

Cs -CNBCTTCM

v - UGHT

DRK - DARK

EMP - ZXCESSIVE MUCUS

HEM - HEMCRRHAGIC

BA - RAPID

AE . REDLCED

CLoY - CLOUDY

PRE - PRECIPITATE

FCS - FiLM ON SURFACE A

UN - UNDISSCLVED C:—IEMICAL

PM - PARTICULATE MATTER
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SPRINCIORN ASORATORIES, [NG.

RESULTS OF CHROMATOGRAPHIC ANALYSIS
NEAN REASRED TASLE

Sporeer: APt
Tast Raterist: TANE
Project Na.: 12827-@%%-6110-510
Teat Type: 9% R STATIC %Mﬂwﬂs SANTA
Data Entered By: am/is J(}“M Y AL
Sata Progras hun: 12-!.7-!“ ///
AN NEAN
Seminal Analytical Percant Purcent Aralytical  Std.Dev. |l Sl
Canc. Interval famuit ot of Result Anatyticat

Sample (D (¢ 48] (¢ T2 8] Sominel Nominal (NG/L) fesut t
$-34-3TCAT ] 0 m (5-3-94) <« -g. 1578 1 L 7Y NA NA A 3 A
§-94-380uT 0 0 U8 (5-3-96) < =0.1598 1 XA
§-94-32¢0NT [} 96 UR (5-T-94) <« -3.25002 2 ¥A
§-3-I50uT [} 96 MR (S-7-9%) « -~0.0002 2 A
$-38-39 1.4 0w (5-3-38) < -0,15%8 1§ 2”13 A NA (7Y NA [ 7Y
S-94-40 1.4 QW (3-3+94) 1.2122+00 "3
§-94- 154 T8 W MM (S-4-94)  5.375E-01 73
5-34-185 1.8 % Wk (S-4-84)  1.535E-0a 1713
3-94-326 1.4 96 MR (3-7-34) 4.259€~00 3
594327 1.4 96 UR (S-T7-3) J.TTTE~00 1113
$~04-61 & O R (S-3-04) 3.5888-00 7.2 124.9 499 0.504 4 18,
59642 4 0 ur (S5-3-%) &.FTLE-00 124
5-9%-328 4 % M (S-7-94) 5.732E-00 164
34329 [ 9 MR (S-7-%4) S .MTE-00 3%
$-34+43 3 0 R (3-3-%) 9.5378-00 13¢ 130 ?.51 1.27 4 13.3
Sk 7.3 0 R ($-3-94) 7.T138-C0 106
§-94-330 7.3 96 MR (S5-7-3&) 1.032E~01 %1
$-3%-331 7.3 76 uR (S-T-3&)  1.04TE=Q1 %3
S-84-48 13 0 AR (5-3-%%) 1.4548-01 10 127 19.3 2.72 - 1.3
Sedeld 13 0 KR (S-3-34) 1.7408-01 116
$-34-332 b P4 uR (S-7-9%) 1.9528-01 130
§-76-333 1 94 W (S=T-94)  2.2545-01 151
§-34-47 30 Q s (5-3-9) 2,294E-41 96.5 114 K7 6.31 S 18.2
§o-2 30 0 um (5-3-36) 2.9935¢-0 9.5
$-}-T34 30 96 MR (S-T-30)  J.2E-01 131
§-94-335 30 96 KR (3-7-3) 4.0831E-01 134
59449 &3 0 nr (5-3-%4) 6.6858-01 103 109 5.2 L3 4 8.%9
§-3-50 &0 q WR (5-3-3) 5. 788E-01 .3
S-4-I36 &0 96 MR (S-7-34)  7.315E=01 "z
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SPRINGEORN LABCRATORIES, [NC.

RESULTS QF CNROMATOCRAPHIC AMALTSIS
MEAN WEASURED TABLE

Spormer: APt
Test Nateriai: A
Project ¥o.: 12827- 0394 -46110-510
Test Type: 96 MR STATIC RENEWAL N/NTIIDOPSIS SANIA
oata Entared By: S 310 S 71(5
Oats Program Rung 12-%ay~ 3
MEAN AN
Nominal Aralyticsi Purcant fercunt Aneiytical sta.dev. ] C.v.

Carc. Interval Rfesult ot of Result Ansiytical
Samoile D (a/L) G/L) daminel Nomins( (G Result
$-96-337 60 96 ¥R (5-7-54)  4.5008+01 110

Sasptes frum the 26 Mour sampiing interval (1.5 ag/L) were calculates Dy painceto-peint calcutacion.

1,2: ™e linesr regression sralysis hes calculated & negative I-intercept and a positive Y-interceot, consequently,
8 rescorse (height) less then the velus of the Y-intercapt results in a negative ‘less then’ value for the controls.
A 3Ofe accurste representation {s determined using the following sauation:

1. less than 1/2 of the lowest standard (0.250 ag/L) x ditution factor af sasoie (6) = < 0.500 mg/L
2. less than 1/2 of the Lowest standsrd (0.250 ag/l) z ditution faczor of sample (1) » < 0.125 g/t

3. Jus to poor precision per interval ard per samle replicats for the 1.5 s/l saspiss, the data obtained for

tis concantration level will not be recorted.

TOTAL MEAM 3 RECOVERY 121
TOTAL WEAM C.V. 13.7
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SPRINGBORN LABORATORIES, INC.

RESLTS OF CHROWUTOGRAPNIC ANALYSIS
QUALITY CONTROL SUMMARY TASLE

oo {2

Sponeor:

Test Materiat:
Project Mo.:
Test Type:

Data Entersd By:
Oate Progrea Run:

[ 4]
TANE
12527-039%-4110-510

96 HR STATIC REMEUAL W/NYSIDOPSIS BANIA
L

o

Nominal Anslytical Percent
Concentration {ntervel Result of

Sasple 1D (NG/L) (mG/L) Nominat
5-96-510C1 1.5 0w (5-3-96) 1.204E+00 30.4
$-94-52002 3 0 um (5-3-96) 3. 235E+01 108
$-04-530C3 &0 0w (5-3-9) 6.220€+01 104
$-94-1660C1 1.5 X M (5-4-K) 1.214E+00 8n.e ¢
$-96+1670C2 1.5 26 WR (5-4-9%) 1.225E~C0 N7 1
S+96- 163 1.5 26 MR (5-4-94) 1.389€+00 2.6 1
5-94-3380C1 1.5 P U (5-7-%4) 1.5T8E0D 108
$-94-13%0C2 30 9% AR (5-7-9%) 2.858e+01 5.3
§-94-3200C3 40 96 HR (S-7-90) 5.393E+01 98.2

1. Secamme the 1.6 mg/L samples vill not de reported, the acditfons( data for OC samoies oOTained
on the 26 hour [nterval (used oniy for the 1.4 my/L test sacoles) will not be incluocea in the statistical snalywis.

MEAN

$T0.08Y.

c.v.

98.4
]
10.0
10.13

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

Springborn Laboratories, Inc.

Not for Resale



API TRx407? 95 E3I 0732290 05550k T2l ER

80PP 0295.5C1P

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



API TRx4O? 95 HE 0732290 05550k2 9L4 WM

American 1220 L Street, Northwest
I Petroleum  Washington, D.C. 20005
Institute Order No. 848-00407

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




