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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

The data and report presented for "“Dobanol® 91-8 - Acute Toxicity to Fathead Minnow
(Pimephales promelas) Under Static Renewal Conditions" were produced and compiled in
accordance with all pertinent TSCA Good Laboratory Practice regulations with the following
exception: routine water contaminant screening analyses for pesticides, PCBs and metals were
conducted using standard U.S. EPA procedures by Lancaster Laboratories, Lancaster,
Pennsylvania. These data were not collected in accordance with Good Laboratory Practice
procedures (i.e., no distinct protocol, Study Director, etc.). Stability, characterization, and
verification of the test material identity and maintenance of records on the test material are the
responsibility of the Study Sponsor. At the termination of the testing program, all remaining test
material will be sent to the Study Sponsor. Archival of a sample of the test material is the

responsibility of the Study Sponsor.

SPRINGBORN LABORATORIES, INC.

J//)Zu/,' // é‘{é/ﬁw_ 217y

Maura K. Collins Date
Study Director

Springborn Laboratories, inc.
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SUMMARY

Dobanol® 91-8 - Acute Toxicity to Fathead Minnow
(Pimephales promelas) Under Static Renewal Conditions

SPONSOR: Shell Development Company
P.O. Box 1380
Houston, Texas 77251

PROTOCOL TITLE: "Alcohol Ethoxylate Surfactants: Protocol for Conducting
an Acute Toxicity Test, Under Static Renewal Conditions,
with Fathead Minnows Following TSCA Test Guidelines
§ 797.1400," Springborn Protocol #072993/TSCA/SHELL/
FM-SR and Protocol Amendments #1 and #2 dated 29
September 1993 and 13 January 1994, respectively.

REPORT NUMBER: 93-11-5036

SPONSOR PROTOCOL/

PROJECT NO.: WRC TOX No. 1227

STUDY NUMBER: 777.0993.6105.101

TEST MATERIAL: Dobanol® 91-8, CAS #68439-46-3, Lot #97002310, WRC
TOX. Sample #1227, PSIS #7075

DATE RECEIVED: 2 September 1993

DESCRIPTION: A clear liquid reported by the Study Sponsor to contain

100% active ingredient.

EXPERIMENTAL

START DATE: 18 October 1993
EXPERIMENTAL
TERMINATION DATE: 22 October 1993

Springborn Laboratories, Inc.
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TEST ORGANISM: Pimephales promelas

Total length: Mean = 37 mm;
range = 29to 42 mm; N = 30

Wet weight: Mean = 0.51 g;
range = 0.26t0 0.71 g; N = 30

Source: Springborn Laboratories cuiture facility
DILUTION WATER: reconstituted well water

(2 batches used during definitive testing)

pH: 7.4 (both)

Specific conductivity: 220 and 230 umhos/cm,
respectively

Total hardness as CaCO,: 58 and 61 mg/L, respectively
Total alkalinity as CaCO,: 37 and 36 mg/L, respectively

TEST CONDITIONS: 86-hour duration, 21 to 22 °C, illumination of 430 lux
(40 footcandles), photoperiod of 16 hours light and

8 hours dark

NOMINAL TEST

CONCENTRATIONS: 1.3, 2.5, 5.1, 10 and 20 mg/L

MEAN MEASURED

CONCENTRATIONS: 0.88, 2.2, 3.9, 85 and 17 mg/L

RESULTS: The 96-hour LC50 value was estimated by nonlinear

interpolation to be 11 mg/L (95% confidence interval
calculated by binomial probability of 8.5 to 17 mg/L).

The 96-hour No-Observed-Effect Concentration (NOEC)
was determined to be 3.9 mg/L.

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The purpose of this study was to estimate the acute toxicity (LC50) of Dobano!® 91-8 to
fathead minnow (Pimephales promelfas) under static renewal conditions. The LC50 is defined as
the concentration of 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
potential acute hazards resulting from release of the test material into aquatic environments. The
study was initiated on 10 September 1993, 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 18 to 22 October 1993 at the Environmental
Sciences Division of Springborn Laboratories, Inc. (SLI), in Wareham, Massachusetts. All original
raw data and the final report produced during this study are stored at Shell Development
Company. '

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used in this acute toxicity study followed those described in the Springborn
protocol entitled "Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity Test,
Under Static Renewal Conditions, with Fathead Minnows Following TSCA Test Guidelines
§ 797.1400," Springborn Protocol #072993/TSCA/SHELL/FM-SR and Protocol Amendments #1
and #2 dated 29 September 1993 and 13 January 1994, respectively (Appendix |). The method
described in this protocol meet or exceed the standard procedures described in the U.S. EPA
Toxic Substances Control Act (TSCA) Test Guidelines § 797.1400 (U.S. EPA, 1892) and meet the
primary technical objectives of the Shell Research Limited/Sittingbourne Research Center
guidelines (SOP No. 81, Edition No. 8).

2.2 Test Material

A sample of the Dobanol® 91-8 (CAS #68439-46-3, Lot #97002310, WRC TOX. Sample
#1227, PSIS #7075, expiration date September 1994), a clear liquid, reported by the Study
Sponsor to contain 100% active ingredient, was received from Shell Westhollow Research Center,
Houston, Texas, on 2 September 1993 (Certificate of Analysis, Appendix Il). Upon receipt at

Springborn Laboratories, Inc.
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Springborn, the test material was stored in a dark, ventilated cabinet at room temperature
(approximately 20 °C). Nominal and measured test concentrations are expressed as milligrams

of Dobanol® 91-8 per liter of solution and are reported as mg/L.

2.3 Test Organisms

The fathead minnow (Springborn Lot #93A71) used in this toxicity test were obtained from
laboratory cultures maintained at Springborn. The culture water was "soft" water and was drawn
from a 100-meter deep bedrock well into a concrete reservoir where it was aerated and
supplemented with well water supplied by the Town of Wareham, Massachusetts. Prior to
testing, the fish were held in a 500-L fiberglass tank under a photoperiod of 16 hours light and
8 hours darkness. Other parameters monitored in the holding tank were a pH of 6.4 to 7.1,
dissolved oxygen concentration with a range of 78 to 81% of saturation and conductivity with a
range of 100 to 120 micromhos per centimeter (umhos/cm). This water had total hardness and
alkalinity ranges as calcium carbonate (CaCQO,) of 24 to 28 mg/L and 18 to 20 mg/L, respectively.
(SLI Weekly Record of Fish Holding Water Characteristics, Vol. 5 and the SLI Gravity Feed Tank
Water Quality Analysis Logbook, Vol. 8). Test fish were maintained under these conditions for
a minimum of 14 days. The temperature range in the holding tank was 22 to 23 °C during this
period. The fish were fed a dry commercial pelleted food, ad libitum, daily except during the 48-
hours prior to testing. Representative sampies of the food source were analyzed for the
presence of pesticides, PCBs and toxic metals (Appendix lll). Food sources were considered
to be of acceptable quality since the total concentration of pesticides measured was less than
0.3 mg/kg (ASTM, 1985). No mortality was observed among the test fish population during the
48-hour period prior to test initiation (SL! Daily Record of Fish Holding Conditions). A
representative sampie (N = 30) of fish from the test population had a mean total length of 37 mm
(range 29 to 42 mm) and a mean wet weight of 0.51 g (range 0.26 to 0.71 g) (SLI Fish Length
and Weight Log, Vol. 10).

2.4 Reference Test
A copper nitrate reference test was conducted with the test organism population from 16
to 20 November 1993. The resulting 96-hour LC50 was calculated by probit analysis to be

Springborn Laboratories, Inc.
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190 pg/L (95% confidence interval of 150 to 230 ng/L) (SLI Pimephales promelas Copper Nitrate
Reference Log, Vol. lll). In addition to the above data, culture records document the ability of
this population of Pimephales promelas to successfully and actively feed, grow and reproduce
over a period of several generations. Based on the results of the reference test and the
successful culture of Pimephales promelas, it was established that this population was suitable

for testing.

2.5 Test Dilution Water

Two separate batches of dilution water were prepared for the study by reconstituting "soft"
laboratory water (e.g., a mixture of unadulterated well water and untreated town well water) with
various reagents to a specified hardness. The dilution water was from the same source as the
culture water described above. The two batches of water had a total hardness as CaCO, of 58
and 61 mg/L, respectively; a total alkalinity as CaCO, of 37 and 36, respectively; a pH of 7.4 and
7.4, respectively; and a specific conductivity of 220 and 230 umhos/cm, respectively (SLI Statics -
Modified GFT Water Quality Log Book, Vol. ll). Representative samples of the dilution water
source were analyzed for the presence of metals, pesticides and PCBs (Appendix V). None of
these compounds were detected at concentrations that are considered toxic in any of the water
samples analyzed, in agreement with ASTM Standard Practice (ASTM, 1980). In addition,
representative samples of the dilution water source were analyzed monthly for total organic
carbon (TOC) concentration. Based on these analyses, the TOC concentration of the dilution
water source ranged from 0.81 to 1.4 mg/L for the months of April to September 1893 (SLI TOC
Master Log). In addition, TOC concentration and total suspended solids (TSS) analyses were
conducted at Springborn on the batch of dilution water used during this study. The TOC
concentration of the hard reconstituted water, Batch #2 and #3, ranged from 1.4 to 2.9 mg/L for
the month of October. The Total Suspended Solids (TSS) for these batches were 8.0 and
9.8 mg/L, respectively for the month of October. Several species of daphnids (a representative
freshwater organism generally recognized to be sensitive to chemical chalilenges) maintained in
water from the same source as the dilution water utilized in this study have successfully survived

and reproduced over several generations. The performance of the daphnid cultures, in

Springborn Laboratories, Inc.
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combination with the previously mentioned analyses, confirms the acceptability of this dilution

water.

2.6 Test Conditions

Test vessels were positioned in stratified random order in a waterbath designed to
maintain test solution temperatures at 22 + 2 °C. Test solutions were not aerated. The
photoperiod during testing was the same as that provided in the fathead minnow cuiture area.
Light at an intensity of 430 lux (40 footcandles) was provided at the solutions’ surface. The
cuiture area received a regulated photoperiod of 16 hours of light and 8 hours of darkness.

Sudden transitions from light to dark and vice versa were avoided.

2.7 Test Concentrations

Selection of nominal Dobancl® 91-8 concentrations for the 96-hour definitive static renewal
toxicity test with Pimephales promelas was based on toxicity information developed at Springborn -
through preliminary testing. The nominal concentrations chosen were 1.3, 2.5, 5.1, 10 and
20 mg /L.

2.8 Test Procedure

The static renewal toxicity test was conducted in 18.9-L glass aquaria which contained
15 L of test solution. The exposure solution in each test vessel had a depth of 18.4 cm and a
surface area of 819 cm? Duplicate test aquaria were established for each treatment level and
control. Prior to test initiation, a 20 mg/mL stock solution was prepared by heating the glass
bottle of test material in a glass container to a temperature ranging from 50 to 60 °C, until the
test material was observed to be completely melted. Forty grams (40.00 g) of test material was
then removed using a glass pipet, and was diluted with 2 L of distilled, deionized water. The

stock solution was observed to be clear and colorless with no sign of undissolved test material.

Replicate treatment level solutions with nominal concentrations of 1.3, 2.5, 5.1, 10 and
20 mg/L were prepared by diluting the appropriate amount of the stock solution with 15 L of
dilution water. A 50% dilution factor was used to calculate the nominal test concentrations to

Springborn Laboratories, Inc.
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ensure that both LC50 and NOEC values were achieved. The exposure solutions were stirred
for 30 seconds with a TAMCO Model 700 laboratory stirrer. The test solutions were observed
to be clear and colorless with no sign of undissolved test material. One set of control vessels
was also established which contained the same dilution water and was maintained under the
same conditions as the test vessels but contained no Dobancl® 91-8. A duplicate set of
exposure vessels was established to prepare renewal solutions. Test solutions were renewed

at 24, 48 and 72 hours of exposure following the procedure mentioned above.

Approximately 30 minutes after the test solutions were prepared, fathead minnow were
impartially added to each test vessel (10 fathead minnow per replicate, 20 fathead minnow per
treatment level and control). Fathead minnow were added to the test vessels no more than two
at a time until all vessels contained two fish. This procedure was repeated until all replicate test
vessels contained ten fish. Dead fathead minnow were removed from the test vessels at each
observation interval. At each renewal period, the fathead minnow were carefully transferred from-
the aged test solutions into their respective freshly prepared test solutions using a modified fine-

mesh dip net. Fathead minnow were not fed during the study.

2.9 Test Monitoring

All aquaria were examined after 0, 24, 48, 72 and 96 hours of exposure as follows: mor-
talities were recorded, dead fish were removed, and observations of the fish for sublethal effects
(e.g. loss of equilibrium) and the physical characteristics of the test soiutions were recorded.
Dissolved oxygen concentration, temperature and pH were measured in all exposure solutions
at test initiation and at each 24-hour interval. Water quality parameters were recorded in both
the aged and freshly prepared test solutions at 24, 48 and 72 hours of exposure. Total hardness,
total alkalinity, acidity and specific conductance were measured at 0-hour in each replicate of the
control and test solutions. In addition, the temperature of the surrounding water in the waterbath

was continuously monitored throughout the exposure period.

Total hardness concentration presented in this report was measured by the EDTA
titrimetric method and total alkalinity concentration was determined by potentiometric titration to

Springborn Laboratories, Inc.
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an endpoint of pH 4.5 (APHA et al., 1985). Specific conductivity was measured with a Yellow
Springs Instrument Company (YSI) Model #33 salinity-conductivity-temperature meter and probe.
A Jenco Model 601A pH meter and combination electrode was used to measure pH. Dissolved
oxygen concentration was measured with a YSI Model #57 dissolved oxygen meter and probe.
Daily temperature was measured with a Brooklyn alcohol thermometer. Continuous temperature
monitoring was performed using a Fisher Scientific Min/Max thermometer.

2.10 Analytical Measurements

During the definitive exposure period, water samples were removed from each replicate
solution of each treatment level and the control at 0, 24, 72 and 96 hours. A composite of the
water samples (replicates A and B) for each treatment level and control were analyzed for
Dobanol® 91-8 concentration. Sample containers were approximately 800-mL borosilicate glass
bottles with Teflon®-lined screw caps. Samples analyzed at the 0- and 72-hour sampling intervals
were removed from the freshly prepared exposure solutions. Samples analyzed at 24 and
96 hours were removed from the aged exposure solutions. In addition, a sample of the primary
stock solution used to formulate the exposure solutions was collected for analysis at 0, 24 and
72 hours. Each exposure solution sample was collected from the approximate midpoint of the
test vessel with a volumetric pipet. Sample containers were compietely filled to minimize
headspace. On the day of collection, all samples were preserved with 10% formalin and
delivered to Battelle Ocean Sciences, Duxbury, Massachusetts for analysis. Samples were
analyzed in accordance with methods described in Battelle Ocean Sciences Study #SD-930116
(Appendix V). All of the glassware used in testing and sample collection was thoroughly washed
with sequential rinses of a 10% solution of nitric acid, acetone, distilled-deionized water,

isopropanol and distilled-deionized water.

2.11 Determination of LC50 and NOEC

The measured concentrations tested and the corresponding mortality data derived from
the toxicity test were used to estimate 24-, 48-, 72- and 96-hour median lethal concentrations
(LCS0) and 95% confidence intervals. The LC50 is defined as the concentration of the test
material in dilution water which caused mortality of 50% of the test organism population at the

Springborn Laboratories, Inc.
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stated time interval. If at least one test concentration caused mortality of greater than or equal
to 50% of the test population, then a computer program, modified from the program of C.
Stephan (Peltier et al, 1985), was used to calculate the LC50 values and 95% confidence

intervals.

Three statistical methods were available in the computer program: moving average angle
analysis, probit analysis, and nonlinear interpolation with 95% confidence intervals calculated by
binomial probability. Moving average angle and probit analyses yield statistically sound results
only if at least two concentrations produce mortality of between 0 and 100% in the test
population. The selection of reported LC50 values and 95% confidence intervals was based
upon an examination of the database and the results of the computer analysis. Selection criteria
included the establishment of a concentration-effect relationship, the number of concentrations
causing partial responses, and the span of responses bracketing the LC50 value. [f two or more
statistical methods produced acceptable results, then the method which yielded the smallest 95% -
confidence interval 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 was no toxicant-related mortality or physical and behavioral

abnormalities (e.g., lethargy, loss of equilibrium), with respect to the control organisms.

3.0 RESULTS

3.1 Preliminary Test

Prior to initiating the definitive study, a preliminary range-finding test was conducted at
Springborn from 23 to 27 September 1993 at nominal concentrations of 0.64, 1.6, 8.0, 20 and
50 mg/L. One exposure vessel was established for each treatment level and control. At 24 hours
of exposure, 100% mortality was observed in the two highest test concentrations (20 and
50 mg/L). At test termination, sublethal effects (e.g. complete loss of equilibrium, darkened
pigmentation) were observed among all of the fish exposed to the 8 mg/L treatment level. No
mortality or sublethal effects were observed in the remaining treatment levels (0.64 and 1.6 mg/L)
or the control. Based on these results, the definitive study was conducted at a nominal
concentration range that was calculated with a 50% dilution factor in an effort to obtain data

Springborn Laboratories, Inc.
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sufficient to establish both an LC50 and a NOEC value. The nominal concentrations of 1.3, 2.5,
5.1, 10 and 20 mg/L were selected for the definitive study with Dobanol® 91-8.

3.2 Definitive Test

3.2.1 Evaluation of Test Conditions - The measurements of the water quality
parameters (i.e., pH, dissolved oxygen concentration, temperature) recorded during the definitive
study are presented in Tables 1 and 2. Analysis of the control and test solutions at test initiation
established a total hardness (as CaCQ,) ranging from 56 to 62 mg/L, a total alkalinity (as CaCO,)
ranging from 32 to 36 mg/L and specific conductivity ranging from 210 to 220 umhos/cm.
Throughout the exposure period, the pH and dissolved oxygen saturation for the control and test
solutions ranged from 7.2 to 7.6 and 69 to 102%, respectively. These results demonstrate that
the water quality parameters measured were unaffected by the concentrations of Dobanol® 91-8
tested and remained within acceptable ranges for the survival of fathead minnow. Daily
temperature monitoring of the test solutions and continuous temperature monitoring of the water
in the surrounding waterbath established that the temperature in the test solutions ranged from

21 to 22 °C throughout the exposure period.

3.2.2 Analytical Results - The results of the analysis of the primary stock solution and
the test solutions for Dobanol® 91-8 concentrations are summarized in Table 3. Resuits of the
analysis of the primary stock solution (20,000 mg/L) used to formulate the test solutions indicate
the concentration of Dobanol® 91-8 was 96% of nominal concentration. Measured concentrations
for all treatment levels were consistent between sampling intervals. Mean measured concentra-
tions averaged 82% of nominal and defined the treatment levels as 0.98, 2.2, 3.9, 8.5 and
17 mg/L. Analytical results are presented in Battelle Ocean Sciences Study #SD-930116

(Appendix V).

3.2.3 Biological Results - The concentrations tested, the corresponding cumulative
percent mortality and the observations made during the definitive exposure are presehted in
Table 4. All exposure solutions were observed to be clear and colorless and contained no visible
signs of undissolved test material. Following 24 hours of exposure, 100% mortality was observed

Springborn Laboratories, Inc.
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among fathead minnow exposed to the highest concentration tested (17 mg/L). At test
termination (86 hours of exposure), 10% mortality was observed among fathead minnow exposed
to the 8.5 mg/L test concentration. In addition, all of the surviving fathead minnow exposed to
this treatment level exhibited a complete loss of equilibrium. No mortality or sublethal effects
were observed among fathead minnow exposed to the remaining test concentrations (0.98, 2.2
and 3.9 mg/L) or the control. The 24-, 48-, 72- and 86-hour concentration-response (mortality)
curves for this study are presented in Figures 1, 2, 3 and 4, respectively. Table 5 summarizes
the 24-, 48-, 72- and 96-hour LC50 values and corresponding 95% confidence intervals, and
presents the No-Observed-Effect Concentration (NOEC) through 96 hours. Based on mean
measured concentrations of Dobanol® 91-8, the 96-hour LC50 value was estimated by nonlinear
interpolation to be 11 mg/L with a corresponding 95% confidence interval calculated by binomial
probability of 8.5 to 17 mg/L. The 96-hour NOEC for this study was 3.9 mg/L.

Springborn Laboratories, Inc.
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PROTOCOL DEVIATION

The study protocol states that the water samples will be collected in 500-mL glass
containers which are compietely filled to minimize headspace, and that the water samples
will be preserved with formalin (i.e., 5 mL formalin/500 mL sample). During this study,
sample containers were of approximately 800 mL in volume which were completely filled
to minimize headspace, and the water samples were inadvertently preserved with 5 mL
formalin at a concentration of 10%.

Although test solution samples were not prepared in accordance with the study protocol,
measured concentrations established during the 96-hour exposure period averaged 82%
of the nominai fortified concentrations. Based on these data, it is our opinion that the
sample preparation procedures utilized during this study did not negatively impact the

samples.

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

SPRINGBORN LABORATORIES, INC.

_7,%-%: /( (M«. 24/ 3,

Maura K. Collins date
Study Director

Springborn Laboratories, Inc.
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QUALITY ASSURANCE UNIT STATEMENT

The raw data and report for "Dobanol® 91-8 - Acute Toxicity To Fathead minnow
(Pimephales promelas) Under Static Renewal Conditions" were inspected by the Quality
Assurance Unit (QAU) at Springborn Laboratories Inc., Environmental Sciences Division to
determine adherence with the study protocol and laboratory standard operating procedures. In
addition, inspection of certain phases of the in-life portion of the study was performed. Dates of

study inspections, dates reported to the Study Director and to Management are listed below.

Based on these inspections, it was determined that this report accurately reflects the raw

data collected during this study.

Inspection Date Reported to Study Director Reported to Management
10/22/93 10/22/93 10/22/93
11/3/83 11/4/93 11/5/93
1/13/94 1/14/94 1/14/94
1/19/94 1/19/94 1/28/94
2/10/94 2/10/94 2/11/94

SPRINGBORN LABORATORIES, INC.

@M&ﬂ § chc’/}/lﬂme Y Feh (99

Doreen S. Newhouse Date
Supervisor
Quality Assurance Unit
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Table 1. The pH, dissolved oxygen concentration and temperature
measurements recorded during the 96-hour static renewal
exposure of fathead minnow (Pimephales promelas) to Dob-
anol® 91-8.

Nominali 0-Hour 24-Hour? 48-Hour? 72-Hour? 96-Hour
Concentration —— — —_— —_—
(mg/L) A B A B A B A B A B
pH
Control 7.3 7.3 7.4/7.4 7.3/7.4 7.4/7.5 7.4/7.4 7.5/7.5 7.5/7.5 7.5 7.5
1.3 7.3 7.4 7.4/7.3 7.3/7.5 7.4/7.5 7.4/7.4 7.5/7.5 7.5/7.5 75 7.5
2.5 7.3 7.4 7.477.4 7.4/7.4 7.4/7.5 7.4/7.4 7.5/7.6 7.4/7.5 75 7.4
5.1 7.4 7.4 7.4/7.4 7.2/7.4 7.4/7.5 7.4/7.4 7.86/75 7.4/7.5 7.5 7.4
10 7.4 7.4 7.3/7.3 7.3/7.4 7.4/7.4 7.4/7.4 7.5/7.5 7.5/7.5 7.4 7.4
20 7.4 7.4 7.3/7.3 7.4/73 7.4/7.4 7.4/7.4 7.5/7.5 7.5/7.5 7.5 7.5
Dissolved Oxygen, mg/L
(% saturation)
Control 8.6 8.4 6.4/8.6 6.2/8.4 6.2/8.6 6.5/8.7 6.9/8.6 6.6/8.7 6.6 6.7
©@8)  (96) (73/98)  (71/96) (71/98)  (74/99) (79/98)  (75/99) 75 7D
1.3 8.6 8.5 6.2/8.6 6.0/8.5 6.0/8.6 6.5/8.6 6.8/8.7 6.8/8.8 6.8 6.6
@8 @7 (71/98)  (69/97) (69/98)  (74/98) (78/99)  (78/101) 78 75
2.5 8.5 8.6 6.4/8.7 6.2/8.5 6.2/8.7 6.5/8.6 6.8/8.8 6.9/8.8 6.6 7.2
@7 (98 73/99)  (71/97) 71/99)  (74/98) (78/101)  (79/101) 75 (82)
5.1 8.6 8.4 6.6/8.6 6.4/8.4 6.4/8.6 6.6/8.7 7.2/8.7 7.4/8.9 7.1 6.9
(98) (S6) (75/98) (73/96) (73/98) (75/99) (82/99) (85/102) (81) 79)
10 8.5 8.4 7.2/8.6 6.8/8.6 7.6/8.6 7.6/8.7 7.6/8.9 7.6/8.7 7.8 82
o7  (96) (82/98)  (78/98) @7/98)  (87/99) (87/102)  (87/99) 89)  (94)
20 8.4 8.5 8.0/8.5 7.6/8.6 8.6/8.8 8.4/8.9 7.8/8.9 7.9/8.8 8.2 7.9
©6) (97) ©1/97)  (87/98) (98/101)  (96/102)  (89/102)  (90/101) ©4)  (90)

Temperature ("C)b

2 22/22 22/22 22/22 22

Exposure solutions were renewed at this interval. Measurements are presented as aged/freshly prepared.

Values presented represent the daily temperatures measured (Brooklyn alcohol thermometer) in all test concentrations and
the control at the stated time interval. Continuous temperature monitoring (Fisher Scientific Min-Max thermometer) of the
surrounding water in the waterbath established a temperature range of 21 to 22 °C throughout the exposure period.
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Table 2. Total hardness, total alkalinity and specific conductance
measured at 0-hour in the test solutions during the 96-hour
static renewal exposure of fathead minnow (Pimephales
promelas) to Dobanol® 91-8.

Nominal Total Total Specific
Concentration Hardness Alkalinity Conductance Acidity
(mg/L) (mg/L as CaCO,) (mg/L as CaCO,) {umhos/cm) (mg/L as CaCO,)
Control A 62 34 220 21
B 60 36 220 22
1.3 A 58 36 220 25
B 60 36 220 27
25 A 62 36 220 25
B 60 34 220 27
5.1 A 60 32 220 26
B 56 36 220 28
10 A 62 34 220 28
B 56 32 210 26
20 A 60 34 220 26
B 62 36 220 27

Springborn Laboratories, Inc.




Report No. 93-11-5036 Page 24 of 82

Table 3. Concentrations of Dobanol® 91-8 measured in the exposure
solutions during the 96-hour toxicity test with Pimephales
promeias.
Nominal
Concentration Measured Concentration (mg/L)
(mg/L) 0-Hour® 24-Hour® 72-Hour® 96-Hour® Mean® % Nominal®®
Control ND® ND ND ND NA! NA
1.3 1.1 0.94 0.97 0.92 0.98 75
25 23 2.1 22 2.1 22 86
5.1 4.3 3.8 3.8 3.7 3.9 76
10 8.5 8.5 8.7 8.3 8.5 85
20 18 17 17 17 17 87
Stock Solution® 19,000 19,000 19,000 NA 19,000 96
(20,000)
2 Samples analyzed at this interval were removed from the freshly prepared exposure solutions.
b Samples analyzed at this interval were removed from the aged exposure solutions.
c

Calculated values are based on actual analytical results and not on rounded values (two significant
figures) presented in this table.

Mean % of Nominal = 82% (calculation excludes stock solution)

ND = Not detected; less than the limit of detection (LOD)

NA = Not Applicable

Nominal concentration of stock solution is presented in parentheses.

. "~ a Qo
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Table 4. Concentrations tested, corresponding cumulative percent
and number of mortalities and observations made during the
96-hour static renewal exposure of fathead minnow (Pime-
phales promelas) to Dobanol® 91-8.

Cumulative Percent Mortality®

Mean
Measured 24-Hour 48-Hour 72-Hour 96-Hour
Concentration :
(mg/L) A B Mean A B Mean A B Mean A B Mean
Control 0 0 0 0 0 0 0 0 0 0 0 0
© (O © O © () @ (0
0.08 0 0 0 0 0 0 0 0 0 0 0 0
@ © © (0 ©@ © @ (O
22 0 0 0 0 0 0 0] 0 0 0 0 0]
@ (© © (0 @ (© @ (0
3.9 0 0 0 0 0 0 0 0 0 0 0 0
@ (0 © (0 © (O @ (©
8.5 o o ¢ 20 0 10° 20 0 10° 20 0 10°
© (© @ O @ © 2 (O
17 100 100 100 100 100 100 100 100 100 100 100 100

(10) (10 (10) (10 (10) (10) (10

(10)

2 The actual number of dead fathead minnow is presented in parentheses.
®  All of the surviving fish exhibited a complete loss of equilibrium.
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Table 5. The LC50 values, corresponding 95% confidence intervals
and No Observed Effect Concentration (NOEC) established
during the 96-hour static renewal exposure of fathead min-
now (Pimephales promelas) to Dobanol® 91-8.

95% Confidence Interval

LCs0 Lower Upper

(mg/L) (mg/L) (mg/L)
24-Hour? 12 8.5 17
48-Hour? 11 8.5 17
72-Hour? 11 8.5 17
96-Hour? 11 8.5 17

NOEC through 96 hours = 3.9 mg/L

a

LC50 value estimated by nonlinear interpolation; 85% confidence interval calculated by binomial
probability.

Springborn Laboratories, Inc.
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Figure 1.

Probit Response

The 24-hour concentration-response (mortality) curve for the
static renewal exposure of fathead minnow (Pimephales

promelas) to Dobanoi® 91-8.
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Figure 2.

Probit Response

The 48-hour concentration-response (mortality) curve for the
static renewal exposure of fathead minnow (Pimephales

promelas) to Dobanol® 91-8.
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Figure 3.

Probil Kesponse

The 72-hour concentration-response (mortality) curve for the
static renewal exposure of fathead minnow (Pimephales
promelas) to Dobanol® 91-g,
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Figure 4.

Probit Response

The 96-hour concentration-response (mortality) curve for the
static renewal exposure of fathead minnow (Pimephales
promelas) to Dobanoi® 91-8.
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TEST PROTOCOL

PROTOCOL TITLE: Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute
Toxicity Test, Under Static Renewal Conditions, with Fathead Minnows
Following TSCA Test Guidelines § 797.1300
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Aleohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity
Test, Under Static Renewal Conditions, with Faethead Minnows Foliowing
TSCA Test Guidelines § 797.1400.

1.0 INTRODUCTION

The purpose of this test is to determine the acuta lethal effects of an alcohol ethoxylate
surfactant on fathead minnows under static renewal conditions. Test resuits will be reported as
the 24-, 48-, 72- and $6-hour LCSQ values (the median concentration which will kill 50% of the
number of fish exposed) with 85% confidence limits. The No-Observed-Effect Concentration
(NOEC) will also be reported. The test procedures performed during the biciogical portions of
this study will meet or exceed the standard procedures described in the U.S. EPA Toxic
Substance Control Act (TSCA) Test Guidelines § 797.1400 (U.S. EPA, 1985) and will meet the
primary technical objectives of Shell Research Limited/Sittingbourne Research Centre guidelines
(SOP No. 81, Edition No.8).

2.0 MATERIALS AND METHODS

2.1.1. Justification for Test System. Characteristics which make this test organism suitable
for acute toxicity testing are their ease of culturing and handling, their sensitivity to a
variety of chemical substances, and the extensive data base for this common freshwater
fish species.

2.1.2. Species. Juvenile fathead minnow, Pimephales promefas, will be used to conduct the
static acute toxicity test. The fish will be of approximately the same size and age, i.e., the
length of the largest fish will not exceed the length ot the smallest fish by more than two-
foid. Fish will weigh less than 2.0 grams at the initiation of the study. Very young (not
actively feeding), sexually mature, spawning and/or recently spent fish will not be used.

2.1.3. Origin and Acclimation. The fish will be obtained from in-house cultures. Fish will be
gradually acclimated to the test conditions, and will be held for at least an additional 14
days in the dilution water prior to testing. They will be held a minimum of 48 hours at the
required test temperature, during which time total mortality must not exceed three percent,
or the fish will not be used.

2.1.4. Feeding. The fish will be fed a commercial pelieted food at least once daily prior to the
test, but will not be fed during the final 48 hours before the test, nor during the 86-hour
toxicity test. Periodic analyses of representative samples of the food will be conducted
to ensure the absence of potential toxicants, including pesticides, PCBs and selected
toxic metals, at concentrations which may be harmful to the fish.

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/FM-SR Page 2 of 9
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2.1.5. Handling. Fine-mash dip nets will be used to transfer the fish from the culture vessel to
the test chambers at test initiation, taking care to minimize possible stress due to
handling. Fish that are damaged or dropped during transfer will be not used.

2.1.6. Loading. Fish biomass to solution ratio ("loading®) will not exceed 0.5 grams per liter.

2.1.7. Reference Tests. In an effort to monitor the general heaith of tha test organism culture,
reference tests will be conducted, under static conditions, with Pimephales promelas
using copper nitrate as the referance toxicant. The results of these tests will be evaluated
based on nominal concentrations. The reference tests will be conducted using the same
population of fish within 30 days of the definitive exposure (i.e., either 30 days prior to or
30 days following the definitive exposure).

2.2 PHYSICAL SYSTEM.

2.2.1. Test Containers. The test chambers used in the static acute biocassay will be 18-L clear
glass vessals which will be chemically clean. Each test vessel will contain approximately
15 liters of test medium. This size will be adequate to meet the maximum allowabie
loading requirements (see above).

2.2.2. Glassware Preparation. All glassware used In testing will be thoroughly washed with
detergent and rinsed with tap water. This will be followed by sequential rinsing with a
10% solution of nitric acid, acetone, distilled deionized water, isopropancl and finaily
distilled deionized water.

2.2.3. Dilution Water. Dilution water will consist of unaduiterated water from a 100-meter
bedrock well mixed in varying proportions with untreated town well water, and will be
characterized as soft water with a typical total hardness of 50 - 70 mg/L as CaCQ,, and
alkaiinity of 20 - 35 mg/L CaCQ,. The pH range will be 6.0 to 8.5, and the specific
conductance will be 80 to 150 micromhos/cm. The well water will be fortified based on
the formutation for soft water presented in *Methods for acute toxicity tests with fish,
macroinvertebrates and amphibians® (USEPA, 1975). Total hardness and alkalinity will be
determined according to Standard Methods for the Examination of Water and Wastewater

(APHA, 1985).

The dilution water will be prepared in 500-L batches. New batches of dilution water will
be prepared when the pravious batch is exhausted or when a water quality parameter
(total hardness, alkalinity, etc.) has varied from the normal ranges. The dilution water will
be aerated with an air pump and air stones to bring the pH and dissclved gases into
equilibrium with the atmosphere. Fiberglass containers will be used to hoid the dilution
water. Total hardness, total alkalinity, pH and specific conductancs of the dilution water
will be monitored prior to use to assure that these parameters are within the normal
acceptable ranges. Total organic carbon (TOC) will be monitored approximatety once per
month. Periodic analyses of representative sampies of dilution water will be conduc:ed
to ensure the absence of potential toxicants, including pesticides, PCBs, unionized
ammonia, residual chlorine and selected toxic metals, at concentrations which may be

Springborn Laboratories Protoco! #: 072993/TSCA/SHELLIFM-SR Page 3 0of 9
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harmtut to the fish,

2.2.4. Replication and Control of Bias. Two replicates will be included with sach test
concentration and control. Test aquaria will be positioned inside a water bath by stratified
random design, and labeled by replicate and concentration {(or controf). Each replicate
test vessel will contain ten individuals, i.e., 20 fish will be used per concentration or
control(s). Fish will be added impartially to the test vesseis by adding no more than two
fish to each vessel until all vessels contain two fish. This procedure will be repeated until
each test vessel contains ten fish, Test organisms will be added to the exposure
solutions within 30 minutes of preparation.

2.3 CHEMICAL SYSTEM.

23.1. Test Material. Upon arrival at Springborn Laboratorias, Inc., the extemnal packaging of
the test material will be inspected for damage. The packaging will be removed and the
primary storage container will also be inspected for laakage or damage. The sampie
identity and percent active ingredient will be recorded and, uniess different arrangements
will be made with the study sponsor, the material will be stored in the dark at
approximately 20°C until used.

2.3.2. Toxicant Concentration Selection. Toxicant concentrations for the acute toxicity test will
be selected based on information provided by the Sponsor and obtained from a 96-hour
preliminary range-finding study exposing fathead minnow to the test material. The
preliminary test will consist of five widely spaced concentrations, usuaily of 15-L voiume,
each containing at least ten test fish. The range of concentrations selectad for the
definitive test is intendad to include effect levels (> 50% mortality) and at least one no-
effect level, but due to the nature of some tast materials, one or both leveis may not be
observed. A geometric series of five concentrations and one control will be used for each
definitive test atter consuitation with the Sponsor. A dilution factor of at least 60% wiil
be used.

2.3.3. Stock Preparation. The surfactant will be heated in a glass container at a temperature
of 50 - 60°C until completely meited. The metited test material will be stirred to ensure
homogeneity. A glass pipet will be used to transfer the material for weighing. The test
material will be weighed on an analytical balance for which a calibration log will be
maintained. The stock solution will be mixed for several minutes. A Chemical Usage Log
will also be maintained in which the amount, the date, the intended use and the user's
initials are recorded each time test material is used. The primary stock will be prepared
In distilled deionized water. The final concentration of the primary stock solution will be
1 - 2% active surfactant. A new primary stock solution will be prepared for each renewal
of test soiutions. Secondary stocks, if necessary, may be prepared in either distilled
deionized water or in dilution water (if the volume displacement of dilution water during
test solution preparation will be greater than 1%).

2.3.4. Measurement of Exposure Solution and Stock Solution Concentration. Samples from

each test chamber of each concentration and control(s) will be removed at test initiation
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{new soiutions) and test termination (old solutions). In acdition, a set of samples will also
be removed at 24 hours (old solutions) and at 72 hours (new soiutions). Replicate
solutions at each test concantration will be pooled. All primary stock soiutions prepared
during the course of the test will aiso be sampled.

2.3.5. Sampling. Water samples (approximately 500-mL) will be taken from a point
approximately midway between the surface, bottom and sides of each vessel. All
samples will be collected in 500 mL borosilicate glass containers with Teflon®-lined caps
which have been serially rinsed with deionized water, isopropanocl and deionized water
as specified in Section 222 Sampling containers will be completely filled to minimize
head space. Samples will be preserved with 1%. Formalin (i.e., 5 mi formaiin/500 mL
sample) and shipped within 24 hours to Battelle Ocean Sciences, Duxbury,
Massachusetts.

2.3.6. Anajytical Chemistry. Analyses of analytical samples will be conducted by Battelle
Ocean Sciences, Duxbury, Massachusatts, using a Shell Development Company anaiytical
method entitied "Analysis of Alcohol Ethoxylate Surfactants Using Solid Phase Extraction
(SPE) and HPLC/ELSD (Evaporative Light Scattering Detection) in Diiute Aqueous
Solutions®.

2.4 EXPERIMENTAL CONDITIONS.

2.4.1. Measurement of Water Quality Variables. At test initiation, total hardness, aikalinity
acidity, TOC, TSS and specific conductivity will be measured and recorded in each
replicate vessel in each test concentration and control. Temperature, pH and dissolved
oxygen concentration will be recorded daily at each replicate of each concentration and
control. Measurements will be recorded for the aged and for the freshly prepared
solutions on renewal days.

2.4.2. Photoperiod. A combination of fluorescent bulbs will be used to illuminate the aquaria,
providing a wide spectrum that simulates natural sunlight. Light intensity at the water
surface will be 30 to 100 footcandles. An 8-hour dark and 16-hour light photoperiod will
be maintained during the test. There will be a transition period between light and dark.

2.4.3. Dissoived Oxygen. Total dissolved oxygen will exceed 90% of saturation (i.e., 7.9 mg/L
at 22 °C) at the initiation of the test, and will not be allowed to drop below 60% of
saturation (i.e., 5.3 mg/L at 22 °C) for the remainder of the test. Should the dissolved
oxygen fall below 60% of saturation, appropriate action will be taken after consultation
with the Study Sponsor.,

2.4.4. Tempersture. Water temperature of the tast soiutions will be maintained at 22 £ 2°C by
maintaining the aquaria in a waterbath.

2.4.5 pH. The pH of the control solutions will be maintained in a range of 6.0 to 8.5,
2.4.6. Biological Data. At 0, 24, 48, 72, and 96 hours during exposure, cbservations of stress,

Springborn Laboratories Protocol #: 072993/TSCA/SHELLIFM-SR Page 5 of 9
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abnormal behavioral activity and mortality will be made. Dead fish will be removed from
exposure solutions twice daily. In addition, prior to test initiation and whenever test
organisms are observed, characteristics of the test solutions will also be observed and
recordad, e.g., precipitated materials, cloudiness, etc.

2.4.7. Renewsal Scheme. Test solutions will be prepared at 0, 24, 48, and 72 hours of
exposure. Approximately 80 - 90% of the aged exposure soiutions will be replaced at 24,
48, and 72 hours of exposure. Test organisms will be caretully transferred to the freshly
prepared solutions.

2.4.8. Initiation and Test Duration. The study will be initiated when all test organisms have
been impartially added to the exposure sciutions. The study will be terminated following
96 hours of exposure at which time, mortaiity of the control organisms will not exceed
10% or the test will be considered unacceptable.

3.0 DATA EVALUATION

Mortality data derived from the acute test will be used to statistically estimate a median
lethal concentration (LCS0) and its 95% confidence interval after each 24-hour interval of
exposure. The LCS0 is the estimated mean measured concentration of the test material in
dilution water which produces 50% monrtality in the test fish population at the stated times of
exposurs.

The computer program utilized estimates LCSO values using one of three statistical
methods: probit analysis, moving average method, or binomial probabillity, The method selected
will be determined by the data base (i.e., presence or absence of 100% responsa, number of
partial responses, etc.). An LCS0 value cannot be caiculated if the mortality data derived is
insutficient according to any of the three statistical methods. The probit method provides values
of the slope, and Includes 95% confidence intervals as well as appropriate statistical tests to
evaluate goodness-of-fit.

Foliowing 96 hours of exposure, data cbtained on organism survival will be evaiuated to
establish the No-Observed-Effect Concentration (NOEC). This level is defined as the highest test

concentration at and below which there were no toxicant-related mortalities or physical and
behavioral abnormalities (e.g., lethargy).

The concentration-response data generated during this test will be provided to the Study
Sponsor in Lotus® format.

4.0 RECORDS TO BE MAINTAINED

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

5.0 REPORTING

The raw data generated at Springborn Laboratories and final draft of the report will be
reviewed by the Quality Assurance Unit and Study Director. All measurements (e.g. water quality)
will be reported to various lavels of significance depending on the accuracy of the measuring
devices employed during any one process. A single copy of the draft report will initially be
submitted to the Study Sponsor for review. Upon acceptance by the Sponsar, three (3) copies
of the final report will be submitted. All reports include, but are not limited to, the following
information.

. Springborn Laboratories, Inc., report and project numbers,.

* Laboratory and site, the dates of testing and personnel invaived in the study, e.g., Quality
Assurance Unit, Program Coordinator (it applicabis), Study Director, Principal Investigator.

. All information pertaining to the test material which appears on the sample bottle, e.g.,
its source, percent active ingredient, physical properties, Sponsor's test material I.D., and
sample number (if applicable).

. Characterization and origin of the dilution water.

. Scientific name of the test organisms, source, and culturing information.

. Range-finding study results.

* The 86-hour LCS0 value with the 95% confidence limits and control performance of
applicable copper nitrate reference test.

* Test container volume, dilution water volume, number of replicates used per
concentration, and number of organisms tested per treatment.

o Definition of criteria used to determine the sublethal effects, and general observations on
non-quantifiable effects.

* Description of exposure system and stock preparation.

. Test temperatures, dissolved oxygen concentration, and pH; photopericd and light
intensity; and specific conductance, total alkalinity and total hardness measured.

. Description of, or reference to, chemical and statistical procedures applied.

- Percentage ot mortality observed in the controls and in each treatment level at each

observation period, in tabular form.

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/FM-SR Page 7 of 9
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. The 24-, 48-, 72- and 96-hour LCS0's with 95 percent canfidence limits, and the No-
Observed-Effect Concentration (NOEC), wnen possibie. All caicufations will be based on
mean measured concentrations.

* Graph of the concentration response curve at each observation period for which an
LCSQis calculated. Mean measured concentrations will be used to establish the
concentration-response curve.

* Deviations from the protocel not addressed in protocol amendments together with a
discussion of the impact on the study, signed by the Study Dirsctor.

- Good Laboratory Practice (GLP) compliance statement (for the biclogical portion of the
study) signed by the Study Director,

* Dates of Quality Assurance reviews, signed by the QA Unit.

* Location of raw data and final report.

6.0 PROTOCOL CHANGES

All amendments to the approved protocol must be documented in writing and signed by
both the Study Director and the Sponsor’s contact or representative. Protocol
amendments and deviations must include the reasons for the change and the impact of
the change on results of the study, if any. Hf necessary, amendments initially may be in
the form of verbal authorization, followed by Springborn’s written documentation of
amendment. [n such a case, the effective date of the amendment will be the date of
verbal authorization.

7.0 SPECIAL PROVISIONS

GOOD LABORATORY PRACTICES (GLP): All test procedures, documentation, records, and
reports related to the biological partion of this study will comply with the U. S. Environmental
Protection Agency’s Good Laboratory Practices as promuigatad under the Toxic Substance

Controt Act (FEDERAL REGISTER, Part lll, 17 August, 1989)

TEST MATERIAL DISPOSAL: After 60 days of the Issuance of the final test report, the test
material will be returned to the Sponsor's project officer, at Sponsor expense, unless different
arrangements are made.

ARCHIVAL: All raw data and the final report will be archived at Shell Development Company
unless different arrangements are made.

Springborn Laboratories Protocol #: 072983/TSCA/SHELLIFM-SR Page 8 of 9
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Springborn Laboratories, Inc.
) s ph

790 Main Street  Wareham, Massachusecs 02571 e (508) 295-2550 e Telex 4436041 ¢ Facsimile (508) 295-8107

PROTOCOL AMENDMENT

AMENDMENT #: 1
DATE: 29 September 1993
PROTOCOL TITLE: “Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity
Test, Under Static Renewal Conditions, with Fathead Minnows Following
TSCA Test Guidelines § 757.1400."
STUDY SPONSOR: Sheii Development Company
TEST SUBSTANCE: Dobanol 91-8
SU STUDY #: 777.0993.6105.101
SPONSOR PROTOCOL/PROJECT NO.: WRC TOX NO.: 1227
AMENDMENT(S):
Amendment (Section 2.2.3)
The protocol states that the dilution water is characterized as soft water with a'typical total
hardness of 50 - 70 mg/L as CaCQ,, an alkalinity of 20 - 36 mg/L as CaCO,. The pH
range will be 6.0 - 8.5 and the specific conductance will be 80 - 150 microhos/cm.

The amended alkalinity range will be 25-45 mgIL as CaCQ, and the specific conductance
range will be 150-250 microhos/cm.

Rsason for change:

The alkalinity and conductivity ranges originally stated in the protocol were not consistent
with the desired total hardness range (i.e., SO - 70 mg/L as CaCQ,) for this study.

Amendment (Section 2.2.3)
The protocol states that total hardness, iotal alkalinity, pH and specific conductance of
the dilution water will be monitored prior to use to assure that thesea parameters are within
normal acceptable ranges.

Amended, the total hardness, total alkalinity, acidity, pH, TOC, TSS and specific
conductance of the dilution water will bs monitored prior to use.

Springborn Laboratories Protocol #: 072983/TSCA/SHELL/FM-SR Page 1 of 3
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Reason for change:

The additional dilution water parameters measured (i.e., acidity, TOC and TSS) are
included in order to meet the requirements for dilution water as stated in TSCA Guideline
797.1400.

Amendment (Section 2.2.3)
The protocol states that periodic anaiyses of dilution water are conducted to ensure the

absence of potential toxicants, including pesticides, PCB's, unionized ammonia, residual
chiorine and selected toxic metals which may be harmful to fish.

Amended, the periodic analyses will be conducted on the dilution water source.

Reason for change:

The dilution water used in this study is prepared by the addition of various salis to
standard laboratory dilution water in order to achieve -specified dilution water quality.
Periodic analyses are conducted on the standard laboratory dilution water used as the
source water for this study.

Amendment (Section 2.4.1)
The protocol states at test initiation total hardness, alkalinity, acidity, TOC, TSS and
specific conductivity will be measured and recorded in each replicate vessel in sach test
concentration and control.

Amended, at test initiation total hardness, alkaiinity, acidity and specific conductivity will
be measured in sach replicate vessel of each concentration and control.

Reason for change:
The TOC and TSS of the test soiutions is not required by the TSCA Guidelina. These
parameters are measured in the dilution water prior to use to ensure they are within
normal acceptable ranges.

Amendment (Section 2.4.7)
The protocol states that approximately 80 - 90% of the aged solutions will be replaced at
24, 48 and 72-hours of exposure and that test organisms will be carefully transferred to
the freshly prepared soiutions.

Amended, the test organisms will be carefully transferred to the freshly prepared
solutions.

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/FM-SR Page 2 of 3
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Reason for change:

The protocol is contradictory. Transferral of the fish to freshly prepared solutions does
not require partial replacemnent of the aged solutions. Replacement of 80 - 90% of the
aged solution was originally inciuded in the protocol as a means of avoiding the transfer
ot fish. Transter and excessive handling of fish during renewal is considered detrimental,
Howevaer, Springborn Laboratories, inc., wil utilize a procedure to transfer the fish which
minimizes physical trauma. Thereiore, test soiution repiacement of 100% of the soiution
will be possible.

Approval Signatures: _{}/a""' I w"“ 9-49.93

Maura K Coliins Date
SU Study Director

s (Trory —~ /D-14-93
DianaC.L Wong () Date
Sponsor Study Monitor
Springbomn Laboratories Protocol #:; 072993/TSCA/SHELL/FM-SR Page 3 of 3
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VSpringbom Laboratories, Inc.
- e Otvist

790 Main Street ® Wareham, Massachusetts 02571 e (508) 295-2550 e Telex 4436041 e Facsimile {508) 295-3107

PROTOCOL AMENDMENT

AMENDMENT #: 2

DATE: 13 January 1994

PROTOCOL TITLE: “Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity
Test, Under Static Renewal Conditions, with Fathead Minnows Following
TSCA Test Guidelines § 797.1400."

STUDY SPONSOR: Shell Development Company

TEST SUBSTANCE: Dobanol 91-8

SLI STUDY #: 777.0993.6105.101

SPONSOR PROTOCOUPROJECT NO.: WRC TOX NO.: 1227

AMENDMENT(S):

Amendment (Section 2.3.2)

The study protocol specifies that a dilution factor of at least 60% will be used. Per
Sponsor's request, the dilution factor utilized during this study was changed to 50%.

Reason for change:

This revision was made in an effort to achieve a No-Observed-Effect Concentration
(NOEC) and a LCSO0.

Approvai Signatures: '7'773,... t (M ViaXiid

Maura K. Collins Date
SL! Study Director

M (T gy — (=285 =74~
Diana C. L. Wong d Date
Sponscr Study Monitor
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5.0 APPENDIX Il - CERTIFICATE OF ANALYSIS
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Shell Deveiopment Company @

A Sonsim ¢t Dl OB Cumnsmsr

Yeasthciow Resemect Conter
P.Q Box 1280
Houssen, X 772511380

September 10, 1993

Famela M. Lincaln

Springoorn Lasorataries, Inc.
7SC Main Stireet

Warenam, MA (2371

Czar M. Lincoln:

T~e missing information. pertaining to the tast substance Ocbancl 91-8. that you
raqueszed of 3 in your letter dated 2 Septemder, 1993 is as follcws:

tat Numper: 37062210

£ Active Ingredient: 1302

Nat Amount Saipoed 8§78 9
Molscular Aeight avg 518 g/mol

T™he cer<i?icate of analysis for this test substance is attached.

1¥ you nave any questions then please do not hesitate to contact me &t the anove
aderess or by phone at (713} 433-7955.

Sincerely,

- Qargiyn A. Matula

Springborn Laboratories, Inc.
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6.0 APPENDIX Ill - CULTURE FOOD ANALYSIS
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Zeigler Brothers, inc. Salmon Starter Feed Sample*
Date Submitted:11/13/92 Date Reported: 12/1/92
Analysis Final Result Limit of Quantitation

Pesticide Screen L1l Resuft as Received

Aloha BHC < 0.01 mg/kg 0.01
Beta BHC i < 0.01 mgkg 001
Gamma BHC - Lindane < 0.01 mg/kg 0.01
Deta 8HC < 0.01 mg/kg 0.01
Hectachior < 0.01 mgkg 0.0t
Aldrin < 0.01 mg/kg J.01
Heptachlor Epoxide < 0.01 mg/kg 3.01
CCE < 0.01 mg/kg 00
DoD < 0.01 mgrkg 0.01
00T < 0.01 mg/kg 0.01
+C8 < 0.01 mg/kg a.01
Mirex < 0.01 mg/kg 0.01
Methoxychlor < 0.05 mg/kg 0.05
Dieidrin < 0.01 mg/kg i 0.01
Endnn I < 0.01 mg/kg 0.01
Teladrin < 0.01 mg/kg 0.01
Chlordane < 0.05 mg/kg 0.05
Toxaphene < 0.1 mg/kg 0.1
PCBs < 0.2 mg/kg 0.2
Rannel < 0.01 mg/kg 0.0t
Ethion < 0.02 mg/kg 0.02
Trithion < 0.05 mgkg 0.05
Ciazinon < 0.1 mg/kg 01
Methyl Parathion < 0.02 mg/kg 0.02
Ethyl Parathion < 0.02 mg/kg 0.02
Maiathion < 0.05 mg/kg 0.05
Endosutfan | < 0.01 mg/kg o0
Endosulfan I < 0.01 mg/kg 0.01
Endosufan Suifate < 0.03 mg/kg 0.03
Chiorpynfas < 0.01 mg/kg 0.01
* Analyzed by Lancaster Laboratories, Inc.

Springborn Laboratories, Inc.
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Zeigler Brothers Inc. Salmon Starter Feed Sample*
Cate Submitted:11/13/92 Date Reported:12/1/92
Analysis Final Resuft Limit of Quantitation
!

Pesticide Screen Il attached
Arsenic 2.1 ppm 0.1
Cadmium 0.4 ppm oR
Copper 2.1 mg/100 g 0.2
Lead 0.4 ppm 0.2
Mercury 0.10 ppm 0.02
Iinc 29.4 mg/100 g 0.2
Selenium (fluorometric) 1.6 ppm 0.1
* Analyzed by Lancaster Laborateries, Inc.

Springborn Laboratories, Inc.
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7.0 APPENDIX IV - DILUTION WATER ANALYSIS
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Well' Water Sample*
Date Coilected: 7/29/93 Date Reported: 9/17/93
Pesticide Screen III:!l Result As Received Limit of Quantitation
Alpha BHC < 0.01 g 0.01
Beta BHC < 0.01 ug/l 0.01
Gamma BHC - Lindane < 0.01 ugn 0.01
Defta BHC < 0.01 ag/l 0.01
Heptachlor < 0.01 ug/ 0.01
Aldrin < 0.01 ugf 0.01
Heptachlor Epoxide < 0.01 ug/l 0.01
DOE < 0.01 ugyl 9.01
poD < 0.01 ug/ 0.01
cot < 0.01 ng/l 0.01
HCB < 0.01 g/l 0.01
Mirex < 0.01 ngfl 0.01
Methoxychior < 0.05 g/l 0.05
Dieldrin < 0.01 pgt 0.01 -
Endrin < 0.01 pg/ 0.01
Telodrin < 0.01 g/t 0.01
Chiordana < 0.3 ught 0.3
Toxaphene < 4 pgl 4.
PCBs < 1. ugl 1.
Ronnel < 0.01 ug/l 0.01
Ethion < 0.02 pgh 0.02
Trithion < 0.05 ug/l 0.05
Diazinon < 0.1 pgh 0.1
Methyl Parathion < 0.02 ug/ 0.02
Ethyl Parathion < 0.02 ugi 0.02
Malathion < 0.05 ug! 0.05
Endosuffan | < 0.01 ug 0.01
Endosutfan i < 0.01 pgn oo
Endosulfan Suifate < 0.03 ugi 0.03
! Well water supplemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, Inc.

Springborn Laboratories, Inc.
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. Well' Water Sample*
Date Collected: 8/9/93 Date Reported: 8/26/93
Analysis Result As Received Limit of Quantitation
Mercury < 0.00020 my/ 0.00020
Arsenic < 0.20 mg/t 0.20
Selenium < 0.20 mgt 0.2
Boron < 0.040 mg/t 0.04
Thallium < 0.30 mg/l 03
Aluminum < 0.20 mg/l 0.2
Antimony < 0.20 my/ 0.2
Barium < 0.10 mg/l 0.1
Berylium < 0.010 mg 0.01
Cadmium < 0.010 mg/ 0.01
Calcium 7.71 mg/ 0.2
Chromium < 0.050 mght 0.05
Cobatt < 0.050 mgh 0.05
Copper < 0.020 mgn 0.02
Iron < 0.10 mgA 0.1
Lead < 0.10 mgfi 0.1
Magnesium 2.31 mg/i 01
Manganese < 0.010 mg/t 0.01
Molybdenum < 0.10 mgA 0.1
Nickel < 0.050 mg/t 0.05
Potassium 1.07 mg 05
Silver < 0.020 mgit 0.02
Sodium 14.0 mg/t 0.4
Titanium < 0.010 mght 0.01
Vanadium < 0.010 mg/i 0.01
Zinc <0.040 mg/ 0.04
Total Organic Carbon *** < 1. mgl 1.
1 Well water suppiemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, Inc.
*** Represerts "non-purgeabls TOC"

Springborn Laboratories, Inc.
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8.0 APPENDIX V - ANALYTICAL METHODOLOGY
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Study Title

Measurement of Dobanol® 91-8 in Dilute Aqueous Samples in Support of
Aquatic Toxicity Testing with Fathead Minnow

Data Requirements

United States Environmental Protection Agency (EPA) Toxic Substances Control Act (TSCA),
Good Laboratory Practice Standards (40 CFR, Part 792)

Submitted To

Springborn Laboratories, Inc.
790 Main Street
Wareham, MA 02571

Performing Laboratory

Battelle Ocean Sciences
397 Washington Street
Duxbury, MA 02332

Author

Gregory S. Durell

Study Initiation Date
September 10, 1993

Study Completion Date
November 23, 1993

Battelle Study Number
SD-930116
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COMPLIANCE STATEMENT

The work conducted at Battelle through Battelle Proposal/Agreement No. 882-H-0641 “Analysis of
Non-ionic Surfactants in Water Samples by HPLC and ELSD” was performed in compliance with
United States Environmental Protection Agency (EPA) Toxic Substances Control Act (TSCA),
Good Laboratory Practice Standards (40 CFR, Part 792), August 17, 1989.

Gregor{g. Ddrel/ Date

Analyti€al Chemistry Task Leader
Battelle Ocean Sciences
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QUALITY ASSURANCE STATEMENT
for

Measurement of Dobanol® 91-8 in Dilute Aqueous Samples in Support of
Aquatic Toxicity Testing with Fathead Minnow

In accordance with Good Laboratory Practice Standards (40 CFR, Part 792) dated August 17, 1989,
this study has been monitored by Battelle Ocean Science’s Quality Assurance Unit. Study audit dates
and dates when the results were reported to the Study Director and management are listed in the
tollowing table.

To the best of my knowledge, the analyses reported here accurately represent the data generated
during this study.

Dy /IJ AL 1~ 13-4y

Rosanna L. Buhl Date
Quality Assurance Coordinator
Battelle Ocean Sciences
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1.0 INTRODUCTION

The work reported in this document is a component of aquatic toxicological testing that has been
requested and initiated by the Sponsor of this study. The toxicological testing was conducted by
Springborn Laboratories, Inc. Battelle Ocean Sciences was responsible for providing chemical
analytical support to the toxicological testing by determining concentrations of the Test Substance in
samples received from Springborn Laboratories. The results of these chemical analyses are presented
in this Final Data Report.

The objective of the work reported in this document was to perform chemical analysis of aqueous
samples and primary stock solutions, for the determination of concentrations of alcohol ethoxylate
surfactants using the analytical method titled Analysis of Alcohol Ethoxylate Surfactants Using Solid
Phase Extraction (SPE) Cartridges and High Performance Liquid Chromatography with Evaporative
Light Scattering Detection (HPLC/ELSD) in Dilute Aqueous Solutions. This analytical procedure was
approved by the Analytical Chemistry Task Leader on August 27, 1993, and by the Sponsor’s Project
Monitor on August 31, 1993.

1.1 Test Substance Identification

The Test Substance analyzed in this study was an alcohol ethoxylate (AE) surfactant (Dobanol 91-8%).
The Test Substance was provided by the Sponsor (Shell Development Company). The Sponsor was
also responsible for providing Battelle with the lot number, analysis, purity, stability, storage
requirements, and ail other relevant chemical and physical characterization data for the Test
Substance. The Test System and Test Substance identity and characterization information, and other
relevant test information for this study, as provided by the Sponsor, is summarized below.

Test System: Fathead Minnow
Test Substance: Dobanol® 91-8
Test Substance CAS#: 68439-46-3

Test Substance Lot#: LR21662-54
Test Substance Purity: 100%
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Test Substance Composition: A C,-C,, alcohol ethoxylate with an average of 8
moles of ethylene oxide per mole of alcohol. Traces
of free ethylene oxide (less than or equal to 6 ppm)
may be present in the neat Test Substance.

Test Substance Analysis: The percent purity data is based on process
knowledge, and research and development prior to
manufacture of the Test Substance used.

Test Substance Solubility: Completely soluble in water. May form gel.

Test Substance Stability: Stable. A stability and holding time of two years from
receipt at Battelle was assigned to the Test Substance.

Test Substance Storage Requirements: Ambient temperature or lower.

2.0 MATERIALS AND METHODS

2.1 Analytical Method Description

The analytical procedure used was developed for the determination of total alcohol ethoxylate
surfactants in aqueous samples. The method involves an extraction step to isolate the surfactant from
a water sample and a high performance liquid chromatography (HPLC) analytical procedure to
quantify the nonionic surfactant concentration. The results are reported as total alcohol ethoxylate
surfactant concentrations. Concentrations of the surfactant were also determined in primary stock
solutions received from the toxicology testing laboratory.

In order to analyze alcohol ethoxylate (AE) surfactants in aqueous matrices at low levels the
surfactant must first be isolated from the water, concentrated, and analyzed using an appropriate
method of detection to quantitate the amount of surfactant originally present in the aqueous sample.
The method used employs solid phase extraction (SPE) with a C, reverse phase cartridge for isolating
the analyte and concentrating the sample. After elution of the surfactant from the SPE cartridge with
methyl and isopropyl alcohol it is analyzed using an HPLC procedure (octyl HPLC-column separation
and methanol/water mobile phase gradient) that employs an evaporative light scattering detector
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(ELSD) for analyte detection and quantification. This method quantifies total AE surfactant without
distinguishing between the various individual AEs or carbon chain distributions.

The primary stock solution surfactant concentration was determined by simply diluting the sample to
the appropriate concentration using methanol and analyzing it by HPLC/ELSD. No extraction step
was needed.

The analytical procedure is described in detail in the document entitled Analysis of Alcohol Ethoxylate
Surfactants Using Solid Phase Extraction (SPE) Cartridges and High Performance Liquid
Chromatography with Evaporative Light Scattering Detection (HPLC/ELSD) in Dilute Aqueous
Solutions, which was developed specifically for these analyses. This Test Substance specific
document was prepared by Battelle and approved by the Sponsor on August 31, 1993. The analytical
procedure document, and associated study-specific analytical information, is included in Battelle’s
data-package for this study. This data-package will be provided to the Sponsor and a copy maintained
by Battelle Ocean Sciences.

2.2 Laboratory Quality Control

The water samples were processed in analytical batches of no more than 20 test samples. Each batch
of test samples included four laboratory quality control (QC) samples: one procedural blank (PB), one
matrix spike (MS), one matrix spike duplicate (MSD), and one blank spike (BS). The procedural
blank (which consists of Milli-Q laboratory water carried through all steps and treated as other
samples) sample was used to ensure that there were no significant levels of laboratory contamination.
The matrix spike (test sample spiked with the target analyte), matrix spike duplicate, and blank spike
(Milli-Q water spiked with the target analyte) samples were used to demonstrate laboratory accuracy
and precision; these QC samples were also carried through all sample processing procedures and
treated as the rest of the samples.

A portion of a non-fortified (control) test sample was used to prepare the matrix spike samples
because it contained no background analyte levels yet had a sample matrix that was representative of
the test samples. The blank spike was processed to determine if the accuracy/recovery of the analyte
was affected by the sample matrix.

Each sequence of samples analyzed by the HPLC/ELSD instrument was initiated with a five-point
multilevel calibration. Test samples followed the initial calibration in the analysis sequence, and a
calibration check standard was analyzed at least every 12 samples to verify the validity of the
calibration.
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Summarized below are the QC data quality objectives that applied for this study.

Data Quality Objectives

QC Analysis Criteria Objective

Blank spike analyte recovery 70%-120%

Matrix spike analyte recovery 70%-120%

Matrix spike/spike duplicate precision <30% RPD

Procedural blank < 1X limit of quantification (LOQ)
Instrument muitilevel calibration Correlation coefficient >0.995
Instrument calibration check 15% RPD in determined and actual

standard concentration

2.3 Calculations

Sample Concentration Calculations

An external standard method of calibration and quantification was used. Sample extract
concentrations were determined by applying the multilevel quadratic calibration equation using a
chromatography data system on which the analytical data were acquired during the instrumental
analysis. A five-point calibration curve which bracketed the expected concentration range of exposure
samples was generated at the initiation of the HPLC analysis. Calibration standard concentrations
were approximately 31, 64, 103, 168, and 258 ug/mL. Original water sample concentrations were
subsequently determined by applying the water extraction volume (WEV) and pre-injection volume
(PIV) information. The PIV of the QC samples, controls, and 1,300 and 2,500 parts per billion (ppb)
nominal concentration samples was 1.00 mL, and it was 5.00 mL for the samples with nominal
concentrations of 5,100, 10,000, and 20,000 ppb. Analyte concentrations of the original water
samples were determined in ppb. Analyte concentration of the primary stock solution samples were

determined in parts per million (ppm).

Determined Water Sample Concentration (ppb) = EC X PIV x (1/WEV) X 1000

Primary Stock Solution Concentration (ppm) = EC x DIL VOL, x (1/DIL VOL,)
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EC = Extract (HPLC sample) concentration (ug/mL = ppm)

PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

DIL VOL, = Final volume of diluted Primary Stock subsample (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Quality Control Sample Calculations

Two separate calculations were performed on the Quality Control (QC) sample data. Percent
recoveries were determined for the blank spike and matrix spike samples, and the relative percent
difference (%RPD) between the two percent recovery values was determined for the matrix
spike/duplicate sample pair.

% Recovery = WCp X (1/WC,) X 100%
%RPD = [%BRECys — %RECysp] X (2/(%RECys + %RECysp)) X 100%

WCp= Determined water sample concentration (ppb) — calculated as shown above -
WC,= Spiked water sample concentration (ppb) — prepared concentration

%RECys = Percent recovery of the matrix spike sample

%RECysp = Percent recovery of the matrix spike duplicate sample

Limit of Detection and Limit of Quantitation

The limit of detection (LOD) and limit of quantitation (LOQ) was determined for the analyses. The
target analyte had to provide a detector response of a minimum 3:1 signal:noise ratio to be considered
detected.

The water sample equivalent LOD was calculated by comparing the peak height equivalent to a
signal:noise ratio of 3:1 in the sample to the peak height of the analyte in the low-level calibration
standard, and applying the water extraction volume (WEV) and the pre-injection volume (PIV), as
shown previously. The LOD was determined using two samples with the lowest nominal
concentration and averaging the values obtained in the two determinations.

The LOQ was determined as the water sample concentration equivalent to a final extract concentration
that is the same as the low calibration standard. The LOQ was determined using the PIVs and WEVs
used for the samples with the lowest nominal concentrations.
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LOD (ppb) Hyx X (C,e/Hy) X PIV x (1/WEV) x 1000

LOQ (ppb) = Cs X PIV x (1/WEV) x 1000

H,, = Peak height equivalent to 3 the noise in the sample

His = Peak height of analyte in the low-level calibration standard

Cos = Concentration of analyte in the low-level calibration standard (yg/mL = ppm)
PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

3.0 RESULTS

3.1 Analytical Results — Toxicological Test Samples

The results of the chemical analyses of the samples received from the toxicological testing laboratory
are presented in Table 1. The analyses of the test samples were performed in two analytical batches,
the first batch containing the t=0 hr and t= 24 hr samples and the second batch containing the t=72
hr and t=96 hr samples. Table 1 also presents the data for the Primary Stock Solution analyses.

The measured analyte concentrations in the test samples that had been fortified with the Test
Substance ranged from 922 ppb (for sample NB62, a sample with a nominal concentration of

1,300 ppb) to 17,720 ppb (for sampie NB45, a sample with a nominal concentration of 20,000 ppb).
The measured concentrations were between 71 percent (sample NB62) and 91 percent (sample NB42)
of the nominal concentration.

The concentrations measured for the Primary Stock Solutions were slightly lower than the expected
concentrations, with measured concentrations ranging from 18,980 to 19,380 ppm for the three

samples, all of which had nominal/expected concentrations of 20,000 ppm. The measured Primary
Stock Solution concentrations were between 3 and 5 percent lower than the expected concentration.
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Table 1. Dobanoi® 91-8 Concentrations in Samples Received from the
Toxicological Testing Laboratory

Battelle Test Sample Nominal Measured
Sample ID Time/Type Conc. Conc.
(ppb) (ppb)
Batch #1
NB40 t=0 0 ND
NB41 t=0 1,300 1,081
NB42 t=0 2,500 2,274
NB43 t=0 5,100 4,271
NB44 t=0 10,000 8,514
NB45 t=0 20,000 17,720
NB47 t=24, old 0 ND
NB48 t=24, old 1,300 936
NB49 t=24, old 2,500 2,095
NBS50 t=24, old 5,100 3,820
NBS1 t=24, old 10,000 8,468
NBS52 t=24, old 20,000 17,280
Batch #2
NB54 t=72, new 0 ND
NBS5 t=72, new 1,300 970
NBS56 t=72, new 2,500 2,212
NBS7 t=72, new 5,100 3,790
NBS8 t=72, new 10,000 8,650
NB59 t=72, new 20,000 17,430
NB61 t=96 0 ND
NB62 t=96 1,300 922
NB63 t=96 2,500 2,059
NB64 t=96 5,100 3,703
NB6S t=96 10,000 8.320
NB66 t=96 20,000 17,350
Primary Stock Solution (ppm) (ppm)
NC03 t=0, stock 20,000 19,380
NC04 t=24, stock 20,000 18,980
t=48, stock NA NA
NCO05 t=72, stock 20,000 19,090

ND: Not detected; <LOD.
NA: Not applicable. No t=48 hr Primary Stock Solution was submitted
for analysis.
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3.2 Analytical Resuits — Quality Control Samples

All quality control objectives were met for this work. The five-point multi-level instrument
calibration used had a correlation coefficient of 0.999836 for the quadratic equation generated, and
the continuing calibration check analyses ranged from 2.0 to 6.5 relative percent difference between
the determined and actual standard concentration.

The limit of detection (LOD) and limit of quantitation (LOQ) were determined as described in Section
2.3, and were as follows.

Limit of Detection and Limit of Quantitation

Limit of Detection (LOD) 192 ppb

Limit of Quantitation (LOQ) 618 ppb

Sample concentrations above the LOD were reported for this study. Sample concentrations below the
LOD were reported as “ND” (not detected). The concentrations for all samples with anticipated

analyte concentrations (i.e., all samples except the laboratory procedural blanks and toxicological test
control samples) had measurable levels of analyte and determined to be above the LOD and the LOQ.

The results of the laboratory quality control (QC) sample analyses are presented in Table 2. The
target analyte was not detected in either of the two procedural blank samples. The analyte recovery
in the blank spike (BS) samples were 92% and 98% for analytical batches #1 and #2, respectively.
The analyte recovery in the four matrix spike (MS/MSD) samples ranged from 91% to 95%, and
these data suggest that there were no significant matrix effects on the analytical procedure.

Acceptable precision was observed for both analytical batches. The relative percent differences in the
measured analyte recoveries for the MS/MSD duplicate analyses were 2% and 1% for analytical
batches #1 and #2, respectively.
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Table 2. Laboratory Quality Control Sample Analysis Results

Battelle QC Sample Recovery
Sample ID Type (%)
Batch #1
NB38-PB Proceduraj Blank ND
NB39-BS Blank Spike 92.0
NB72-MS Matrix Spike 92.8
NB73-MSD Matrix Spike Duplicate 91.1
MS/MSD %RPD: 1.8
Batch #2
NB74-PB Procedural Blank ND
NB75-BS Blank Spike 98.1
NAS8-MS Matrix Spike 94.4
NA9S9-MSD Matrix Spike Duplicate 95.3
MS/MSD %RPD: 0.9

ND: Not detected; <LOD.
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The QC data indicate that the laboratory analysis was in control for this work. There were no
identified circumstances or occurrences during the conduct of this work that may have affected the
quality or integrity of the data.

4.0 ARCHIVING OF DATA

Study records that will be maintained by Battelle include, but are not limited to:

. Verified copies of all raw data and documentation records

. Verified copy of the signed and approved Analytical Chemistry Method, and
associated amendments and deviations

. All correspondence, memos, or notes pertaining to the study

. Verified copy of the signed Final Data Report

. Test Substance records, including receipt and inventory, and physical and chemical

characterization data, as supplied by the Sponsor

All project files, including verified copies of the raw data and the Final Data Report, will be archived
by Battelle after the submission of this Final Data Report. The Battelle Quality Assurance Unit
manages the limited-access data archival. Additionally, a small amount of Test Substance will be
archived by Battelle.
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APPENDIX A

Deviations to Analytical Method
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page_ lof 1

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes _ X No
Entered by: Gregory S. Durell Date: December 6, 1993

Subject: Provision of Test Substance

The Test Substance for this study was provided by the Sponsor, not the toxicological testing
laboratory as specified in the Analytical Procedure Document. The Sponsor communicated that the
Test Substance provided to Battelle and the toxicological testing laboratory came from the same
lot/source.

Approved: —‘%}M W M/ Date: l&[ 0 @/ Q —')-
77
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__ 1 of 1

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: December 6, 1993

Subject: Purity of Nitrogen Gas for ELSD Detector

The purity of the liquid nitrogen used for the ELSD detector is guaranteed by the supplier (Liquid
Carbonic) to be a minimum of 99.998%, not 9.999% as specified in the Analytical Procedure
Document. The typical purity, as specified by the supplier, is 99.999%.

Approved: V@/f,{//k}l?l/-j M Date: lg/ocﬁi 3
/
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page 1 of 1

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: January 7, 1994

Subject: Sample Receipt and Shipment from the Toxicological Testing Laboratory

The samples shipped by the toxicological testing laboratory to Battelle for analysis were received in
coolers or boxes with no ice packs and were at abient temperature. They were not shipped in coolers
with ice packs as specified in the Analytical Procedure Document. This issue was communicated to
the Sponsor by telephone who verbally approved Battelle to proceed with the work on the samples
received. The lack of refrigeration while in transit should not impact the integrity of these samples.

Approved; : ’ Date:i[/i}ﬁ y
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__ 1 of 1

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: December 6, 1993

Subject: Return and Archival of Test Substance

Only a small amount of Test Substance was received by Battelle for this work (in a vial of
approximately 4 mL volume) and the unused material at the end of the study will be kept and
archived at Bartelle, not returned to the toxicological testing laboratory.

Approved: {WV/ M Date: ’9‘/0(017)
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Puge__1of 1|

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes _ X No
Entered by: Gregory S. Durell Date: December 20, 1993

Subject: Calculations of Original Water Sample Concentrations

The original water sample concentrations were calculated in spreadsheet tables by applying the water
extraction volumes (WEV) and pre-injection volumes (PIV) to the sample extract concentrations
determined using the chromatography software in the Hewlett-Packard LAS data system. These
calculations are described in the Study Report. The Analytical Procedure Document specified that the
original water sample concentrations be determined directly in the H-P LAS datasystem by enterring
the WEV and PIV data there.

Analyte concentrations of the original water samples were determined in parts per bitlion (ppb).
Analyte concentration of the primary stock solution samples were determined in parts per million

(ppm).
Determined Water Sample Concentration (ppb) = EC x PIV x (1/WEV) x 1000
Primary Stock Solution Concentration (ppm) = EC x DIL VOL, x (1/DIL VOL)

EC = Extract (HPLC sample) concentration (ug/mL. = ppm)
PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

DIL VOL, = Final volume of diluted Primary Stock subsample (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Approved: : . : Date: IQ/Q*O/Q )
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BATTELLE OCEAN SCIENCES »
Miscellaneous Documentation Form Page _ lof2

Project Title: Gap-Filling Project

Study Number: SD-930116 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes ___X Neo
Entered by: Gregory S. Durell Date: January 7, 1994

Subject: Miscellaneous Deviations to Analytical Method

Concentrator tubes were not rinsed and the rinsate transferred to a 4 mL vial for storage
on the day sample processing was completed, as indicated in the Analytical Procedure
Document and associated sample preparation check list. Instead the procedure was to
store the securely sealed concentrator tube refrigerated until HPLC analysis was
completed and then rinse and transfer any remaining sample in the concentrator tube and
HPLC vial to a common vial of suitable size (sometimes 4 mL and sometimes larger).
This deviation has no impact on the integrity of the samples because proper storage was
maintained.

The Test Substance was stored refrigerated and not at room temperature as specified in
the Analytical Procedure Document. This deviations has no impact on the integrity of
the material or results, because suitable storage conditions were maintained.

There were a few instances of incomplete temperature monitoring of Refrigerator #2
(where water samples are stored pre-extraction and extracts stored until archival) during
the performance of this work. Specifically, during the third week of November the
monitoring/logging was missed three times, during the fourth week of November it was
missed one time, and during the first week of December it was missed one time.
However, all sample extraction had been completed by these dates, and only sample
extracts (in methanol) were stored in the refrigerator. Sample extracts can be stored at,
or below, room temperature. This deviation would not impact the integrity of the
samples or the quality of the data.

One of the Control samples (NB61) was not tested for formaldehyde content. The
Analytical Procedure Document specified that all control samples be checked for
formaldehyde. However, at least one in ten samples were tested, as specified in the
Document.
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Paae 2P

Not all of the 7 concentration levels listed in the Study-Specific were analyzed by HPLC
at the beginning of the analytical sequence. These 7 standards had beea analyzed by
HPLC prior to the analysis of samples for this study, and the approximate response was
therefore known. A total of 5 standards were analyzed and 2 S-point calibration
generated, in accordance with the Analytical Procedure Document.

Approved: - Date: o ‘/O ? 9 9
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

The data and report presented for "Dobanol® 91-8 - Acute Toxicity to Daphnids
(Daphnia magna) Under Static Renewal Conditions" were produced and compiled in accor-
dance with all pertinent TSCA Good Laboratory Practice regulations with the following exception:
routine water contaminant screening analyses for pesticides, PCBs and metals were conducted
using standard U.S. EPA procedures by Lancaster Laboratories, Lancaster, Pennsylivania. These
data were not collected in accordance with Good Laboratory Practice procedures (i.e., no distinct
protocol, Study Director, etc.). Stability, characterization, and verification of the test material
identity and maintenance of records on the test material are the responsibility of the Study
Sponsor. At the termination of the testing program, all remaining test material will be sent to the
Study Sponsor. Archival of a sample of the test material is the responsibility of the Study

Sponsor.
SPRINGBORN LABORATORIES

7%}.4 [ 4,/4” -/ Y 9"/

Maura K. Collins Date
Study Director

Springborn Laboratories, inc.
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SUMMARY

Dobanol® 91-8 - Acute Toxicity to Daphnids
(Daphnia magna) Under Static Renewal Conditions

SPONSOR: Shell Development Corporation
P.C. Box 1380
Houston, Texas 77251

PROTOCOL TITLE: "Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute
Toxicity Test, Under Static Renewal Conditions, with Daphnia
magna, Following TSCA Test Guidelines § 797.1300," Springborn
Protocol #072993/TSCA/SHELL/DM-SR and Protocol Amendment
#1 dated 29 September 1993,

REPORT NUMBER: 93-11-5011

STUDY NUMBER: 777.0993.6104.110

TEST MATERIAL: Dobanol® 91-8, CAS #68439-46-3, Lot #97002310, WRC TOX.
Sample #1227, PSIS #7075

DATE RECEIVED: 2 September 1993

DESCRIPTION: A clear liquid reported by the Study Sponsor to contain 100%

active ingredient.

EXPERIMENTAL

START DATE: 19 October 1993

EXPERIMENTAL

TERMINATION DATE: 21 October 1993

SPECIES: Daphnia magna
Age: s 24 hrs

Source: Springborn Laboratories culture facility

Springborn Laboratories, Inc.
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LABORATORY
DILUTION WATER:

TEST CONDITIONS:
NOMINAL TEST
CONCENTRATIONS:

MEAN MEASURED
CONCENTRATIONS:

RESULTS:

Fortified well water

pH: 8.0

Specific conductivity: 500 umhos/cm

Total hardness as CaCO,: 160 mg/L

Total alkalinity as CaCO,: 110 mg/L

48-hour duration, 19 to 20 °C, illumination at 70 footcandles (750
lux), photoperiod of 16 hours light and 8 hours dark

1.3, 2.5, 5.0, 10 and 20 mg/L

1.1, 2.1, 4.4, 9.0 and 18 mg/L

Based on mean measured concentrations, the 48-hour EC50
value was estimated by nonlinear interpolation to be 12 m -~
(95% confidence interval calculated by binomial probatilit

to 18 mg/L). The 48-hour No-Observed-Effect Concentrat..
(NOEC) was determined to be 4.4 mg/L.

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The purpose of this study was to estimate the acute toxicity (EC50) of Dobanoi® 91-8 to
daphnids (Daphnia magna) under static renewal conditions. The ECS50 is defined as the
concentration of test material in dilution water which causes immobilization 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 resuiting from release of the test material into aquatic
environments. The study was initiated on 10 September 1993, 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 48-hour definitive test was conducted from 19 to 21 October 1993 at
the Environmental Sciences Division of Springborn Laboratories, Inc. (SLI), in Wareham, Massa-
chusetts. All original raw data and the final report produced during this study are stored at Shell

Development Company.

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used in this acute toxicity study followed those described in the Springborn
protocol entitled "Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity Test,
Under Static Renewal Conditions, with Daphnia magna, Following TSCA Test Guidelines
§ 797.1300," Springborn Protocol #072993/TSCA/SHELL/DM-SR and Protocol Amendment #1
dated 29 September 1993 (Appendix ). The method described in this protocol meet or exceed
the standard procedures described in the U.S. EPA Toxic Substances Control Act (TSCA) Test
Guidelines § 797.1300 (U.S. EPA, 1992) and meet the primary technical objectives of the Shell
Research Limited/Sittingbourne Research Center guidelines (SBT SOP No. 167, Edition No. 9).

2.2 Test Material

A sample of the Dobanoi® 91-8 (CAS #68439-46-3, Lot #97002310, WRC TOX. Sample
#1227, PSIS #7075, expiration date September 1994), a clear liquid reported by the Study
Sponsor to contain 100% active ingredient, was received from Shell Westhollow Research Center,
Houston, Texas, on 2 September 1993. Upon receipt at Springborn, the test material was stored
in a dark, ventilated cabinet at room temperature (approximately 20 °C). Test concentrations are

Springbern Laboratories, Inc.




Report No. 93-11-5011 Page 10 of 80

expressed as milligrams of Dobanol® 91-8 per liter of solution and are reported as mg/L.

2.3 Test Organisms

The Daphnia magna used in this toxicity test were obtained from laboratory cultures
maintained at Springborn. The culture water was prepared by fortifying well water based on the
formula for hard water (ASTM, 1980) and filtering it through an Amberlite XAD-7 resin column to
remove any potential organic contaminants. This water had total hardness and alkalinity ranges
as calcium carbonate (CaCO,) of 160 to 180 mg/L and 110 to 130 mg/L, respectively, a pH range
of 7.9 to 8.3, a temperature of 20 + 2 °C, a dissolved oxygen concentration of greater than 60%
of saturation and a specific conductivity range of 400 to 600 micromhos per centimeter
(umhos/cm) (SLI Invertebrate Water Quality Log Book, Vol. 14).

The daphnid culture area received a daily regulated photoperiod of 16 hours of light and
8 hours of darkness. Light at an intensity of 30 to 100 footcandles (320 to 1100 lux) at the
surface of the culture solutions was provided by Durotest Vitalite® fluorescent bulbs. The
ambient air temperature in the cuiture area was controlled in order to maintain the culture
solution temperature at 20 + 2 °C. Daphnids were fed a combination of a trout food (Ziegler
Brothers® Salmon Starter #1) suspension and a unicellular green algae (Ankistrodesmus falcatus)
once daily. The food solution contained 5.0 mg/mL trout food and approximately 4 x 107 cells/mL
of algae. Routine analyses were conducted on representative samples of the food sources for
the presence of metals, pesticides and PCBs (Appendix Ill). Food sources were considered to
be of acceptable quality since the total concentration of pesticides measured was less than
0.3 mg/kg (ASTM, 1985) (SLI Invertebrate culture log for Dapfinia magna, Vol. 9).

2.4 Reference Test

A copper nitrate reference test was conducted with the test organism population from 6
to 8 October 1893. The resulting 48-hour LC50 was calculated by moving average angle analysis
to be 46 pg/L (95% confidence interval of 39 to 54 ug/L) (SLI Daphnia magna Coppef Nitrate
Reference Log, Vol. ll). In addition to the above data, culture records document the ability of this

population of Daphnia magna to successfully and actively feed, grow and reproduce over a
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period of several generations. Based on the results of the reference test and the successful

culture of Daphnia magna, it was established that this population was suitable for testing.

2.5 Test Dilution Water

The dilution water used during this study was from the same source as the culture water
described above and had a total hardness and total alkalinity (as CaCQ,) of 160 mg/L and
110 mg/L, respectively, a pH of 8.0 and a specific conductivity of 500 umhos/cm (SLI IWQ Log
Book, Vol. 14). Representative samples of the dilution water source were analyzed for the
presence of metals, pesticides and PCBs (Appendix V). None of these compounds were
detected at concentrations that are considered toxic in any of the water samples analyzed, in
agreement with ASTM Standard Practice (ASTM, 1980). In addition, representative samples of
the dilution water source were analyzed monthly for total organic carbon (TOC) concentration.
Based on these analyses, the TOC concentration of the dilution water source ranged from 0.81
to 1.4 mg/L for the months of April to September 1993 (SLI TOC Master Log). In addition, TOC
concentration and total suspended solids (TSS) analyses were conducted at Springborn on the
batch of dilution water used during this study. The TOC concentration of the batch of hard
reconstituted water, Batch #1688, ranged from 0.38 to 0.42 mg/L for the month of October. The
TSS for this batch was 6.4 mg/L for the month of October. Several species of daphnids are
maintained in water from the same source as the dilution water utilized in this study and have
successfully survived and reproduced over several generations. The success of the cultured
daphnids, in combination with the previously mentioned analyses, confirms the acceptability of

this dilution water for bioassays.

2.6 Test Conditions

Test vessels were positioned in stratified random order in a waterbath designed to
maintain test solution temperatures at 20 + 2 °C. Test solutions were not aerated. The test area
was illuminated with Dura-Test Vita Lite and General Electric Coolwhite fluorescent bulbs at an
intensity of 750 lux. The photoperiod during testing was the same as that provided in the
daphnid culture area. The culture area received a regulated photoperiod of 16 hours of light and
8 hours of darkness. Sudden transitions from light to dark and vice versa were avoided.
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2.7 Test Concentrations
Selection of nominal Dobanol® 91-8 concentrations for the 48-hour definitive toxicity test
with Daphnia magna was based on toxicity information developed at Springborn through

preliminary testing. The nominal concentrations selected were 1.3, 2.5, 5.0, 10 and 20 mg/L.

2.8 Test Procedures

The static renewal toxicity test was conducted in 250-mL glass beakers which contained
200 mL of test solution. The exposure solution in each test vessel had a depth of 6.2 cm and
a surface area of 33 cm® Four replicates were maintained for each test concentration and
control. A 20 mg/mL stock solution was prepared by heating the glass bottle of test material in
a 1000-mL Pyrex beaker to a temperature ranging from 50 to 60 °C. Forty grams (40.000 g) of
test material was then removed using a glass pipet, and was diluted in 2 L of dilution water in
a 2-L volumetric flask. This stock solution was stirred for approximately 10 to 15 minutes to

ensure that the test material completely dissolved.

Test solutions with nominal concentrations of 1.3, 2.5, 5.0, 10 and 20 mg/L were prepared
by diluting the appropriate amount of the stock solution with 2000 mL of dilution water. Two
thousand milliliters (2000 mL) of solution were prepared for each concentration in order to
accommodate analytical sampling and to provide sufficient volume for water quality analyses.
The exposure solutions were stirred for 30 seconds with a magnetic laboratory stir plate and a
Teflon®-coated stir bar. The test solutions were observed to be clear and colorless with no sign
of undissolved test material. Replicate sterile 250-mL glass beakers, four per treatment level and
control, were conditioned prior to use. Two hundred milliliters (200 mL) of the appropriate test
solution was then placed in each of four replicate flasks. Following this procedure, all exposure
solutions were observed to be clear and colorless and contained no visible signs of undissolved
test material. One set of control vessels was also established which contained the same dilution
water and was maintained under the same conditions as the test vessels but contained no
Dobanol® 91-8. A duplicate set of exposure vessels was established to prepare renewal
solutions. Test solutions were renewed at 24 hours of exposure following the procedure

mentioned above.
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_ The test was initiated when daphnids were added to each test vessel (5 daphnids per
replicate, 20 daphnids per treatment level and control). Daphnids were added to the test vessels
one at a time until all test vessels contained one daphnid. This procedure was repeated untit all
replicate test vessels contained 5 daphnids. At the renewal period, the daphnids were carefully
transferred one at a time from the old test solutions into their respective new test solutions using
a wide bore pipet. Daphnids that were observed to be immobilized at the time of renewal were

not transferred into the new test solutions. Daphnids were not fed during the study.

2.9 Test Monitoring

The number of immobilized daphnids in each replicate test vessel was recorded at 24 and
48 hours of exposure. Biological observations and observations of the physical characteristics
of each replicate test solution were also made and recorded at O, 24 and 48 hours. The pH,
dissolved oxygen concentration and temperature were measured in each test concentration and
the control at O, 24 and 48 hours of exposure. Water quality measurements performed at
24 hours were made in both the old and new test solutions when applicable (i.e., less than 100%
immobilization). Total hardness, total alkalinity, acidity and specific conductivity were measured
at 0-hour in each replicate of the control and test solutions. In addition, the temperature of the
surrounding water in the waterbath was continuously monitored throughout the exposure period

using a minimum/maximum thermometer.

Total hardness concentration presented in this report was measured by the EDTA
titrimetric method and total alkalinity concentration was determined by potentiometric titration to
an endpoint of pH 4.5 (APHA et al., 1985). Specific conductivity was measured with a Yellow
Springs Instrument Company (YSI) Model #33 salinity-conductivity-temperature meter and probe.
A Jenco Model 601A pH meter and combination electrode was used to measure pH. Dissolved
oxygen concentration was measured with a YSI Model #57 dissolved oxygen meter and probe.
Daily temperature was measured with a Brooklyn alcohol thermometer. Continuous temperature

monitoring was performed using a Fisher Scientific Min/Max thermometer.
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2.10 Analytical Measurements

During the definitive exposure period, water samples were removed from the four replicate
solutions of the treatment level and the control at 0, 24 and 48 hours for the analysis of Dobanol®
91-8 concentration. Samples analyzed at O hour were removed from the excess test solution
remaining in the volumetric flasks prior to division into the test vessels. At the 24-hour interval,
both old and new test solutions were analyzed for Dobanol® 91-8 concentration. Samples
removed from the old solutions were composited (repiicates A, B, C and D) for each treatment
level and control. New solution samples were removed from excess test solution remaining in
the volumetric flasks prior to division into the test vessels. Samples analyzed at 48 hours were
removed from the composited test solution (replicates A, B, C and D) for each treatment level and
the control after biological observations and water quality measurements were taken. Each
exposure solution sample was collected from the approximate midpoint of the test vessel with
a volumetric pipet. Samples were collected in 800-mL borosilicate glass containers with Teflon®-
lined caps. Containers were completely filled to minimize head space and were preserved with
10% formalin.  Within 24 hours of preparation, the samples were shipped to Battelle Ocean
Sciences, Duxbury, Massachusetts, for analysis using the Shell Development Company analytical
method entitled "Analysis of Alcohol Ethoxylate Surfactants Using Solid Phase Extraction (SPE)
Cartridges and HPLC/ELSD (Evaporative Light Scattering Detection) in Dilute Aqueous Solutions".
This method is described in Battelle Ocean Sciences Study #5D-930115 (Appendix V). All of the
glassware used in testing and sample collection was thoroughly washed with detergent and
rinsed with tapwater, and then washed with sequential rinses of a 10% solution of nitric acid,

acetone, distilled-deionized water, isopropanol and distilled-deionized water.

2.11 Determination of EC50 and NOEC

The mean measured concentrations tested and the corresponding biological-response
data (immobilization) derived from the toxicity test were used to estimate 24- and 48-hour median
effect concentrations (EC50) and 95% confidence intervals. The EC50 is defined as the
concentration of the test material in dilution water which caused immobilization of 50% of the test
organism population at the stated time interval. If at least one test concentration caused

immobilization of greater than or equal to 50% of the test population, then a computer program,
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modified from the program of C. Stephan (Peltier et al, 1985), was used to calculate the EC50

values and 95% confidence intervais.

Three statistical methods were available in the computer program: moving average angle
analysis, probit analysis, and nonlinear interpolation with 95% confidence intervals calculated by
binomial probability. Moving average angle and probit analyses yield statistically sound results
only if at least two concentrations produce immobilization of between 0 and 100% in the test
population. The selection of reported EC50 values and 95% confidence intervals was based
upon an examination of the database and the results of the computer analysis. Selection criteria
included the establishment of a concentration-effect relationship, the number of concentrations
causing partial responses, and the span of responses bracketing the EC50 value. If two or more
statistical methods produced acceptable results, then the method which yielded the smallest 95%
confidence interval was selected. The No-Observed-Effect Concentration (NOEC) during the 48-
hour exposure period was also determined. The NOEC is defined as the highest concentration
tested at and below which there were no toxicant-related immobilization or physical and

behavioral abnormalities (e.g., lethargy, flared carapace), with respect to the control.

3.0 RESULTS

3.1 Preliminary Test

Prior to initiating the definitive study, a preliminary range-finding test was conducted at
Springborn from 23 to 25 September 1993 at nominal concentrations of 0.64, 1.6, 8.0, 20 and
50 mg/L. At 24 hours of exposure, 100% immobilization was observed in the two highest test
concentrations (20 and 50 mg/L). At test termination, no immobilization was observed in the
remaining test concentrations (0.64 to 8.0 mg/L). Based on the resuits of this range-finding test,
nominal concentrations of 1.3, 2.5, 5.0, 10 and 20 mg/L were selected for the definitive study with
Dobanol® 91-8.

3.2 Definitive Test
3.2.1 Evaluation of Test Conditions - The measurements of the water quality

parameters (i.e., pH, dissolved oxygen concentration, temperature) recorded during the definitive
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study are presented in Table 1a. Total hardness, total alkalinity and specific conductivity
recorded during the definitive study are presented in Table 1b. Analysis of the control and test
solutions at test initiation established a total hardness (as CaCQ,) ranging from 160 to 180 mg/L,
a total alkalinity (as CaCOy,) of 110 mg/L, a specific conductivity of 500 pmhos/cm and an acidity
(as CaCO,) ranging from 4 to 6 mg/L. Throughout the exposure period, the pH and dissolved
oxygen saturation for the control and test solutions ranged from 8.1 to 8.2 and 90 to 97%.
respectively. These results demonstrate that the water quality parameters measured were
unaffected by the concentrations of Dobano!® 91-8 tested and remained within acceptable ranges
for the survival of daphnids. Daily temperature monitoring of the test solutions and continuous
temperature monitoring of the water in the surrounding waterbath established that the tempera-

ture in the test solutions ranged from 19 to 20 °C throughout the exposure period.

3.2.2 Analytical Resuits - The results of the analyses of the primary stock solutions and
the exposure solutions for Dobanol® 91-8 concentration during the exposure period are
presented in Table 2. Resulits of the analyses of the primary stock solutions (20,000 mg/L) used
to formulate the test solutions established an average concentration of Dobanol® 91-8 of 93%
of the nominal concentration. Measured concentrations for all treatment levels were consistent
between sampling intervals. The mean measured concentrations averaged 87% of nominal and
defined the test concentrations as 1.1, 2.1, 4.4, 9.0 and 18 mg/L. Analytical results are presented
in Battelle Ocean Sciences Study #SD-930115 (Appendix V).

3.2.3 Biological Results - The mean measured concentrations tested, the
corresponding cumulative percent immobilization and the observations made during the definitive
exposure are presented in Table 3. All exposure solutions were observed to be clear and
colorless and contained no visible signs of undissolved test material. Following 24 hours of
exposure, 80% immobilization was observed among daphnids exposed to the highest
concentration tested (18 mg/L). In addition, all of the mobile daphnids exposed to this treatment
level were observed to be lethargic and at the surface of the test solution. Several daphnids
exposed to the 8.0 mg/L treatment level were observed to be lethargic. At test termination (48
hours of exposure), immobilization of 100% was observed among daphnids exposed to the
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18 mg/L test concentration. Immobilization of 5% was observed among daphnids exposed to
the 8.0 mg/L test concentration. In addition, several of the daphnids were observed to be
lethargic, and one was observed on the surface of the test solution. No immobilization or
sublethal effects were observed among daphnids exposed to the remaining test concentrations
(1.1,2.1 and 4.4 mg/L). The 24-hour concentration-response (immobilization) curve for this study

is presented in Figure 1. The 48-hour concentration-response curve is presented in Figure 2.

Table 4 summarizes the 24- and 48-hour EC50 values and corresponding 95% confidence
intervals, and presents the No-Cbserved-Effect Concentration (NOEC) through 48 hours. Based
on mean measured concentrations of Dobanol® 91-8, the 48-hour EC50 value was estimated by
nonlinear interpolation to be 12 mg/L with a corresponding 95% confidence interval calculated
by binomial probability of 9.0 to 18 mg/L. The NOEC for this study was 4.4 mg/L.
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PROTOCOL DEVIATIONS

The study protocol states that the water samples will be collected in 500-mL glass
containers which are completely filled to minimize headspace, and that the water samples
will be preserved with 5 mL of a 1% formalin solution (i.e., 5 mL formalin/500 mL sample).
During this study, sample containers were of approximately 800 mL in volume which were
completely filled to minimize headspace, and the water samples were inadvertently

preserved with 5 mL formalin at a concentration of 10%.

Although test solution samples were not prepared in accordance with the study protocol,
measured concentrations established during the 48-hour exposure period averaged 87%
of the nominal fortified concentrations. Based gn this data, it is our opinion that the
sample preparation procedures utilized during this study did not negatively impact the

samples.

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

SPRINGBORN LABORATORIES, INC.

“/’%uﬂ U alhy  2vsy

Maura K. Collins Date
Study Director
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QUALITY ASSURANCE UNIT STATEMENT

The raw data and report for “Dobanol® 91-8 - Acute Toxicity To Daphnids (Daphnia
magna) Under Static Renewal Conditions" were inspected by the Quality Assurance Unit (QAU)
at Springborn Laboratories Inc., Environmental Sciences Division to determine adherence with
the study protocol and laboratory standard operating procedures. In addition, inspection of
certain phases of the in-life portion of the study was performed. Dates of study inspections,
dates reported to the Study Director and to Management are listed below.

Based on these inspections, it was determined that this report accurately reflects the raw

data collected during this study.

Inspection Date Reported to Study Director Reported to Management

10/20/93 10/20/93 10/22/93

1/6/94 1/6/94 1/14/94

1/21/94 1/21/94 1/28/94

1/25/94 1/25/94 1/28/94

1/27/94 1/27/94 1/28/94

2/10/94 2/10/94 2/11/94

2/14/94 2/14/94 2/14/94

SPRINGBORN LABORATORIES, INC.

‘ &7 ) _
/ ;)/71&%4 /Zw [T o el G
Doreen S. Newhouse Date
Supervisor
Quality Assurance Unit
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Table 1a. The pH, dissolved oxygen concentration and temperature
measurements recorded during the 48-hour static exposure
of daphnids (Daphnia magna) to Dobanoi® 91-8.

Nominal o-Hour 24-Hour? 48-Hour
Concentration
(mg/L) A B o] D A B C D A B o] D
pH

Controi 8.1 8.1 8.1 8.1 8.1/8.1 8.1/8.1 8.1/8.1 8.1/8.1 8.1 8.1 8.1 8.1
1.3 8.1 8.1 8.1 8.1 8.1/8.2 8.1/8.2 8.1/8.2 8.1/8.2 82 82 82 82
2.5 8.1 8.1 8.1 8.1 8.1/8.2 8.1/8.2 8.1/8.2 8.1/8.1 82 82 82 82
5.0 8.1 8.1 8.1 8.1 8.1/8.2 8.1/8.1 8.1/8.2 8.1/8.2 82 82 82 82
10 8.1 8.1 8.1 8.1 8.1/8.2 8.1/8.2 8.1/8.2 8.1/8.2 8.2 82 82 8.2
20 8.1 8.1 8.1 8.1 8.2/8.2 8.2/8.2 8.2/8.2 8.2/8.2 8.2 8.2 8.2 8.2

Dissoived Oxygen, mg/L
(% saturation)

Control 87 87 87 87 85/86 8585 8586 8586 82 82 83 84
95 (95) (95) (95) (93/94)  (93/93)  (93/94)  (93/94) @) (90) (91) (92)

1.3 87 87 87 87 8.6/87 8586 8586 8586 83 83 83 83
(95) (95 (95) (95) (94/95)  (93/94)  (93/94)  (93/94) ©1) @) @) @1

25 88 87 88 87 86/87 86/87 8587 8586 83 83 83 83
@0 ©5 ©n (95 (94/95)  (94/95)  (93/95)  (93/94) @y @) @) ©1)

5.0 87 87 87 87 8.6/86 8586 8587 8587 83 83 83 83
©5) (95 (95) (95 (94/94)  (93/94)  (93/95)  (93/95) @) @) @) @1

10 88 87 87 87 86/86 8586 8587 86/86 83 84 83 83
©@7) (95 (95) (95) (94/94)  (93/94)  (93/95)  (94/94) @) (92 (©1) (@

20 87 87 87 87 8.7/86 87/87 B7/87 87/87 83 84 84 83
©5) (95 (95) (95) (95/94)  (95/95)  (95/95)  (95/95) @) (92 ©) @)

Temperature ("C)b

20 20/20 20

Exposure solutions were renewed at the 24-hour interval. Measurements are presented 2s Old/New.

Values presented represent the daily temperatures measured (Brooklyn alcohol thermometer) in all test concentrations and
the control at the stated time interval. Continuous temperature monitoring (Fisher Scientific Min-Max thermometer} of the
surrounding water in the waterbath established a temperature range of 19 to 20 °C throughout the exposure period.
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Table 2. Concentrations of Dobanol® 91-8 measured in the replicate
test solutions during the 48-hour static renewal exposure of
daphnids (Daphnia magna).

0-Hour 24-Hour 48-Hour Mean

Nominal Measured Measured Measured Measured

Concentration Concentration Concentration Concentration Concentration

(mg/L) (mg/L) (mg/L)® (mg/L) (mg/L)®e
Control ND¢ ND/ND ND NA®

1.3 1.2 1.1/1.1 0.82 1.1 (0.16)

2.5 2.2 2.2/2.2 1.8 2.1 (0.20)

5.0 4.8 5.3/3.7 : 3.7 4.4 (0.79)

10 9.4 9.3/8.8 8.6 9.0 (0.40)

20 19 18/19 18 18 (0.58)

2  Exposure solutions were renewed at the 24-hour interval. Measurements are presented as
Old/New.

®  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 presented in parentheses.

¢ ND = Not detectable; below the limit of detection.

¢ NA = Not Applicable
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Table 3. Mean measured concentrations tested, corresponding
cumulative percent and number of immobilized organisms
and observations made during the 48-hour static acute
exposure of daphnids (Daphnia magna) to Dobanol® 91-8.

Cumulative Percent of Immobilized ()Lgﬁe:nismsa

Mean
Measured 24-Hour 48-Hour
Concentration
(mg/L) A B C D Mean A B C D Mean
Control 0] 0 Q 0 0 0 0 0 0 0
@ © © (© @ ©@ (@© (©
1.1 0 0 0 0 0 0 0 0 0 0
@ © ©O (© © @© @© (©
2.1 0 0 0 0 0 0 0 0 0 0
© © O (© © © (© ()
4.4 0 0 0] 0 0 0 0 0 0 0
© © @© (0 @ ©@ (© (©
9.0 o® 0o° 0o o o 0® 20 o0¢ o s
@ © (@© () @ @1 © (©
18 809 100 80° 60° 80 100 100 100 100 100
@ 6B @ @ & B 6B (B

The actual number of immobilized daphnids is presented in parentheses.
Two of the mobile daphnids were lethargic.

Several of the mobile daphnids were lethargic.

All of the mobile daphnids were lethargic.

One of the mobile daphnids was lethargic.

One of the mobile daphnids was lethargic and on the surface of the solution.
All of the mobile daphnids were lethargic and on the surface of the solution.

Q@ " o a o o
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Table 4. The EC50 values, corresponding 95% confidence intervals

and No Observed Effect Concentration (NOEC) established
during the 48-hour static renewal exposure of daphnids
(Daphnia magna) to Dobanol® 91-8.

95% Confidence interval

ECS0 Lower Upper
(mg/L) (mg/L) (mg/L)

24-Hour? 15 9.0 18

48-Hour? 12 9.0 18

NOEC through 48 hours = 4.4 mg/L

a

ECS50 value estimated by nonlinear interpolation; 95% confidence interval calculated by binomial
probability.
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FIGURES
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Figure 1. The 24-hour concentration-response (immobilization) curve
for the static renewal exposure of daphnids (Daphnia magna)
to Dobanol® 91-8.
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Fighre 2. The 48-hour concentration-response (immobilization) curve
for the static renewal exposure of daphnids (Daphnia magna)
to Dobanol® 91-8.
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Springborn Laboratories, Inec.

Environmental Sciencas Olvision
780 Main Street » Warenam, Massachusetts 02571 e (508) 295-2550 e Teiex 4436041 ® Facsimiie (508) 295-8107

TEST PROTOCOL

PROTOCOL TITLE: Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute
Toxicity Test, Under Static Renewal Conditions, with Daphnia magna,
Following TSCA Test Guidelines § 797.1300

TO BE COMPLETED BY SPRINGBORN LABORATORIES PRIOR TO TEST INITIATION:
Testing Facility: Springbom Laboratories, Inc., 790 Main St., Wareham, MA 02571

Study Director: M. K. Cailne SU Study No.: 777. 0993, b/oy. 11p
Test Concentrations:_0 0. .0, 3.5 gad 13 ~ft gl Coabeplicn

Solvent Used:yailed n, s -/ -.U.SLCAS# or LOT#: ,UAI '

Proposaed Schedule: (Start) 19 pclb.r /992 ~ (Completion) 21 octobee 19a 2 oo
Proposed Draft Report Date:

(O T WETN U]
//}Zg.. ( (‘/d'nua , Q423
¢ Study Director Date
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Alcohol Ethoxylate Surfactants: Protocol for Conducting an Acute Toxicity
Test, Under Static Renewal Conditions, with Daphnia magna, Following
TSCA Test Guidelines § 797.1300

1.0 INTRODUCTION

The purpcse of this test is to determine the acute effects of an aicohol ethoxylate
surfactant on the water flea, Daphnia magna, under static ranewal conditions. Test results will
be reported as 24- and 48-h EC50 values, (the median concentration that will immobilize 50% ot
the number of daphnids exposed) with 95% confidence limits. The No-Observed-Elfsct
Concentration (NOEC) will aiso be reported. The test procedures performed during the biological
portions ¢t this study will meet or exceed the standard proceduras described in the U.S. EPA
Toxic Subs:ances Control Act (TSCA) Test Guidelines § 797.1300 (U.S. EPA, 1885) and will mest
the primary ‘echnical objectives of the Shell Research Limited/Sittingboune Research Centre
guidelines (SBT SOP No. 167, Edition No. ).

2.0 MATERIALS AND METHODS
2.1 TEST ORGANISMS.

2.1.1. Justification for Test System. Characteristics which make this test organism suitable
for acute toxicity testing are their ease of culturing and handling, their sensitivity to a
variety of chemical substances, and the extensive data basa for this common freshwater
invertebrate species.

2.1.2. Species. The daphnid crustacean (water flea), Caphnia magna, will be the species used
in this test. Test organisms will be < 24 hours old at the initiation of the test. Daphnids
will be obtained by removing ail immature daphnids from the culture vessel, thus isolating
sexually mature daphnids 24 hours prior to initiating the test. All organisms will originate
from the same culture popuiation. Young produced by these organisms will be
subsequently pipetted into the test beakers. Young for testing will not be taken from
cultures whare adults contain ephippia.

2.1.3. Origin and Acclimation. D. magna will be obtained from cultures maintained at
Springborn Laboratories, Inc. Daphnids will be cuitured in 2-L glass vessels containing
1 L of water. Water used 1o culture the daphnids will be prepared in the same manner
and will have the same characteristics as described for dilution water. Cutture water will
be maintained at the required test temperature (20 = 2°C). Each culture vessel will be
cleaned once weekly. Young will not be used if more than 20% of the culture stock die
within the 48 hours preceeding the test.

2.1.4. Feeding. While being maintained in cutture prior to the test, organisms will be fed daily
a combination of a trout food (Zegler Brothers® Salmon Starter #1) suspension and a
unicellular green algae, Ankistrodesmus faicatus. The food soiution will be prepared to
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2.1.5.

2.1.6.

contain 5 mg/mL trout food and approximately 4 x 107 cells/mL of algae. An alicuct of
0.5 mL of the trout food suspension and 2 mb of algae will be manuaily introduced to
sach culture vessel once daily. Daphnids will not be fed during the 48-hour exposure
period. Periodic analyses of representative samples of the food will be conducted to
ensure the absence of potential toxicants, inctuding pesticides, PCBs and selected toxic
metais, at concentrations which may be harmtul to the daphnids.

Handling. Wide-bore pipets will be used to transfer the daphnids, taking care to minimize
possible stress due to handling. Daphnids that are damaged or dropped during transter
will not be used. -

Reference Tests. In an effort to monitor the general heaith of the test organism culture,
reference tests will be conducted, under static conditions, with Dapfinia magna using
copper nitrate as the reference toxicant. The results of these tests will be evaiuated
based on nominal concentrations. The reference tests will be conducted using young
from the same culture population within 30 days of the definitive exposure (i.e., either 30
days prior to or 30 days following the definitive exposure).

2.2 PHYSICAL SYSTEM.

2.2.1.

222

2.23.

Test Containers. The test chambers used in the static acute bioassay will be 250-mL
glass beakers which are chemically clean. Each beaker will contain 200 mL of the test
solution or the control dilution water. The test vessels will be loosety covered.

Glassware Preparation. All glassware used in testing will be thoroughty washed with
detergent and rinsed with tap water. This will be followed by sequential rinsing with a
10% soiution of nitric acid, acetone, distilled deionized water, isopropanol and finally
distilled deionized water.

Dilution Water. Dilution water will consist of hard fortified well water with a total hardness
of 160 to 180 mg/L as CaCQ,. Hard water will be used since D. magna are generally
found in hard water habitats in the natural environment. The well water (total hardness
about 30 mg/L as CaCQ,) will be fortified according to the formulation for hard water
presented in *Methods for acute toxicity tests with fish, macroinvertebrates, and
amphibians® (U.S. EPA, 1975). Dilution watsr will be filtered through an amberiite XAD-7
resin coiumn (30 cm long and 1.6 cm wide) and an activated carbon bed. This filtration
will effectively remove any potential organic contaminants from the water.

Quality of the dilution water usad to conduct daphnid acute tests will be jucdged by the
ability of the daphnid cultures to survive and reproduce in the water frae of stress. The
dilution water wiil be prepared in 1,900-L batches. New batches of dilution water will be
prepared when the previous batch is exhausted, when a water quality parameter (total
hardness, alkalinity, etc.) has varied from the normal range, or after two weeks of holdir 3.
The dilution water will be aerated with an air pump and air stones to bring the pH and
dissolved gases into equilibrium with the atmosphere. Fiberglass containers will be used
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to hold the dilution water. Total hardness, tctal alkalinity, pH and specific conductance
of the dilution water will be monitored prior to use to assure that these parameters are
within the normail acceptabie ranges. Total organic carbeon (TOC) will be monitored
approximately once per month. Periodic analyses of representative samples ot dilution
water source will be conducted to ensure the absence of potential toxicants, including
pesticides, PCBs, unionized ammonia, residual chlorine and selected toxic metals, at
concentrations which may be harmful to the daphnids.

2.2.4. Replication and Controt of Bias. Four replicates will be included with each test
concentration and control. Test beakers will be labeled by replicate letter and
concentration {or control), and will be positioned in stratified random order. The daphnids
will be impartially added to the test vessels by adding one daphnid to the first beaker,
one to the naxt beaker and so forth until each beaker contains one test organism. This
procedure wiil be repeated until each beaker contains five daphnids. Test organisms will
be added to the exposure solutions within 30 minutes of preparation.

2.3 CHEMICAL SYSTEM.

2.3.1. Test Material. Upon arrival at Springbom Laboratories, Inc., the external packaging of
the test material will be inspected for damage. The packaging will be removed and the
primary storage container will aiso be inspected for leakage or damage. The sample
identity will be recorded and the material will be stored in the dark at approximatety 20°C
until used, unless specified differently by the test Sponsor.

2.3.2. Toxicant Concentration Selection. Toxicant concentrations for the acute toxicity test will
be selected based on information provided by the Sponsor and obtained from a 48-hour
preliminary range-finding study expasing D. magna to the test material. The range-finding
study will consist of five widely-spaced concentrations, usually of 1.0-L volume, each
containing ten daphnids. The range of concentrations selected for the definitive test is
intendad to include bath 100% effect and no-sffect levels, but due to the nature of some
compounds, one or both levels may not be observed. Five concentrations and one
control will be used for each definitive test, each concentration consisting of twenty test
daphnids atter consuftation with the Sponsor. A dilution ratio of 1.5 to 2.0 will be used.

2.3.3. Stock Preparation. The surfactant will be heated in a glass container at a temperature
of 50 - 60°C until completely meited. The metted test material will be stirred 10 ensure
nomogeneity. A glass pipet will be used to transter the material for weighing. The test
materiai will be weighed on an analytical balance for which a calibration log is maintainec.
The stock solution will be mixed for several minutes. A Chemical Usage Log will aiso be
maintained in which the amount, the date, the intended use and the user's initials will be
recorded each time the test material is used. The primary stock will be prepared in
distilled deionized water. The final cancentration of the primary stock solution wiibe 1 -
29 active surfactant. A new primary stock sclution will be prepared for each renewal of
test solutions. Secondary stocks, if necessary, may be prepared in either distilled
deionized water or in dilution water (if the volume displacement of dilution water during
preparation of the test solutions will be greater than 1%]).
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2.3.4. Measurement of Exposure Solution and Stock Solution Concentration. Samples from

each test chamber of each concentration and control(s) will be removed at test initiation
{new solutions), midterm (old and new solutions) and test termination (old soiutions).
Repiicate soiutions at each test concentration will be pooled. All primary stock solutions
prepared during the test will also be sampled.

2.3.5. Sampling. Water samples (approximately S00-mL) will be taken from a point approxi-
mately midway between the surface, bottom and sides of each vessel. All samples will
be collectad in 500 mL borosilicate giass containers with Teflon®-lined caps which have
been serially rinsed with deionized water, isopropanol and deionized water as spacified
in Section 2.2.2. Sampling containers will be compietety fllled to minimize head space.
Samples will be preserved with 1% formalin (i.e., 5 mL formalin/500 mL sample) and
shipped within 24 hours to Battelle Ocean Sciences, Duxbury, Massachusetts.

2.3.6. Analytical Chemistry, Analyses of analytical samples will be conducted by Battelle
Ocean Sciences, Duxbury, Massachusetts, using a Shell Development Company analytical
method entitied "Analysis of Aicohoi Ethoxylate Surfactants Using Solid Phase Extraction
(SPE) and HPLC/ELSD (Evaporative Light Scattering Detection) in Dilute Aqueous
Solutions®.

2.4 EXPERIMENTAL CONDITIONS.

2.4.1. Measurement of Water Quality Varlables, At test initiation, total hardness, alkalinity,
acidity, TOC, TSS and specific conductance will be measured and recorded in each
replicate vessel in each test concentration and control. Temperature, pH and dissolved
oxygen will be recorded daily in each replicate of each concentration and control.
Measurements will be recorded for the aged and for the freshly prepared soiutions on
renewal days,

2.4.2. Photoperiod. The tests will be illuminated at a light intensity of 30 - 100 footcandles
using a combination of fluorescent bulbs. A 16-hour light, 8-hour dark photoperiod will
be maintained with an automatic timer. There will be a transition period between light and
dark.

2.4.3. Dissoived Oxygen. Total disscived oxygen will not be allowed to drop below 0% or
exceed 105% of saturation for the duration of the test. Should the dissolved oxygen fall

below 80% of saturation, appropriate action will be taken after consultation with the Study
Sponsor.

2.4.4. Yemperature. Water temperature of the test solutions will be maintained at 20 + 2¢C by
concucting the test in a waterbath.

2.4.5. pH. The pH of the controi solutions will be maintained in a range of 6.0 to 8.5.
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2.4.6. Biclogical Data. The number of immobilized daphnids in each test vessel will be
recorded after 24 and 48 hours of test inftiation. Immobilization is defined as the lack ot
movement by the test arganisms except for minor activity of the appendages. In addition,
prior to test initiation and whenever test organisms are observed, characteristics of the
tast solutions will also be observed and recorded, e.g., pracipitated materiais, cloudiness,
etc.

2.4.7. Renewal Scheme. Tast solutions will be prepared at 0 and 24 hours of exposure.
Daphnids will be caretully transterred to the freshly prepared solutions using a wide-bore

pipet.

2.4.8. Initiation and Test Duration. The study will be initiated when all test organisms have
been impartially added to the exposure solutions. The study will be terminated following
48 hours of exposure at which time mortality of the control organisms will not exceed 10%
or the test will be considered unacceptable.

3.0 DATA EVALUATION

Test resuits derived from the acute test will be used to statistically estimate a median
eflective concentration (EC50) and its 95% confidence interval after 24 and 48 hours of exposure.
The ECSO0 is the estimated mean measured concentration of the test material in dilution water
which produces 50% immobility In the test populations of daphnids at the stated times of
exposure.

The computer program utilized estimates ECS0 vaiues using three statistical methods:
probit analysis, moving average method, and binomial probability. The method selected and
reported will be determined by the data base (l.e., presence or absence of 100% response,
number of partial responses, etc.). An ECS50 value cannot be calculated if the data derived is
insufficient aceording to any of the three statistical methods. The probit method provides values
of the slope, including 95% confidence intervais, as well as appropriate statistical tests to
evaluate goodness-of-fit.

Following 48 hours of exposure, data obtained on organism survival will be evaiuated to
establish the No-Obsarved-Effact Concentration (NOEC). This level is defined as the highest test
concentration at and below which there were nq toxicant-related mortalities or physical and
behavioral abnormalities (e.g., lethargy).

The concentration-response data generated during this test will be provided to the Study
Sponsor in Lotus® format.
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4.0 RECORDS TO BE MAINTAINED

Records to be maintained will include but will not be limited to correspondancs and other
documents relating to the interpretation and evaluation of data as well as ail raw data and
documentation generated at Springbomn Laboratories as a result of the stuay.

5.0 REPORTING

The raw data generatad at Springbom Laboratories and final dratt of the report will be
reviewed by the Quality Assurance Unit and Study Director. All measurements (e.g. water quality)
will be reported to various levels of significance depending on the accuracy of the measuring
devices employed during any one process. A singie copy of the draft report will initially be
submitted to the study Sponsor for review. Upon acceptance by the Sponsor, three (3) copies
of the final report will be submitted. All reports include, but will not be limited to, the following

information:
. Springborn Laboratories, Inc., report and project numbaers.
* Laboratory and site, the dates of testing and personnel invoived in the study, e.g., Quality

Assurance Unit, Program Coordinator (if applicable), Study Director, Principal investigator.

* All Information pertaining to the test material which appears on the sample bottle, e.g.,
its source, percant active ingredient, physical properties, Sponsor’s test material .D., and
sample number (if applicable).

. Characterization and origin of the diiution water.

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

* Range-finding study resutts.

. The 48-hour ECS0 value with the 95% confidence limits and control performance of
applicable copper nitrate reference test.

* Test container volums, dilution water volume, number of replicates used per concentra-
tion, and number of daphnids used per treatment.

* Definition of criteria used to determine the sublethal effects, and general obsarvations on
non-quantifiable effects.

* Description of exposure system and stock preparation.
* Test temperatures, dissoived oxygen concentration, and pH; photoperiod and light
intensity; and specific conductance, total alkalinity and total hardness measured.
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* Description of, or reference te, chemical and statistical procedures applied.

- Percentage of daphnids that were immobilized in the controls and in each treatment at
each observation period, in tabular form.

* The 24- and 48-hour EC50's with 95 percent confidence limits, and the No-Observed-
Effect Cancentration (NCEC), when possible. All calculations will be based on mean
measurad concentrations.

. Graph of the concentration-response curve at each observation period for which an ECS0
is caiculated. Mean measured concentrations will be used to establish the concentration-
response curve.

- Deviations from the protocol not addressed in protocol amendments, together with a
discussion of the impact on the study, signed by the Study Director.

- Good Laboratory Practice (GLP) compliance statement (for the biological partion of this
study) signed by the Study Director. :

* Dates of Quality Assurance reviews, signed by the QA Unit.

. Location of raw data and final report.

6.0 PROTOCOL CHANGES

All amendments to the approved protacol must be documented in writing and signed by
both the Study Director and the Sponsor's contact or representative. Protocol amend-
ments and deviations must include the reasons for the change and the impact of the
change on results of the study, if any. if necessary, amendments initially may be in the
form of verbal authorization, followed by Springbom's written documentation of the
amendment. In such a case, the effective date of the amendment will be the date ot
verbal authorization.

7.0 SPECIAL PROVISIONS

GOOD LABORATORY PRACTICES (GLP): All test procedures, documentation, records, and
repornts related to the biclogical portion of this study will comply with the U. S. Environmental
Protection Agency's Good Laboratory Practices as promulgated under the Toxic Substance
Control Act (FERDERAL REGISTER, Part IV, 17 August, 1589)

TEST MATERIAL DISPOSAL: After 60 days of the issuance of the final test report, the test
material will be returned to the Sponsor's project officer, at Sponsor expense, unless different
arrangements are made.
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ARCHIVAL: All raw data and the final report will be archived at Shell Development Company
unless different arrangements are made.
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Springborn Laboratories, Inc.
Environmentsi Sciences Division
790 Main Strest @ Wareham, Massachusaetts 02571 e (508) 295-2550 e Telex 4436041 e Facsimile (508) 295-8107

PROTQZOL AMENOMENT

AMENDMENT #: 1
DATE: 29 Septembc: 1593
PROTOCOL TITLE: ‘“Alcohol Etha:ylate Surfactants: Protocol for Conducting an Acute Toxicity

Test, Under Static Renewal Conditions, with Daphnia magna, Following
TSCA Test Guidelines § 797.1300."

STUDY SPONSOR: Shell Development Company
*  TEST SUBSTANCE: Dobanot 91-8

SUSTUDY #: _ 777.0983.6104.110

SPONSOR PROTOCOL/PROJECT NO.: WRC TOX NO.: 1227

AMENDMENT(S):

Amendment (Section 2.2.3)

The protocol states that total hardness, total alkalinity, pH and specific conductance of
the dilution water will be monitored prior to use to assure that these parameters are within
normal acceptable ranges.

Amended, the total hardness, total alkalinity, acidity, pH, TOC, TSS and specific
conductance of the dilution water will be monitored prior to use.

Reason for change:

The additional dilution water parameters measured (i.e., acidity, TOC and TSS) are
included in order to meet the requirements for dilution water as stated in TSCA Guideline
757.1300.

Amendment (Section 2.3.4)

The protocol states that samples will be taken from each test chamber of each
concentration and control(s). Replicate solutions at each test concentration will be

pooied.

Amended, the samples will be taken for the new solutions by removing the appropriate
aliquot from each test solution prior to spiitting the solution into replicate chambers.
Sampies for the old solutions will be taken as originally stated in the protocol.
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Reason for change:
The amended method presented is a clarification of the intended procedure.
Amendmant (Section 2.4.1)
The protocol states at test initiation total hardness, alkalinity, acidity, TCC, TSS and
specific conductance will be measured and recordad in each replicate vessel in each test
concentration and control.

Amendaed, at test iniﬂaﬂon total hardness, alkalinity, acidity and specific conductance wil
be measured in each replicate vessel of each concentration and control.

Reason for change:
The TOC and TSS of the test solutions is not required by the TSCA Guideline. These

parameters are measured in the dilution water prior 1o use to ensure they are within
normal acceptable ranges. . N

Approval Signatures: %" 4 M 299 =

Maura K. Collins Date
SU Study Director

&WEW/- /0-1#-73
Diana C. L Wong d Date
Sponsor Study Monitor
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5.0 APPENDIX Il - CERTIFICATE OF ANALYSIS
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Shell Development Company

A Qvision ot Srat OF Cuspany

Westholow Resserch Cevtier
P. Q. Box 12380
Houstar, X 772511380

September 10, 1993

Pamela M. Lincoln

Sgr{ngnorn Laboratories, [nc.
730 Main Streat

Warenam, MA 02571

Dear Ms. Lincoln:

The missing information, pertaining to the test substance Dobangl 91-8, that you
requested of me in your Tetter dated 2 September, 1993 is as follows:

Lot Number: §7002310

X Active Ingredient: 1002

Net amount Snipped §78 9
Holecular Weight avg 510 g/mol

The certificate of analysis for this test substance is attached.

I€¥ you have any questions then glease do not hesitate to contact me at the above
aderess or by phone at (713) 483-79s5.

Sincerely,

Chdp £t

Carolyn A, Matula

Springborn Laborateries, Inc.
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Sheii Chemicais

Shell Chemicals U.K. Limited
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6.0 APPENDIX Il - CULTURE FOOD ANALYSIS
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Zeigler Brathers Inc. Salmon Starter Feed Sample*
Date Submitted:11/13/92 Date Reported:12/1/92
Analysis Final Result Limit of Quantitation

Pesticide Screen LI attached
Arsenic 2.1 ppm 0.1
Cadmium 0.4 ppm 0.1
Copper 2.1 mg/100g 0.2
Lead 0.4 ppm 0.2
Mercury 0.10 ppm 0.02
Zinc 29.4 mg/100g 0.2
Selertum (fluorometric) 1.6 ppm 0.1
* Analyzed by Lancaster Laboratories, Inc.
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Ankistrodesmus Grab Sampie*

Date Collected: 7/28/93 Date Reported: 9/6/93

Analysis Result As Received Limit of Quantitation
Pesticide Screen 1,iI, I attached
Sodium 26. mg/t 10.
* Analyzed by Lancaster Laboratones, inc.
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7.0 APPENDIX IV - DILUTION WATER ANALYSIS
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well" Water Sample*

Date Collected: 7/29/93 Date Reported: 9/17/93

Pesticide Screen I!I:lil

Result As Received

Limit of Quantitation

Alpha BHC < 0.01 pgit 0.01
Beta BHC < 0.01 pgl 0.01
Gamma BHC - Lindane < 0.01 ug/ 0.01
Detta BHC < 0.01 pg/l 0.01
Hegtachior < 0.01 ug/l 0.01
Aldrin < 0.01 ug/ 0.01
Heptachior Epoxide < 0.01 pgtt 0.0t
ODE < 0.01 ugl 0.01
000 < 0.01 ugit 0.01
oot < 0.01 ug! 0.01
HCB < 0.01 ug! 0.01
Mirex < 0.01 pg! 0.01
Methoxychlor < 0.05 ugil 0.05
Dieldrin < 0.01 ug/ 0.01
Endrin < 0.01 g/ 0.01
Telodrin < 0.01 g/ 0.01
Chiordane < 0.3 pgh 03
Toxaphene < 4 ugt 4.

PCBs < 1. ug 1.

Ronnel < 0.01 ug/t 0.01
Ethion < 0.02 ugh 0.02
Trithion < 0.05 gl 0.05
Diaznon < 0.1 g1 0.1
Methy! Parathion < 0.02 pg/t 0.02
Ethyl Parathion < .02 ug/! 0.02
Malathwon < 0.05 pg/l 0.05
Endosulfan | < 0.01 g 0.01
Endosultfan Il < 0.01 ug/ 0.01
Endosulfan Suifate < 0.03 pgh 0.03

! Well water supplemented by Town of Wareham water

* Analyzed by Lancaster Laboratories, Inc.

Springborn Laboratories, Inc.
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Well' Water Sample*
Date Collected: 8/9/93 Date Reported: 8/26/93
Analysis Resuit As Received Limit of Quantitation
Mercury < 0.00020 mg/l 0.00020
Arsenic < (.20 mg/ 0.20
Selenium < 0.20 mg/ 0.2
Baron < 0.040 mg/t 0.04
Thallium < 0.30 mg/! 0.3
Aluminum < .20 mgl 02
Antimony < 0.20 mg/ 0.2
Barium < 0.10 mg! 0.1
Beryllium < 0.010 mg/t 0.01
Cadmium < 0.010 mg/t 0.01
Calcium 7.71 mg/l 02
Chromium < 0.050 mg/t 0.08
Cobatt < 0.050 mg/l 0.08
Copper < 0.020 mg/l 0.02
fren < 0.10 mgit 0.1
Lead < 0.10 mgh 0.1
Magnesium 2.31 mg/t 0.1
Manganese < 0.010 mgn 0.01
Moalybdenum < 0.10 mg/l 0.1
Nicket < 0.050 mgt 0.05
Potassium 1.07 mg/l 0.5
Silver < 0.020 mg/ 0.02
Sodium 14.0 mgh 04
Titanium < 0.010 mgn 0.01
Vanadium < 0.010 mgnt 0.01
Inc <0.040 mg/ 0.04
Total Organic Carban *** < 1. mglL 1.
1 Well water supplemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, Inc.
*** Represerts “non-purgeable TOC"

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The work reported in this document is a component of aquatic toxicological testing that has been
requested and initiated by the Sponsor of this study. The toxicological testing was conducted by
Springborn Laboratories, Inc. Battelle Ocean Sciences was responsible for providing chemical
analytical support to the toxicological testing by determining concentrations of the Test Substance in
samples received from Springborn Laboratories. The results of these chemical analyses are presented
in this Final Data Report.

The objective of the work reported in this document was to perform chemical analysis of aqueous
samples and primary stock solutions, for the determination of concentrations of alcohol ethoxylate
surfactants using the analytical method titled Analysis of Alcohol Ethoxylate Surfactants Using Solid
Phase Extraction (SPE) Cartridges and High Performance Liquid Chromatography with Evaporative
Light Scattering Detection (HPLC/ELSD) in Dilute Aqueous Solutions. This analytical procedure was
approved by the Analytical Chemistry Task Leader on August 27, 1993, and by the Sponsor’s Project
Monitor on August 31, 1993.

1.1 Test Substance Identification

The Test Substance analyzed in this study was an alcohol ethoxylate (AE) surfactant (Dobanol 91-8%).
The Test Substance was provided by the Sponsor (Shell Development Company). The Sponsor was
also responsible for providing Battelle with the lot number, analysis, purity, stability, storage
requirements, and all other relevant chemical and physical characterization data for the Test
Substance. The Test System and Test Substance identity and characterization information, and other
relevant test information for this study, as provided by the Sponsor, is summarized below.

Test System: Daphnia magna
Test Substance: Dobanol® 91-8
Test Substance CAS#: 68439-46-3
Test Substance Lot#: LR21662-54
Test Substance Purity: 100%
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Test Substance Composition: A GC,;-C,, alcohol ethoxylate with an average of 8
moles of ethylene oxide per mole of alcohol. Traces
of free ethylene oxide (less than or equal to 6 ppm)
may be present in the neat Test Substance.

Test Substance Analysis: The percent purity data is based on process
knowledge, and research and development prior to
manufacture of the Test Substance used.

Test Substance Solubility: Completely soluble in water. May form gel.

Test Substance Stability: Stable. A stability and holding time of two years from
receipt at Battelle was assigned to the Test Substance.

Test Substance Storage Requirements: Ambient temperature or lower.

2.0 MATERIALS AND METHODS

2.1 Analytical Method Description

The analytical procedure used was developed for the determination of total alcohol ethoxylate
surfactants in aqueous samples. The method involves an extraction step to isolate the surfactant from
a water sample and a high performance liquid chromatography (HPLC) analytical procedure to
quantify the nonionic surfactant concentration. The results are reported as total alcohol ethoxylate
surfactant concentrations. Concentrations of the surfactant were also determined in primary stock
solutions received from the toxicology testing laboratory.

In order to analyze alcohol ethoxylate (AE) surfactants in aqueous matrices at low levels the
surfactant must first be isolated from the water, concentrated, and analyzed using an appropriate
method of detection to quantitate the amount of surfactant originally present in the aqueous sample.
The method used employs solid phase extraction (SPE) with a C, reverse phase cartridge for isolating
the analyte and concentrzting the sample. After elution of the surfactant from the SPE cartridge with
methyl and isopropyl alcohol it is analyzed using an HPLC procedure (octyl HPLC-column separation
and methanol/water mobile phase gradient) that employs an evaporative light scattering detector
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(ELSD) for analyte detection and quantification. This method quantifies total AE surfactant without
distinguishing between the various individual AEs or carbon chain distributions.

The primary stock solution surfactant concentration was determined by simply diluting the sample to
the appropriate concentration using methanol and analyzing it by HPLC/ELSD. No extraction step
was needed.

The analytical procedure is described in detail in the document entitled Analysis of Alcohol Ethoxylate
Surfactants Using Solid Phase Extraction (SPE) Cartridges and High Performance Liquid
Chromatography with Evaporative Light Scattering Detection (HPLC/ELSD) in Dilute Aqueous
Solutions, which was developed specifically for these analyses. This Test Substance specific
document was prepared by Battelle and approved by the Sponsor on August 31, 1993. The analytical
procedure document, and associated study-specific analytical information, is included in Battelle’s
data-package for this study. This data-package will be provided to the Sponsor and a copy maintained
by Battelle Ocean Sciences.

2.2 Laboratory Quality Control

The water samples were processed in analytical batches of no more than 20 test samples. Each batch
of test samples included four laboratory quality control (QC) samples: one procedural blank (PB), one
matrix spike (MS), one matrix spike duplicate (MSD), and one blank spike (BS). The procedural
blank (which consists of Milli-Q laboratory water carried through all steps and treated as other
samples) sample was used to ensure that there were no significant levels of laboratory contamination.
The matrix spike (test sample spiked with the target analyte), matrix spike duplicate, and blank spike
(Milli-Q water spiked with the target analyte) samples were used to demonstrate laboratory accuracy
and precision; these QC samples were also carried through all sample processing procedures and
treated as the rest of the samples.

A portion of a non-fortified (control) test sample was used to prepare the matrix spike samples
because it contained no background analyte levels yet had a sample matrix that was representative of
the test samples. The blank spike was processed to determine if the accuracy/recovery of the analyte
was affected by the sample matrix.

Each sequence of samples analyzed by the HPLC/ELSD instrument was initiated with a five-point
multilevel calibration. Test samples followed the initial calibration in the analysis sequence, and a
calibration check standard was analyzed at least every 12 samples to verify the validity of the
calibration.
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Summarized below are the QC data quality objectives that applied for this study.

Data Quality Objectives

QC Analysis Criteria Objective

Blank spike analyte recovery 70%-120%

Matrix spike analyte recovery 70%-120%

Matrix spike/spike duplicate precision <30% RPD

Procedural blank < 1x% limit of quantification (LOQ)
Instrument muitilevel calibration Correlation coefficient > 0.995
Instrument calibration check 15% RPD in determined and actual

standard concentration

2.3 Calculations

Sample Concentration Calculations

An external standard method of calibration and quantification was used. Sample extract
concentrations were determined by applying the multilevel quadratic calibration equation using a
chromatography data system on which the analytical data were acquired during the instrumental
analysis. A five-point calibration curve which bracketed the expected concentration range of exposure
samples was generated at the initiation of the HPLC analysis. Calibration standard concentrations
were approximately 31, 64, 103, 168, and 258 ug/mL. Original water sample concentrations were
subsequently determined by applying the water extraction volume (WEV) and pre-injection volume
(PIV) information. The PIV of the QC samples, controls, and 1,300 and 2,500 parts per billion (ppb)
nominal concentration samples was 1.00 mL, and it was 5.00 mL for the samples with nominal
concentrations of 5,000, 10,000, and 20,000 ppb. Analyte concentrations of the original water
samples were determined in ppb. Analyte concentration of the primary stock solution samples were
determined in parts per million (ppm).

Determined Water Sample Concentration (ppb) = EC X PIV x (1/WEV) x 1000

Primary Stock Solution Concentration (ppm) = EC X DIL VOL, x (1/DIL VOL,
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EC = Extract (HPLC sample) concentration (ug/mL = ppm)

PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

DIL VOL, = Final volume of diluted Primary Stock subsample (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Quality Control Sample Calculations

Two separate calculations were performed on the Quality Control (QC) sample data. Percent
recoveries were determined for the blank spike and matrix spike samples, and the relative percent
difference (%RPD) between the two percent recovery values was determined for the matrix
spike/duplicate sample pair.

% Recovery = WC, X (1/WC,) X 100%
%RPD = [%ZRECys — %RECysp] X (2/(%RECys + %REC,p)) X 100%

WCy= Determined water sample concentration (ppb) — calculated as shown above
WCs= Spiked water sample concentration (ppb) — prepared concentration
%RECys = Percent recovery of the matrix spike sample

%RECysp = Percent recovery of the matrix spike duplicate sample

Limit of Detection and Limit of Quantitation

The limit of detection (LOD) and limit of quantitation (LOQ) was determined for the analyses. The
target analyte had to provide a detector response of a minimum 3:1 signal:noise ratio to be considered
detected.

The water sample equivalent LOD was calculated by comparing the peak height equivalent to a
signal:noise ratio of 3:1 in the sample to the peak height of the analyte in the low-level calibration
standard, and applying the water extraction volume (WEV) and the pre-injection volume (PIV), as
shown previously. The LOD was determined using two samples with the lowest nominal
concentration and averaging the values obtained in the two determinations.

The LOQ was determined as the water sample concentration equivalent to a final extract concentration
that is the same as the low calibration standard. The LOQ was determined using the PIVs and WEVs
used for the samples with the lowest nominal concentrations.
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LOD (ppb) = H,, X (Cis/Hy) X PIV x (1/WEV) x 1000

LOQ (ppb) = C.s X PIV X (1/WEV) x 1000

H,, = Peak height equivalent to 3 the noise in the sample

H,; = Peak height of analyte in the low-level calibration standard

Crs = Concentration of analyte in the low-level calibration standard (ug/mL = ppm)
PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

3.0 RESULTS

3.1 Analytical Resuits — Toxicological Test Samples

The results of the chemical analyses of the samples received from the toxicological testing laboratory
are presented in Table 1. The analyses of the test samples were performed in two analytical batches,
the first batch containing the t=0 hr and t= 24 hr (old) samples and the second batch containing the
t=24 hr (new) and t=48 hr samples. Table 1 also presents the data for the Primary Stock Solution
analyses.

The measured analyte concentrations in the test samples that had been fortified with the Test
Substance ranged from 817 ppb (for sample NB23, a sample with a nominal concentration of

1,300 ppb) to 19,140 ppb (for sample NB06, a sample with a nominal concentration of 20,000 ppb).
The measured concentrations were between 63 percent (sample NB23) and 106 percent (sample
NB11) ot the nominal concentration, with the majority of the samples having a measured
concentration ranging from approximately 70 to approximately 95 percent of the nominal
concentration. Some interference with the Dobanol® 91-8 signal/peaks was evident in the
HPLC/ELSD chromatogram of sample NB11, probably contributing a small amount to the measured
concentration of this sample. On an average, the concentrations in the t=48 hour samples are slightly
lower that the other, suggesting that there may be a slight loss of the analyte with time.
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Table 1. Dobanol® 91-8 Concentrations in Samples Received from the
Toxicological Testing Laboratory

Battelle Test Sample Nominal Measured
Sample ID Time/Type Conc. Conc.
(ppb) (ppb)
Batch #1
NBO1 t=0 0 ND
NBO02 t=0 1,300 1,168
NBO03 t=0 2,500 2,211
NBO04 t=0 5,000 4,795
NBO5 t=0 10,000 9,416
NBO06 t=0 20,000 19,140
NBO8 t=24, old 0 ND
NB09 t=24, old 1,300 1,136
NB10 t=24, old 2,500 2,243
NB11 t=24, old 5,000 5,282
NB12 t=24, old 10,000 9,313
NB13 t=24, old 20,000 18,480
Batch #2
NB19 t=24, new 0 ND
NB18 t=24, new 1,300 1,077
NB17 t=24, new 2,500 2,174
NB16 t=24, new 5,000 3,708
NB14 t=24, new 10,000 8,804
NB15 t=24, new 20,000 18,600
NB22 t=48, old 0 ND
NB23 t=48, old 1,300 817
NB24 t=48, old 2,500 1,823
NB25 t=48, old 5,000 3,707
NB26 t=48, old 10,000 8,582
NB27 t=48, old 20,000 17,730
Primary Stock Solution (ppm) (ppm)
NCo01 t=0, stock 20,000 18,320
NCO02 t=24, stock 20,000 18,820

ND: Not detected; <LOD.
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The concentrations measured for the Primary Stock Solutions were slightly lower than the expected
concentrations, with measured concentrations ranging from 18,320 to 18,820 ppm for the two
samplés, both of which had nominal/expected concentrations of 20,000 ppm. The measured Primary
Stock Solution concentrations were between 6 and 8 percent lower than the expected concentration.

3.2 Analytical Results — Quality Control Samples
All quality control objectives were met for this work. The five-point multi-level instrument
calibration used had a correlation coefficient of 0.999983 for the quadratic equation generated, and
the continuing calibration check analyses ranged from 2.0 to 5.2 relative percent difference between
the determined and actual standard concentration.
The limit of detection (LOD) and limit of quantitation (LOQ) were determined as described in Section

2.3, and were as follows.

Limit of Detection and Limit of Quantitation

Limit of Detection (LOD) 125 ppb

Limit of Quantitation (LOQ) 618 ppb

Sample concentrations above the LOD were reported for this study. Sample concentrations below the
LOD were reported as “ND” (not detected). The concentrations for all samples with anticipated

analyte concentrations (i.e., all samples except the laboratory procedural blanks and toxicological test
control samples) had measurable levels of analyte and determined to be above the LOD and the LOQ.

The results of the laboratory quality control (QC) sample analyses are presented in Table 2. The
target analyte was not detected in either of the two procedural blank samples. The analyte recovery
in the blank spike (BS) samples were 98% and 93% for analytical batches #1 and #2, respectively.
The analyte recovery in the four matrix spike (MS/MSD) samples ranged from 90% to 94%, and
these data suggest that there were no significant matrix effects on the analytical procedure.
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Table 2. Laboratory Quality Control Sample Analysis Results

Battelle QC Sample Recovery
Sample ID Type (%)
Batch #1
NB30-PB Procedural Blank ND
NB31-BS Blank Spike 97.6
NB32-MS Matrix Spike 94.0
NB33-MSD Matrix Spike Duplicate 91.5
MS/MSD %RPD: 2.6
Batch #2
NB34-PB Procedural Blank ND
NB35-BS Blank Spike 933
NB36-MS Matrix Spike 89.8
NB37-MSD Matrix Spike Duplicate 93.2
MS/MSD %RPD: 3.7

ND: Not detected; <LOD.
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Acceptable precision was observed for both analytical batches. The relative percent differences in the
measured analyte recoveries for the MS/MSD duplicate analyses were 3% and 4% for analytical
batches #1 and #2, respectively.

The QC data indicate that the laboratory analysis was in control for this work. There were no

identified circumstances or occurrences during the conduct of this work that may have affected the
quality or integrity of the data.

4.0 ARCHIVING OF DATA

Study records that will be maintained by Battelle include, but are not limited to:

o Verified copies of all raw data and documentation records
. Verified copy of the signed and approved Analytical Chemistry Method, and
associated amendments and deviations

. All correspondence, memos, or notes pertaining to the study
o Verified copy of the signed Final Data Report
. Test Substance records, including receipt and inventory, and physical and chemical

characterization data, as supplied by the Sponsor

All project files, including verified copies of the raw data and the Final Data Report, will be archived
by Battelle after the submission of this Final Data Report. The Battelle Quality Assurance Unit
manages the limited-access data archival. Additionally, a small amount of Test Substance will be
archived by Battelle.
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APPENDIX A

Deviations to Analytical Method
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form

Page__1of 1

Project Title: Gap-Filling Project
Study Number: SD-930115
This is a Deviation to Analytical Method:

Entered by: Gregory S. Durell

Battelle Project Number: N8328-0002

Yes __X No

Date: December 6, 1993

Subject: Provision of Test Substance

The Test Substance for this study was provided by the Sponsor, not the toxicological testing
laboratory as specified in the Analytical Procedure Document. The Sponsor communicated that the
Test Substance provided to Battelle and the toxicological testing laboratory came from the same

lot/source.

Approved: -

Date: LQ/O(D[ 9 ’3
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form

Page__1of 1

Project Title: Gap-Filling Project
Study Number: SD-930115
This is a Deviation to Analytical Method:

Entered by: Gregory S. Durell

Battelle Project Number: N8328-0002

Yes __ X No

Date: December 6, 1993

Subject: Purity of Nitrogen Gas for ELSD Detector

The purity of the liquid nitrogen used for the ELSD detector is guaranteed by the supplier (Liquid
Carbonic) to be 2 minimum of 99.998%, not 99.999% as specified in the Analytical Procedure
Document. The typical purity, as specified by the supplier, is 99.999%.

/I

v

Approved: v&/]/[’MM" v/ M Date: '@gO(ag Q}
V
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__ 1 of 1

Project Title: Gap-Filling Project

Study Number: SD-930115 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: January 7, 1994

Subject: Sample Receipt and Shipment from the Toxicological Testing Laboratory

The samples shipped by the toxicological testing laboratory to Battelle for analysis were received in
coolers or boxes with no ice packs and were at abient temperature. They were not shipped in coolers
with ice packs as specified in the Analytical Procedure Document. This issue was communicated to
the Sponsor by telephone who verbally approved Battelle to proceed with the work on the samples
received. The lack of refrigeration while in transit should not impact the integrity of these samples.

Approved: 4(&}3 %: ; Lﬁ - Wl Date: O\/O ;Zq ’

v
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__ 1 of 1

Project Title: Gap-Filling Project

Study Number: SD-930115 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes _ X No
Entered by: Gregory S. Durell Date: December 6, 1993

Subject: Return and Archival of Test Substance

Only a small amount of Test Substance was received by Battelle for this work (in a vial of
approximztely 4 mL volume) and the unused material at the end of the study will be kept and
archived z Battelle, not returned to the toxicological testing laboratory.

Approved: . Date: IQ( O@[? 3
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BATTELLE OCEAN SCIENCES
Miscellanesus Documentation Form Puge__ 1 of |

Project Title: Gap-Filling Project

Study Number: SD-930115 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __X No
Entered by: Gregory S. Durell Date: December 20, 1993

Subject: Caiculations of Original Water Sample Concentrations

The original water sample concentrations were calculated in spreadsheet tables by applying the water
extraction volumes (WEV) and pre-injection votlumes (PIV) to the sample extract concentrations
determined using the chromatography software in the Hewlett-Packard LAS data system. These
calculations are described in the Study Report. The Analytical Procedure Document specified that the
original water sample concentrations be determined directly in the H-P LAS datasystem by enterring
the WEV and PIV data there.

Analyte concentrations of the original water samples were determined in parts per billion (ppb).
Analyte concentration of the primary stock solution samples were determined in parts per million

(ppm).
Determined Water Sample Concentration (ppb) = EC x PIV x (1/WEV) x 1000
Primary Stock Solution Concentration (ppm) = EC X DIL VOL, x (1/DIL VOL)

EC = Extract (HPLC sample) concentration (ug/mL = ppm)

PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL.)

DIL VOL, = Final volume of diluted Primary Stock subsampie (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Approved: ) . Date: l&[mz é 3

/A
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page___1of 2

Project Title: Gap-Filling Project

Study Number: SD-930115 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes X No
Entered by: Gregory S. Durell Date: January 7, 1994

Subject: Miscellaneous Deviations to Analytical Method

Sample extracts were stored in sealed vials/tubes until HPLC analysis could be
performed, and not transferred to HPLC vials on the day the sample processing was
completed, as specified in the Analytical Procedure Document. The PIVs were not
always adjusted ou the day that sample extraction was completed or that samples were
submitted for HPLC analysis. The PIV was carefully visuaily inspected for each sample
prior to transfer for instrumental analysis. These deviations have no impact on the
integrity of the samples or results, because of the stability of the test substance and
because proper storage was maintained.

Concentrator tubes were not rinsed and the rinsate transferred to a 4 mL vial for storage
on the day sample processing was completed, as indicated in the Analytical Procedure
Document and associated sample preparation check list. Instead the procedure was to
store the securely sealed concentrator tube refrigerated until HPLC analysis was
completed and then rinse and transfer any remaining sample in the concentrator tube and
HPLC vial to a2 common vial of suitable size (sometimes 4 mL and sometimes larger).
This deviation has no impact on the integrity of the samples because proper storage was
maintained.

The Test Substance was stored refrigerated and not at room temperature as specified in
the Analytical Procedure Document. This deviations has no impact on the integrity of
the material or results, because suitable storage conditions were maintained.
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There were a few instances of incomplete temperature monitoring of Refrigerator #2
during the performance of this work. Specifically, during the third week of November
the monitoring/logging was missed three times, during the fourth week of November it
was missed one time, and during the first week of December it was missed one time.
However, all sample extraction had been completed by these dates, and only sample
extracts (in methanol) were stored in the refrigerator. Sample extracts can be stored at,
or below, room temperature. This deviation would not impact the integrity of the
samples or the quality of the data.

Approved: ' Date: o ‘/O ?/Q Q
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

The data and report presented for “Dobanol® 91-8 - Toxicity to the Freshwater Green
Alga, Selenastrum capricornutum" were produced and compiled in accordance with all pertinent
TSCA Good Laboratory Practice Regulations with the following exception: routine water
contaminant screening analyses for pesticides, PCBs and metals were conducted using standard
U.S. TSCA procedures by Lancaster Laboratories, Lancaster, Pennsylvania. These data were not
collected in accordance with Good Laboratory Practice procedures (i.e., no distinct protocol,
Study Director, etc.). Stability, characterization, and verification of the test material identity and
maintenance of records on the test material are the responsibility of the Study Sponsor. At the
termination of the testing program, all remaining test material will be sent to the Study Sponsor.

Archival of a sample of the test material is the responsibility of the Study Sponsor.
SPRINGBORN LABORATORIES, INC.

Q/W/%é/ i 2l

James R. Hoberg Date
Study Director
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SUMMARY

Dobanol® 91-8 - Toxicity to the Freshwater Green Alga, Selenastrum capricornutum

SPONSOR:

PROTOCOL TITLE:

REPORT NUMBER:
STUDY NUMBER:

TEST MATERIAL:

DATE RECEIVED:
DESCRIPTION:
EXPERIMENTAL
START DATE:

EXPERIMENTAL
TERMINATION DATE:

TEST ORGANISM:

DILUTION WATER:

TEST CONDITIONS:

NOMINAL TEST
CONCENTRATIONS:

Shell Development Company

P.O. Box 1380

Houston, Texas 77251

"Alcohol Ethoxylate Surfactants: Protocol for Conducting a
96-Hour Toxicity Test with the Freshwater Green Alga,
Selenastrum capricornutumn, Following TSCA Test Guideline
§ 797.1050," Springborn Protocol
#072993/TSCA/SHELL/SEL and Protocol Amendment #1
dated 21 October 1933.

93-12-5062

777.0993.6106.430

Dobanol® 91-8, CAS #68439-46-3, Lot #97002310, WRC
TOX. Sample #1227, PSIS #7075

2 September 1993
A clear liquid reported by the Study Sponsor to contain
100% active ingredient.

18 October 1993

22 QOctober 1993

Selenastrum capricornutum, inoculum - 3 days since
previous transfer, source - Springborn culture

Algal Assay Procedure (AAP) medium
96 hour duration, 24 to 25 °C, continuous illumination at

3500 to 5100 lux (325 to 475 footcandles), shaking at
100 rpm

0.080, 0.16, 0.31, 0.63, 1.3, 2.5, 5.0 and 10 mg/L

Springborn Laboratories, Inc.
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MEAN MEASURED
CONCENTRATIONS:

EFFECT CRITERION:

RESULTS:

0.074, 0.15, 0.24, 0.51, 0.89, 1.9, 4.4 and 9.1 mg/L
Inhibition of cell density relative to the control

Based on mean measured concentrations, the 96-hour
EC50 value was calculated to be 0.35 mg/L (95%
confidence of 0.089 to 1.3 mg/L).

The 96-hour No-Observed-Effect Concentration (NOEC)
was determined to be 0.074 mg/L.

Springborn Laboratories, Inc.
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1.0 INTRODUCTION

The objective of this study was to determine the effect of Dobanol® 91-8 on the growth
of the freshwater green alga Selenastrum capricornutum. The results are based on mean
measured concentrations and are reported as the 96-hour No-Observed-Effect Concentration
(NOEC) and EC10, ECS0 and EC90 values (i.e., the concentrations of test material that reduce
culture density by 10, 50 and 90%, respectively, as compared with the control). The study was
initiated on 8 September 1993, 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 18 to 22 October 1893 at the Environmental Sciences
Division of Springborn Laboratories, Inc. (SLI), in Wareham, Massachusetts. All original raw data

and the final report produced during this study are stored at Shell Development Company.

2.0 MATERIALS AND METHODS

2.1 Protocol

Procedures used in this acute toxicity study followed those described in the Springborn
protocol entitled "Alcohol Ethoxylate Surfactants: Protocol for Conducting a 96-Hour Toxicity Test
with the Freshwater Green Alga, Selenastrum capricornutum, Following TSCA Test Guideline
§ 797.1050," Springborn Protocol #072993/T SCA/SHELL/SEL and Protocol Amendment #1 dated
21 October 1993 (Appendix I). The method described in this protocol meet or exceed the
standard procedures described in the U.S. EPA Toxic Substance Control Act (TSCA) Test
Guidelines § 797.1050 (U.S. EPA, 1985) as amended in the Federal Register on 20 May 1987
(U.S. EPA, 1987) and meet the primary technical objectives of The Shell Research
Limited/Sittingbourne Research Center guidelines (SBT SOP No. 169, Edition No. 8).

2.2 Test Material

A sample of the Dobanol® 91-8 (CAS #68439-46-3, Lot #97002310, WRC TOX. Sample
#1227, PSIS #7075, expiration date September 1994), a clear liquid, reported by the Study
Sponsor to contain 100% active ingredient, was received from Shell Westhollow Research Center,

Houston, Texas, on 2 September 1993 (Certificate of Analysis, Appendix Il). Upon receipt at

Springborn Laboratories, Inc.
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Spnngborn the test material was stored in a dark, ventilated cabinet at room temperature
(approximately 20 °C). Test concentrations are expressed as milligrams of Dobanol® 91-8 per

liter of solution and are reported as mg/L.

2.3 Test Organism

The alga used in this toxicity test was the freshwater green alga Selenastrum capri-
cornuturn, strain 1648, Class Chlorophyceae. The alga was originally obtained from the Carolina
Biological Supply Company, Burlington, North Carolina, and was maintained in stock cuiture at

Springborn.

The culture medium used was Algal Assay Procedure (AAP) medium prepared with sterile,
deionized water. The components used to formulate AAP medium are presented in Table 1.
Representative samples of the dilution water source used in the preparation of the cuiture
medium were analyzed for the presence of pesticides, PCBs and toxic metals (Appendix ill).
None of these compounds have been detected at concentrations that are considered toxic in any
of the water samples analyzed in agreement with U.S. EPA guidelines. In addition, a
representative sample of AAP medium is analyzed monthly for total organic carbon (TOC)
concentration. The TOC concentration was 1.2 mg/L for the month of October 1993 (SLI TOC
and TSS Master Log, 1993).

The pH of the culture medium was adjusted to pH 7.5 + 0.1 with either 0.10N hydrochioric
acid or 0.10 N sodium hydroxide. Stock cultures were grown in 125-mL glass flasks containing
50 mL of medium. The flasks were covered with stainless steel caps which permitted gas

exchange.

The stock cultures were maintained within the following conditions: a shaking rate of
100 + 10 rpm, a temperature of 24 + 2 °C and continuous illumination at the surface of the
medium at an approximate light intensity of 3200 to 5400 lux (300 to 500 footcandles) for a
minimum of three days prior to test initiation (SLI Algae Conditions Daily Log, 1993).

Temperature was controlled using an environmental chamber. Lighting was supplied by Duro-

Springborn Laboratories, inc.
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Test, Inc. Vita-Lite® fluorescent lights. Culture flasks were agitated continuously on an orbital

shaker.

Stock cultures were transferred to fresh medium approximately twice weekly. The
inoculum used to initiate the toxicity test with Dobanol® 91-8 was taken from a stock culture that

had been transferred to fresh medium three days before testing.

2.4 Reference Test _

A copper nitrate reference test was conducted with the test organism cuiture from 25 to
og October 1993. The resulting 96-hour EC50 based on measured test concentrations was
calculated to be 0.028 mg/L (95% confidence interval of 0.018 to 0.042 mg/L). Based on the
results of the reference test and the successful culture of Selenastrum capricornutum, it was

established that this cuiture was suitable for testing.

2.5 Test Dilution Water

The AAP medium used to prepare the exposure solutions was formulated in the same
manner as the culture medium. Several liters of AAP medium were prepared using deionized
water, autoclaved and equilibrated to test temperature. The pH of this medium was 7.6 and

required no adjustment prior to use.

2.6 Test Concentrations
Based on the resuits of a preliminary test conducted from 4 to 8 October 1993, nominal
test concentrations of 0.080, 0.16, 0.31, 0.63, 1.3, 2.5, 5.0 and 10 mg/L were selected for the

definitive exposure.

2.7 Preparation of Test Solution

Prior to preparation of the stock solution, the test material was heated to a temperature
range of 50 to 60 °C and stirred with a glass rod to ensure homogeneity. Forty grams (40.000
g) of test material was then removed using a glass pipet, and was diluted in 2000 mL of distilled,

deionized water to create a 20 mg/mL primary stock solution. This primary stock solution was

Springborn Laboratories, Inc.
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stirred for 15 minutes to ensure that the test material completely dissolved, at which time the
solution was observed to be clear and coloriess. The highest test solution, 10 mg/L, was then
prepared by diluting 0.50 mL of the 20 mg/mL primary stock solution to a volume of 1000 mbL with
AAP medium. Test solutions with nominal concentrations of 0.080, 0.16, 0.31, 0.63, 1.3, 2.5 and
5.0 mg/L were prepared by diluting the appropriate volume of either the highest test solution or
primary stock solution with AAP medium to a volume of 1000 mL. Additional untreated AAP
medium was prepared and designated the control. All of the test solutions were observed to be

clear and colorless with no sign of undissolved test material present.

Replicate sterile 250-mL Erlenmeyer flasks, three per treatment level and control, were
conditioned by rinsing with the appropriate test solution. One hundred mL of the appropriate test
solution was then placed in each replicate flask. Three control flasks which contained AAP
medium were maintained under the same conditions as the treatment level flasks but contained
no Dobanol® 91-8. All test vessels were fitted with stainiess steel caps which permitted gas.

exchange.

3.0 TEST PROCEDURES
3.1 Test Initiation
Approximately thirty minutes after the test solutions were prepared and added to the test
flasks, 0.87 mL of an inoculum of Selenastrum capricornutum cells at an approximate density of
115 x 10* cells/mL was aseptically introduced into each flask. This inocuium provided the

required cell density of approximately 1.0 x 10* cells/mL.

3.2 Test Monitoring

3.2.1 Algal Growth. At each 24-hour interval, cell counts were conducted on each
replicate vessel using a hemacytometer (Neubauer Improved) and an Olympus compound
microscope. One sample was taken from each flask for counting. One or more hemacytometer
fields, each 0.1 x 0.1 cm in surface area and 0.01 cm deep and containing 0.0001 mL of cuiture,
were examined for each sample until at least 400 algal cells or four fields were counted.

Observations of the health of the celis were made and recorded at each 24-hour interval.

Springborn Laboratories, Inc.
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3.2.2 Recovery. Attesttermination, since no test concentration completely inhibited algal
growth, a 0.40 mL sample was removed from the composite of the three replicates of the highest
test concentration (10 mg/L) which most severely inhibited algal growth. This sampie was then
diluted with fresh AAP medium to prepare a subculture with a nominal test concentration equal
to the highest test concentration (0.080 mg/L) in which no growth inhibition was observed. This
subculture was used to determine if the effects of the test material on the algae were algistatic
(in which case cells would resume growth in the subcuiture) or algicidal (in which case no growth
would occur in the subculture). The subculture was incubated under test conditions for four days

(i.e., until growth was observed, as determined by cell counts taken every other day).

3.2.3 Test Conditions. The test was conducted in an environmental chamber designed
to maintain the following test conditions: a temperature of 24 + 2 °C, continuous lighting with a
light intensity within the range of 3200 to 5400 lux (300 to 500 footcandles) and a shaking table
rate of 100 + 10 rpm.

Temperature was measured continuously with a Taylor Thermometer Company, Inc.
minimum/maximum thermometer located in a flask of water adjacent to the test flasks in the
environmental chamber. The shaking rate of the orbital shakers was recorded daily. The light
intensity of the test area was measured with a General Electric Type 214 light meter at 0 hour
and each 24-hour interval of the exposure pericd. Light intensity was measured in footcandles
and converted to lux based on the equivalency of 1 footcandle = 10.76 lux. Test flasks were
randomly placed on the shaking table at test initiation based upon computer-generated random
numbers. Following each observation interval, the test vessels were returned to the initial random

positions established at test initiation.

Water quality parameters (pH and conductivity) were measured prior to test initiation and
at the termination of the S6-hour exposure period. Measurements at O-hour were conducted on
the test solution remaining in the 1000-mL volumetric flasks after the individual test flasks had
been filled. At test termination, after cell counts were completed, pH measurements were taken

in each replicate test solution. The three replicates for each test concentration and the control

Springborn Laboratories, Inc.
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were then individually composited and a portion of each composite solution was transferred tc
a 100-mL beaker for conductivity measurements. Test solution pH was measured with a LaMotte
Model HA pH meter, and conductivity was measured with a Yellow Springs Instrument Model #33

salinity-conductivity-temperature meter.

3.2.4 Chemical Analysis. At test initiation (0 hour) and test termination (96 hours), a
single sample from each test solution and the control was analyzed for Dobanol® 91-8
concentration. Sample containers were approximately 800 mL borosilicate glass bottles with
teflon®-lined screw caps. Samples (300 mL) collected at 0 hour were removed from the excess
test solution remaining in the 1000-mL volumetric flasks after the test vessels were filled.
Additionally, a sample of the primary stock solution used to formulate the test solutions was
collected for analysis at test initiation. Samples collected at 96 hours were removed from the
composited test solution (replicates A, B and C) for each treatment level and the control after cell
counts and water quality measurements were taken. At test termination, the test solutions were
centrifuged at 1500 rpm for 20 minutes to remove algal cells from the test solutions prior to
analysis. Approximately 275 mL of the supernatant of each composited solution was poured into
the sample containers. On the day of collection, all samples were preserved with 0.1% formalin
and delivered to Battelle Ocean Sciences, Duxbury, Massachusetts for analysis. Samples were
analyzed in accordance with methods described in Battelle Ocean Sciences Study #SD-930117
(Appendix IV). All of the glassware used in testing and sample collection was thoroughly washed
with sequential rinses of a 10% solution of nitric acid, acetone, distilled-deionized water,

isopropanol and distilled-deionized water.
4.0 STATISTICAL ANALYSIS
The cell density of each culture at each 24-hour interval was calculated by dividing the

number of cells counted by the total volume of culture examined. A mean and standard deviation

was calculated for the cell density of each treatment level and the control.

Springborn Laboratories, Inc.
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The highest test concentration that caused no statistical adverse effect on cell density,
the No-Observed-Effect Concentration (NOEC), was determined using Williams’ Test (Williams,
1971, 1972). The data were first checked for normality using the Shapiro-Wilks Test (Weber et
al, 1989) and for homogeneity of variance using Bartlett’s Test (Horning and Weber, 1985). All
statistical determinations were made at the 95% level of certainty, except in the case of Bartlett's

and Shapiro-Wilks Tests, where a level of 99% certainty was applied.

EC10, EC50 and EC90 values (the concentration of test material which reduced cell
densities by 10, 50 and 90%, respectively) were calculated based on cell density after 24, 48, 72,
and 96 hours of exposure. The EC10, EC50 and ECS0 values and their 95% confidence limits
were determined by linear regression of response (percent reduction of cell density as compared
with the control) vs. mean measured exposure concentration over the range of test
concentrations where a clear exposure-response relationéhip was observed. Four linear
regressions were estimated based on (a) untransformed data, (b) untransformed response Vs. -
logarithm-transformed concentration, (c) probit-transformed response Vs. untransformed
concentration, and (d) probit-transformed response vs. logarithm-transformed concentration. The
regression that best fit the data was selected based on the highest coefficient of determination
(r¥). This regression equation was then applied to estimate the EC values and their 95%

confidence limits, using the method of inverse prediction (Sokal and Rohif, 1981).

5.0 RESULTS AND DISCUSSION

5.1 Preliminary Testing

A preliminary range-finding exposure was conducted at Springborn from 4 to 8 October
1993 at nominal concentrations of 0.010, 0.10, 1.0, 10 and 100 mg/L. Duplicate exposure vessels
were established for each concentration and control. Following 96 hours of exposure, cell
densities in the treatment levels (0.010 to 100 mg/L) averaged 261, 219, 123, 7.6 and O
x 10* cells/mL, respectively. The control solution averaged 262 x 10* cells/mL. Based on these
results, nominal concentrations of 0.080, 0.1 6,0.31,0.63,1.3,2.5,5.0and 10 mg/L were selected

for the definitive study.

Springborn Laboratories, Inc.
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5.2 Definitive Testing

5.2.1 Evaluation of Test Conditions - Conductivity, pH, temperature and light intensity
measurements recorded during the test are presented in Table 2. Conductivity of the eprsure
solutions ranged from 70 to 90 umhos/cm throughout the exposure period. The pH of the
exposure solutions ranged from 7.2 to 7.6 at test initiation, increasing to 7.7 10 8.5 at test
termination. This pH change is common in static algal cultures due to photosynthesis by the
algae. Continuous temperature monitoring established that the temperature ranged from 24 to
25 °C throughout the study period. The shaking rate was maintained throughout the exposure
at a constant rate of 100 rpm. Light intensity of the test area ranged from 3500 to 5100 lux (325
to 475 footcandles).

5.2.2 Analytical Results - The resuits of the analysis of the primary stock solution and
the test solutions for Dobanol® 91-8 concentrations are summarized in Table 3. Results of the
analysis of the primary stock solution (20,000 mg/L) used to formulate the test solutions indicate.
the concentration of Dobanol® 91-8 was 99.6% of nominal concentration.  Measured
concentrations for all treatment levels were consistent between sampling intervals. Mean
measured concentrations averaged 84% of nominal and defined the treatment levels as 0.074,
0.15, 0.24, 0.51, 0.89, 1.9, 4.4 and 9.1 mg/L. Analytical resuits are presented in Battelle Ocean
Sciences Study #SD-930117 (Appendix V).

5.2.3 Biological Results - Cell densities determined at each observation interval are
presented in Table 4. At test termination, cell fragments and bloated cells were observed in the
six highest treatment levels (0.24, 0.51, 0.89, 1.9, 4.4 and 9.1 mg/L). Cells exposed to the
remaining treatment levels (0.074 and 0.15 mg/L) and the control were observed to be normal
throughout the exposure. At test termination, cell densities followed the established
concentration gradient, decreasing with increasing test concentration. At test termination, cell
density in the 0.15, 0.24, 0.51, 0.88, 1.9, 4.4 and 9.1 mg/L treatment levels averaged 62, 48, 35,
25,20, 10 and 2 x 10* cells/mL, respectively, which were significantly reduced compared to the
cell density of the control (101 x 10* cells/mL). Cell density at the 0.074 mg/L treatment level was

Springborn Laboratories, Inc.
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97 x 10* cells/mL, which was comparable to the control. Based on these resuits, the 96-hour No-
Observed-Effect Concentration (NOEC) for cell density was determined to be 0.074 mg/L.

Since no test concentration completely inhibited algal growth, a subsample of (0.40 mL)
was removed from a composite of the highest test concentration (10 mg/L, nominal) which most
severely inhibited algal growth to determine algistatic/algicidal effects. This subsample was
diluted to 50 mL with fresh AAP medium to yield a nominal concentration of 0.080 mg/L and
resulted in an estimated cell density of 0.014 x 10° cells/mL. After two days, 13 x 10* cells/mL
were observed and after four days, 77 x 10* cells/mL were observed. The growth of S.
capricornutum after transfer to fresh medium indicates that Dobanol® 91-8 had an algistatic,

rather than an algicidal, effect at the 10 mg/L nominal test concentration.

Table 5 presents the EC10, EC50 and EC90 values and their corresponding 95%
confidence limits. The 96-hour EC50 vaiue for Dobanol® 91-8, based on ceil density, was.
calculated to be 0.35 mg/L (95% confidence limits of 0.089 and 1.3 mg/L).

Springborn Laboratories, Inc.
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PROTOCOL DEVIATIONS

1. The study protocol states that all samples sent for chemical analysis will be preserved
with 1% formalin (i.e., 3 mL formalin/300 mL sample). In this study, at test initiation and

~ test termination, samples of the test solutions were inadvertently preserved with 0.1%
formalin (i.e., a 10% formalin solution rather than a 100% formalin solution was used as

a preservative). Subseguent analyses of the test solutions for the test material
demonstrated that the measured concentrations were representative of nominal
concentrations; therefore, it is our opinion that this deviation did not affect the outcome

of this study.

2. The protocol states that approximately 300-mL test solution samples will be collected in
500-mL bottles at test initiation and termination. During this study, the sample volume
collected was as designated in the protocol, but the sample container volume was_
approximately 800 mL. Based on the analytical results generated from these samples,

this deviation did not impact the results of this study.

SPRINGBORN LABORATORIES, INC.

”
. / /‘,ﬁ ) )

k’,,lalmes R. Hoberg / Date
Study Director
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QUALITY ASSURANCE UNIT STATEMENT

The raw data and report for "Dobanol® 91-8 - Toxicity to the Freshwater Green Alga,
Selenastrum capricornutum® were inspected by the Quality Assurance Unit (QAU) at Springborn
Laboratories Inc., Environmental Sciences Division to determine adherence with the study
protocol and laboratory standard operating procedures. In addition, inspection of certain phases
of the in-life portion of the study was performed. Dates of study inspections, dates reported to

the Study Director and to Management are listed below.

Based on these inspections, it was determined that this report accurately reflects the raw

data collected during this study.

Inspection Date Reported to Study Director Reported to Management
10/27/93 10/27/93 11/5/93
11/17/93 11/17/93 11/19/93
1/6/94 1/6/94 1/14/94
1/10/94 1/11/94 1/14/94
1/11/94 1/11/94 1/14/94
2/11/94 2/11/94 2/11/94

SPRINGBORN LABORATORIES, INC.

@}7//% 5_7&46/’2’«(2{4{ // /Keé Gt

Doreen S. Newhouse Date
Supervisor, Quality Assurance Unit
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Table 1.

Composition of algal growth medium (AAP medium) used in this

Compound Concentration
NaNO, 25.5 mg/L
MgCl, - 6H,0 12.16 mg/L
CaCl, - 2H,0 4.41 mg/L
MgSO, - 7H,0 14.7 mg/L
K,HPO, - 3H,0 1.368 mg/L
NaHCO, 15.0 mg/L
H,BO, 185.5 ug/L
Na,Se0,? 1.88 ug/L
MnCl, - 4H,0 415.4 ug/L
ZnCl, 3.270 pg/L
CoCl, - 6H,0 1.43 pg/l
CuCl, - 2H,0 0.012 pg/L
Na,MoQ, - 2H,0 7.26 pg/L
FeCl, - 6H,0 159.8 ug/L
Na,EDTA - 2H,0 300.0 pg/L

pH was adjusted to 7.5 + 0.1 with 0.1 N NaOH or 0.1 N HCI

a

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

Source: Miller, W.E., J.C. Greene and T. Shiroyama. 1978. The Selenastrum capricornutum Printz algal
assay bottle test. EPA 600/9-78-018. U.S. Environmental Protection Agency, Washington, D.C.
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Table 2. Conductivity, pH, temperature and light intensity measured
during the 96-hour exposure of Selenastrum capricornutum to
Dobanol® 91-8.

Nominal pH Conductivity
Concentration 0-Hour 96-Hour (umhos/cm)
(mg/L) A B _C 0-Hour 96-Hour

Control 7.6 83 82 82 80 70
0.080 7.6 83 80 8.0 80 70
0.16 7.4 77 7.7 79 80 80
0.31 7.3 79 78 7.7 80 80
0.63 7.2 85 84 79 90 80
1.3 7.2 85 80 80 80 80
2.5 7.2 8.0 84 78 90 80
5.0 7.2 7.8 8.0 8.2 S0 80
10 7.2 80 79 78 90 80

Minimum/Maximum Temperature (°C)

24-hour 48-hour 72-hour 96-hour
25/25 25/25 24/25 25/25
Light intensity®
0-hour 24-hour 48-hour 72-hour 96-hour
footcandies: 325-475 325-475 325-475 325-475 325-475
fux: 3500-5100 3500-5100 3500-5100 3500-5100 3500-5100

* Range represents measurements on both shaking tables used.
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Table 3. Concentrations of Dobanol® 91-8 measured in the exposure
solutions during the 96-hour toxicity test with Selenastrum
capricornutum.

Nominal
Concentration Measured Concentration (mg/L)
(mg/L) 0-Hour 96-Hour? Mean® % Nominal®®
Control ND? 0.021 NA® NA
0.080 0.063 0.086 0.074 93
0.16 0.16 0.15 0.15 94
0.31 0.27 0.20 0.24 77
0.63 0.62 0.41 0.51 82
1.3 1.2 0.56 0.89 68
25 22 1.7 1.9 78
5.0 4.8 4.1 4.4 89
10 9.8 8.5 8.1 91
Stock Solution' 20,000 NA NA 99.6
(20,000)

? Samples were centrifuged for 20 minutes at 1500 rpm to remove algal cells from test sclutions prior
to analysis.

®  Calculated values are based on actual analytical resuits and not on rounded values (two significant

figures) presented in this table.

Mean % of Nominal = 84%

ND = Not detected; less than the limit of detection (LOD)

NA = Not Applicable

Nominal concentration of stock solution is presented in parentheses.

- 0o a o
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Table 4. Cell density (x 10° cells/mL) of Selenastrum capricornutum after
24, 48, 72 and 96 hours of exposure to Dobanol® 91-8.

Mean Cell Density (x 10° cells/mL)
Measured
Concentration Observation Interval (Hours) 96-Hour
(mg/L) 24 48 72 96 % Inhibition
Control A 3 21 58 91
B 4 21 71 109
C 3 17 66 103
Mean(SD)? 3(1) 20(2) 65(6) 101(9) NA
0.074 A 4 12 43 89 12
B 3 17 78 85 6
C 4 12 68 107 -6
Mean(SD)? 3(1) 14(3) 63(18) . 97(9) 4
0.15 A 1 6 34 61 40
B 2 12 53 64 37
C 2 14 45 60 40
Mean(SD)? 2(1) 10(4) 44(10) 62(2)° 39
0.24 A 2 7 34 42 59
B 2 6 44 49 51
C 4 12 45 54 47
Mean(SD)? 2(1) 8(3)° 41(6)° 48(6)>° 52
0.51 A 1 6 22 26 75
B 3 4 20 43 57
C 2 6 25 38 63
Mean(SD)® 2(1) 5(1)%d 22(3)« 35(9)¢ 65
0.89 A 2 6 17 18 82
B 2 7 19 25 75
C 2 6 17 32 69
Mean(SD)*  2(<1) 6(1) 18(1)* 25(7)° 75

Mean and standard deviation (SD) are calcutated from original raw data, not from the rounded values
(two significant figures) presented in this table.

Significantly different when compared to control data, according to William's Test.

Cell fragments were observed.

Bloated cells were observed.
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Table 4. Continued. Cell density (x 10* cells/mL) of Selenastrum
capricornutum after 24, 48, 72 and 96 hours of exposure to
Dobanol® 91-8.

Mean Cell Density (x 10° cells/mL)
Measured
Concentration Observation Interval (Hours) 96-Hour

(mg/L) 24 48 72 96 % Inhibition

1.9 A 1 3 12 24 77

8 2 2 13 18 82

C 2 4 14 19 81

Mean(SD)*  1(<1)° 3(1)° 13(1)%d 20(3)°* 80

4.4 A 1 1 7 9 91

B 1 2 ] 10 80

C 2 1 8 11 89

Mean(SD)*  1(1)° 1(< 1) 8(1)% 10(1)Ped 80

9.1 A <1 <1 2 1 99

B 1 1 1 2 98

C 1 1 1 2 98

Mean(gp) 1(<1)®  1(<1)® 2(1)° 2(1)°ed 98

Mean and standard deviation (SD) are calculated from original raw data, not from the rounded values
(two significant figures) presented in this table.

Significantly different when compared to control data, according to William's Test.

¢ Cell fragments were observed.

Bloated cells were observed.

Springborn Laboratories, Inc.
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Table 5. EC10,EC50 and EC90 values for Dobanol® 91-8 calculated from
results (cell density) of the 96-hour toxicity test with
Selenastrum capricornutum.

X = Mean Measured Concentration (mg/L).

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

24-Hour Resuits EC10 ECS0 ECS0
EC value (mg/L): 0.058 0.95 >15
95% Confidence Limits: 0.0010 - 1.3 0.034 - 29 0.69 - 1000
Regression Equation: Y = 51 + 33 Log(X)
: 0.56
N: 24
Concentration Range®: 0.074 - 9.1 mg/L
48-Hour Resuits EC10 ECS50 EC90
EC value (mg/L): 0.013 0.19 2.6
95% Confidence Limits: 0.0029 - 0.050 0.050 - 0.65 0.75-9.8
Regression Equation: Probit (Y) = 5.8 + 1.1 Log(X)
: 0.89
N: 24
Concentration Range®: 0.074 - 9.1 mg/L
72-Hour Results EC10 ECS0 EC90
EC value (mg/L): 0.051 0.44 3.8
95% Confidence Limits: 0.0087 - 0.24 0.090 - 2.1 0.82 - 20

Regression Equation:

N:
Concentration Range®:

Y = 65 + 43 Log(X)
0.84

24

0.074 - 9.1 mg/L

a

concentration range were included in the linear regression.

Exposure-response relationship was judged to be linear over this concentration range; values for this
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Table 5. Continued. EC10, EC50 and EC90 values for Dobanol® 91-8
calculated from results (cell density) of the 96-hour toxicity test
with Selenastrum capricornutum.

X= Mean Measured Concentration (mg/L).
Y = Percent Inhibition (in cell density, compared with control)
96-Hour Results EC10 ECS0 ECS0
EC value (mg/L): 0.035 0.35 3.5
95% Confidence Limits: 0.0075 - 0.14 0.089 - 1.3 0.93-15
Regression Equation: Y = 68 + 40 Log(X)
o 0.87
N: 24
Concentration Range®: 0.074 - 9.1 mg/L

3 Exposure-response relationship was judged to be linear over this concentration range; values for this
concentration range were included in the linear regression.
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Springborn Laboratories, Inc.
Enviror i Sciences Divisi
790 Main Street & Warsnam, Massachusents 02571 e (508) 295-2550 e Telex 4436041 & Facsimie (508) 295-3107

TEST PROTOCOL

PROTOCOL TITLE: Alcchol Ethoxylate Surfactants: Protocol for Conducting a 96-Hour
Toxicity Test with the Freshwater Green Alga, Selenastrum
capricomutum, Following TSCA Guldeline § 797.1050

TO BE COMPLETED BY SUI PRIOR TO TEST INITIATION:

Testing Facility: Springbom Laboratories, Inc., 790 Main St., Wareham MA 02571

Study Oirector: 7~ Aél)erc: SU Study No.: 777. 0993. b/0s. #20
Test Concentrations: To be su‘;plied by amendment.

Soivent Used: (3t ozl CAS# or LOT#: 4 4TH

Proposed Schedule: (Start) Fj SaF /553 (Completion) 2o Se_g'rl' {293
Proposed Draft Report Date: 5(5&’264&7 /593 )

%sz 17 /353

Study Birector Date
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Alcohal Ethoxylate Surfactants: Protocol for Conducting a 96-Hour Toxleity Test with
the Freshwater Green Alga, Se/enastrum capricomutum, Following TSCA
Guidellne § 797.1050

1.0 INTRODUCTION

The purposa of this test is to determine the effects of an alcohoi ethoxylate surfactant on the
growth of Selenastrum capricomutum under static conditions. The resuits of this study will te
reported as the 96-hour EC10, ECS50 and EC30 values; i.e., the concentrations of test substance that
reduce culture density by 10, SO and 90%, respectively, as compared with the control. The test
procadures performed during the biological portions of the study will meet or exceed the standard
procedures described in the U.S. EPA Toxic Substance Control Act (TSCA) Test Guidelines
797.1050 (U.S. EPA 1985) as amended in the Federal Register on 20 May 1987 (U.S. EPA 1987) and
will meat the primary technical cbjectives of The Sheil Research Limited/Sittingbourne Resesarch
Centre guidelines (SBT SOP No. 169, Edition No. 8).

2.0 MATERIALS AND METHODS
2.1 TEST ORGANISM.

2.1.1. Justification for Test System. Characteristics which make this test organism suitable
for acute toxicity testing are their ease of culturing and handling, their sensitivity to a
variety of chemical substances, and the extensive data base for this common
freshwater algal species.

21.2 Specles. Selenastrum capricormnutum will be the alga used in this test. The particular
strain and suppiier of the test species will be identified in the final report.

2.1.3. Sourca. Culture conditions will be similar to the testing conditions (l.e., 24 + 2 °C,
continuous lighting at 3200 - 5400 lux (3C0 - 500 footcandles) and agitation rate at 1CO
+ 10 rpms). Cultures will be maintained in an environmental chamber and transtars will
be made regularty into fresh medium to provide two- to seven-day-old cultures for test
inoculations. Cuitures used to inoculate the test solutions will be in logarithmic phasa
growth. Cuitures will be maintained under the abave conditions for at least the period
of time from the last transfer.

2.1.4. Reference Test. In an effort to monitor the general heaith of the test organism culture,
reference test wiill be conducted with S. capricornutum using copper nitrate as the
toxicant. Resuits of this test will be evaluated based on measured test concentraticns.
A referenca test will be conducted within 30 days of the definitive test (i.e., either 30
days prior to or 30 days following the definitive exposure).

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/SEL Page 2 of 10
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2.2 PHYSICAL SYSTEM.

221, Test Containers. Test vessels will be 250-mL Erlenmeyer flasks containing 100 mi
of test solution and wiill be covered with stainless steel caps which permit gas
axchange. Flasks and caps will be autoclaved before usa.

22.2, Glassware Preparation. All glassware used in testing will be thoroughly washed with
detergent and rinsed with tap wataer. This will be followed by sequential rinsing with
a 10% solution of nitric acid, acetone, distilled deionized water, isopropanci and finally
distilled deionized water. The cleaned glassware will be stored in closed cabinets.

22.3. Dilution Water. Stock solutions usad in the preparation of algal growth medium will
be prepared by adding appropriate amounts of nutrients to sterile, deionized water.
The stocks solutions will be stored in amber glass bottles in the dark at approximately
4°C to minimize photochemical changes, and will be renewed every six months. The
test medium, Algal Assay Procedure (AAP) medium (Table I), will be prepared by
adding appropriate volumes of stock solutions to sterila, deionized water. Culture
medium will contain Na,EDTA « 2H,0 (300 zg/l), however, Na,EDTA e 2H,0 wiil be
axcluded from the medium used in the toxicity and reference tests to avoid chelation.
The medium will be allowed te equilibrate to test temperature before use. Each batch
of medium will be adjusted to pH 7.5 + 0.1 with dilute hydrochioric acid or sodium
hydroxide before use. Periodic analysis of representative samples of dilution water
source will be conducted to ensure the absence of potential toxicants, including
pesticides, PCBs and selected toxic metals, at concentrations which may be harmful
to the test organism. In addition, a sample of AAP medium will be analyzed monthly
for total organic carbon (TOC) content.

2.2.4. Replication and Control of Bias, Three replicate flasks will be astablished for each
treatment and control. Test flasks will be randomly positioned based on computer-
generatad random numbers, on an orbital shaker table in an environmentally-controtled
chamber. Exposure flasks will be labelled by repiicate and concentration or control.

2.3 CHEMICAL SYSTEM.

2.3.1. Test Substance. Upon arrival at Springborn Laboratories, inc., the external packaging
of the test substance wiil ba inspected for damage. The packaging will be removed
and the primary storage container wiil also be inspected for leakage or damage. The
sample identity will be recorded and the material will be stored in the dark at
approximately 20°C until used, unless specified ditferently by the test Sponsor.

2.3.2. Toxicant Concentration Selection. A 96-hour preliminary test will generally be
conductad using five widely spaced test concentrations beginning with 1000 mg/L or
the water saturation concentration. If less than 50% reduction in cell density occurs
at 1000 mg/L. or the water saturation concentration, a single concentration definitive
test will be conducted at that maximum test concentration. lf greater than or equai to
50% reduction in ceil density is observed at 1000 mg/L or the water saturation

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/SEL Page 3 of 10
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concantration, then five or more definitive test concentrations will be usad. Tha
cefinitive test concentrations will be selected in consuitaticn with the Sponsor. A
controi. untreatad algal growth medium, will be incluced in the test. Excspt for the
cantrol, the nominatl concentration of test substance in each treatment will be
approximataly 50% of the next higher cne. OCefinitive tast concentrations will be
seiected to produce a sufficient response to determine an ECS0. Additicnaily, a No-
Chsarved-Effact Concentraticn (NOEC) will be defined.

233 Stock Solution Preparation. A primary stock solution at a final concentration of 1 -
2% active surfactant will be formulated on the day of test initiation in distilled deionized
watar. The surfactant will be heated tc 50 - 60°C in a glass container until completety
meited. The material wiil be stirred to ensure homogeneity and a glass pipet will te
used to transter the liquifled material for weighing. The test substance will be weighed
cn an analytical balancs for which a calibration log will be maintained. The stock
solution will be mixed for several minutes. A Chemical Usage Lcg will also be
maintained in which the amount, the data, the intended usae and the usar's initials will
be recorded each time the test substance is used: Secondary stocks, if necessary,
may be prepared in distilled water or AAP media (if volume displacement of dilution
water during test solution preparation will be greater than 1%).

2.3.4. Test Sciution Preparation. Test vessais will be conditioned by rinsing with the
apprcpriate test sclution. Appropriate voiumes of tha test solutions will then be placed
into the flasks,

2.3.5. Sampiing. Samples (approximately 300-mL) will be collected from each test sciution
at test initiation and termination for analyses of test substance concentration.
Additionally, the primary stock solution will be analyzed. Samgples removed at test
initlatien will be ccllacted from the freshly prepared exposure solutions before the
algae is added. Test terminaticn samples will be a composite of the three repilcate
solutions of each treatment level and control. The analytical samples coilected at test
termination will be centrituged prior to preservation to remove algal csils. The
supernatant of each centrifuged sampie will be transferred to a borosilicate glass
container and covered with a Teflon®-iined cap. All sampies will be preserved with 15
formalin (i.e., 3 mL formaiin/300 mL sampie in a 500 mL bottle) and shipped within 24
hours to Batteile Qcean Sciences, Duxbury, Massachusetts for analysis. All glassware
used during the sampling process will be prepared as described in Secticn 222

2.3.6. Analyticai Chemistry. Analyses of analytical samples will be conducted by Sattelle
Ccean Science, Duxbury, Massachusetts, using a Sheil Development Campany
analytical method entitted *Analysis of Alcohel Ethoxylate Surfactants Using Solid
Phase Extracton (SPE) and HPLC/ELSD (Evaporative Light Scattering Cetection) in
Dilute Aqueous Solutions”.

Springbom Laboratories Protocal #: 072993/TSCA/SHELLISEL Page 4 of 10
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2.4 EXPERIMENTAL CONDITIONS

2.4.1. Ingculation. Algae will be transferrad aseptically from the stock cultures to sach test
vessel within 30 minutes of test solution preparation to provide an initial cutture density
of approximately 1.0 x 10* catls/mL.

2.4.2, Monitoring. Culture density in each test vesset will be monitared at 24, 48, 72 and 96
haurs after the start of the test. Algal density will be determined by cell counts using
a Neubauer Improved hemacytomater and a compound microscope. Cne sampie wiil
be taken from each test vessel, and one count will be made on each sample. One or
mere hemacytometer flelds, each 0.1 X 0.1 ¢m in surface area and 0.01 cm deep,
containing 0.0001 mL of culture, will be countad for each sample untlf at least 400 celis
or four fields are counted.

At the time of each cufture density determination, visual observations will be made of
any unusual appearances of the aigal calls including cell size, shape, colcr,
occurrence of flocculation, acherence to giass wails, and/or aggregation.

24.3. Measurement_of Water Quailty Varfables. Conductivity and pH in each test

concentration will be measured at the start and finish of the test. At test initiation,
water quality variables will be measured in the test soiution remaining in the
preparation vesseis subsequent to filling the individual test flagks. At test termination,
pH is measursd in each replicata test and controt solution. Conductivity will be
measured at test termination in a composite solution of the three replicate soiutions
for each test concentration and control.

2.4.4, Photoperiod. The tests will be continucusty illuminated at a light intensity of 3200 -
5400 lux (300 - 500 footecandles) using Duro-Test, Inc., Vita Lite® fluorescent buibs.
Light intensity of the test area will be measurad daily.

2.4.5. Temperaturs. The water temperature of the test solutions will be maintained at 24 *
2 °C by controlling the air temperature within the environmental chamber., Test
solution temperature will be continuously mcnitored with a minimum/maximum
thermometer in an additional vessel containing water piaced adjacent to the test

vesseis.

2.4.6. Agitation. The agitation rate of the orbital shaker will be menitorad daily and
maintained at 1C0 + 10 rpms.

2.4.7. Test Duration. The test will be initiated when all test and control solutions have been
incculated with algae. The test will be terminated following the S6-hour cbservaticn
interval.

2.4.8, Acceptance Criterion. The control cultures must be in log phase growth throughout

the 86-hour exposure period or the test wiil be considared unacceptatle.

Springborn Laboratories Protocol #: 072993/TSCA/SHELL/SEL Page 5 of 10
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2.4.9, Evaiuation of Algicidal/Algistatic EMects. At test termination the following procedure

is used !0 differentiate beween aigistatic and algicidal effacts. A sample of known
velume of the cuiture is taken from the composite of the three replicate solutions of
each test concentration which completely innibited algal growth. If algal growth is not
cempletsly inhibited at any test concentration, the highest test concentration that
innibited growth is used. Sufficient fresh algal growth medium is added to dilute e
test chemical to a concentration that does not affact growth. This subcuiture is
incubated under-tast conditions for up to 9 days, during which time, it is examined
microscopically every other day to determine whether growth has resumed. As soon
as growth is observed (l.e., 10X) the subculture test is discontinued.

3.0 DATA EVALUATION

Call densities will be calculated as means and standard deviations for each group of control
and exposure replicates.

For a single concentration test, cell densitles in the single treatment concentration will be
compared with cell densities in the control, using a t-Test. Call density in the treatment group will
also bs expressed in terms of percant reduction or stimulation from the controi.

Data from a five concantration test will be subjected to Willlams' Test (Willlams 1971, 1972)
to determine the No-Obsarved-Effact Concantration (NGEC). The NCEC is defined as the highest
test concentration which causes no significant reduction in call density when compared to the
controf data. Willlams' Test will be preceded by Shapiro-Wilk's and Bartlett's Tests which test for
normality and homogenaity of the data sat. If necessary, replicate values will be transformed using
square raot, arcsine squars root or log conversion procadures. If either Shapirc-Wilk's or Bartlett's
Tests continue to fail after thase conversions, Dunn's Test, a non-parametric procedure, will be used
to establish the NOEC. All comparisons will be made at 95% level of certainty (P < 0.08),

For each observation Interval, EC10, EC50 and ECZ0 values (the concentrations of test
substance which reduced culture density by 10, S50 and 90%, respectively) and 95% confidencs
limits will be determined by linear regression of response (percent reduction of cuiture density, as
comparad with control) vs. mean measured exposure concentration. Four linear regression curves
wilt be computed based on (a) untransformed data, (b) untransformed responsa vs. logarithm-
transformed concantration, (c) probit-transformed response vs. untransformed concentration, and
(d) probit-transformed responsae vs. logarithm-transformed concentration. The regression line which
provides the best fit of the untransformed or transtormed data will be selected based on the highest
coefficient of determination, i.e., r'. This regrassion equation will then be appiied to calculats the
EC10, EC50 and ECS0 values and their 95% confidence limits, using the method of inverse
prediction (Sokal and Rohif, 1981). A computer program daveloped and validated at StJ will be
used to assist in these computations. The concentration-response data generated during this test
will be provided to the Study Sponsor in Lotus® format.
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4.0 RECORDS TO BE MAINTAINED
Records to be maintained will inciude, but will not be limited to, correspondence and other

documents relating to the interpretation and evaluation of data as well as all raw data and
documentation generatad as a result of the study.

5.0 REPORTING

The raw data generated at Springbom Laboratories, inc., and draft and final report will be
reviewed by the SU Quality Assurancs Unit and Study Director. All measurements (e.g., water
quality) will be reported to various levels of significance depending on the accuracy of the
measuring devicas empioyed during any one procass. A single copy of the dratt report will initlally
be submitted to the study Sponsor for reviaw. Upon acceptance by the Sponsor, three (3) copies
of the final repart will be submitted. All reports include, but will not be limited to, the foilowing
information:
* Springborn Laborateries, Inc., raport and project numbers.

. Laboratory and site, the dates of testing and personnel invoived in the study, e.g., Quality
Assurance Unit, Program Coordinator (if applicable), Study Director.

b All information pertaining to the test substance which appears on the sample tottle, a.g., its
sourcs, percent active ingredlent, physical propertias, Sponsor's test substancs 1.0., and
sampie number.

. Scientific name of the test arganism, strain, source, and culturing information.

- Results (i.e., 96-hour EC50 vaiue and 95% confidenca limits) of applicable copper nitrate
reference test.

* A copy of the periodic analysis of the dilution water source for concsntrations of toxic metais
and pesticides.

- Range-finding study resuits.

* Test container volume, test sclution velume, and inoculum cufture density.

. Cescription of exposure soiution preparation scheme,

. Description of test conditions.

* Criteria for determination of toxic effects and general observations on nonquantifiable effects.

* A table of culture density measurements for sach 24-hour interval,
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d Data on test temperatures, specific conductivity, pH, illumination and agitation,

- The EC10, EC50 and ECSO0 values and 5% confidence limits for 24, 48, 72 and $6 hours of
exposure, when possible, and calculation methods used. All calculations wiil be based on
mean measured concantrations.

* Deviations frcm the protocol not addressed in protocel amendments, together with a
discussion of the impact on the study, signed by the Study Director.

. Good Laboratory Practice (GLP) compliance statement (for the biclogical portion of the study)
signed by the Study Directer.

* Dates of Quality Assurancs reviews, signed by the QA Unit,

ol Location of raw data and finai report,

6.0 PROTOCOL CHANGES

All amendments to the approved protocol will be documented in writing and signed by both
the Study Cirector and the Sponsor's contact or representative. All daviations will be
documented by the Study Director. Protocol amendments and deviations will include the
feasons for the change and the impact aof the change on results of the study, it any.
Amendments shouid be authorized by the Sponsor's contact or the Study Monitor in advancas
of initiation of definitive test. if necessary, amendments initially may be in the form of verbal
authorization, followed by Springbom's written documentation of the amendment. In such a
cass, the effective date of the amendment will be the date of verbal authorization.

7.0 SPECIAL PROVISIONS

GOOD LABORATCRY PRACTICES (GLP): Al test procedures, documentation, records, and
reports related to the biological portion of this study will compiy with the U. S. Environmental
Protaction Agency's Good Laboratory Practices as promuigated under the Toxic Substancs Control

Act (FEDERAL REGISTER, Part IV, 17 August, 1989)

TEST MATERIAL DISPOSAL: Atter 60 days of the issuance of the final report, the test substance
will be returned to the Sponsor's project officer, at Sponsor expense, uniess different arrangements
are made.

DATA ARCHIVAL: All raw data and the final report will be archived at Sheil Development Company
unless different arrangements are made.
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TABLE |

COMPOSITION OF ALGAL ASSAY
PROCEDURE (AAP) MEDIUM

Final
Caompound Concentration
NaNO, 25.5 mg/l
MgCl, « 6H,0 12.16 mg/L
CaCl, 2H,0 4.41 mg/L
MgSO, « 7TH,0 147 mg/L
KHPO, 1.044 mg/L
NaHCO, 150 mg/L
H;BO, 185.52 ug/L
MnCl, « 4H,0 415.4 pg/L
ZnCy, 3270 ug/L
CaCl, - 6H,0 1.43 pgil
CuCl, . 2H,0 0.012 ug/L
Na,MaO, « 2H,0 7.26 pg/l
FeCl, « 6H,0 159.8 pg/L
Na,Si0, « 9H,0* 20 mg/L.
Na, EDTA . 2H,0° 300 pg/L
Na,Se0,? 1.88 pg/l

* Na,SiQ, is included in medium for the diatom Navicula pellicuiosa only.

® Additional nutrient required, personal communication, Or. A.R.L. Guillard, June 1891.
° Culture medium contains 300 xg/L Na, EDTA « 2H,0. Test medium dces not contain

Na, EDTA o 2H,0.

SOURCE:

Miller W.E,, J.C. Greena and T. Shiroyama. 1978. The Selenastrum capricornutum

Prinz algal assay bottle test. EPA 600/9-78-018. U.S. Environmental Protection
Agency, Washington, DC.
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BOhwi

790 Main Sireet ® Wareham. Massacnusetts 02571 e (S08) 295-2650 e Telex 4436041 @ Facsimile (508) 295-3107

PROTOCOL AMENDMENT

AMENDMENT #: 1

DATE: 21 October 1993

PROTOCOL TITLE: Alcohol Ethoxylate Surfactants: Protocol for Conducting a 96-Hour
Toxicity Test with the Freshwater Green Alga, Selenastrum capricornu-
tum, Following TSCA Guideiine 797-1050

SPECIES: Selenastrum capricomutum

STUDY SPONSOR: Shell Development Company

TEST MATERIAL: Dobanol 91-8

SU STUDY NO: 777.0983.5106.430

AMENDMENT(S):

1. The definitive test will be conducted at nominal concentrations of 10, 5.0, 2.5, 1.3,

0.63, 0.31, 0.16 and 0.080 mg/L.
2 The protocol states that the test medium used for the toxicity test and the reference

test will not contain Na, EDTA 2H,0. At the Sponsor's request, Na, EDTA 2H,0 will
be added to the medium used for each test at a concentration of 300 ug/L

S
. ! / -d
Approval Signatures: — L 8 //j M’luﬂ’ / "/3’/7 >
games R. Hoberg Date
SU Study Director
Dtk Frconp— /11/1/73
Diana C. L. Wong [/ Date

Sponsor Contact

i g
Protocol #072993/TSCA/SHELL/SEL i }EEN«

& Springbarn
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A Shviuin of Pt OF Cunmany

Shell Davelopment Company @
Wantohow Aumesect

Cauer
P. Q. 3ox 1290
Housson, TX 77281.i380

Septemder 10, 1993

Pemela K. Lincoln
soringborn (asorataries, [nc.
7SC Main Sireet

darenam, A G2i71

Cear Ms, Linrain:

Tee micsing information, pertaining to the test substance Dcbancl 91-8, that yéu
Fegueszed of xe in your letrer dated 2 Septemper. 1993 is 45 follcws:

Lat Mumper: ‘ 37362210

¥ Aztive Tagredient; 1302

N2t Amount Sarpped 878 o
Molecular Yeignt vg 510 g/mal

The cer<i1?¥icasa of analysis for this test substance is attached.

I€ you nave any questions then clegse do not hesitate to contact ne at the apove
¢deress or by phone at (713} 493-795%.

Sincerely,

&f(éf(f ety

Caroiynm A, Mazula

Springborn Laboratories, Inc.
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Well! Water Sample*
Oate Collected: 7/29/93 Date Reported: 9/17/93
Pesticide Screen LIl Resuit As Received Limit of Quantitation
Alpha 8HC < 0.01 g/l 0.01
Beta BHC < 0.01 pg! 0.01
Gamma BHC - Lindane < 0.01 ugl 0.0t
Deta BHC < 0.01 ugi 0.01
Heptachior < 0.01 pg/t 0.0
Aldrin < 0.0 ugt 0.01
Heptachior Epoxide < 0.01 pgit 0.01
O0E < 0.01 ug/ 0.01
DCD < 0.01 ugtt 0.01
oot < 0.01 ug/ 3.01
HCB < 001 pgi 0.01
Mirex < 0.01 pgl 0
Methoxychior < 0.05 g/ 0.08
Dietdrin < 0.01 ggtt 0.01
Endrin < 0.01 ugn 0.01
Telodrin < 0.01 ug/l 0.01
Chlordane < 0.3 ug/! 0.3
Toxaphene < 4 ng/l 4,
PCBs < 1 ugh 1.
Ronnet < 0.01 ug/l 0.01
Ethion < 0.02 g/ 0.02
Trithion < 0.05 pg/!t 0.05
Diazinon < 0.1 pg1 0.1
Methyi Parathion < 002 ugnt 0.02
Ethyl Parathion < 0.02 ug 0.02
Malathion < 0.05 ug/ 0.05
Endosuifan | < 0.01 gyl 0.01
Endosutfan i < 0.01 ug/ 0.01
Endosulfan Suffate < 0.03 pgl 0.03
! Well water supplemented by Town of Warsham water
;Analyzed by Lancaster Laboratones, Inc.
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Well' Water Sample*
Date Collected: 8/9/93** Date Reported: 8/26/93
Analysis Result As Received Limit of Quantitation
Mercury < 0.00020 mg/l 0.00020
Arsenic < 0.20 mg/ 0.20
Selenium < 0.20 mg/l 0.2
Boron < 0.040 mg/l 0.04
Thallium < 0.30 mg/t 03
Aluminum < 0.20 mgit 02
Artimony < 0.20 mg/l Q2
Barium < 0.10 mgy/! 0.1
Berylium < 0.010 mg/l 0.01
Cadmium < 0.010 mg/l 0.01
Calcium 7.71 mg/l 0.2
Chromium < 0.050 mg/! 0.05
Cobatt < 0.050 mgn 0.05
Copper < 0.020 mg/ 0.02
lron < 0.10 mgf 0.1
Lead < 0.10 mght 0.1
Magnesium 2.31 mgft 0.1
Manganese < 0.010 mg/t 0.01
Molybdenum < 0.10 mg/i 0.1
Nickel < 0.050 mg/ 0.05
Potassium 1.07 mg/l 6.5
Sitver < 0.020 mgn 0.02
Sedium 14.0 mg/ 04
Titanium < 0.010 mght 0.01
Vanadium < 0.010 mg/t 0.0
Zinc <0.040 mg/t 0.04
Total Organic Carbon *** < 1. mglL 1.
! Well water supplemented by Town of Wareham water
* Analyzed by Lancaster Laboratories, Inc.
** The original sample for this anaysis (collected 7/2%/93) was damaged during transport. Resampled 8/%/93.
*** Represents “non-purgeabls TOC*
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1.0 INTRODUCTION

The work reported in this document is a component of aquatic toxicological testing that has been
requested and initiated by the Sponsor of this study. The toxicological testing was conducted by
Springborn Laboratories, Inc. Battelle Ocean Sciences was responsible for providing chemical
analytical support to the toxicological testing by determining concentrations of the Test Substance in
samples received from Springborn Laboratories. The results of these chemical analyses are presented
in this Final Data Report.

The objective of the work reported in this document was to perform chemical analysis of aqueous
samples and primary stock solutions, for the determination of concentrations of alcohol ethoxylate
surfactants using the analytical method titled Analysis of Alcohol Ethoxylate Surfactants Using Solid
Phase Extraction (SPE) Cartridges and High Performance Liquid Chromatography with Evaporative
Light Scattering Detection (HPLC/ELSD) in Dilute Aqueous Solutions. This analytical procedure was
approved by the Analytical Chemistry Task Leader on August 27, 1993, and by the Sponsor’s Project
Monitor on August 31, 1993.

1.1 Test Substance Identification

The Test Substance analyzed in this study was an alcohol ethoxylate (AE) surfactant (Dobanol 91-8%).
The Test Substance was provided by the Sponsor (Shell Development Company). The Sponsor was
also responsible for providing Battelle with the lot number, analysis, purity, stability, storage
requirements, and all other relevant chemical and physical characterization data for the Test
Substance. The Test System and Test Substance identity and characterization information, and other
relevant test information for this study, as provided by the Sponsor, is summarized below.

Test System: Selenastrum capricornutum
Test Substance: Dobanol® 91-8

Test Substance CAS#: 68439-46-3

Test Substance Lot#: LR21662-54

Test Substance Purity: 100%
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Test Substance Composition: A C,y-C;,; alcohol ethoxylate with an average of 8
moles of ethylene oxide per mole of alcohol. Traces
of free ethylene oxide (less than or equal to 6 ppm)
may be present in the neat Test Substance.

Test Substance Analysis: The percent purity data is based on process
knowledge, and research and development prior to
manufacture of the Test Substance used.

Test Substance Solubility: Completely soluble in water. May form gel.

Test Substance Stability: Stable. A stability and holding time of two years from
receipt at Battelle was assigned to the Test Substance.

Test Substance Storage Requirements: Ambient temperature or lower.

2.0 MATERIALS AND METHODS

2.1 Analytical Method Description

The analytical procedure used was developed for the determination of total alcohol ethoxylate
surfactants in aqueous samples. The method involves an extraction step to isolate the surfactant from
a water sample and a high performance liquid chromatography (HPLC) analytical procedure to
quantify the nonionic surfactant concentration. The results are reported as total alcohol ethoxylate
surfactant concentrations. Concentrations of the surfactant were also determined in primary stock
solutions received from the toxicology testing laboratory.

In order to analyze alcohol ethoxylate (AE) surfactants in aqueous matrices at low levels the
surfactant must first be isolated from the water, concentrated, and analyzed using an appropriate
method of detection to quantitate the amount of surfactant originally present in the aqueous sample.
The method used employs solid phase extraction (SPE) with a C, reverse phase cartridge for isolating
the analyte and concentrating the sample. After elution of the surfactant from the SPE cartridge with
methyl and isopropyl alcohol it is analyzed using an HPLC procedure (octyl HPLC-column separation
and methanol/water mobile phase gradient) that employs an evaporative light scattering detector
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(ELSD) for analyte detection and quantification. This method quantifies total AE surfactant without
distinguishing between the various individual AEs or carbon chain distributions.

The primary stock solution surfactant concentration was determined by simply diluting the sample to
the appropriate concentration using methanol and analyzing it by HPLC/ELSD. No extraction step
was needed.

The analytical procedure is described in detail in the document entitled Analysis of Alcohol Ethoxylate
Surfactants Using Solid Phase Extraction (SPE) Cartridges and High Performance Liquid
Chromatography with Evaporative Light Scarttering Detection (HPLC/ELSD) in Dilute Aqueous
Solutions, which was developed specifically for these analyses. This Test Substance specific
document was prepared by Battelle and approved by the Sponsor on August 31, 1993. The analytical
procedure document, and associated study-specific analytical information, is included in Battelle’s
data-package for this study. This data-package will be provided to the Sponsor and a copy maintained
by Battelle Ocean Sciences.

2.2 Laboratory Quality Control

The water samples were processed in analytical batches of no more than 20 test samples. Each batch
of test samples included four laboratory quality control (QC) samples: one procedural blank (PB), one
matrix spike (MS), one matrix spike duplicate (MSD), and one blank spike (BS). The procedural
blank (which consists of Milli-Q laboratory water carried through all steps and treated as other
samples) sample was used to ensure that there were no significant levels of laboratory contamination.
The matrix spike (test sample spiked with the target analyte), matrix spike duplicate, and blank spike
(Milli-Q water spiked with the target analyte) samples were used to demonstrate laboratory accuracy
and precision; these QC samples were also carried through all sample processing procedures and
treated as the rest of the samples.

A portion of a non-fortified (control) test sample was used to prepare the matrix spike samples
because it contained no background analyte levels yet had a sample matrix that was representative of
the test samples. The blank spike was processed to determine if the accuracy/recovery of the analyte
was affected by the sample matrix.

Each sequence of samples analyzed by the HPLC/ELSD instrument was initiated with a five-point
multilevel calibration. Test samples followed the initial calibration in the analysis sequence, and a
calibration check standard was analyzed at least every 12-14 samples to verify the validity of the
calibration.
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Summarized below are the QC data quality objectives that applied for this study.

Data Quality Objectives

QC Analysis Criteria Objective

Blank spike analyte recovery 70%-120%

Matrix spike analyte recovery 70%-120%

Matrix spike/spike duplicate precision <30% RPD

Procedural blank < 1x limit of quantification (LOQ)
Instrument multilevel calibration Correlation coefficient > 0.995
Instrument calibration check 15% RPD in determined and actual

standard concentration

2.3 Calculations

Sample Concentration Calculations

An external standard method of calibration and quantification was used. Sample extract
concentrations were determined by applying the multilevel quadratic calibration equation using a
chromatography data system on which the analytical data were acquired during the instrumental
analysis. A five-point calibration curve which bracketed the expected concentration range of exposure
samples was generated at the initiation of the HPLC analysis. Calibration standard concentrations
were approximately 31, 64, 103, 168, and 258 pg/mL. Original water sample concentrations were
subsequently determined by applying the water extraction volume (WEV) and pre-injection volume
(PIV) information. The PIV of the PB sample, controls, and 80 and 160 parts per billion (ppb)
nominal concentration samples was 250 uL. For the 310, 630, and 1,300 ppb nominal concentration
samples the PIV was 500 uL, and it was 2.00 mL for the BS, MS, and MSD samples and samples
with nominal concentrations of 2,500, 5,000, and 10,000 ppb. Analyte concentrations of the original
water samples were determined in ppb. Analyte concentration of the primary stock solution samples
were determined in parts per million (ppm).

Determined Water Sample Concentration (ppb) = EC x PIV x (1/WEV) X 1000

Primary Stock Solution Concentration (ppm) = EC x DIL VOL, x (1/DIL VOL,)
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EC = Extract (HPLC sample) concentration (ug/mL = ppm)

PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

DIL VOL, = Final volume of diluted Primary Stock subsample (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Quality Control Sample Calculations

Two separate calculations were performed on the Quality Control (QC) sample data. Percent
recoveries were determined for the blank spike and matrix spike samples, and the relative percent
difference (%RPD) between the two percent recovery values was determined for the matrix
spike/duplicate sample pair.

% Recovery = WC, X (1/WCy) X 100%
%RPD = [%RECys — %RECusp] X 2/ (%RECys + %HRECysp)) X 100%

WC,= Determined water sample concentration (ppb) — calculated as shown above
WC¢= Spiked water sample concentration (ppb) — prepared concentration
%REC,,s = Percent recovery of the matrix spike sample

%REC,,sp = Percent recovery of the matrix spike duplicate sample

Limit of Detection and Limit of Quantitation

The limit of detection (LOD) and limit of quantitation (LOQ) was determined for the analyses. The
target analyte had to provide a detector response of a minimum 3:1 signal:noise ratio to be considered
detected.

The water sample equivalent LOD was calculated by comparing the peak height equivalent to a
signal:noise ratio of 3:1 in the sample to the peak height of the analyte in the low-level calibration
standard, and applying the water extraction volume (WEV) and the pre-injection volume (PIV), as
shown previously. The LOD was determined using two samples with the lowest nominal
concentration and averaging the values obtained in the two determinations.

The LOQ was determined as the water sample concentration equivalent to a final extract concentration
that is the same as the low calibration standard. The LOQ was determined using the PIVs and WEVs
used for the samples with the lowest nominal concentrations.
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LOD (ppb) = H,. X (Ci/Hys) X PIV x (1/WEV) X 1000
LOQ (ppb) = Cis X PIV X (1/WEV) X 1000

H,, = Peak height equivalent to 3 X the noise in the sample

H,, = Peak height of analyte in the low-level calibration standard

C,s = Concentration of analyte in the low-level calibration standard (ug/mL = ppm)
PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

3.0 RESULTS

3.1 Analytical Results — Toxicological Test Samples

The results of the chemical analyses of the samples received from the toxicological testing laboratory
are presented in Table 1. The analyses of the test samples was performed in one analytical batch.
Table 1 also presents the data for the Primary Stock Solution analyses.

The measured analyte concentrations in the test samples that had been fortified with the Test
Substance ranged from 62.8 ppb (for sample NB81, a sample with a nominal concentration of 80 ppb)
to 9,766 ppb (for sample NB88, a sample with a nominal concentration of 10,000 ppb). The
measured concentrations were between 43 percent (sample NB95) and 107 percent (sample NB91) of
the nominal concentration, with the majority of the samples having a measured concentration ranging
from approximately 65 to approximately 100 percent of the nominal concentration. On an average,
the concentrations in the t=96 hour samples were slightly lower that in the t=0 hr samples,
suggesting that there may be a slight loss of the analyte with time.

A small amount of the analyte was detected in one of the two toxicological control samples; 21.4 ppb
was measured in sample NB90, the t=96 hr control. The signal/peak that was responsible for the
reported concentration did not resemble a Dobanol® 91-8 signal, and was probably not due to
Dobanol® 91-8 contamination. However, it is reported because it would interfere with a Dobanol®
91-8 signal. The concentrations reported for samples NB91 and NB92 most likely have contribution
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Table 1. Dobanol® 91-8 Concentrations in Samples Received from the
Toxicological Testing Laboratory

Battelle Test Sample Nominal Measured
Sample ID Time/Type Conc. Conc.
(ppb) (ppdb)
Batch #1 :
NB80 t=0 0 ND
NBS81 t=0 80 62.8
NB82 t=0 160 155
NB&3 t=0 310 274
NB84 t=0 630 617
NB8S t=0 1,300 1,221
NB36 t=0 2,500 2,243
NB37 t=0 5,000 4,822
NB38 t=0 10,000 9,766
NB%0 t=96 0 21.4
NB91 t=96 80 86.0
NB92 t=96 160 146
NB93 t=96 310 203
NB9%4 t=96 630 410
NB95 t=96 1,300 558
NB%6 t=96 2,500 1,650
NB97 t=96 5,000 4,077
NB98 t=96 10,000 8,450
Primary Stock Solution (ppm) (ppm)
NCO06 t=0, stock 20,000 19,920

ND: Not detected; <LOD.
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from this interference, the magnitude of which is probably comparable to the concentration reported
for NB90. The sample extracts from samples NB90, NB91, and NB92 were bright green in color,
and the chromatograms showed significant amounts of non-Dobanol® 91-8 sample components. These
three samples were the t=96 hr samples that had the greatest concentration factor in the sample
preparation/processing (a factor of 1000), and the rest of the samples were concentrated much less
(factors of 25 to 200 times) and had no evidence of significant matrix interference or other matrix
constituents.

The concentration measured for the Primary Stock Solution was only slightly lower than the expected
concentration, with a measured concentration of 19,920 ppm, as compared with a nominal/expected
concentrations of 20,000 ppm. The measured Primary Stock Solution concentration was within 1
percent of the expected concentration.

3.2 Analytical Results — Quality Control Samples
All quality control objectives were met for this work. The five-point muiti-level instrument
calibration used had a correlation coefficient of 0.999836 for the quadratic equation generated, and
the continuing calibration check analyses ranged from 1.9 to 3.9 relative percent difference between
the determined and actual standard concentration.
The limit of detection (LOD) and limit of quantitation (LOQ) were determined as described in Section

2.3, and were as follows.

Limit of Detection and Limit of Quantitation

Limit of Detection (LOD) 10.0 ppb

Limit of Quantitation (LOQ) 30.9 ppb
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Sample concentrations above the LOD were reported for this study. Sample concentrations below the
LOD were reported as “ND” (not detected). The concentrations for ail samples with anticipated
analyte concentrations (i.e., all samples except the laboratory procedural blanks and toxicological test
control samples) had measurable levels of analyte and determined to be above the LOD and the LOQ.
One sample (NB90, the t=96 hr control) had a detectable (i.e., above the LOD) amount of target
analyte which was determined to be below the LOQ — 21.4 ppb detected versus an LOQ of 30.9 ppb.

The results of the laboratory quality control (QC) sample analyses are presented in Table 2. The
target analyte was not detected in the procedural blank sample. The analyte recovery in the blank
spike (BS) sample was 97%. The analyte recovery in the two matrix spike (MS/MSD) samples were
91% and 93%, and these data suggest that there were no significant matrix effects on the analytical
procedure. Acceptable precision was observed for the analysis. The relative percent difference in the
measured analyte recoveries for the MS/MSD duplicates was 2%.

The QC data indicate that the laboratory analysis was in control for this work. There were no

identified circumstances or occurrences during the conduct of this work that may have affected the
quality or integrity of the data.

4.0 ARCHIVING OF DATA

Study records that will be maintained by Battelle include, but are not limited to:

o Verified copies of all raw data and documentation records
o Verified copy of the signed and approved Analytical Chemistry Method, and
associated amendments and deviations

o All correspondence, memos, or notes pertaining to the study
o Verified copy of the signed Final Data Report
. Test Substance records, including receipt and inventory, and physical and chemical

characterization data, as supplied by the Sponsor

All project files, including verified copies of the raw data and the Final Data Report, will be archived
by Battelle after the submission of this Final Data Report. The Battelle Quality Assurance Unit
manages the limited-access data archival. Additionally, a small amount of Test Substance will be
archived by Battelle.
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Table 2. Laboratory Quality Control Sample Analysis Results

Battelle QC Sample Recovery
Sample ID Type (%)
Batch #1
NB76-PB Procedural Blank ND
NB77-BS Blank Spike 973
NB78-MS Matrix Spike 91.1
NB79-MSD Matrix Spike Duplicate 93.4
MS/MSD %RPD: 24

ND: Not detected; <LOD.
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APPENDIX A

Deviations to Analytical Method

Page 19 of 26




Battelle Study Number SD-930117

BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form

Page lof 1

Project Title: Gap-Filling Project

Study Number: SD-930117

This is a Deviation to Analytical Method:

Entered by: Gregory S. Durell

Battelle Project Number: N8328-0002

Yes __ X No

Date: December 6, 1993

Subject: Provision of Test Substance

The Test Substance for this study was provided by the Sponsor, not the toxicological testing
laboratory as specified in the Analytical Procedure Document. The Sponsor communicated that the
Test Substance provided to Battelle and the toxicological testing laboratory came from the same

lot/source.

Approved: j/}( W j’ W Date:la/ca’[ 973
7

Page 20 of 26




Battelle Study Number SD-930117

BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__lof 1

Project Title: Gap-Filling Project

Study Number: SD-930117 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: December 6, 1993

Subject: .Purity of Nitrogen Gas for ELSD Detector

The purity of the liquid nitrogen used for the ELSD detector is guaranteed by the supplier (Liquid
Carbonic) to be a minimum of 99.998%, not 99.999% as specified in the Analytical Procedure
Document. The typical purity, as specified by the supplier, is 99.999%.

Approved: / 4[#//}/,0/)/ J : M / Date: IQZOC’Z 73
V
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form

Page__1of |

Project Title: Gap-Filling Project
Study Number: SD-930117
This is a Deviation to Analytical Method:

Entered by: Gregory S. Durell

Battelle Project Number: N8328-0002

Yes X No

Date: January 7, 1994

Subject: Sample Receipt and Shipment from the Toxicological Testing Laboratory

The samples shipped by the toxicological testing laboratory to Batelle for analysis were received in
coolers or boxes with no ice packs and were at abient temperature. They were not shipped in coolers
with ice packs as specified in the Analytical Procedure Document. This issue was communicated to
the Sponsor by telephone who verbally approved Battelle to proceed with the work on the samples
received. The lack of refrigeration while in transit should not impact the integrity of these samples.

Approved:

Date: OI/O'HQ}/

r 7 v
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page___1of 1

Project Title: Gap-Filling Project

Study Number: SD-930117 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes _X No
Entered by: Gregory S. Dureil Date: December 6, 1993

Subject: Return and Archival of Test Substance

Only a small amount of Test Substance was received by Battelle for this work (in a vial of
approximately 4 mL volume) and the unused material at the end of the study will be kept and
archived at Battelle, not returned to the toxicological testing laboratory.

/i

Approved: Vélbazw M Date: /§Z Oé( Y%
/
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page_ | of 1|

Project Title: Gap-Filling Project

Study Number: SD-930117 Battetle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: December 20, 1993

Subject: Calculations of Original Water Sample Concentrations

The original water sample concentrations were calculated in spreadsheet tables by applying the water
extraction volumes (WEV) and pre-injection volumes (PIV) to the sample extract concentrations
determined using the chromatography software in the Hewlett-Packard LAS data system. These
calculations are described in the Study Report. The Analytical Procedure Document specified that the
original water sample concentrations be determined directly in the H-P LAS datasystem by enterring
the WEV and PIV data there.

Analyte concentrations of the original water samples were determined. in parts per bitlion (ppb).
Analyte concentration of the primary stock solution samples were determined in parts per million

(ppm).
Determined Water Sample Concentration (ppb) = EC x PIV x (1/WEV) x 1000
Primary Stock Solution Concentration (ppm) = EC x DIL VOL, x (1/DIL VOL;)

EC = Extract (HPLC sample) concentration (ug/mL = ppm)

PIV = Pre-injection volume (mL)

WEV = Water extraction volume (mL)

DIL VOL, = Final volume of diluted Primary Stock subsample (mL)

DIL VOL, = Volume of Primary Stock subsample taken for the dilution (mL)

Date: } 90 7

Approved:
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BATTELLE OCEAN SCIENCES
Miscellaneous Documentation Form Page__ 1 of2

Project Titlez Gap-Filling Project

Study Number: SD-930117 Battelle Project Number: N8328-0002
This is a Deviation to Analytical Method: Yes __ X No
Entered by: Gregory S. Durell Date: January 7, 1994

Subject: Miscellaneous Deviations to Analytical Method

Sample extracts were stored in sealed vials/tubes until HPLC analysis could be
performed, and not transferred to HPLC vials on the day the sample processing was
completed, as specified in the Analytical Procedure Document. The PIVs were not
always adjusted on the day that sample extraction was completed or that samples were
submitted for HPLC analysis. The PIV was carefully visually inspected for each sample
prior to transfer for instrumental analysis. These deviations have no impact on the
integrity of the samples or results, because of the stability of the test substance and
because proper storage was maintained.

Concentrator tubes were not rinsed and the rinsate transferred to a 4 mL vial for storage
on the day sample processing was completed, as indicated in the Analytical Procedure
Document and associated sample preparation check list. Instead the procedure was to
store the securely sealed concentrator tube refrigerated until HPLC analysis was
completed and then rinse and transfer any remaining sample in the concentrator tube and
HPLC vial to 2 common vial of suitable size (sometimes 4 mL and sometimes larger).
This deviation has no impact on the integrity of the samples because proper storage was
maintained. '

The Test Substance was stored refrigerated and not at room temperature as specified in
the Analytical Procedure Document. This deviations has no impact on the integrity of
the material or results, because suitable storage conditions were maintained.

Not all of the 7 concentration levels listed in the Study-Specific were analyzed by HPLC
at the beginning of the analytical sequence. These 7 standards had been analyzed by
HPLC prior to the analysis of samples for this study, and the approximate response was
therefore known. A total of 5 standards were analyzed and a 5-point calibration
generated, in accordance with the Analytical Procedure Document.
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There were a few instances of incomplete temperature monitoring of Refrigerator #2
(where water samples are stored pre-extraction and extracts stored until archival) during
the performance of this work. Specifically, during the third week of November the
monitoring/logging was missed three times, during the fourth week of November it was
missed one time, and during the first week of December it was missed one time.
However, all sample extraction had beea completed by these dates, and only sample
extracts (in methanol) were stored in the refrigerator. Sample extracts can be stored at,
or below, room temperamre. This deviation would not impact the integrity of the
samples or the quality of the data.

There was one instance in the HPLC analysis sequence when there were 14 samples
berween two calibration check standards. The Analytical Procedure Document specifies
that calibration check standards be analyzed no less frequently than every 12 samples.
However, this deviation is not expected to have any impact on the quality of the data
because all calibration checks in the sequence (including before and after the set of 14
samples) consistently easily met the calibration criteria.

/ / ? i /
Approved: - Date: o! O q(’
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