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an adequate set of test concentrations for a
definitive test.

(4) The EPA Environmental Research Lab-
oratory in Gulf Breeze, Florida prepared a
Research and Development Report entitled
Acute Toxicity of Eight Drilling Fluids to
Mysid Shrimp (Mysidopsis bahia), May 1984
EPA-600/3-84-067. The Gulf Breeze data for
drilling fluid number 1 are displayed in Table
1 for purposes of an example of the probit
analysis described above. The SAS Probit
Procedure (SAS Institute, Statistical Anal-
ysis System, Cary, North Carolina, 1982) was
used to analyze these data. The 96-hour LC50
adjusted for the estimated spontaneous mor-
tality rate is 3.3 percent SPP with 95 percent
limits of 3.0 and 3.5 percent SPP with the 1
to 9 dilution. The estimated spontaneous
mortality rate based on all of the data is 9.6
percent.

TABLE 1—LISTING OF ACUTE TOXICITY TEST
DATA (AUGUST 1983 TO SEPTEMBER 1983)
WITH EIGHT GENERIC DRILLING FLUIDS AND
MYSID SHRIMP

[fluid N2=1]

Number
Number
Percent concentration Number dead alive (96

exposed (96 hours)

hours)
0.. 60 3 57
1 60 11 49
2 60 11 49
3 60 25 35
4 60 48 12
5 60 60 0

V-C. The Partial Toxicity Test for Evaluation of
Test Material

(1) A partial test conducted according to
EPA protocol can be used economically to
demonstrate that a test material passes the
toxicity test. The partial test cannot be used
to estimate the LC-50 adjusted for natural
response.

(2) To conduct a partial test follow the test
protocol for preparation of the test material
and organisms. Prepare the control (zero
concentration), one test concentration (3
percent suspended particulate phase) and the
reference toxicant according to the methods
of the full test. A range finding test is not
used for the partial test.

(3) Sixty test organisms are used for each
test concentration. Find the number of test
organisms killed in the control (zero percent
SPP) concentration in the column labeled X,
of Table 2. If the number of organisms in the
control (zero percent SPP) exceeds the table
values, then the test is unacceptable and
must be repeated. If the number of orga-
nisms Kkilled in the 3 percent test concentra-
tion is less than or equal to corresponding
number in the column labeled X, then the
test material passes the partial toxicity test.
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Otherwise the test material fails the toxicity
test.

(4) Data shall be reported as percent sus-
pended particulate phase.

TABLE 2

Xo X
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22
23
23
24
24
25
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APPENDIX 3 TO SUBPART A OF PART
435—PROCEDURE FOR MIXING BASE
FLuiDs WITH SEDIMENTS (EPA
METHOD 1646)

This procedure describes a method for
amending uncontaminated and mnontoxic
(control) sediments with the base fluids that
are used to formulate synthetic-based drill-
ing fluids and other non-aqueous drilling
fluids. Initially, control sediments shall be
press-sieved through a 2000 micron mesh
sieve to remove large debris. Then press-
sieve the sediment through a 500 micron
sieve to remove indigenous organisms that
may prey on the test species or otherwise
confound test results. Homogenize control
sediment to limit the effects of settling that
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may have occurred during storage. Sedi-
ments should be homogenized before density
determinations and addition of base fluid to
control sediment. Because base fluids are
strongly hydrophobic and do not readily mix
with sediment, care must be taken to ensure
base fluids are thoroughly homogenized
within the sediment. All concentrations are
weight-to-weight (mg of base fluid to kg of
dry control sediment). Sediment and base
fluid mixing shall be accomplished by using
the following method.

1. Determine the wet to dry ratio for the
control sediment by weighing approximately
10 g subsamples of the screened and homog-
enized wet sediment into tared aluminum
weigh pans. Dry sediment at 105 °C for 18-24
h. Remove sediment and cool in a desiccator
until a constant weight is achieved. Re-
weigh the samples to determine the dry
weight. Determine the wet/dry ratio by di-
viding the net wet weight by the net dry
weight:

[Wet Sediment Weight (g)]/[Dry Sediment

Weight (g)] = Wet to Dry Ratio [1]

2. Determine the density (g/mL) of the wet
control or dilution sediment. This shall be
used to determine total volume of wet sedi-
ment needed for the various test treatments.

[Mean Wet Sediment Weight (g))/[Mean Wet
Sediment Volume (mL)] = Wet Sediment
Density (g/mL) [2]

3. To determine the amount of base fluid
needed to obtain a test concentration of 500
mg base fluid per kg dry sediment use the
following formulas:

Determine the amount of wet sediment re-
quired:

[Wet Sediment Density (g/mL)] x [Volume of
Sediment Required per Concentration
(mL)] = Weight Wet Sediment Required per
Conc. (g) [3]

Determine the amount of dry sediment in
kilograms (kg) required for each concentra-
tion:

{[Wet Sediment per Concentration (g)]/[Mean
Wet to Dry Ratio]} x (1kg/1000g) = Dry
Weight Sediment (kg) [4]

Finally, determine the amount of base
fluid required to spike the control sediment
at each concentration:

[Conc. Desired (mg/kg)] x [Dry Weight Sedi-
ment (kg)] = Base Fluid Required (mg) [5]
For spiking test substances other than

pure base fluids (e.g., whole mud formula-

tions), determine the spike amount as fol-
lows:

[Conc. Desired (mL/kg)] x [Dry Weight Sedi-
ment (kg)] x [Test Substance Density (g/
mL)] = Test Substance Required (g) [6]

4. For primary mixing, place appropriate
amounts of weighed base fluid into stainless
mixing bowls, tare the vessel weight, then
add sediment and mix with a high-shear dis-
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persing impeller for 9 minutes. The con-
centration of base fluid in sediment from
this mix, rather than the nominal concentra-
tion, shall be used in calculating LCs. values.

5. Tests for homogeneity of base fluid in
sediment are to be performed during the pro-
cedure development phase. Because of dif-
ficulty of homogeneously mixing base fluid
with sediment, it is important to dem-
onstrate that the base fluid is evenly mixed
with sediment. The sediment shall be ana-
lyzed for total petroleum hydrocarbons
(TPH) using EPA Methods 3550A and 8015M,
with samples taken both prior to and after
distribution to replicate test containers.
Base-fluid content is measured as TPH. After
mixing the sediment, a minimum of three
replicate sediment samples shall be taken
prior to distribution into test containers.
After the test sediment is distributed to test
containers, an additional three sediment
samples shall be taken from three test con-
tainers to ensure proper distribution of base
fluid within test containers. Base-fluid con-
tent results shall be reported within 48 hours
of mixing. The coefficient of variation (CV)
for the replicate samples must be less than
20%. If base-fluid content results are not
within the 20% CV limit, the test sediment
shall be remixed. Tests shall not begin until
the CV is determined to be below the max-
imum limit of 20%. During the test, a min-
imum of three replicate containers shall be
sampled to determine base-fluid content dur-
ing each sampling period.

6. Mix enough sediment in this way to
allow for its use in the preparation of all test
concentrations and as a negative control.
When commencing the sediment toxicity
test, range-finding tests may be required to
determine the concentrations that produce a
toxic effect if these data are otherwise un-
available. The definitive test shall bracket
the LCs., which is the desired endpoint. The
results for the base fluids shall be reported
in mg of base fluid per kg of dry sediment.
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APPENDIX 4 TO SUBPART A OF PART
435—PROTOCOL FOR THE DETERMINA-
TION OF DEGRADATION OF NON-AQUE-
OUS BASE FLUIDS IN A MARINE
CLOSED BOTTLE BIODEGRADATION
TEST SYSTEM: MODIFIED ISO
11734:1995 (EPA METHOD 1647)

1.0. SUMMARY OF EPA METHOD 1647

a. This method determines the anaerobic
degradation potential of mineral oils, par-
affin oils and non-aqueous fluids (NAF) in
sediments. These substrates are base fluids
for formulating offshore drilling fluids. The
test evaluates base fluid biodegradation
rates by monitoring gas production due to
microbial degradation of the test fluid in
natural marine sediment.

b. The test procedure places a mixture of
marine/estuarine sediment, test substrate
(hydrocarbon or controls) and seawater into
clean 120 mL (150 mL actual volume) Whea-
ton serum bottles. The test is run using four
replicate serum bottles containing 2,000 mg
carbon/kg dry weight concentration of test
substrate in sediment. The use of resazurin
dye solution (1 ppm) evaluates the anaerobic
(redox) condition of the bottles (dye is blue
when oxygen is present, reddish in low oxy-
gen conditions and colorless if oxygen free).
After capping the bottles, a nitrogen sparge
removes air in the headspace before incuba-
tion begins. During the incubation period,
the sample should be kept at a constant tem-
perature of 29 + 1 °C. Gas production and
composition 1is measured approximately
every two weeks. The samples need to be
brought to ambient temperature before mak-
ing the measurements. Measure gas produc-
tion using a pressure gauge. Barometric
pressure is measured at the time of testing
to make necessary volume adjustments.

c. ISO 11734:1995 specifies that total gas is
the standard measure of biodegradation.
While modifying this test for evaluating bio-
degradation of NAFs, methane was also mon-
itored and found to be an acceptable method
of evaluating biodegradation. Section 7 con-
tains the procedures used to follow bio-
degradation by methane production. Meas-
urement of either total gas or methane pro-
duction is permitted. If methane is followed,
determine the composition of the gas by
using gas chromatography (GC) analysis at
each sampling. At the end of the test when
gas production stops, or at around 275 days,
an analysis of sediment for substrate content
is possible. Common methods which have
been successfully used for analyzing NAFSs
from sediments are listed in Section 8.
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2.0 SYSTEM REQUIREMENTS

This environmental test system has three
phases, spiked sediment, overlying seawater,
and a gas headspace. The sediment/test com-
pound mixture is combined with synthetic
sea water and transferred into 120-mL serum
bottles. The total volume of sediment/sea
water mixture in the bottles is 756 mL. The
volume of the sediment layer will be ap-
proximately 50 mL, but the exact volume of
the sediment will depend on sediment char-
acteristics (wet:dry ratio and density). The
amount of synthetic sea water will be cal-
culated to bring the total volume in the bot-
tles to 76 mL. The test systems are main-
tained at a temperature of 29 £ 1 °C during
incubation. The test systems are brought to
ambient temperatures prior to measuring
pressure or gas volume.

2.1 SAMPLE REQUIREMENTS

a. The concentration of base fluids are at
least 2,000 mg carbon test material/kg dry
sediment. Carbon concentration is deter-
mined by theoretical composition based on
the chemical formula or by chemical anal-
ysis by ASTM D5291-96. Sediments with posi-
tive, intermediate and negative control sub-
stances as well as a C;,-C;g internal olefin
type base fluid will be run in conjunction
with test materials under the same condi-
tions. The positive control is ethyl oleate
(CAS 111-62-6), the intermediate control is 1-
hexadecene (CAS 629-73-2), and the negative
control is squalane (CAS 111-01-3). Controls
must be of analytical grade or the highest
grade available. Each test control concentra-
tion should be prepared according to the
mixing procedure described in Section 3.1.

b. Product names will be used for examples
or clarification in the following text. Any
use of trade or product names in this publi-
cation is for descriptive use only, and does
not constitute endorsement by EPA or the
authors.

2.2. SEAWATER REQUIREMENTS

Synthetic seawater at a salinity of 25 + 1
ppt should be used for the test. The synthetic
seawater should be prepared by mixing a
commercially available artificial seawater
mix, into high purity distilled or de-ionized
water. The seawater should be aerated and
allowed to age for approximately one month
prior to use.

2.3. SEDIMENT REQUIREMENTS

a. The dilution sediment must be from a
natural estuarine or marine environment
and be free of the compounds of interest. The
collection location, date and time will be
documented and reported. The sediment is
prepared by press-sieving through a 2,000-mi-
cron mesh sieve to remove large debris, then
press-sieving through a 500-micron sieve to
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