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E n v r r o n w l  Partmbrp 

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

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

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

o 

+ 
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o 
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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. 

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. 

lo 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- 
UFACTLTRERS, 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 CONSTRiJED 
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 A N Y T " G  CON- 
TAINED IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE 
AGAINST LIABLI'TY FOR INFRINGEMENT OF LETTERS PATENT. 

Copyright O 1995 American Petroleum Institute 
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GOOD LABORATORY PRACTICE COMPUANCE 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 US. EPA 

procedures by Lancaster Laboratories, Lancaster, Pennsylvania. These data were not collected 

in accordance with Good Laboratory Practice procedures (Le., 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 filtered 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. 

Maik W. Machado daté ' 

Study Director 

Springborn Laboratories, Inc. 
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SUMMARY 

The purpose of this study was to estimate the acute toxicity (LC50) of Ten'-Amyl 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.I./L were maintained by renewing solutions at 24,4& and 72-hours of exposure. Each 

replicate solution was sampled and analyzed for TAME concentration at O-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 anaiyses, the mean measured exposure concentrations 

were defined as 5.0, 9.5, 19, 35 and 65 mg A1.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 AAL). Mortality of 60 and 95% was 

observed among mysids exposed to the 19 and 35 mg A.l.lL treatment levels, respectively, while 

mortality of 20 and 10% was observed among mysids exposed to the 5.0 and 9.5 mg A.1.L 

treatment levels, respectively. Sublethal effects (e.g., lethargy, darkened pigmentation) were 

observed among all of the suhving mysids exposed to the 19 and 35 mg A.I./L treatment level 

and among several of the surviving mysids exposed to the 5.0 and 9.5 mg A.I./L treatment levels. 

Mortality of 5% was observed in the lowest treatment level tested (¡.e., 1.6 mg A.I./L, nominal) with 

two of the suhving mysids observed to be lethargic. The LC5û 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 
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No-O bserved- 
LC50 Effect Concentration 

(mg A!./L)'b Through 96 Hours 
(mg ALL)' 

24-HouF 48-HouS 72-HOüP 96-Hour' 

> 65 >65 18 14 < 5.0 
(13 - 23) (10 - 19) 

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

' Corresponding 95% confidence interval is presented in parentheses. 
Le50 value empiricaliy estimated as being greater than the highest mean measured concentration 
tested. 
LC50 value and 95% confidence interval calculated by probit analysis. 
LC50 value and 95% confidence interval calculated by moving average angle analysis. 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~ 

A P I  T R * 4 0 7  95 = 0732290 0554995 655 

Report No. 94-5-5269 Page 8 of 73 

1 .O 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. Ail 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 797.1 930", Springborn Laboratories Protocol 

#:042594/TSCA/51OTTAME (dated 25 April 1994) and Protocol Amendment #1 (dated 17 May 

1994) (Appendix i). The methods described in this protocol generally follow the standard 

procedures described in the U.S. EPA Toxic Substance Control Act (TSCA) Test Guidelines § 

797.1 930 (U.S. EPA, 1985). Where applicable, Springborn Laboratories, Inc. Standard Operating 

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

2.2 Test Subeance 

Two silmples 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 # 0281 482, was received at SU on 17 August 1992 and was used to prepare analytical 

standards during the method validation/recovery study and to prepare Qualrty Control samples 

during the definitive exposure. The sample was identified by Aldrich Chemical to contain 98.8% 

active ingredient; A.I. (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 Il). Upon 

receipt at SU, the samples of test substance were stored in a dark, ventilated cabinet at room 

temperature (approximately 20 OC). Test concentrations are expressed as milligrams of test 

substance (as active ingredient) per liter of test solution and are reported as mg A.I./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 

(Le., lot # 0281482) 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 # O281482 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 

# 0281 482 established that negligible change in test material composition had occurred during 

storage at Springborn Laboratories, Inc. (Le., approximateiy 24 months). 

2.3 Test Organisms 

The mysid shrimp (Mysidopsis bahia) was selected as the test species since it is a 

recommended (US. 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, an1 held at Springborn in a 500-L fiberglass tank under a photoperiod 

of 16 hours of light and 3 ..lours 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 %o 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 OC during this 14day period. Juvenile mysids, si 24 hours old, were collected using a 

variation of the method described by Reitsema and Neff (1 980). 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 Ill). 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 potyvinyl 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 Smicron) 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 '/o0 and a pH range of 7.9 to 8.0. The salinity of the 

seawater used in the test was adjusted to 20 f 3 %o 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 (1 985) 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 Ndvnmoer 1993 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. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  TR*407 95 0732290  0 5 5 4 9 9 8  364  

Report No. 94-5-5269 Page 11 of 73 

dilution waters utilized during this study and have successfully survived and reproduced over 

several cuiture 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 f 2 OC. A photoperiod of 

14 hours light and 1 O 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 lest Concentrations 

Selection of nominal TAME concentrations for the 96-hour definitive toxicity test with 

Mysicfopsis bahia was based on toxicrty information developed at Springborn through preliminary 

testing. The nominal concentrations chosen were 1.6, 4.0, 7.3, 15, 30 and 60 mg A.I./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 cm2. 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 90% capacity with dilution water. The test 

vessels were then completely filled to the top with dilytim water, leaving no headspace, covered 

with a metal screw-top lid with a Teflon* liner to minimize evaporation and loss of test substance 

due to volatilization and inverted several times ensuring adequate moting. Test solutions were 

Springborn Laboratories, Inc. 
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renewed at the 24-, 40- 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 90% 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 closed system 

designed to minimize headspace at a nominal concentration of 600 mg A.I./L and in the presence 

of test organisms (sheepshead minnow). The test solution was analyzed for TAME 

concentrations at O, 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.I./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 a h o u r s  of the exposure 

period. These results also suggest that the water solubility under these conditions approximate 

500 to 600 mg A.I./L In addition, dissolved oxygen concentration measured during this test 

indicated that in the presence of test organisms (sheepshead minnow), the dissoived 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 thql it i3 sppropriate 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 

Springborn Laboratories, lnc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  TR*k407 95 = O732290 0555000 bL0 m 

Report No. 94-5-5269 Paae 13 of 73 
~ ~~ ~ ~~ 

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 observations 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 (¡.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. tight intensity 

was measured with a General Electric type 21 4 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 O and 96 hours for the analysis of TAME 

Springborn Laboratories, Inc. 
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concentration. Samples analyzed at the O-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. Ail 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 lo4 f 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 O- and %-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 5 50% mortality was observed in any of the concentrations tested, the LC50 value was 

estimated to be greater than the highest treatment level tested and no statistical analyses were 

performed. If 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 

Springborn Laboratories, Inc. 
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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 O 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 resuitc 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-Effect 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.9. 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 , 11 O and 500 mg A.I./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 O, 1 O, 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.I./L concentrations, 

respectively. Mortalities ranging from O to 10% were observed among the 5 to 6 day old mysid 

age class exposed to the same nominal concentrations. Based on these resuits, it was 

determined that the L 24 hour old mysids were the most sensitive age class and would be used 

in the definitive study. 

Springborn Laboratories, Inc. 
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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.I./L and a dilution water control. 

Following 48 hours of exposure, 100% mortality was observed in the highest concentration tested 

(200 mg A.I./L). At test termination (72 hours), mortality of 50 and 100% was observed among 

organisms exposed to the 32 and 81 mg A.I./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.I./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.I./L). Based on these results, nominal concentrations of 1.6,4.0, 

7.3, 15, 30 and 60 mg A.I./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. Results of the 

analysis of the exposure solutions at O 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 only 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 (Le., approximately 25% of nominal). Subsequently, preliminary testing 

was performed using the modified solution preparation procedure (Le., 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 

Springborn Laboratories, Inc. 
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concentration of TAME and remained within acceptable ranges for the sunival of mysid shrimp. 

Daily measurement of the temperature in the test solutions established that the exposure solution 

temperatures ranged from 24 to 25 OC 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 OC throughout the test period. 

5.22 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 O hour for the 1.6 mg A.1.R (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 AI./L treatment level were removed and 

anaiyzed 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 &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 

65 mg AI./L Figure 1 presents the relationship of the nominal to mean measured 

concentrations. Analysis of the Quality Control (QC) samples at each sampling interval (O 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.I./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 (9&hours), 100% mortality was observed 

among mysids exposed to the highest mean measured concentration tested (65 mg A.I,/L). 

Mortality of 60 and 95% was observed among mysids exposed to the 19 and 35 mg A.I./L 

Springborn Laboratories, lnc. 
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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 kl./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.I./L treatment level, among several of the sunriving mysids exposed to the 5.0 and 

9.5 mg A1.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 sunriving mysids observed to be lethargic. Figure 2 

presents the =hour concentration-response (mortaiiîy) curve established for this study. Due 

to the lack of analytical data to define the exposure concentration in the lowest (nominal) 

treatment level tested (1.6 mg A.l./L), the NOEC is conservatively estimated as < 5.0 mg k1.L 

Data obtained for the lowest treatment level were also excluded from the calculation of the LC50 

value as well. 

Table 4 presents the LC50 values, corresponding 95% confidence intervals and the No- 

Obsetved-Effect Concentration (NOEC). Based on mean measured concentrations, the %hour 

LC50 value for mysid shrimp exposed to TAME was calculated by moving average angle analysis 

to be 14 mg A.I./L (95% confidence interval 10 to 19 mg AI./L). 

Springbom Laboratories, Inc. 
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PROTOCOL DEVIATIONS 

1. The study protocol states that the calculated LC50 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 5 9.5 mg/L were very similar, calculation of the LC50 will be 
unaffected by the elimination of the low treatment level (Le., 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 1 0% 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 held at 
temperatures slightly cooler that of test temperature and when warmed to test 
conditions yielded dissolved oxygen concentrations greater than 1 00% of saturation. 

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

SPRINGBORN LABORATORIES, INC. 

Mark W. Machado Date' 
Study Director 
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QUAUTY ASSURANCE UNiT STATEMENT 

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

Shrimp (Mysiúopsis bahla) Under Static Conditions' were inspected by the QuaMy 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 

4/27/93 

5/5/94 

511 1 194 
511 2/94 

511 6 + 1 7/94 
511 8/94 

6/2/94 
9/26+27/94 

9/30/94 

10/5/94 
12/1 9/94 

12/28/94 

ReDorted to Studv Director ReDorted to Manaaement 

4/27/94 5/6/94 

5/5/94 5/6/94 

511 1 194 5120194 
511 2/94 5/20/94 
511 7/94 5/20/94 
511 8/94 5120194 

6/2/94 6/3/94 

9/27/94 1 OR194 
9/30/94 10/7/94 

1 0/5/94 1 OP194 
la1 9/94 1 2/19/94 
12/28/94 12/28/94 

SPRINGBORN LABORATORIES, INC. 

t> \?Q\ cc \ 

Patricia D. Royal Date 
Manager, Regulatory Affairs 
and Quality Assurance Unit 

~~ 
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TABLES 
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Table 1. The water quality parameters measured during the 96-hour 
static renewal exposure of mysld shrimp (Mysidopsis bahia) to 
TAME. 

control 

1.6 

4.0 

7.3 

15 

30 

6Q 

Conti01 

1.6 

4.0 

7.3 

15 

30 

60 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

7.6 
(1 Ml 

7.7 
(1 w) 

7.a 
(1 07) 

7.8 
(1 07) 

(1 cs) 

7.8 
(1 07) 

7.8 
(1 07) 

7.7 

8.0 8.0 

8.0 8.0 

8.0 1.0 

8.0 8.0 

7.9 7.9 

7.9 8.0 

7.9 7.9 

7.2 7.0 
0 o 
6.8 7.1 
W) (97) 

0 0  
7.1 7.0 
0 W) 

P7) (ss) 

(SV (ssl 

en (w) 

7.0 7.0 

7.1 7.2 

7.1 7.0 

7.1 7.0 

25 

22 

Measurements at renewal intervals @e., 24,48 and i 2  hours) are presented as agedflreshiy prepared 
solutions. 
Values presented represent the range of daity temperature (B?:*k$in 4lcohol Thermometer) and salinity 
measured in all test. concentrations and th-e control at the stcrA okervation interval. Continuous 
temperature monfionng (Fisher Scientific Min/Max thermometer) establ!shed a temperature range of 
24 - 26 O C  in the surrounding water bath, throughout the exposure pend. 
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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 (Mysicfopis bahia). 

Mean &Hour 96- Hour 
Nominal Measured Measured Measured 

Concentratlon Concentrailon' Concentrationb Concentration' 
(mg ALL) (mg A1.L) (mg AIA) (mg A.1.L) 

A B A B 

Control < 0.50 0.50 < 0.13 < 0.13 

1.6 < 0.50 1.9 4.3 3.7 

4. O 3.9 5.0 5.8 5.4 

7.3 9.5 7.7 10 10 

15 17 17 20 23 

30 29 30 39 41 

60 65 60 70 66 

O - 
5.0 (0.8) 

9.5 (1.3) 

19 (3) 

35 (6) 

65 (4) 

QC #1' 

QC #2 

QC #3 

i .21 
(1 S0)O 

(30.0) 

(6w 

324 

622 

1.58 
(1 S O )  

28.6 
(30.0) 

58.9 
(60.0) 

* Samples anaiyzed represent the freshiy prepared exposure solutions. 
Samples anaiyzed represent the aged (24 hour old) exposure sdutions. 
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. 
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 AI./L on the A and 
B replicates, respectiveiy. 
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 Curnulathre Mortality (%) 
Measured 

Concentratlon 24Hour 48-HOUr 72-Hour 
íms A1.R) A B Mean A B Mean A B Mean 

96-Hour 
A B Mean 

40 30 35' 
(4) (3) 

70 50 60b 
m (5) 

90 i00 95b 
(9) (10) 

Mean measured concentration not available for this treatment level (1.6 mg A.I./L, nominal), 
All of the sunriving 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 sunriving rnysids were observed to be lethargic and exhibited darkened pigmentation. 
All of the surviving mysids exhibited partial loss of equilibrium. 

' 

i 
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Table 4. The LC50 values, corresponding 95% confidence intervals and 
the No-Obsemed-Effect Concentration (NOEC) for the 96-hour 
static renewal toxicity test exposing mysid shrimp (Mysidopsis 
bahhl to TAME. 

No-O bserved- 

(mg AI.&)' 

LC50 Effect Concentration 
(mg A I . R ) ~  Through 96 Hours 

24-HouP &Hou? 72-HouP 96HouP 

> 65 > 65 18 14 e 5.0 
(13 - 23) (10 - 19) 

* Based on mean measured concentrations of TAME (as active ingredient). 
Corresponding 95% confidence interval is presented in parentheses. 
LC5û value empiricaliy estimated as being greater than the highest mean measured concentration 
tested. 
LC50 value and 95% confidence interval calculated by probit anaiysis. 
LCSO value and 95% confidence interval calculated by moving average angle anatysis. 
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FIGURES 
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Figure 7. Relationship between mean measured concentrations (analysis 
aí O-' and 96-hours) and the nominal treatment levels 
established during the 96-hour static renewal toxicity test 
exposing mysid shrimp (Mysidopsis bahia) to TAME. 

n 

a 

c 

-- O 15 30 45 60 1 3  

Nominal Concezirction (mg AI./L) 
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Figure 2 The 96hour concentration-response (mortality) curve for the 
static renewal toxicity test exposing mysid shrimp (Mysidopsis 
bahia) to TAME. . 

8.4 

7.2 

6.0 

4. E 

T C  
4 . w  

0.341 9.685 i.VS2 ;.'576 1.720 
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6.0 APPENDIX I - STUDY PROTOCOL 
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TAME - ACUTE TOXICITY TEST To MYSIDS (Mysidopsb bahia) UNDER STATIC 
RENEWAL CONDITIONS, FOLLOWING TCCA GUIDELINE 797.1 930. 

1.0 OWECTNE 

The purpose of this test will be to determine the 9&hour acute toxialy of a tes substance to a 
representathm marine invertebrate, the mysid (Mysidopsis bah&), under static-renewal conditions. 
During the conduct of the study, all test soluüon renewals will be performed at 24,4& and 72- 
hours of exposure. LCM values with 95% confidence iünrts and a No-Observed-Med 
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 A d  (TSCA) Test Guidelines 5 797.1930 (US. EP4 19W. Where applicable, Springborn 
Laùoratorieq 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 control) will be exposed in a static 
system lor 96 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 incfuded. Test concentrations 
will be selected based upon results of range-findiflg experiments. During the course of the study, 
water quaiii will be monitored and daily observations lor visible abnormalities and moitali¡ will 
be made and recorded. Ail test solutions will be renewed at 24-, 48 and 72hours of exposure. 
The concentration of me test substance in each vessel mi be verified by a GC - purge and trap 
anaiyücal method. At the end of the 96-hour exposure period, an LC50 and a No-Observed- 
mea Concentration (NOEC) will be determined. 

3.0 MATERIALS AND METHODS 

3.1 CHEMICA'L SYSTEM 

3.1.1. Test Substance. Upon arrivai at Springborn Laboratories, Inc.. the external packaging 
of the test substance will be insperzed for damage. The packaging will be removed and 
the primary sorage container vdl also be inspeaed for leakage or damage, The sample 
identity and percent activity will be recorded and, unless different arrangements are made 
with the Study Sponsor, the .t'xlibstance will be stored in the dark at approximateiy 
20':: until used. The Study Spo~ ir will be responsible for the c3aractentatlon of the test 
substance. 

Sorincbom Laboratories Protocol #: 042594/TSCN51 OKAME Page 2 of 8 
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3.13. T M  Substance Concerrtratlon Selectfon. Test substance concentrations will be based 
on the results of a preliminary rangefinding test. The preliminary range ñndng test will 
be conducted with both newly hatched (s 24 hours old) and young adult (5 - 6 days old) 
mysids. A minimum oi ten mysids m'U be exposed to a series oi widely spaced 
concentrations of test substance. The age c&ss which is most sensitive to the test 
substance will be used to p f fom the d e l l n i  teR. if no apparent differences are found. 
I 24 houn old mysids mi bm used. The range of concentrations selected for the 
definitive test is intended to indude both I M)% effect and no-effect levels, but due to the 
nature of some test substances, one or both levels may not be observed. No attempt will 
be made to determine the degree of adsorption of the test substance by the test system, 
as this fails outside the scope and intent of this study. Six test concentrations and a 
negalbe control will be used. Each test substarm 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 wÎthout the test substance. 

51.3. Stock Solution PreDadon. The test substance will be weighed on an analytical 
balance for which a calibration log is maintained A Chemical Usage Log will also oc 
maintained in which the amount, the date, the intended w e  and the user's initials will be 
recorded each Ume the test substance is wed. 

51.4. Exoosure Solution Pteoaratlon. Each replicate solution of T&IE will be prepared by 
adding the test substance direcüy into each respective test vessel. Each test vessel will 
be ñlled with dnution water to approximately 9036 capacity and an appropriate aliquot of 
the test substance will be added. The soluüons will be gently stirred for approximately 
30 seconds, the test vessel will be filled to capaaty 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 7Z-hour renewal. 

3.2 TESTORGANISMS 

3.Z1. Soecics. Mysids. Myydopsis m i a .  will t e  used to conduct this acute toxicity t e n  Test 
organisms will be s 24 hours old or 5 to 6 days old at the initiation of the !est Mysids 
mil be obtained from in-house cultures by isclating sexually mature adults prior to 
inittating the test Young produced by these isolated adults will be collected and 
subsequently pipetted into the test vessel. 

3.22 Justification of Soecla. Characteristics whicri make this test organism suitable for acute 
toxic;? testing are their ease of culturing and handling, their sensitirrty to a variety of 
&emid  substances, and the extensive data base for this common marine invertebrate. 

3Z3. Orfain and Acclim8rlon. Mysid cubras ml be maintained at Springborn Laboratories, 
inc Water used to culture mysids will be similrr !o the characteristics described !or 
dilution water. Culture water will be maintainëd af 25 : 2 O  C. 

3 Z 4 .  Fecdlnq. Mysids wilt be fed live brine shrimp nauplii, Arremia salina. at least twice daily 
prior to and once daily during the -our test Periodic analyses of representative 
samples of the food will be conduced to ensure the absence of potential toxicants, 

Paqe 3 of û Snrinuhom Laboraton es Pmmcol R: W259WSCAiSlOKAME 
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induding pestiaaes. PCBs and selected toxic metals, at conCentrations which may be 
h d l  to mysids. 

325 Handling. Fire-poushed, widebore pipets will be used to transfer mysids, taking care to 
minimize possible mess due to hanaling. Mysids that are damaged or dropped during 
transfer will not be ussd 

3.26. Uadlnq. Biomass loading wiü not exceed 30 mysids per iter of test solution. 

3.3 PHYSICAL SYSTEM 

3.3.1. Test Vessels. Test vessels will be 940 mL glass jars. The test vessels will be chemicaiiy 
deaned before the test is started following standard laboratory procedurem. The vessels 
will be washeo with hot water and a detergent, rinsed with acetone, and then rinsed 
edensiveiy with water. Rie test vessrb will be completely fled with test solution (no 
headspace) and covered with a metal saew-top Ud with a tellon liner to minimize 
evaporation and I w  of test substance due to volablIira!ion. The test solutlon volume in 
each replicare vessel will be 940 mL Test vessels mi be labeled to identify the 
treatment/wnuoi and the replicate designation. 

3.3.2. Rcplkatlon and Control of Blas. Two replicates win be included with each exposure 
consenoation and conuol. Test vesseis will be positioned impartially inside a waterbarn. 
E%! replicate vassel will contain ten mysids (20 mysids per concentration and control). 
,Mysids will be added imparrialiy to the test vessels, two at a time, until each vessel 
ccntains aß mysids. 

3.3.3. pilutton Water. Natural filtered seawater from Cape Cod Canal will be used as dilution 
water for the test The water will be mtered through a series of polypropyiene core fitten 
as fine as i p m  and heated to the required test temperature. The water is charaderizrd 
as having a salinity range of 3O to 35 'loo and a pH range of 7.7 to 8.3. Salinity and pH 
;f aac! new Satcti of seawater will ka measured 3 ansure mat 3ese parameters are 
wrthin the normal acteptanle anges. The saiinrty of the seawater used in me test will be 
rd jwed  to 20 ','CO 2 3 percent by diluting with laboratory diiution water. This water is 
rom'neiy used in freshwater toxiaty :esS. Pencdic analyses of representative samples 
of dilution water source and the heshwater used to adpst salinity will be conduced to 
ensure the absence of potential toxicants. inducing FeStiadeS. PCüs and selected toxic. 
matais, at concentrations whicci may be harmful to the :est organisms. 

3.4 TEST CONDITIONS 

3.4.1. Temoerature. Water temperature of aie test MiUaons Will be rnain:.\Imd at 25 5 20 C by 
placing the test vessels in a waterbath at the appropriate ten tu,,: 

3.4.2 Dluohrcd m a e n .  Total dissolved oxygen C3nCmtfabn will not be allowed to drap 
below 60% or go above 105% of saturation during the test Ten solutions will not be 
aerated. 

iaia. 

Soringborn Laboratories Protocol d: W2SWKSCiv51 WAME Page 4 of 8 
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3.4.3. Sallndy. Saiinity of the seawater will be maintained at 20%0 e 3 p e r m  

á4.4 tiahtlnq. Light intensity at the water surface will be 20 - 100 footcandles. Ruorescent 
bulbs will be used to provide lighting, The photopenod will be maintained at 14 hours 
light10 houn dark usuig an automatic timer. 

34.5. Test Initiation. The test begins when ail mysids have been impartrally placed in the test 
vesseis and terminates &er 96 houn of exposure. Mysie Will be fed once daily during 
me m o u r  exposure period. 

i4.ô. Renewal Scheme. Fresh test solutlons will be prepared every 24 houn ai each tremiem 
level and coml. Test organisms win be carefully transtened into the íreshiy prepared 
test solutions at each renewal interval using a ñre-polished wide-bore pipet. 

3.5 SAMPUNG AND OBSERVATIONS 

Sarnolinq. Samples from both replicate test vessels d each concentration and control 
will be taken at the initiation (new solutions) and termination (old solutions) of the test (O 
and 96 hcun) for determination of test substance concentrations. Water samples will be 
taken from a point approximately midway beween the sudace. boccm and sides of each 
tea vessel and either anaiyzed immediately after Sampling or appropriately preserved and 
stored until analysis can be performed. 

Three quality control (QC) samples will be prepared at each sampling interval and stored 
and a n w e d  with the set of sbdy samples. The QC samples mil be prepared in diluent 
water at test substance concentrations similar to the treaiment level range. Results of 
these anaiyses indicate the accuracy of the analydcai method for measuring test 
substance concentration at each sampling period. The analytical method used to 
measure test substance concentration in the exposure solutions will be validated a 
Springborn Laboratories at the expected nominal concentration rance prior to test 
initiation. 

Water aualltv Measurements. At test initiation and daily thereafter, water quality 
variables (temperature. pH, salinity and dissolved oxygen concentrations) mil be 
measured in each :est vessel. Measurement teficlniques will follow methods described 
in Standard Methods for n e  Examination of Warer and Wastewater (APHA, 1989). The 
:emperahire range will be monitored continuously in one test solution by using a 
minimummaximum thermometer- Readings of temperature extremes will be recarded 
daily. 

Bloloaical Observatlons. At the start of the ten and at 24 hour intervals thereafter, 
observations of stress, abncrmai behavioral activity and monaliiy will be made. Dead 
mysids win be removed from test solutions at these intervals. In addition. cclaradenstics 
of me test solutions (such as precipitated materials. cloudiness. etc.) will be &o 
observed and recorded. 

Springborn iabomfones Protocol X: O42594m W 5 1  OKAME Page 5 of B 
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3.5.4. Aceeotabifitv Criterion. During the detinitive test monal i  or test organisms exhibiting 
abnormal benavior in the como1 m m  not exceed 10% at termination, or the test mil be 
considered unacceptable. 

Mortaiii data derived from the ame test will be used to statistically esömate a median lemd 
concemaiion ( L O )  and its 95% confidence intenral after each 24-hour interval of exposure. 
The LCSO is the measured concentration of the test substance in dllution water which producos 
50% mortality in the test population at the stated times of exposure. LCSO values win be 
computed using mean measured concentrarions. 

A computer program will be used to estimate LCSO values using one of three statistical methods: 
proba anaiysis. moving average method. or binomial probability. The method selected is 
determined by the data base (¡.e., presence or absence of 100% response, number of partiai 
responses, etc). An LCSO value canna be d a l a t e d  il the mortaiity data derived is insufllaent 
acccrding to any of the three statistical methods. The probit methcd provides values of the 
slope, including 95% confidence inteivals, as well as appropriate statistical tests to evaluate 
goodness4f-tit. In addlon, the highest test concentration that shows no diflerence from the 
control (No-Cbsewed-Effect Concentration. NOEC) will be determined and reported. 

5.0 RECORDS TO BE MAINTAINED 

Records to be maintained will include, but wiü not be limited to, Correspondence and other 
documents relating to the interpretation and evaluation of data as well as all raw data and 
documentation generated as a result of the study. 

6.0 REPORTING 

The raw data and final draft of the report will be reviewed by the Quality Assurance Unit and vie 
Study airecor. Chemical and water quality measurements will be reponed to various levels of 
significance depending on the actuacy of the measuring devices employed during any one 
prccess. A single copy of Vie draft repon will be initiatly submitted to the Study Sponsor for 
review. Upon acceptance by the Sponsor, three copies of the final report will be submitted. AI1 
reports will inctude. but are not be limited to, n e  fOlIOWmg information: 

. 

* Springborn Laboratories. Inc.. report and project numbers and if applicable, Sponsor 
protocol and project numbers and the dates of when the definitive test was conducted. 

Laboratory and site, the dates of testing and personnel involvid in the study, ¡.e., Cuality 
Assurance Unit, Program Ccordinatcr, Study Direcar, Principal Investigator. 

Page 6 of 8 
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AI1 infamation pertaining to the test substance which appears on me sample bottle, e.g.. 
its empirical formula, molecular Sbuwe,  source, percent active ingredient. physical 
pmpertles, Sponsor‘s test substanti, LD., and sample number if availaPle. 

Charaaerizatlon and origin of me dilution w e r .  

ScientMc name of the test organisms. source and diufing information (induding saiinity 
and temperature). 

Gpœum system description. dilutlon water volume, number of organisms per treatment, 
constmaion materials used, depth and volume o1 test comainen, and test condidom. 

Desa’ption of me test substance delivery system and stock soluüon preparation. 

Intomation regarding test temperatures, dissolved oxygen wncentiatfon, pH, Wmity, 
photoperiod and light intensrty used. 

Obsefvañons of insolubility of the test substance. induding the test levels and when 
observed. 

Definition of criteria used to detemine sublethal effecrs and general obsenations on non- 
quantMable effecs. 

Number and percentage of organisms that showed lethality h the controls and in each 
treatment at ea& observaton period, in tabular form. 

Desaiption or reference (or indusion as an appendk) to c!!emicai and statistical 
procedxes applied. 

Analytical results of test concentration measuremenfs and OC samples. 

ii applicable, means and standard deviations of maasured cancentrations of the test 
substance, as well as nominal test aneenmtions. 

fhe 24- 48- 72- and 96-kour LCJO with 95 parcsnt confidence ürnits, and the No- 
Observed-éffec: Concentration (NOES]. 

Concentration-response curves for mortaiity data colleeed at 24,48,72 and 96 houn. 

Deviations irom me protocol not addressed in protod amendments, together with a 
discussion of me impac: on me study. 

Good Laboratoq Practice (GLP) compliance statement signed by me Study Director. 

Dates of Cuality Asfurance reviews. risned by the QA Unit 

Location of the raw data and report 

Springßom Laboratories Protocol R 0~22-9o/TsCâJSî WTAME Page 7 of 0 
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7.0 PROTOCOL CHANGES 

All amendments to the approved protocol must be documented in wriücg and signed by both 
!he Study DireRor 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. tf 
necessary, amendments inrtfally may be in the form of verbal authorization, followed by 
Springbom's written documentation of the amendment In such a case, the e f f m e  date of the 
amendment will be the date d verbai authorization. 

. 

8.0 SPECIAL PROVISIONS 

GOOD LABORATORY PRACTICES (GLP): All test procedures, documentation. records, and 
repom will comply with the U. S. Environmental Protection Agency's Good laboratory Pradtxs 
as promulgated under the Toxic Substance Control Act (FEDERAL REGISER, Part 111.17 August, 
1989) 

E S 7  SUBSTANCE DISPOSAL After 60 days from the 'wuance of the final test report for this 
or related studies. the test substance will be returned to the Sponsor's prcject olficer, at Sponsor 
expense, unless diíferent arrangements are made. 

ARCHIVAL: Ail raw data and me final report will be arcfiived by the Stucy Sponsor unless 
different arrangements are made. 

9.0 REFERENCES 

APHA. AWWA, WPCF. 1989. Standard Methods for the Examhation of Water and Wastewater. 
17m Edition, Washington, OC. 

U.S. Environmental Protection Agency. 1989. Tozic Suhsmces Control; Good Laboratory Pracrjce 
Sfandads; Final Rule. (40 CFA, Part 792) Federal Register, Part 111, a(230): 53922-53944. 
Auscst 17, 1 Oe9. 

U.S. Environmental Protecion Agencj. 1905. Toxic Subsfance Conml Act Test Guidelines. 
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Springborn Laboratories, Inc. 
EmlromwnwsJr>csrDM.lon 
790 Main S!reet Wareham, M&usetb 42511 (Soe) 2952550 T.br U S O 4 1  F m  (508) 2956107 

AMENDMENT& 1 
WwKr o*= 

DATE: ff nfil wi cotacr+oq ry 4 d Y  
PROTOCOL RTLE: T A M E  - Acute T0xicti-y to Mysids (Mysidopsis bah/@) Under Statlc- 

Renewel Condlîfons, Following TSCA Guideline 797-1 m.' 

STUDY SPONSOR: American Petroleum LMtitute 

1. The foliowing idormation has been provided as specified on page one d the protocol. 

Test Concentrations: 60, 30, 15,7.3, 4.0, 1.6 and control. 

Carrier Used: NA 

Proposed Gperimental Schedule: 

(Start) 5494 (Completion) 57-94 (Draft Report) $27-94 

CAS# or Lot# NA 

Amendment: 

The Study Protocoi states that test organisms wiii be carefully transferred into the 
freshly prepared test solutions at each renewal Interval using a rirepolished wide-bore 
pipet. In this study, the mys-kls WWI not be Bansfened. The solutions will be renewed 
by carefully siphoning the old solution out of the test vessels using an inverted glass 
powder tunnel and a length d tllastic tubing. The open end of the funnel will be 
covered with 363 micron Nttex ween 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 
Wal be added to the test vessel in the same manner by siphonlng into the test vessel 
wing the funnel. 

Reason for Change: 

Transferral of mysids is timeconsuming and can be injurious due to the mysids' highfy 
mobil acuvity. This change is instituted to reduce the risk of mortaï i  to the mysids 
due to handling In transferral procedures. 

Springborn Laboratories, Inc. 
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Impact 

This change mi not have an impact on the study. 

Amendment: 

The protocol states that each replicate solution of TAME will be prepared by adding 
the appropriate aiiquot of test substance dIrectty into each test vessel pre-filled to 
approximately 90% capacity with dilution water. The solutions m'U be genüy stirred for 
approximately 30 seconds and then the vessel Wm be flled to capacity Witti dilution 
water and sealed wiih a saew-top üd to maintain zero headspace. 

In îhls study, the procedure for preparation of the solvtions was modified. The 
appropriate aliquot of test substance was added Brectiy to the test vessel which was 
pre-fiiled with düutlon watet to 8pproximately 90% of capacity. The test vessels wem 
iüled to capacity in order to maintain zero headspace, sealed with a sc~ewtop üd and 
inverted several times. 

Reason for Change: 

An initiai attempt at conducl'ng a definitive study yielded analyticai resuits which were 
Inconsistent with expectation based on prior preiiminary exposures with the test 
substance. Analytical r e W s  for this initiai attempt were low (Le., approximately 25% 
of nominal) and quite variable. Thic initial attempt was eventuaily aborted. Through 
additional anatytîcai investigations R was determined that mbdng of the solutions by 
simply inverting the test vessels several times yielded beüer dissolution of the test 
substance and resulted in a higher measured to nominal concentration ratio. 

Impact: 

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

S / P ~  
Date 

Approval Signatures: 

SU Study Director 

612 1 9 6  
Hichard A Rhden, Ph.D. Date 

/Sponsor Stub Monitor 
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7.0 APPENDIX II - CERTIFICATE OF ANALYSIS 

-~ 
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M E R  PETRO INST 
202 682 9270 
DR DIOC M D E N  

aIdrich chemical CO,, @ 
UicmtstS haioing chemirrr rn r a c e e m  6 rnducuy 

PRODUCT INFORMATION 
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8.0 APPENDIX 111 - CULTURE FOOD ANALYSIS 
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DkàlQn 

w?jl Prbicn 

W P W  
wthion 

Endoanal I 

EndolJlnI 

EnQouan Wrii 
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< a1 InQIlg 0.1 

< 0 . 0 2 ~  0.02 

0.02 0.02 

< 0.05 mgciig 0.05 

< 0.01 mlykg 0.01 

< 0.01 iriailrp 0.01 

< 0 . 0 3 ~  0.03 

< 0.01 InQIlg 0.01 

I Hacheci Brine Shrimp Grab Sample' 

II Date Collecltd:7/28/93 Date Reported: 9/6/93 

II n A Pesticide %non 1;11;111 ResuR As Received Limit of ûuanütation 

AphrBH: < 0.01 nykg I -  0.01 II 
~ 

Em BHC < 0.01 mdirp 0.01 

< 0.01 mdkp I 0.01 
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I Hatched Brine Shrimp Grab Sample* 

Oats Collected: 7/2arS3 Date Reported: 9/6/93 

Analysis Result As Receiveti Limn of Puanütation I 
< 0.30 frdw 030 

~~ 
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9.0 APPENDIX IV - DILUTION WATER ANALYSIS 
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b a l o n  < 0.1 &&I 0.1 

Matls- < 0.02 &Q4 0.02 

w p- < 0.02 ppn 0.02 

Endoriaal I < 0.01 pyl 0.01 

Endudm 1 < 0.01 poi1 0.01 

Endorrltn cinta < 0.03 ppl 0.03 

.kdynd b/ L r r r r t a  Liborrtonar hc. 

' m  L < 0.05 &g 0.0s 

* 
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~~~ 

Fihred Seawater Grab Water Sample' 

II II 
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I Date Collected: 8 M 3  Date Reported: 6ß6/93 
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t Filtered Sea Waîer Grab Water Cample* i1 
l 

I II Il Analysis Rssul As Received Umit of Quantftatlon 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  TR* :407  95 0732290 0555038  6 4 9  H 

Report No. 94-5-5269 Page 51 of 73 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



A P I  TR+407  95 m 0732290  0555039  585  m 

ton 
ld 

W-Jn 

Ibngrra 
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Weil' water ampie* 

Date Collected: 6/9/93 Daîe Reported: 8/26/93 

Analysis Resutt As R m i v e d  Limit of ûuantttation P R 

~~ 

< aio mgir 0.1 

< 0.10 Il@ 0.1 

231 mgl o. 1 

< 0.010 mgl 0.01 

< 0.10 Qyl 0.1 

< 0.050 Il@ 0.05 

1.07 * 0.5 

< 0 . 0 2 0 ~  0.02 

I I -  II 
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10.0 APPENDIX V - ANALYTICAL METHODOLOGY 

Springborn Laboratories, Inc. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



~~ ~ 

API T R * 4 0 7  95 = 0732290 0555043 3 3 3  

Report No. 94-5-5269 Page 54 of 73 

SUMMARY 
An analytical methodology is presented for the measurement of TAME vert-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 5 11 % for filtered seawater and 

102 f 5% for freshwater, however, the analyte purging efficiency from a hard reconstiiuted water 

matrix presents a greater degree of instrumental variabiïi. 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 

2 Volumetric flask: grade A, assorted sizes 

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

4. Syringes: Hamilton, assorted sizes, gas tight and valved 

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

15 cm tenax and 8 cm silica gel. 

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

7. Vial Sampling System: Tekmar Model ALS2050 

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

1.05 m x 0.53 mm 1.0. 3 pm film FlT, 502.2 column and Flame Ionization detector. 

Springborn Laboratories, Inc. 
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Reagents 

Page 55 of 73 

1. Methanol: reagent grade solvent 

2. TAME: Lot # 0281 482, was received from Experimental Pathology Labs, Inc., on 17 August 

1992 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 If 
(meets ASTM Type IiA specifications) filtered and sterilized water purification system. The 

filtered sterilized water typically shows greater than 16.7 Mohm-cm resistivity and less than 

1 mg/L total organic carbon. 

4. AAP Media 

5. Filtered seawater 

6. Hard Reconstituted water 

PROCEDURE 
Preparation of Stock Solution 

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

of methanol into a 1 O 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 directiy into the alcohol. The vessel was reweighed, diluted to the mark, 

stoppered, and finally mixed by inverting the flask several times. 

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

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

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

Teflon lined crimp tops in a refrigerator. 

Preparation of Standards for Purge t Trap 

Secondarit :!?ndards (i 04,26.0 and 5.20 mgL  in methanol) were drawn into a microliter 

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

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

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

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

formulation are outlined below: 

Stock Volume Nominal 
Concentration Taken Concentration 

(m9N W )  

5.20 
26.0 
26.0 
26.0 
26.0 
104 
104 

Sample Fortification 

25.0 
25.0 
50.0 
100 
250 
250 
500 

Method validation/recovery samples were prepared 

0.026 
0.1 30 
0.260 
0.520 
1.30 
5.20 
10.4 

ising AAP media, filtered seawate 

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

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

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

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

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

with three unforufied matrix blanks. 

Uquid 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 ha4 been stripped for four or six minutes, the sorbent trap was 

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

. 

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

injection port of the gas chromatograph. 

TAME was separated chromatographically using a temperature program after splitless 

injection from the purge and trap liquid sample concentrator. 

Liquid Sample Concentrator: Tekmar LSC-2ooO. 

Programmed Purge & Trap Conditions 

Standby Temperature: 40 O C 

Purge: 

Desorption Preheat: 

Desorption: 

Bake: 

Time (minutes) 

4 or 6 

NA 
4.0 

8.0 

Temperature (o C) 

< 40 

1 75 

180 

225 

Heating Zones 

Valve: 200 

Mount: 40 

Transfer Line: 200 

Temperature 0 C 

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 FiTx 502.2 column. 

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

spïisplitless capillary injection port operated in the splitless mode. 

Column: 105 m x 0.53 mm ID x 3 l m  film 

Temperature (OC): Injector: 200 
column temperature programmed: 40 - 250 

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

Carrier Gas: B. 9 

Run Time: 16 minutes 

Retention Time: ~ 8 .  12.4 minutes 

Gas (mUminute): Helium 

Makeup gas(müminute): Helium (28) 

Integrator: Hewlett Packard 3396A i1 programmable integrator 

Analysis 

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

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

vessel (5 mL) of the LSC-2ooO using a 5 mL gas tight syringe or vial transfer line from the vial 

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

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

RESULTS AND DISCUSSION 

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

fres'hwater (reconstituted to increase hardness) are presented in Table lA, 24 and 3A, 

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

repeatability studies are presented in Table 4A. Run time for samples was approximately 27 
minutes. Samples were introduced through the capillary injection port operated in the splitless 

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

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

by purge and trap GC-FID. 

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

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

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

The integrator had software to fit calibration data to polynomial fit. Recovery samples for AAP 
media and filtered seawater were calculated using a least squares poiynomial 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 

(mgB) calibrated from a 5-mL sample. Check standards were evaluated periodically and 
providing up-todate 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 frtting techniques. 

~ 
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Table 1A. Analytical results for the recovery of TAME from AAP media. 

Nomlnal Volume Concentrttl on Percent 
Concentration Purged Recovered Recovered 

( m s m  (mu (mgR) (n) 

10.4 5.00 8.92 85.8 

10.4 5.00 9.17 88.1 

10.4 5.00 9.39 90.3 

4.1 6 5.00 3.79 91.1 

4.1 6 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 e 0.026 NA 

Mean Recovery: 89.7 * 23% 
The minimum detectable concentration was 0.026 mg/Lfor a 5.00 mL sample which is the lowest standard 
used in the polynomial fit. 
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Table 2A. Analytical results for the recovery of TAME from filtered 
seawater. 

Nominal Volume Consentratlon Percent 
Concentration Purged Recovered Recovered 

(ma) (mL) (mgn) (W 

10.4 5.00 10.0 96.3 

10.4 5.00 121 116 

10.4 5.00 121 117 

10.4 5.00 11.9 114 

4.16 

4.1 6 

4.1 6 

0.026 

0.026 

0.026 

Control 

Control 

5. Do 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

3.79 

3.78 

3.79 

O. 027 

0.027 

0.028 

c 0.026 

< 0.026 

91.1 

90.9 

91.2 

105 

1 05 

1 o9 

NA 

NA 

Control 5.00 < 0.026 NA 

- Mean Recovery: 104 * 11 % 

The minimum detectable concentration was 0.026 mg/L for a 5.00 mL sample which is the lowest 
calibration standard used in the polynomial fn. 

~ ~~ 
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Table 3A. Analytical results for the recovery of TAME from freshwater 
(reconstituted to increase hardness). 

Nominal Volume Concentratlon Percent 
Concentratlon Dlluìlon Purged Recovered Recovered 

(mgR) Factor (mu (mgB) (%I 
695 200 5.00 694 99.8 

695 200 5.00 693 99.6 

695 200 5.00 705 1 o1 

248 

248 

248 

100 5.00 268 1 O8 

100 5.00 258 104 

100 5.00 265 1 07 

49.7 20.0 5.00 50.9 1 02 

49.7 

49.7 

Control 

Control 

Control 

20.0 5.00 44.9 90.3 

20.0 5.00 51.7 104 

1.00 

1 .o0 

1.00 

5.00 

5.00 

5.00 

c 0.248 NA 

< 0.248 NA 

e 0.248 NA 

Mean Recovery: 102 2 5% (10)' 

The minimum detectable concentration was 0.248 m g n  for a 5.00 mL sample which is the lowest standard 
used in the linear regression analysis. 

' The anatyte purging efficiency from a hard reconstituted water matrix presents a greater degree of 
instrumental variabiïi. Therefore the standard deviation acceptance criteria has been increased to 
10% to more accuratety represent the recovery data 
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Table 4A Repeatability of TAME analysis from ASTM Type II  water at 
0.026 mg/L 

Replicate Area Height 

1 4751 O 5725 

2 5471 1 6099 

46909 

36628 

W O 5  

55640 

54256 

5631 

5646 

5699 

6292 

6365 

Mean: 
Std Dev.: 

% RSD: 

47423 

8243 

17.4 

5922 

320 

5.4 

~- 
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Figure 1A. A representative chromatogram of TAME purge and trap 
GC/F1D analysis. 
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Figure 2A. A representative linear regression analysis from standard TAME 
analysis. 

GC with Flame Ionization Detection 

Correiation Coefficient 0.990968 

300 

240 

180 

123 

6û 

I /* 
I/' 
I 

1 I I 
l 

I 

0 0  l I I 

0.0 1.1 2.2 * 3.3 4.4 
Nominal Ccncentrction (mg/t) 

5.5 
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Figure 3A. A representative polynomial regression analysis from standard 
TAME analysis. 
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11.0 APPENDIX VI - RAW DATA 

~ ~~ ~~ 
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