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5.1 Preliminary Testing
5.2 Definitive Test







UST OF TABLES

flow-through toxicity test exposing rainbow trout (Oncorfiynch-

Concentrations of TAME measured in replicate (A,B) test
solutions during the 93-hour flow-through exposure of raintow

Mean measured concentrations tested, corresponding mor-
talities and observations made during the 96-hour flow-through
exposure of rainbow trout (Oncorhynchus mykiss) to TAME . . .-

The LC50 values (95% confidenc2 interval) and No-Observed-
Effect Coricantration for rainbow trout (Oncorhynchus mykiss)
exposed to TAME under flow-through conditions. . ...........
Analytical results for the recovery of TAME from AAP media . . .
Analytical results for the recovery of TAME from filtered
Analytical results for the recovery of TAME from freshwater
(reconstituted to increase hardniess)

Repeatabllity of TAME analysis from ASTM Type Il water at

Springborn Laboratories, Inc.




A 7 ® ® S 9 8 S L L LB AT EE LSS e




The purpose of this study was to estimate the acute toxicity (LCS50) of Tert-Amyl Methyl
Ether (TAME) to raur.Dow trout (Oncorhynchus mykiss) under fliow-through conditions. The LC50
is dofined as the concentration of the test material in dilution water which causes mortality of 50%
in the exposed test population after a fixed period of time. Twenty organisms {tsn per replicate)
were exposed in duplicate test aquaria to each of five concentrations of TAME and a dilution
waler control for 96-hours. During the test, nominal concentrations of 950, 570, 340, 210 and
120 mg A.L/L were maintained by introducing approximately 6.5 aquarium volumes per day of
newly preparad test soiution via a modified constant-flow serial diluter apparatus (Benoit, 1562).
Each replicate solution was sampled and analyzed for TAME concentration at O-hour (test
initiation) and 96-hours (test termination) of exposure. Based on the resuits of these analyses,
the mean measured exposure concentrations were defined as 640, 560, 310, 150 and
78 mg AL/L. Biological observations and observations of the physical characteristics of the
expcsure solutions were made and recorded at test initiation and every 24 hours thereatier untii
the test was terminated. Throughout the exposure period, treatment level solutions were
observed to be clear and colorless and contained no visibie sign of undissolved test material

{e.g., precipitate).

Following 72-hours of exposure, 100% mortality was observed among fish exposed to the
highest mean measured con~entration tested (640 mg A.l/L). At test termination (96-hours),
mortality of 309 was observed among fish exposed to the 560 mg A.L/L treatment level. In
addition, sublethal effects (e.g., loss of equilibrium, darkened pigmentation) were observed
among al! of the surviving fish exposed to this treatment level. No mortality or subletha! effects
wera observed among fish exposed to the remaining concentrations tested (310, 150 and
78 mg A.LL). The LCS0 values and the 95% confidence intervals determined throughout the
exposure period ara summarized in the following table. The No-Observed-Effect Concentration
\NOEC) established during this study was 310 mg A.l/L.
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1.0 INTRODUCTION

The purpose of this study was to determine the acute toxicity of Tert-Amy! Methyl Eiher
(TAME) to rainbow trout (Oncorynchus mykiss) under flow-through conditions. The LC50 ie
defined as the concentration of the test material 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 the potential acute hazards resuiting from release of the test material into aquatic
environments. The study was initiated on 14 October 1992, the day the Study Director signed
the protocol, and was completed on the day the Study Director signed the final report. The
experimental phase of the 96-hour definitive flow-through toxicity test was conducted from 27
February - 3 March 1993 at Springbom Laboratories, Inc. (SL!), Environmental Sciences Division,
Wareham, Massachusetts. All original raw data and the final report produced for this study are
stored at SLI.

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used in this acute toxicity test followed those described in the SLI protocol
entitled "Protocol for Conducting a Flow-Through Acute Toxicity Test with Rainbow Trout
following TSCA 797.1400", SLI Protocol #:091192/TSCA 797.1400 and Protocol Amendments
#1 and #2 dated 10 and 24 March 1983, respectively (Appendix I). The methods described in
this protocol generally follow the standard procedures outlined in the EPA/OTS guideline
(§ 797.1400) for acute toxicity testing with fish (U.S. EPA, 1985, amended 1987).

2.2 Test Material

Two samples of Tert-Amyl Methy! Ether (TAME) (CAS # 994-05-8), a clear liquid, were
received from Experimental Pathology Labs, inc., Hemdon, Virginia. The first sample, Lot #
02814BZ, was received at SLI on 17 August 1992 and was used to prepare analytical standards
during the method validation/recovery study and to prepare Quality Control samples during the
definitive exposure. The sample was identified by Aldrich Chemical to contain 98.8% active
ingredient A.l. (Certificate of Analysis, Appendix I). The second sample, Lot # 07905KZ, was

Springborn Laboratories, inc.
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2.3 Test Organisme |

Rainbow trout (Oncorhiynchus mykiss) wers selected as the test species since It is a
__recommended species (U.S. EPA. 1965) and a commonly used cold water fish in flow-through
mmmm The rainbow trout (SLI lot #9383) used during the study were
obtained from Spring Creek Trout Hatchery, a commercial supplier located in Lewistown,
Montana. Prior to testing, these fish were held in a S00-L fibergiass tank under a photoperiod
" of 16 hours ight and 8 hours darkness. The well water whict: flowed into this hoiding tank was
characterized as having total hardness and total alkalinlty ranges as caicium carbonate (CaCO,)
of 25 - 27 mg/L and 20 - 22 mg/L, respectively, and a specific conductance of 110 umhos/cm
(Gravity Feed Tank Water Quality Log). Other parameters monitored in the holding tank were pH
With & range of 8.8 - 6.9, dissolved oxygen concentration with & range of 80 - 87% of saturation
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r.d the flow ra’e with £2 - 11 tank wiume repiacenents day (Woekiy Record of Fish Foiding
Characieristics). Zish 1880 chrring the definiive exncoure vvore maintained under similar
ccnditions for a minimum: of 14 daye prior o 1esting. The temperatura in the holding tank r<nged
from 11 - 12 °C during this 14-Cay rs:iod. All fish were fec a dry commercial pelleted frrai, ac
fi;itm, cally except during the 48 hours prior to, and curing the dafinitive test. Rep-esc ttative
smpies of the food soures ware enalyzac 177 the presence of pesticides, PCbs 21d toxi= metals
{Appendix lil;. Food ssouices were cunsi“erad to ha of accepteble quality sinca the total
concen.mion Jf pesticides was leas than 0.3 mg/ficg. Morality of 0.20% was ob3erved in the test
fish nopulaticn duri.:g the t.v= days prior ‘o testii.g {Daily Record of Fish Holding Conditions).
The rainbow trout used during this study were all of ih» same year class and a repreéentétive
sample (N = 30) had a mean (range) wei weight and total length of 0.47 (0.28 - 0.75) grams and
37 (30 - 48) milimeters, respectively (Fish Lengt!:s anc' wiights Log).

2.4 Tes: Cilution Water

Th2 dilution water used during this study was fiom the same source as the water whick
fic.ved in'o the fish holding tank and was characterzec as having total hardness and total
&' alinity (23 CaCO,) ranges of 20 - 22 and {3 - 27 m.g/L, respectively, a pH range of 6.9 - 7.0
~nd a siecific conductanse of 110 umhos/cm (Gravity Feed Tank Water Quality Log).
Rep-ese:tative samplec of the ditution: water <3 > were analyzed for the presence of pesticides,
PCBs and toxic meta's (Appuendix IV). Nore of those compounds have been detected at
concentrations that are considered toxic in any of the weter samples analyzed, .n agreement with
ASTM standard practice. In addition, representative samples nf the dilution -vater source were
analyzec monthly 1or iotal organir: carbor {TOC) concer.'ralior. The risults of these analyses
demonistrated that the TOC ccneentration of the dilution wate: ranged from 0.82 - 1.3 mg/L fe:
the months of Saptember 1692 - February 5.3 {TCC and =2 Masis. Leg, Vol 1), Severel
species of daphnids (a representative freshwvater oryanism generally rscognizec to be sensitive
to chemical challenges) are maintair:ed » wxip: from the same source as the diltiion water
utilized in this study and have successfully survived ana reproduced cver ssveral gedaraions.
This, in combination with the previously mentioried anafrsas, confirms the accepiebiiy of this
dilution water for bioassays.

Springborn Laburetories., Inc.
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' Dulng!hooxposuroporiod the test material was delivered directly to each replicate test

- squarium for sach treatment level. The concentration of test material that was delivered to sach

aquarium was determined to be 758.99 mg Al/mL based on the test material's density
© (0.770 g/mL) and percent active ingredient (98.7% A.l). A series of Sage syringe pumps in
‘conjunction with Glenco® gas-tight syringes were calibrated to deliver the appropriate amount of
oot material (750.99 mg A.L/mL) directly into the deivery tube for each repiicate aquarium. Each
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individual defivery tube aiso received 0.050 L/min of dilution water. Defivery of the test material
. and dilution water st this point in the sysiem aided in the miing and solublfizstion of the test
material. Proportional dilution (60%) across the range of nominal concentrations established (i.e..
950, 570, 340, 210 and 120 mg A.l/L) was accomplizhed by adjusting the size of syringes used
(i.e., 20 - 50 mL) and the flow of each pump (0.0625, 0.0375, 0.0225, 0.0135 and 0.0081 mUmin).

The diluter system was calibrated prior to test initiation and at test termination by
measuring delivery volumes of toxicant and dilution water. The function of the diluter system
(e.g., flow rates, stock consumption) was monitored daily and a visual check was performed
twice daily. In addition, analysis of the exposure solutions for TAME concentration was also used
to verify proper operation of the diluter system. The exposure system was in proper operation
for several days prior to test initiation to allow equilibration of the test material in the diluter
apparatus and exposure vesseis.

3.0 TEST PROCEDURES
3.1 Test Initiation

The test was initiated when rainbow trout were impartially selected and distributed two &t
a time to each replicate aquarium until each rc ..icate contained 10 fish (20 fish per treatment
level and the control). At any given time during the exposure period, the maximum organism
loading concentration was 0.065 g of biomass per liter of flowing test solution per day.

3.2 Test Monitoring

The diluter was visually inspected at least twice daily during the definitive exposure period.
Biological observations of the exposed rainbow frout and observations of the physical
characteristics of the test solutions (e.g., precipitate, film on the solution's surface) were made
at test initiation and at each subsequent 24-hour interval until test termination (96-hours). Effects
for this study were based on death, defined as the lack of movement by the exposed organisms
(i.e., absence of gill movement and reaction to gentle prodding). Mortalities were recorded and
removed from each aquarium every 24 hours during the exposure period.

Springbom Laboratories, inc.
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TAMEeoneommion Each exposure soiution sample was collected from the approximate
‘midpoint of the aquarium with a volumetric pipst. In addition, three Quality Control (QC) samples

__were prepared at each sampling interval and remained with the exposure solution samples

anmmmm These QC samples were prepared in dilution water at TAME
mmmmmwmm Results of the analyses of the QC
mmmmwmmmmmmmmm&a
" exposure solution sampies. Al sampies wers analyzed for TAME using a gas chromatographic

(GC) procedurs according to the methodology described in Appendix V. A method validation
study, conducted at SLI prior to the initiation of the definltive test, established an averag.
recovery of TAME of 102 3+ 10% from hard reconstituted water.




4.0 STATISTICS

The mean measured concentrations (0- and 96-hour analysis) and the corresponding
mortality data derived from the definitive tsst were used to estimate the median lethal
concentratich (LC50) and 95% confidence interval at each 24-hour interval of the exposure
period. The LC50 is defined as the concentration of the test material in dilution water lethal to
50% of the test animal population at the stated exposure interval. If at ieast one test
concentration caused mortality oi greater than or equal to 50% of the test population, then a
computer program {Stephan, 1982, personal communication) was used to calculate the LCS0
vaiues and 95% confidence interval. Additionally, the data was evaluated to estimate an incipient
LCS0. The incipient LCS0 is defined as the concentration that is lethal to 50% of a test
population when exposure to the test substance is continued until the mean increase in mortality
does not exceed 10% in any concentration over a 24-hour period. Since the 96-hour LC50 was
not less than 50% of the estimated 48-hour LCS0, the duration of the exposure was not continued
to determine the incipient LC50 value (U.S. EPA, 1987).

Three statistical methods were available in the computer program: moving average angle
analysis, probit analysis, and nonlinear interpolation with 85% confidence interval caiculated by
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 interval was
based upon an examination of the data base and the results of the computer analysis. Selection
criteria included the establishment of a concentration-effect reiationship (mortality), the number
of concentrations causing partial responses, and the span of responses bracketing the LC50
value. [f two or more statistical methods produced acceptable resuits, then the method which
yielded the smallest 95% confidence interval was selected. The No-Observed-Effect Concentra-
tion (NOEC) during the 96-hour exposure period was aiso 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, loss of equilibrium, darkened
pigmentation), witn respect to the control organisms.

Springbom Laboratories, inc.
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‘Using this delivery method, rainbow trout were exposed 10 a single concentration of
950 mg A.L/L. Foliowing 24-hours exposure, 100% mortality was observed among fish in the
treatment level tested. Based on the results of these preliminary tests, it was determined that the
definitive study would b conducted utilizing the non-conventional delivery of the test material
1o the exposure aquaria. Nominal concentrations chosen for the definitive study were 950, 570,
340, 210 and 120 mg AL
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The water quality parameters (pH, dissolved oxygen concentration and temperature)
measured during the definitive study are presented in Table 1. ANl water quality parameters
measured were unaffected by the concentrations of TAME tested and remained within acceptable
ranges for the survival of rainbow trout. Dally monitoring of the test solutions established a
temperature range of 11 - 12 °C throughout the exposure period. Continuous temperature
monitoring of one replicate (B) of the control solution established that the test soiution
temperature ranged from 11 - 13 °C throughout the exposure period.

The diluter system which prepared and delivered the test solutions to the ei(poéure
aquaria functioned properly throughout the 96-hour study. Analyses of the exposure solutions
during the pretest period established that the concentrations of TAME in the exposure soiutions
were generally consistent between replicate samples and that the delivery apparatus maintained
the expected concentration gradient (approximately 60% dilution factor). Analyses of the pretest
samples resulted in measured concentrations which averaged 65% of nominal. Throughout the
exposure period, no visible signs of undissolved test material (e.g., precipitate) was observed in
either the diluter system or in the exposure solutions.

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

in-iife portion of the definitive exposure are presented in Table 2. Throughout the exposure
pariod, anshtical maseuremante hatwean raplicate solutions were generally consistent and
established the expected concentration gradient (60%). Mean measured concentrations
averaged 79% of the nominal concentrations and defined the treatment levels as 640, 560, 310,
150 and 78 mg Al/L Coefficients of variation averaged 12% for all mean measured
concentrations. Analysis of the Quality Control (QC) samples during the definitive study resulted
in measured concentrations which ware consistent with the predetermin2d recovery range
established during the method validation/recovery study (Appendix V) and averaged 110% of the
nominal fortified concentration range (950 - 120 mg/L). Based on the residts of these analyses,
it was established that the appropriate quality control was maintained during the analyses of the
exposure solutions.
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PROTOCOL DEVIATION

The study protocol states that dissolved oxygen concentration exceeds 90% of saturation
at the initiation of the test. For this siudy, dissolved oxygen concentration ranged from
89 - 91% at test initiation.

The study protocol states that the dilution water used during this study had a fotal
hardness range of 25 to 40 mg/L. (as CaCO,). During this study, the total hardness of the
dilution water ranged from 20 to 22 mg/!. (CaCO,).

It is our opinion that these deviations a.d not effect the results or interpretation of this

SPRINGBORN LABORATORIES, INC.

Mark W. Machado
Study Director
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flow-through toxicity test exposing rainbow trout (Oncorhynch-
us mykiss) to TAME.

1
Concentration  O-Hour
(mg AJA) A B

pH

71 7. 72 72 72 72 72 72

74 7. 72 72 72 72 72 72

71 7. 72 72 72 72 72 72

71 7. 72 7.2 72 72 72 72

71 7. 72 72 72 72 72 72
72 72 72 72 72 72

issolved C y

Dlisaclved g arationy

9.6 .0 9.1
®n )
9.4 1 8.9
©) €

9.0 93 9
(83) (86) (89

.8
)
92 90 9.7
(85) (83) (88)
93 94 96 96 1 9.1
(86) (87) (87) 87 (82
94 94 98 97 6 9.0
(87) (87 (89) (88) (81)
8o 9.2 96 97 9 9.0
(83). (83) (87) (e8) (81)

) 6 ©5 @) (@ 6

Temperature (°C)*

1" 11-12 1" 11-12

* value presented represents the daily range of temperature measured (Brooklyn aicohol thermometer)
in all test concentrations and the controis at the stated observation interval. Continuous monitoring
of replicate B of the dilution water control established a test solution temperature range of 11 - 13 °C

throughout the exposure period.

Springborn Laboratories, Inc.
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1215 (950)° 898 (950)
357 (350) 454 (350)
128 (120) 118 (120)

ceiculated using the unrounded analytical results and not the rounded (two significant figures) values
jpresented in this table.

®  The lower than expected concentration for this sampie is due to an error during the anaiytical
process and is not considered representative of exposure condkions. This value was not included
in the caiculation of the mean measured concentration.
N=3
-QC = Quality Control sample.
,mnmmmmmmmmmocm.
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failties and observations made c.uririgz the 96-hour fiow-through
sxposure of rainbow trout (Onco-tiynchus mykiss) to TAME.

Cumuiative Mc- sllly (%
Mean Measured -
(mg ALA) A B MtMean A B MNean A BE Kezsn A B Mean
640 100 70 85* 106 70 859 100150 ‘M0 100 100 100
560 30 0 15 &40 0 20 40 0 ur 4 20 30°
310 o 0 o 0o 0 o 0o ¢ ) c 9 0
150 0 o 0 60 0 o 0o 0 0 3 0 (]
78 0o 0 0 0o 0 0O o0 ¢ 0 o 0
Control o 0 0 0o 0o o o0 0 o 9 o
& AN of the surviving fish exhibited complete loss of equilibrium,
b Several of the surviving fish exhidited complete loss of equilibrium.
¢ Severai of the surviving fish were observed 1o be iathargic.
: Al of the surviving fish exhibited darkened pigmentation and complete loss of equilibrium.

Several of the surviving fish exhibited darkened pigmentation and compiete loss of equilibrium.

Springborn Laboratories, inc.
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