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5 October 1994

Richard A. Rhoden, Ph.D.
American Petroleum Institute
1220 L Street, Northwest

Washington, D.C. 20005

Dsar Dr. Rhoden:
Please find below our responses to the tliree separate audits of the following draft
report:

#94-5-2692 entitied "Tert-Amyl Methy! Ether (TAME) - Acute Toxicity to ifysid Shrimp
(Mysidopsis bahia) Under Static Renewal Conditions”.

The coimments are addressed by date of letter and by number.

Letter dated May 2, 1994:

1. lvioﬁuhon added to Section 2.2 Test Substance.
2. Data supporting the stability of TAME will be included in Section 3.1 Stability and Aqueou&,

Solubility Trials.
3. Included in Protocol Amendment #1.

Letter dated June 16, 1994:
Changed as requested.

Changed as requasted.

information added in Sectior 3.1 Stability and Aqueous Solubility Trials.

Information added to Section 2.2 Test Substance

Paragraph was added to 5.1 Preliminary Test, Page 16, second paragraph, explaining the
results of this study.

Deviation added to report.

Changed as requested.
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Letter dated July 28, 1894:

1. Changed as requested.
2. Addition made as requested.
3. Clarified as requestad.
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s MNWMMMINWGW Twenty organisms (ten per replicate)

T 7 'were wxposed In cuplicate test vessels 1 each of six concentrations of TAME and a diktion
.- weter control for 98-hours. mmmmmmqm 7.3, 15, 30 and

’;f’.omxmmmwmm‘a‘ 48- and 72-hours of exposure. Each
cate solution was sampled and analyzed for TAME concentration at O-hour (test infiation)
_8nd 98-hours (test termination) of exposure. Dus to the variabiity between replicates and
" sampling intervais the analytical results obtained for the lowest reatment level Wit Gt be
 reported. Based ori the results of these analyses, the meen measured exposure concentrations |

 were defined a8 5.0, 9.5, 19, 35 and 85 mg A.L/L. Biological observations and observations of
,jjmmmmmdm;mmmmmmamm
“and every 24 hours thersafter untl the test was terminated. Throughout the exposure period,

treatment level sokutions were observad 10 be clear and coloriess and contained no visidle sign
of unciesoived test substance (e.g., precipitate).

Al test termination (98-hours), 100% mortaiity was observed among mysids expossd to
~ the highest mean measured concentration tested (65 mg A.LL). Mortality of 60 and 95% was
' obummmﬂtmnhmw:sw&mmmmmm
mortalty of 20 » < J% wes obeerved among mysids exposed to the 5.0 and 9.5 mg ALA
reatment levels, - spectively. Sublethal eflects (e.g., lethargy, derkened pigmentation) were
obearved among all of the surviving mysids exposed to the 19 and 35 mg ALA trestment level
and among several of the surviving mysids exposed 10 the 5.0 and 9.5 mg A L/L trestment levels.
Mortality 6i 5% was observed in the lowest treatrnent level tested (i.e., 1.6 mg A.LA., nominal) with
two of the surviving mysics observed to be lethargic. The LCS0 values, 95% confidence intervals

the following table.
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» 95% confidence interval is prasented in parentheses.
LCS0 velue empirically estimated as being greater than the highest mean measured concentration
LCS0 value and 85% confidence interval caiculated by prob analysis.
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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 vaiue 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.

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used during this acute toxicity study followed those described in the
Springbom protocol entitied “TAME: Acute Toxicity to Mysids (Mysidopsis bahia) Under Static-
Renewal Conditions, Foilowing TSCA Guideline 797.1930", Springborn Laboratories Protocol
#:042594/TSCA/510/TAME (dated 25 April 1994) and Protocol Amendrent #1 (dated 25 April
1994) (Appendix ). The methods described in this protocol generally foliow the standard
procedures described in the U.S. EPA Toxic Substance Controi Act (TSCA) Test Guidelines §
797.1930 (U.S. EPA, 1885). Where applicable, Springborn Laboratories, Inc. Standard Operating
Procedures (SOP) were followed uring the conduct of the study.

2.2 Test Substance

Two samples of Tert-Amyl Methyi Ether (TAME) (CAS # 994-05-8), a clear liquid, were
received from Experimental Pathology Labs, Inc., Herndon, Virginia. The first sample, Lot #
02814BZ, was received at SLI on 17 August 1992 and was used to prepare analytical standards
during the mathod validation/recovery study and to prepare Quality Control samples during the

Springborn Laboratories, Inc.
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“temperature (approximately 20 °C). Test concenirations are expressed as milligrams of test
~ substance (ss active ingredient) per iter of test solution and are reported as mg AL/L.

~ Atthe 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
(IO.M#MBZ)meonduchdonSDoeombﬂwsz 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 # 0281482 and lot # 07905K2). The spectral analysis conducted
on 20 July 1994 on the two remaining lots in comparison to the initial spectral analyses of iot
# 0281482 established that negligible change in test material composition had occurred during

storage at Springbom Laborstories, inc. (i.e., approximately 24 morths).

2.3 Test Organiems

The mysid shiimp (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 toxiclly 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. Coliins, Colorado, and heid at Springborn in a S00-L fiberglass tank under a photoperiod
of 16 hours of light and 8 hours of darkness. A closed loop recirculating filtration system
provided natural seawater to the hokiing tank. The seawater was characterized as having a
salinlty ranging from 1910 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

Springbomn Laboratories, inc.
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24 °C duning this 14-day period. Juvenilu nwsids, z 24 hours oid, were coliastad using a
varatior of the mettod described by Reitsama ~d N7t (1680). The mysids were fed ¥ve Lrine
shrimp, Artemia sriira, nauplii twice dally (Daily Record of Mysia Cultwwe Conditions).
 vorese. ‘stive 32:nDi3s of the food sourne wire analyzed f. ine prasence of pesticides, PCBs
and toxic mer~is {Agnenc’x ). Food sources wers cansidarad te 2 of as5ceptable guality since
the total concantration i 28i:Sir's measured was ies® than 0.3 mg/kg (ASTM, 198%5).

2.4 Test Dilution Water

The dilution water used durirq this stuay was from ihe same sZur:e as the water which
flowad irto the tank used to he':l the mysid shrimp. Tha dilution water was zollected from the
Cape Zod CTanal, Bcume, Massachusetis with a pump (fiberglass reiiic:.ed thermoplastic
housing) andt a polyvinyl Lhloride (PVC) pipe and was then transportec to the laboratory in a
3400-L fiberglass tarnk. In the laboratory, the seawater was passed thiough a series of.
polypropylene core fi*srs (20 and §-micron) ana it.en recirculated v+th'n a : epoxy-fined concrete
reservoir prior to us-+. The ..2awater was pumped to the labo story urder constant pressure
through PVC pipe «.d & por. gropylene heat exchaiger systerm. The seawater used during this
study had a sal' ity range «:! 31 to 33 oo ai.c' a wH range &' 7 ™ tu 8.0. The salinity of the
seawater used in the test - es adjusted 10 20 + 3 °'00 by diluting vt ireshwater. The freshwatar
is characterized as soft and is a combinstion of on-site well waier and Town of Wareham well
water. Representative samcles of the scawater as wel as ilie ."eshwater vsed 10 acijust the
salinity were analyzed for the presencs of pasticide s, PCBs and tox's metals (prendix V). None
of these compounds have been detected ai concertrations inal ar? considerad *~xic in 2rv of
the water samples analyze J, in agreement with U.S. EPA and AST.* (1 9E5) standar practives.
In addition, representative samples of the seawator as well az the frushwater used wars anakjzec
monthly for total organic carbon (TOC) concentration. These anaiys: s estebiisiied tagt tho TCC
concentration of the seawater and freshwater ranged from 2.84 t2 2.3 mg/l #nd 0.3 t0 0.79
mg/L, respectively, for the months of November 1983 to Aprit 284 TOC arid TSE Mastiz Leg,
Vol. 1). Several species of mysid shrimp are meaintained in water tom the sansg sot1.rce as the
dilution waters utilized during this study and have successtully survivec! ar:! reproduced over
several culture generations. The performance of the mysid culiu2:, in combination with the

—— e

Springbomn Laboratc-ias, Inc.
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= == = Thetest system was designed to provide six concentrations of TAME and a dilution water
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e - icate. Test vessels were impartially placed in a temperature

& ‘,,mmmmmwmmmmmmnatz% A photoperiod of
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~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.

ae Tiuconumm )
" Selection of nominal TAME concentrations for the 96-hour definitive toxicity test with
~ Mysidopsis bahia was based on toxicity information developed at Springbomn through preliminary
~ testing. The nominal concentrations chosen were 1., 4.0, 7.3, 15, 30 and 60 mg A1/

2.7 Exposure Solution Preparation
The toxicity test was conducted in glass mason jars which contained a total solution

volume of §40 mL. The test solution in sach vessel had a depth of 16 cm and a surface area of
28.3 cm®. Dupiicate test vessels were established for each treatment level and the control.
concentrations but contained no test substancs. 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 S0% capacity with dilution water. The test
vessels were then completely filled to the top with ciilution water, leaving no headspace, covered
with & metal screw-top lid with a Teflon® iner to minimize evaporation and loss of test substance
due to volatilization and inverted several times ensuring adequate mixing. Test solutions were
renewed at the 24-, 48- and 72-hour interval. A duplicate set of exposure vessels was
established to prepare fresh renewal solut'ons. Solutions were renewed by carsfully siphoning
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the aged solution out of the test vessel using an inverted giass powder funnol 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 soiution 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 Soiubility Trials .
Prior to initiation of this study, a stability and aqueous solubility evaluatior 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.L/L and in the presence
of test organisms (sheepshead minnow). The test solution was analyzed for TAME.
wnéentrations 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 that it is 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
renewals to avoid the potential for low dissolved oxygen concentrations during the in-life portion
o! the study.

Springborn Laboratories, Inc.
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hour interval until test termination (96 hours). Mortalities were recorded and removed irom each

MMmrymhoundunngmoexpownpoﬁod.

Dhsonauygoneoncomnﬂoanaunnymdtempomunmmdonudmy
in both replicates of sach treatment level and the control. At sach renewal interval (i.e., 24, 45

and 72 hours) water quality measurements were taken from both the newly prepared and old test
‘solutions. Salinty was measured with an ATAGO refraciometer. The pH was measured with a
Jenco Model 601A pH meter and combination slectrode; the dissolved axygen concentration was
measured with a Yellow Springs Instrument (YSI) Mode! #57 dissolved oxygen meter and probe
and the daily temperature was measured with a Brookiyn alcohol tharmometer. Light intensity
was measured with a General Electric type 214 light meter. Continuous temperature monftoring
of the surrounding water in the waterbath was also performed using a Fisher Scientific Min/Max
thermometer.

3.8 Anaiytical Mesasurements

solution of sach treatment level and the control at 0 and 96 hours for the analysis of TAME
concentration. Samples analyzed at the 0-hour sampling interval were removed from the freshly
prepared test solutions. Samples analyzed at the $6 hour sampling interval were removed from
the aged (24 hour old) exposure sokstions. Each exposurs sokution sampie was collected fror.i

WW,M
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the approximate midpoint of the lest 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 wera used 1o judge the precision and quality control maintained
during the analys:s of exposure solution samples. All sampies 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- arid 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 lathal to 50% of the test organism population at the stated exposure interval.
¥ < 50% mortality was observed in any of the concentrations tested, the LCS0 value was
estir:.ated to be greatsr than the highest treatment level tested and no statistical analyses were
per~ ned. If at least one test concentration caused mortality of greater than or equal o 50%
of the test population, then a computer program (Stephan, 1982, personal communication) was
used to caiculate the LC50 values and 95% confidence limits.

Tr+ee statistical methods were available in the computer program: moving average angle
analysis, probit analysis, and nonlinear interpolation with 85% confidence limits caiculated by
binomial probability. Moving average angle and probit analyses yield statistically sound resuits
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

Springborn Laboratories, inc.
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S m”mmmm\mm The No-Observed-Effect Concentration
" (NOEC) during the 98-hour axposure period was aiso determined. The NOEC is defined as the
" highest concentration tested at and below which thers were no toxicant related mortaiities or

 hysical and behavioral abrormaltes (e.g. lethargy) with respect to the control organisms.

8.0 RESULTS

Gopluof excerpted raw data on the exposure conditions (e.g. water quality, test
~ Substance concentration analyses) and the concentration-effect response are presented in-

8.1 Preliminary Test

Prior to inltiating the definitive study, several preliminary range-finding tests were
conducted at SLI. An inltial preliminary study was conducted in which mysid shrimp were
exposed under static renewal conditions with 2ero headspace at nominal TAME concentrations
of 0.81, 11, 110 and 500 mg A.L/L and a diution weter 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 < 24
hour oid mysid age class exposed to the 0.81, 11, 110 and 500 mg A.L/L concentrations,
respectively. Mortaiities 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 initieting the definitive study.
Mysid shrimp we 2 exposed under static renewal conditions (zero headspace) to nominal TAME
concentrations of 0.81, 2.4, 57, 13, 32, 81 and 200 mg Al/L and a dilution water control.
Foliowing 48 hours of exposure, 100% mortality was observed in the highest concentration tested
(200 mg Al/L). At test termination (72 hours), mortality of 50 and 100% was observed among
organisms exposed to the 32 and 81 mg Al/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.lL). Sublethal effects (e.g., lethargy, darkened pigmentation) were

observed among surviving organisms exposed to all of the concentrations tested except for the

jowest 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.lL./L were selected for the definitive test.

Based on the results of preliminary exposures, an initial dafinitive 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 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 only approximately 25%
of the added material was recovered in iné xposuie aclutione 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
521 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

Springbom Laboratories, Inc.
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monlbtlng of the surrounding water in the waterbath established that the exposure sokstion
" temperatures ranged from 24 to 26 °C throughout the test period.

8.22 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

8t 0 hour for the 1.6 mg A.l/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.
mmmmmmmmmmwnssmmm.
considerable variabillty as compared o the O-hour analysis for this trestment level. Due to
resulting variability between replicate exposure solutions and sampling intervals, a mean
measured concentration wik 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, 8.5, 19, 35 and
6Smg 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
98 hours) resulted in measured concetitrations which were consistent w th the predetermined
recovery range (Appendix V) and averaged 98% (N = 6) of the nominal fortified levels (1.5 to 60.0
mg ALA). Based on the resulis of these analyses, t was determined that the appropriate quality
control was maintained during the analyses of the exposure solutions.

523 Bioclogical Results - The mean measured concentrations tested, the
corresponding cumulative percent mortality and the observations made during the definitive
axposure are presented in Table 3. At test termination (96-hours), 100% mortailty was observed
among mysiis exposed to the highest mean measured concentration tested (85 mg A.LA).
Mortaiity of 60 and 85% was observed among mysids exposed to the 19 and 35 mg AL

Springborn Laboratories, inc.
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treatment levels, respectively, while mortality of 20 tc 10% wac observed among mysids exposed
to the 5.0 to 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, amony several of the surviving mysids exposed to the 5.0 and
8.5 mg A.L/L treatment levels. Mortality of 5% was observed in the lowest treatment leve! tested
(1.6 mg AL, nominal) with two of the surviving mysids observed to be lethargic. Figure 2
pres:ris 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 (nominal)

treatment level tested (1.6 mg A.L/L), the NOEC is conservatively estimated as < 5.0 mg AL
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-.
Observed-Effect Concentration (NOEC). Based cn mean measured concentrations, the 96-hour
LCSO0 value for mysid shrimp exposed to TAME was calculated by moving average angle analysis
to be 14 mg A.L/L (85% confidence interval 10 to 19 mg A.L/L).
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L study protocol <iates that the calculated LCS0 witt be besed on measured
-+ concentrations of the six test substance concentrations established during the study.

~In this study, sbx test substance concentrations were established for the definitive
mmmmmhdmmmmnnmm
at test inftiation and termination for analysis of test substance concentration. Results
obtained for the lowest treatment level, however, were omitted from the calculation

' dhLﬂmuhmthmmmﬂum
accurate assessment of the exposure conditions. Since the biological respor:ses at
measured concentrations = 9.5 mg/L were very simiar, calculation of the LCS0 will be
unaffected by the elimination of the low treatment level (i.e., 1.6 mg/L, nominal)
established in this study.

The study protocol states that dissolved axygen concentration will not be allowed to
excesd 105% of saturation at any time during the study. In this study, dissoved
cxygen concentration excesded 10% in several test vessels at test inltiation, however,
the highest dissolved oxygen concentration was 100%.

Reason: mmmmmnmmmndhmmxth
hoiding tanks. & is suspected that the dilution water was maintained and heid at

temperatures slightly cooler that of test temparature and when warmed to {est
conditions yieided dissolved oxygen concentrations greater than 100% of sat ration.

nbwmmmmwmmmnumaum.

SPRINGBORN LABORATORIES, INC.
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QUALITY ASSURANCE UNIT STATEMENT

The raw data and report for “Tert-Amyi Metiwy! Ether (TAME) - Acute Toxiclty To Mysid
Shrimp (Mysidopsis bahia) Under Static Conditions" were inspected by the Quality Assurance
Unit (OAU) at Springbom Laboratories Inc., Environmental Sciences Division 1o determine
adherence with the study protocol and laboratory standard operating procedures. in addition,
inspection of certain phases of the in-ife portion of the study was performed. Detes of study
inspections, dates reported to the Study Director and to Management are listed below.

Based on thase inspections, it was determined that this report accuraialy reflects the raw
data collected during this study.

Inspection Date Reported to Study Dire~tor Reportad to Managament

SPRINGBORN L ABORATORIES. INC.

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

Springborn Laboratories, Inc.
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. ASTM, 1988, Standerd practics for conducting acute toxicily tests with fishes, macroinvertebrates

and amphidians. Standard E729-88a. American Society for Testing and Substances, 1916
Race Strest, Philadeiphia, PA 19108,

Rillurm LA. and J.M. Neft. 1980. A recirculating seawater system for the laboratory culture of
AWdopsis bahia (Crustacea: Pericaridea). Estuaries 3(4):321-323. .

U.S.'EPA. 1975, Methods for Acute Toxiclty Tests with Fish, Microinvertebrates, and Amphibians.
Ecological Ressarch Series (EPA-880/3-75-009). 61 pp.

U.S. EPA. 1082, Pesticide Assessment Guidelines, Subdivision E, Hazard Evaluation: Wilditle and
Aguatic Organisms. October 1982. EPA-540/9-85-024,

US. EPA. 188S. Standard eveluation procedures for acute toxiclty test for estuarine and marine
%%mmww%ﬂvﬁ il e 7, T905.

U.S. EPA. 1989, Toxic Substances Control; Good Laboratory Practice Standerds; Final Rule (40
CFR, Purt 782) Federal Register, Part i, 48(230): 53022-53944, August 17, 1980,
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Table 2. Concentrations of TAME measured in the replicate (A% wit
solutions during the 96-hour static renewal exposure of my -“d
shrimp (Mysidopsis bahia). _

O-Hour 98- Hour Mean
Nominal Measured Meisured Measured
Concentration Concentration® Concentration® Concentretion’
(mg ALA) (mg ALR

A___ 8 A B
<013 <013
43 3.7 -3
58 54 5.0 (0.8)
10 9.5 (1.3)
23 19 (3)
41 35 (6)

66 65 {4)

1.21 1.58
(1.50)° (1.50)

324 28.6
(30.0) (30.0)

62.2 589
{50.9) (50.0)

*—Samples analyzed represent the ure solutions.

Sampies anaiyzed represent 1he aged (34 hour o) axposuIe SOLHONS.
Mean measured concentrations were caiculated using the actual unrounded analytical results and not
the rounded (two significant figures) values presented in this table. Standard ion is shown in

solutions were resampied at the 24-hour interval in orJer to reevaluate conditions
for this treatment level. Resulting measured concentrations were 0.54 ar«d 1.54 mg A.L/L on the A and
EB) m:svariabiutybw”n solutions and sampling intervals measured
ue to replicate exposure } sampling int , @ mean
concertration will not be caiculated for this treatrient level. All conclusions will be based on the stated
QC = Quaility Control sampie. )
Value in parentheses represents the nominal fortified concentration for the corresponding QC sample.




y
pigmentation.

100 100 100
(10) (10)
pigmentation.

(1.6 mg A.LA, nominal.

concentration not aveliable for this treatment level
All of the surviving mysids were cbserved 10 be lethargic.

Several of the

surviving mysids were obeerved to be lsthargic and exhibhed darkened

Al of the surviving mysids were obeerved 10 be lstharpic and exhibted darkened
Al of the surviving mysids axhibied partial icss of equilibrium.

¢ Mean messured
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Tabie 4. The LCS50 values, corresponding 95% confidence intervals and
the No-Observed-Effect Concentration (NOEC) for the 98-hour

static renewal toxicity test exposing mysid shrimp (Mysidopsis

bahia) to TAME.
No-Observed-
LCse Effect Concentration
(mg ALL)*® Through 96 Hours
(mg ALNL)*
24-Hour® 48-Hour® 72-Hour? 96-Hour®
> 68 > 65 18 14 <50

(13-23) (10-19)

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

® Cormesponding 95% confidence interval is presented in parentheses.

¢ LCS50 valus empirically estimated as being greater than the highest mean measured concentration
tested. ’

d LC50 vaiue and 95% confidence interval calculated by probit analysis.

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

Springborn Laboratories, inc.
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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 toxiclty test
exposing mysid shrimp (Mysidopsis bahia) to TAME.
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Mark W. Machado Robin H. Dyer
Study Director Principal Investigator

e

Mark DaSiva Date Lisa M. Thibault ~ Date
Analytical Chemist Coordinator, Data Management
and Reporting Unit

APPROVED BY:

Donald C. Surprenant Patricia D. Royal
Program Manager Manager, Regulatory Affairs
Environmental Toxicology and Quality Assurance Unit

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

Springborn Laboratories, Inc.
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1.0 ChCT™VE
mmuuuuunmnmummumaa

: manw.unmmnumn&&mm
The methods described in this
NU.S.?AVT&M

Concertration
-~ prowocol generally follow the siandard procedures described in

Control Act (TSCA) Test Guicelines § 787.1830 (U.S. 1988). Where appiicable, Springtom
im&mwwm will be followed during ihe conduct of

Be made and recorded. Al Wost sohions will De renewed at 24-, 48 and 72-hours of exposure.
mwgggmeg%ga*gae&ﬁ.—;m
anaiyical method. At the end of 1he $8-hour enposure period, an LCSO and a No-Obeerved-
Ehect Concertration (NOEC) will be dermined.

3.0 MATENIALS AND METHODS

31 CHEMICAL SYSTEM

1.1, Tent ubslance. Upon arvival at Springbom Laborstories, Inc., the waamal pacieging
©of 1he test subsiance wil be nepecied for damage. The packaging will De removed and
e primary storage conttiner will Sleo B INEpACY for IBalage or damage. Thz ssmple
with e - Sponsor, 1he st subsance will b NOTed in 1he dark 3t APPIONIV
20°C unti used. The Study Sponser will be responsibie for e charecterization of the eet
o ’




3.1.2. Test Substance Goncentration Selection. Test substance concentrations will be based

313

1.4

on the results of a preliminary range-irding est. The prefiminary range- tinding test wilt
umwmmmkumwmmmg-emm
mysids. A minimum of ten mysids wil be exposed 10 a series of widely speced
concentrations of test substance. The age aass which is most sensitive 1o the test
substance witt be usad to perform the definitive test. If no apparent differences ars found,
s 24 hours oid mysids will be used. The range of concantrations selected for the
definilive test i intended to include both 100% effect and no-sffect levels, but due to the
nature of some test substances, one or both levels may not be observed. No atternpt wilt
be made to determine the degree of adsorption of the test substance by the test system,
as this falls outside the scope and intent of this study. Six test concentrations and &
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 sutstance. A negative control
consists of dilution water without the test substance.

Stock_Soltion Prepargtion. The test substance will be weighed on an znalytical
baiance for which a calibration iog is maintained. A Chemical Usage Log will alsc be
maintained in which the amount, the date, the intended use and the user's initiais will be
recorded sach time the test substances is used.

Exposure Solytion Prepargtion. Each replicate solution of TAME will be prepared by
be fled with dilution wate: 20 approximately 50% capacity and an appropriste aliquot of
the test substance will be added. The solutions will be gently stirred for 2pproximately
0 se_onds, the st vesset will be filed to capacity with dilution water (no headspacs)
and then sealed with a screw-top lid. Th.e procedure will be followed at test initiation anc
&t the 24-, 48- and 72-hour renewal.

3.2 TEST ORGANISMS

2.1,

SDecies. Mysios, Mys‘dopsis barNa, will be used to conduct this acute toxicity test. Test
organisms will b8 < 24 hours oid or § to 6 days oid at the initistion of the test. Mysids
will be obtained from in-house cultures by isciating sexually mature adults prior to
initiating the test. Young prodused by ihess isolated adults will he collected and

Jyustification of Species. Characteristics which make this test organism suitable for acute
toxicity testing are their ease of Culturing and handiing, their sensitivity to a variety of
chemical substances, and the extensive data base for this common marine investedrate,

Origin and Acclimation. Mysid cultures will be maintained at Springbomn Labaratories,
inc. Water used to cufture mysids will be simiar 1o the characteristics deacribed for
dilution water. Cuiture water wit! be maintained at 25 -~ 2°C.

Eoudiing. Mysids wil 55 i5d ve Lrine snrimp naupiii, Atemia ssiine, ot leaat twice daily
pricr t© and once daily cunng t~ 96-hour test. Periadic analyses of reprasentative
sampies of the ‘ood will be conducted to snsure the absence of potential toxicants,




”?Mm.mmmwm-mmmu
harmaul ' mysice.

' l.:.;. Hangiing- wwmﬂuzbmmmmn
M“Mw““ nandiing. Myeids !hat are dameged or dropped during

326 Londing. Biomass loading will not excesd 30 mysids per Mer of Test sohstion.

33 PHYSICAL SYSTEM

33.1. Test Veapeln. Test vesseis will be 940 mi. giase jors. The et veasels will be chermically
cleaned befors the test is staned following standerd boratary procedures. The vessels
will Be washed With hot water and a datergent, rinsed with acetons, and then rinsec!
aensively with water. The st vessels will be completely fled with tast schulion (no
‘headspace) and coversd with & metal screw-iop B with a tefion Iner o minimize
Svaporstion and loss of et subetance dus 10 volaliization. The et sohulon volume in

each replicets vesssl will be 540 L Test vesssis will be labeied 1 identily the
Featment/control and the replicate designetion.

Beniioation and Corgrot of Rias. Two replicates wil be inchuded with sach enposure
contentration and conwrol. Test vessels will be posiioned irnpanially inside & waserbath.
£ach rephcewe vessel will contain Wwn mysics (30 mysids per concentrasion and comrol).
Mysic's wil be acded impartially 10 the st vessels, two at & tme, unil sach vessel
Conping ten myeids.

m Netursi fered seawater fom Cape Cod Cansl will be used as diaion
TENST TOU WIS UL, 11T WORST Wil DS IRSTOU BWUURT! & SETIES Of POITINURTITS Core wees
28 N0 a8 S-nm and heamed 1 the required et wmperature. The water is characterized
a8 having & salinity range of 30 10 38 “Aeo and a pH range of 7.7 10 8.3. Salinity and pH
of sath now basch of seawaser wil De measured 0 snsure hat Hese parametars are
within 1he normal acceptable ranges. The salinlty of the Seawarer used in the 1t wik be
adjusted 10 20 %Jes 3 3 percent by daing with lsboratory diution waser. This waner is
routinely used in freshwater toxicity Wets.  Periodic anaiyees of represertative sampiss
of diulion water source and e Fealwaser Used 10 adjust salinity will be conducsd
snsure the absence ot potential tonicants, including pesticides, PCBs and selecind tomic
mewis, &t concentralions which may be harmiul 10 the st organiems.

3.4 TEST CONDITIONS

S41. Tampurahae. Water lempersture of the test sohAlons witt be maimained st 23 = 2+C by
plating 9'0 10at Vesseis in 3 walsrbath &t The apPropriale et WIMperEure.

3.4.2. Disanived Oxvaah. Towl dsolved cxygen concertration will not 5 allowed © &op
below 0% or 90 above 108% of selurshion Suring 1he Wet.  Test sohions will nex be
asraed.

wmmmmmﬂﬁ Page ot
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3.4.3. Saiinity. Saiinity of the seawstar will be maimtained at 20%/00 = 3 percant

344

3.4.8

3.4.6.

Lighting. Light intenslly at the water surfacs wil be 20 - 100 foctcandles. Fluorescant
buits will be used o provide fighting. The photopenod will be maimained at 14 houre
Wght:10 hours dark using an automatic timer.

Teut Initiation. The test begins when all mysids have been impartislly piaced in the test
vesssis and terminates after 96 hours of sxposure. Mysids will be fad oncs daily during
the 96-hour exposure period.

Renewsi Scheme. Fresh test solutions will be prepared every 24 hours st each Teatnient
level and control. Test organisms will be carefuily transferred into the freshly prepared
test soiutions at each ranewal interval using a fire-poiished wide-bore pipet.

3.5 SAMPLING AND OLSERVATIONS

3.5.1. Sampling. Sampies from both replicate test vesseis of each concantration and control

will be taken at the initiation (new sciutions) and termination (oid soiutions) of the test (0
and 96 hours) for determination of test substance concentrations. Water samples will be
{aicen from a point approximately midway between the surface, bottom and sides of ¢ach
test vessel and sither analyzed immediately after sampling or appropriately preserved and
stored until analysis can be performed.

Three quality contre! (QC) sampies will be prepared at each sampling interval and stored
and analyzed with **  <et of study sampies. The QC sampies will be prepared in diiuent
weter at test subsi. - ‘sentrations similar to the treatment level range. Results of
these analyses indical une accuracy of the analytical method for measuring test
substancs concentration st each sampling period. The analytical me*~od used to
measure test substance concentration in the exposure soiutions will be validated a
Springborn La“cratories at the expected nominal concentration range p:ior to test
initiation.

ity M At test initistion and daily thereafter, water cuality
variabies (temperature, pH salinity and dissoived oxygen concentrations, will be
measured in each test vessel. Measurement techniques will follow methods described
in Stancard Methods for the Examination of Water and Wastewater (APHA, 1989). The
temperature range will be monitored continucusly in one tast solution by using a
minimum-maximum thermometsr. Readings of temperature extremes will be recorded
daily.

Bigiogicg! Observgtions. At the start of the test and at 24 hour intervals thersafter,
observations of stress, abnormal behavicral activity and mortality will be made. Dead
mysids will be removed from test solutions at these intervals. in addition, charactenistics
of the test solutions (such as precipitmed materials, cioudiness, stc.) will be aiso
cbserved and recorded.

Soringbom Latorstories Protocol #: 042594/ TSCA/510/TAME Page Sot 8
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coneicdered unacosptable.

npomﬂham But are not be imited 10, the following information:

Springbomn Laboratories, InC., report and project numbers and I applicable, Sponeor
Protocol and project numbers and the dates of when the definiiive test was condk 'c*~d.

Laboratory and site, the dates of 18sting and personnel invoived in the study, i.e., Quallty
Assurence Unit. Program Coordinator, Study Director, Principel investigator.

Springbomn Laboratonies Prorocol #: 042504/TSCA/S1 O/TAME Page 8ol 8
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properties, Sponsor's test substance 1.0., and sampie number if avaiiabie.
Characterization and origin of the dilution water.

Saonﬂﬁcnmofmatostorgmsoummmmm(hmm
and temperature).

Exposure system description, diiution watsr volume, number of organisms per treatment,
construction materials used, depth and volume of test containers, and test conditions.

Description of the test substance delivery syste:. and stock solution preparation.

Information regarding test temperatures, dissoived oxygen concentration, pH, salinity,
photoperiod and light intensity used.

Observations of insolubility of the test substance, inciuding the tast levels and when
observed.

Definition of criteria used to determine subisthal effects and general obsarvations on non-
quantifiable effect...

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

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

Analyticai results of test concentration measurements and QC samples.

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

The 24- 48- 72- and 96-hour LC50 with 95 percent confidence limits, and the No-
Observed-Effect Concentration (NOEC).

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

Deviations from the protocoi not addressed in protocol amsndments, together with a
discussion of the impact on the study.

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

Location of the raw data and repont.

Springborn Laboratories Protocol #: 042594/ TSCA/S510/TAME

Springborn Laboratories, inc.




ARCHIVAL: Al raw data and the final report will be archived by the Study Sponeor uniess
diferent arrangements are made.

APHA, AWWA, WPCF. 1988. Standard Methuds for the Examination of Water and Wastewaser.
17t Edition, Washington, OC.

U.S. Environmental Protection Agency. 1980, Tade Substances Control; Good Laborarory Practice
S.ﬂ%jﬁ:'hh (40 CFR, Pant 792) Fecleral Regiater, Mll.llm 53822-53044,

u.s Environmental Protection Agency. 198S8. Toxic Subsmnce Control Act Test Guidehnes.
Feceral Register S0(108): 30252-39818, Septembe ™7, 198S. Amended May 20, 1987,
Jdly 1, 1901 and July 1, 1062,
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EROTOCOL AMENDMENT

1
DATE: 25 April 1994

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

STUDY SPONSOR: American Petroleum institute

TEST MATERIAL:  Tert Amyl Methyl Ether (TAME)

SU STUDY NO: 12827.0394.6110.530

_ AMENDMENT(S):

1. The following information has been provided as specified on page one of the protocol.
Test Concentrations: 6C, 30, 15, 7.3, 4.0, 1.6 and control.
Carrier Used: NA CAS# or Lot#: NA
Proposed Experimental Schedule:
(Start) 5-3-84 (Compietion) 5-7-94 (Draft Report) 5-27-94

Amendment:
The Study Protocol states that test organisms will be carefully transferred into the
freshly prepared tast solutions at sach renewal interval using & fire-polished wide-bore
picet. In this study, the mysids will not Se transferred. The sclutions will be renewed
By caretully siphoning the oid solution out of the test vesseis using an inverted glass
powder funnel and a length of silastic tubing. The cpen end of the funnei will be
covered with 363 micron Nitex screen attached with silicone achesive tc prevent
removal of the mysids. Approximately 50% of the oid solution will be removed leaving
an adequate amcunt of solution remaining for the mysids. Freshly preparec solution
wWill be acided tc the test vessei in the same manner by siphoning into the test vessel
using the funnei.

Reason for Change:
Transterral of mysids is time-consuming and can be injurious due to the mysids' highly
mobil activity. This change is institted 1o reducs the risk of mortality to the mysids
due to handling in transferral procecures.

Springborn Latoratories Protocol #: 042684/TSCA/S10/TAME

Springborn Laboratories, Inc.




T g ot g on 25y

:r,:i'mmeummmmmurmwumwm
- e appropriae aliguct of %st substance directly into sach et vessel
7 epprosenetely S0% capecity with diution water. mmuummu
- approvimately 30 seconds and then 1he vessel will be flled 1o capacity with dition
mmmmnmnumﬁm”m

n this sludy, the procedure for preparation of the sohtions was modied. The
~ ‘appropriate aliquot of wet substance was added directly 10 the test vessel which was
FE : pro-Kied with divlion water 10 approximately 0% of capacity. The test vesseis-were
e e e e - 90 CRPECHY-IN Order 10 maintain 2erc headipace, ssaled with a screw-top iid and

- An inliel attempt st conducting & definitive study yisided analytical results which were
INCONSINteN with sxpectation based on prioe preliminary expcsures with the st
substance. Analylical results ior this inliel sttempt were low (.., approximately 25%
cf nominal) and culte variadie. This initial attempt was eventually aborted. Through
stdiional analytical investigations & was determinec that mixing of the solutions by
simply ivveriing the st vesseis several imes yisided betts: disschstion of the test
WLNANCe and resulted In a higher measured 1o nomnal concentration ratio.

impect:
This change Is not expected 1© have hed an impact on ¥ - swudy.

Approvel Signatures: / ]' / S&’h‘i
} W. Machado Cae
S Sway Director
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7.0 APPENDIX Ul - CERTIFICATE OF ANALYSIS




"RODUCT.IN FORMATION

V"'mvm-m-o LOT NUMBER: 0291482

Adgrioh Chemioal Company
BAVID SMERSEL
NOVEMBER 11, 1992
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aldrichchemicalco. ®
e T Graees o resewrh € PRty :
PO NBR: €20003008A13
mm.m.‘

PRODUCT INFORMATION

. P NUMBER: 280309-¢ LOT NUMBER: 0790SKZ
DDUCT NAME: TERT-AMYL METMYL ETHER, 9ax
FORMUILA: CoM140 o on.ta

COLORLESS LI2UID
1.3876

SLLUESTRATED ON .EG':"M STDarD a8
VOLUME 3 OF “"THE ALDRICH LIBRARY OF FT-IR
SFECTRA™.

8.7 %

@ aldﬂclichemlcal co.

£.0. Bor 388, Miwoskes, Wisasanss 52301 URA * 14 2733000

Springbom Laboratories, Inc.







DDE < 0.0t mog [Y3) |
oo < 0.01 mohg 001 1
ooT < 0.0 moAg 0.01 ] |
HCS < 001 mgig on |
Mrs < 0.01 mphyg 0.01 |
Mathmychier < 0.05 mpig 0.05 ' :
Diskistn < 0.01 myg 9.01
i i < 0.01 g 001

I Teloarin I < 0.01 mghg 001
Chisrdare | < 0.05 mohg 0.05

I Temsphere < 0.1 mohg 0.1

| e l < 0.2 mg 02

| Foru i < 0.01 mpkg 00

l Btion l < 0.02 moka [ 1)
Tritian 1 < 0.05 moAg 0.05
Dlesinen < 0.1 moy 01
Muthy! Parathion < 0.02 mokp om
By Parathion < 0.02 oy 00

| Muaren < 0.05 mohg 0.05

[ Endomaten | < 0.01 mog o
Ervosullan 1 < 0.01 mghyg 601

I Endesulten Sullse < 0.03 mptg [T
Chisrpyrics < 0.01 mphg 001

l * Aralyzed by Lancaster Laborstories, inc.

Springborn Laboratories, Inc.
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9.0 APPENDIX [V - DILUTION WATER ANALYSIS




. et Semweter Grab Watkr Sample
ol Dee Coleoied: 72083 Due Repored: 1783
Postcite Soropn t88 Roout As Mecaived

| & 1. < W pgt
< 0\ pgt
clllq
< 0N gt
< 00 pgt
cll‘lg
< O app
< 00 gt
< 081 gt
< A0 pph
< At gt
< 345 apt
< 00 gt
< 00 ppt
< 00t ppt
< 83 pgh

< 4. pgt

< 1.pgh
< 0 pgt
< 00k gt
< S
< 01 gt
< R ppd
< 000 @t
< 085 g
< 00 gt
< 0N pgt
< 003 pg?

’isggi"
T

)
[
N
Olwtom
Toupham
h
Norwml
Bhien

‘| Owmiwn
Wbyl Prgiion
By Poaihion

BIS|S|BIR|R|=|B|R|S|~|~|=|C|5|5|&|%|5|5|8|5|818|S|C|5|5|8 5
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Filerad Sez Water Grab Water Sample*®
Dot Collecthhd: 85/93 Dats Reported: 8/26/83
Analysis Resuk As Recelved Limk of Quantitation :
Mercwry < 0.00020 mg 0.00020 ?
Arsanic < 020 mph 020
Selnm < 020 mp 020 |
Soren 320 mn 000 1
Thallum < 0.30 mph 0. ] |
Auminm < 020 mg 020 I |
Avsimory < 0.20 mo l 02 1
Bavium < 0.10 mg J o
Berylum < 0.010 mg 0010
Cadwium < 0.010 mg 0.01
Calcium 204, mgh 020
Chwormium < 0.050 mg 0.0%
Cobat < 0.050 mg 0,080
Copeer < 0,020 mgh 0.0
ven < 0.10 mg 0.10
Lond < 0.10 my! 0.10
Magresum 1,080. mgt 10
Margernees 0.068 mot 0010
Melybéarum < 0.10 mg .10
Nl < 0.050 mg 0.050
Petsssm 37, mg! )
Sver < 0.620 mo 000
[ 8820 gt 2.
Tarm < 0.010 mg 0010
Venedum < 0010 mg 0.010
e < 0,040 mg 0.040
Towl Organic Carban ** <lrgl 1.
* Analysad by Lancaster Laboratories, bc.
*e* Rapreserts “non-purgeable TOC*

Springbom Laboratories, Inc.
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Well' Water Sample*
Dete Colleced: 8/3/93 Dute Reported: 8/26/%93
[ Resul As Received

l < £.00020 mph
< 0.20 mph
< 0.20 mph
< 0.000 mpA
< 0.30 mph
< 0.20 mpp
< 020 mph
< 0.10 mp
< 0.010 mpt
< 0010 mgt
1.7t mph
< 0.050 mg\
< 0.050 mp
< 0.020 mgh
< 0.10 mgA
< 0.10 mpt
2.3 mph
< 0.010 mn
< 0.10 mp!
< 0.050 mg?
1.07 mph
< 0.320 mgh
14.0 mpN
< 0.010 mph
< 0010 mp
<0.040 mgh
<tm

i ‘wantmuwmm
[ * Ansiyzed by Lancaster Laboratories, inc.
I *** Represents “ron-purgssbis TOC*

Springborn Laboratories, Inc.
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SUMMARY
An analytical methodology is presented for the measurement of TAME (Tert-Amyl Methyl

Ether) in AAP media, filtered seawater and freshwater (reconstituted to increase hardness). Al
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 degree of instrumental variability. Therefore the standard deviation
acceptance criteria has been increased to 10% to more acutely represent the recovery data. '
Repeatabilily o! TAME analysis showed a 5.4% relative standard deviation (%RSD) at 0.026 mg/L
from wate:.

EQUIPMENT AND REAGENTS
Equipment .
1. Balance: Mettier AE 200 182, four-place analytical
2. Volumetric flask: grade A, assorted sizes
3. Wheaton vials with teflon-lined crimp top lids, assortec: sizes
4. Syringes: Hamilton, assorted sizes, gas tight and vaived
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. o
6. Purge and Trap Liquid Sample Concentrator: Tekmar model LSC-2000
7. Vial Sampling System: Tekmar Model ALS2050
8. Gas chromatograph: Hewlett-Packard 5690A equipped with a capiilary injection port and
105 m x 0.53 mm LD. 3 um film RT, 502.2 column and Flame lonization detector.

Springbomn Laboratories, Inc.
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were prepared using water from a SybrorvBamnstead NANOpure i
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~ Primary standards wers prepared by piacing approximately nine and a half milkitters (mL)
~ of methanol into a 10 mL volumetric flask. The flask was allowed to stand unstoppered 1o allow

any methanol along the neck to evaporate and was weighed 1o the nearest 0.1 miligram (mg).
TAME was immediately added to the flask using a microlter syringe, making sure the primary
- substance fell directly into the aicohol. The vessel was rewsighed, diluted to the mark,
_ stoppered, and finally mbed by inverting the flask several times.

The solution wes transferred to a 10 mL crimp top bottie with a Teflon lined lid and stored
~ In a rekigerator unti used. This stock was used with further dilution for sample fortification and
standard(s) preparation. All stock soktions and dilutions were stored in Wheaton vials with
Teflon lined crimp tops In a relrigerator.

Preparation of Standards for Purge & Trap

Secondary standards (104, 26.0 and 5.20 mg/L in methanol) were drawn ino & 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

Springbom Laboraiories, Inc.
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check standards were prepared just prior o analysis. Standards were prepared in a 5 mL gas-
tight syringe using TAME working standards. Examples of formulstion working standard
formulation are outiined below:

Stock Nominal
Concentration Concentration
(mg/l) (mgh)

5.20 . 0.026
26.0 . 0.130
260 . 0.260
26.0 0.520
26.0 1.30
104 5.20
104 104

Sampie Fortification

Method validation/recovery samples were prepared using AAP ruedia, 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 sampls 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 685 ing/L in freshwater (reconstituted
to increase hardness). Three replicates at each level were prepared for each experiment along
with three unfortified matrix blanks.

Liquid Sampiler
Sampies were loaded into 40 mL vials. Vials were placed in vial sampler. Five miliiliters

sample was transferred from the vial samples into the purge vessel attached in-ine with the
activated sorbent support matrix (EPA method 624 trap) and the stripping program initiated with
& high finw of helium (60 mL/min) bubbled through the vessal. The sorbent trapped gaseous
TAME from the helium carrier gas. This approach was effective because the compound is highly
volatile. After the water phase had been stripped for ‘our or six minuies, the sorbent trap was
heated and TAME stripped into the carrier and brought through a heated caplilary transfer kine

Springbomn Laboratories, inc.




Gas chromatographic analysis was conducted utiitzing a directly coupled liquid sample
oconcentrator (purge and trap) into the caplilary injection port. The samples were introduced by
programmed injection from the purge and rap. The refocusing of sample erered the column
occurmed at the head of the column as & Junction of the im thickness of the HT, 502.2 column.
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Gas Chromatograph: Hewiett Packard 5890A gas chromatograph equipped with a
spii/spiitiess capiliary injection port operated in the spiitiess mode.

Column: 105 m x 0.53 mm ID x 3 um fiim
Temperature (°C): injector: 200
column temperature programmed: 40 - 250
Rate: 10 °C per minute from 40 to 70 °C
25°Cperminutolrom7o-250°c

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

Makeup gas(ml/minute): Helium (28)
Run Time: 16 minutes

N Retention Time: ca. 12.4 minutes
Integrator: Hewlett Packard 3396A Ii programmable integrator

Analysis
TAME was analyzed utilizing purge and trap thick film capillary (0.53 mm 1.D.) gas

chromatography flame ionization detection (GC/FID). Water samples were loaded onto the purge
vessel (5 mL) of the LSC-2000 using a 5 mL gas tight syringe or vial transfer line from the vial
sampler. The purge program was initiated and the systems allowed to sequence through the

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

RESULTS AND DISCUSSION

Analytical resulls for the recovery of TAME from AAP media, fitered 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 injection port operated in the spiltiess
mode onto the gas chromatographic column. The spiit vent was closed for the 4 minutes of




mrMmmmuommw Du.mnnponummtm rather there
Mmmhmmmumm1o4mrmmw
ir'mm-obnmmnmun Recovery samples for AAP

, ;,f;onanhmm Recovery from freshwater (reconstituted 1o increase hardness) samples

rqmmm-mm Check standards were evaluated periodically and

providing up-to-date evaluation of system calibration. Calibration was monitored utiiized a series
of stock stanciards in methanol. Evelustion 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 inear, polynomial or point to point fiting techniques.




Table 1A Analytical results for the recovery of TAME from AAP medie.
Nowinal Volume Concentration Percont
Concentration Purged Recovered Recovered
(mgl) ) (ml) (mgh) (%)

5.00 8.92 858

5.00 88.1
5.00 . 90.3

5.00
5.00
5.00

e

0.052 5.00
0.052 5.00
0.052 5.00

Control 5.00
Control 5.00
Control 5.00

Mean Recovery: 89.7 + 2.3%

The minimum detectable concentration was 0.026 mg/L for a 5.00 mL sample which is the lowns: standard
used in the polynomial fit.




resulle for the recovery of TAME from

8.00

5.00 n na

oo 8.00 ooz 108
oo 00 0027 108
o.02e 800 oo 100

e e A ——— vy g TS
T T L = W WS

NA
Comt. o) 500 < 0.028 NA .
Gortrol 5.00 < 0008 NA

Mean Recovery: 104 & 11%

The minimum detectable concentration was 0.0R8 MgA. for a 5.00 mL samole which s the lowest
‘calibration standard used in the polynomial i
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Tabie 3A. Analytical results for the reccvery of TAME from freshwater
(reconstiRuted to increass hardness).
Volume Concentration Percent :
Dilutien Purged Recovered Recovered .
Factor (mgh) % )
200 5.00 694 9.8
200 5.00 683 9%.6
200 5.00 705 101
100 §.00 268 108
100 5.00 258 104
5.00 44.9 90.3

Contrl

Meen Recovery: 102 3 5% (10)°

The minimum detertable concentration was 0.243 mg/L for a 5.00 mL sampie which is the lowest stanciurd
used it the Inear regression analysis.

*

The anaivte purging efficiency from & hard reconstituted water matrix pres¥ds a groater degroe of
instrumental variabilty. Thersfore the standard deviation acceptance criteria has besn increasad to
10% & more accurately represant the recovery data.
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Figure 1A, Anpnnnhﬂndmmtmnof'l’me;mrg.m
GC/FID analysis. e
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- GC with Flame lonization Detection
- Correiation Coefficient 0.990965
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Figure 3A, Anpnuntlt!npolynomwngnuimmalysbfmmomm

TAME analysis.
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Sonngzom Lanormones. inc.

[i2sz7 0394 6110 510

OBSEZRVATION K=Y

NONE - Qbservation was mage anc nothing out of the ordinary was coservec.

AS - AT THE SURFACZ L7 - UGHT

MS? - MUSCLE SPASM DRK - DARK

CiLE . COMPLETE LOSS OF SQUILIBRIUM EMP - XCESSIVE MUCUS
PLE - PARTIAL LCSS OF ZQUIL'BRIUM HEM - HEMCRRMAGIC
LETH - LETHARGIC RA - RAPID

FFAE - PECTORAL FINS ANTESICALY EXTENCED RE - REDUCED

EXO - SXOPHTHALMUS CLDY - cLoucy

DAL . DRSAIBITATS
PAS - PRECIPITATS

FOS - FiLtM ON SURFACE

ZRR - SRRATIC UN - UNDISSOLVED CHEMICAL

CB8 -CN 30TTOM PM - PARTICULATE MATTER

Springbom Laboratories, Inc.




S | -39
¢ R (3-N)
N R -
%\ M)

O W 13-3-00)
LR o )
% | -
% | 3P

|’ 330
S W -0
» @ o)
N B P

|’ -3
o | -390
N " rm
N ® M0

VR )
R )
% - M)

\& -
10670t

14000
LN

1.9

220000t

L
b
SN

A
3.9
.00

328 0¢lf 99:z £259 gry




SRV LABORATORISS, INC.

RBATS OF OMDMTORMAPAIC AMMLYSIS
AL NGARUNED TARLE

Tast Materisl:
Prajest Bo.:
Tast Types
Sots Interes Bz
Sete Progran famw

L4}

e ]

107-0TM-4110-518

96 W STATIC SENEWAL WNTSIDOPSIS BANIA

o Y

L _An
Suminel Arsiyriest Puresnt Percent aralytical Sea.dev. | C.¥.
[- N intervel Resi t ot ot Result Aretyeical
Smmie ¥ - BN [« 7; 8} saminet Sewminal oRn) Result
S-00-337 o % MR (5-7-00) 4.5000e0" 1m0

Smpien frus the 3 haur semet ing interval (1.4 a/l) were eaicutsten By pmint-te-geint calewiscion.

1,.2: T™he linser regresaien sraiveis Mas ssleuiated & negative X-intercapt ang o pmitive Y-inctereast, carsemuently,
8 "Ueeree (height) leus then the velue of the Y-intercspt resuits in o negative ‘less then’ valus fer the cantretis.
A Ere Semarete reprwseation is GATURINGS using the feilewing esustisn:

T. lens then 1/T of the lewest starwerd (0.250 sg/l) 1 ¢ilukion facter of sammie (4) = < 0.500 s/t
L. less han 1/2 of the lewsst stanmerd (0.258 s/l) x ¢ilutien faster of sammte (1) <« 0.125 mg/l

3. Gus to peer presisten por intervel o por sampie rupliicete for the 1.4 ag/L sewpies, the eats abtaines fer
his consastrecion lewsi will aer he reserved

TOTAL WEAN X RECOVERY 121
TOTAL AN C.V. 13.7
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REVISED FINAL DRAFT REPORT REVIEW

The revised final draft report from the study titled, “"Tert-Amyl
Methyl Ether (TAME) - Acute Toxicity to the Mysid Shrimp
(mysidopsis bahia) Under Static Renewal Conditions® was reviewed
today by API QA. All items requiring attention as noted in the
QA audit report have been addressed except that in Section 2.1,
Protocol, the amendment is still listed as being dated April 2S5,
1994, just as the original protocol. The problem is that the
protocol amendment is erroneously dated April 24, 1994 (line 2 of
the amendment). This cannot be the correct date as the amendment -
itself indicates changes made as a result of findings during the
conduct of the study (and is signed May 17, 1994). This needs to
be corrected.

The report may be considered final once this is corrected.
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