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FOREWORD

EPA is charged by Congress to protect the Nation's land, air and water
systems. Under a mandate of national environmental laws focused on air and
water quality, solid waste management and the control of toxic substances,
pesticides, noise and radiation, the Agency strives to formulate and imple-
ment actions which lead to a compatible balance between human activities and
the ability of natural systems to support and nurture life.

The Robert S. Kerr Environmental Research Laboratory is the Agency's
center of expertise for investigation of the soil and subsurface environment.
Personnel at the Laboratory are responsible for management of research pro-
grams to: (a) determine the fate, transport and transformation rates of
pollutants in the soil, the unsaturated and the saturated zones of the
subsurface environment; (b) define the processes to be used in character-
izing the soil and subsurface environment as a receptor of pollutants; (c)
develop techniques for predicting the effect of pollutants on ground water,
soil, and indigenous organisms; and (d) define and demonstrate the applica-
bility and limitations of using natural processes, indigenous to the soil
and subsurface environment, for the protection of this resource.

When applicable, enviromentally acceptable treatment of hazardous waste
in soil systems is a function of operation and management practices at a
given site. Successful operation and management practices are dependent on
identifying waste loading constraints for that particular site. There is
currently a lack of readily available information relative to impact of
waste loading rates and frequencies on transformation and transport of
hazardous organic constituents in waste-soil matrices and to methodologies
for making such determinations. This two-volume report is intended to pro-
pose one set of methodologies for determining waste loading constraints for
soil systems and to provide an assessment of data collected using the pro-
posed set of methodologies for two petroleum refining and two wood preserving
waste streams applied to two soil types, Volume 1 contains results from
literature assessment, waste/soil characterization and treatability screen-
ing studies; Volume 2 contains results from bench-scale degradation, trans-
formation and immobilization studies.

Clinton W, Hall

Director

Robert S. Kerr Environmental
Research Laboratory



ABSTRACT

This is Volume 2 of a two-volume report that presents information
pertaining to quantitative evaluation of the soil treatment potential
resulting from waste-soil interaction studies for four wastes listed under
Section 3001 of the Resource Conservation and Recovery Act (RCRA).  This
volume contains information from bench-scale waste-soil interaction studies.
Treatment information, including degradation, transformation, and
jmmobilization data for hazardous constituents are presented. The four wastes
included API separator sludge, slop oil emulsion solids, pentachlorophenol
wood preserving waste, and creosote wood preserving waste. Chemical analyses
and bioassays were used to characterize and quantify treatment potential for
soil-waste mixtures. )

Objectives of the research reported in this volume were to:

(1) Develop degradation, transformation, and immobilization information
for each candidate hazardous waste in two experimental soils.

(2) Develop methodologies for measurement of “volatilization-corrected"
degradation rates and partition coefficients; use the methodologies
developed to generate degradation kinetics/partition coefficients
for a subset of waste-soil combinations and for a subset of
constituents common to all wastes.

Specific results and conclusions based on the objectives include:

(1) Polynuclear aromatic hydrocarbon (PAH) constituents were degraded in
all four wastes under conditions of initial waste application to
nonacclimated soils as well as when wastes were reapplied to soils.
Generally an increase in PAH half-life was correlated with
increasing molecular weight or compound size.

(2) Pentachlorophenol degradation rate in PCP wood preserving e
appeared to be related to the initial loading rate and the loading
rate used when the waste was reapplied. Higher initial rates and
reapplication rates resulted in higher half-1ife values.

(3) A1l waste-soil mixtures exhibited an initial dincrease in water
soluble fraction (WSF) toxicity followed by a decrease in toxicity
with incubation time. The pattern of WSF toxicity with time was
considered to be an indication of formation and degradation of toxic
intermediates.

iv



(4) Results for mutagenicity evaluations for detoxification of soil-
waste mixtures were dependent upon waste loading rate, waste type,
and soil type.

(5) Partition coefficients determined for PAH and volatile constituents
contained in each of the waste evaluated demonstrated highest
partitioning of constituents into the waste (oil) phase. Relative
concentrations between water and waste (o0il) phases for PAH
constituents were 1:1000 to 1:100,000, with the higher ratios
observed for the petroleum wastes. Relative concentrations among
air:water:waste (oil) phases for VOCs were generally 1:100:100,000.

Information concerning "volatilization-corrected" degradation rates in
soils and partition coefficients provided input to the proposed U.S. EPA
Regulatory and Investigative Treatment Zone (RITZ) model developed to assess
treatment potential for organic constituents in soil.

Results of the waste-soil treatability studies indicate the importance of
loading rate, site (soil) selection, and site management for treatment of
hazardous constituents in soil systems.
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SECTION 1
INTRODUCT ION

Treatment of hazardous waste in soil systems offers a potentially
attractive alternative for management of wastes containing selected hazardous
organic constituents; however, use of this alternative must be restricted to
those wastes for which degradation, transformation, and immobilization of such
constituents can be acceptably demonstrated. This research project was
designed to evaluate the potential for treatment in soil (degradation,
transformation, and immobilization) of four listed hazardous wastes as a
function of waste loading, soil type, and soil moisture content. The four
hazardous wastes included API separator sludge, slop oil emulsion solids,
creosote wood preserving waste, and pentachlorophenol wood preserving waste.

Specific objectives of this research project were to:

(1) Conduct a literature assessment for each candidate hazardous waste,
APl separator sludge, slop oil emulsion solids, creosote wood
preserving waste, and pentachlorophenol (PCP) wood preserving waste
to obtain specific land treatability information, i.e., degradation,
transformation, and immobilization, for hazardous constituents
identified in each waste.

{2) Characterize candidate wastes for identification of specific
constituents of concern; and characterize experimental soils for
assessment of specific parameters that influence land treatability
potential.

(3) Conduct treatability screening experiments using a battery of
microbial assays to determine waste loading rates (mg waste/kg soil)
to be used in subsequent experiments to assess potential for
treatment.

(4) Develop degradation, transformation, and immobilization information
as a function of loading for each candidate hazardous waste in the
soil types.

(5) Develop methodologies for the measurement of "volatilization-
corrected" degradation rates and for measurement of partition
coefficients; use methodologies developed to generate degradation
kinetics/partition coefficients for a subset of soil/waste
combinations and for constituents common to all candidate wastes.



Information generated relative to the last two objectives is presented in
this volume {Volume 2) of the project report. This information combined with
the information presented in Volume 1 provide an approach for evaluating
waste-soil interactions, i.e., soil treatability potential, for hazardous
wastes. The combined information also provides a comprehensive assessment for
treatability of the four candidate hazardous wastes in soil.



SECTION 2
CONCLUSIONS

Specific conclusions based on project objectives and research results
presented in Volume 2 include:

(1)

(2)

(3)

(4)

(5)

(6)

It was possible to characterize treatment in soil systems in terms
of degradation, transformation, and immobilization of hazardous
wastes constituents using the methodology and procedures described
in this report.

The methodology developed for the measurement of "volatilization-
corrected" degradation rates in soil systems for hazardous
constituents in the four wastes evaluated allowed more accurate
evaluation of degradation as a treatment mechanism.

The methodology developed for the measurement of partition
coefficients for hazardous constituents in the four wastes among
waste, water, soil, and air phases was useful for obtaining
partition coefficients for waste (oil)/water (Kq), air/water (Kp),
and air/waste (Kpa), for volatile constituents and for waste
(oil)/water for semivolatile constituents.

PAH constituents contained in the four wastes investigated were
degraded under conditions of initial waste application to
nonacclimated soils as well as when wastes were reapplied to soils.
In general, PAH degradation did not appear to be influenced by soil
type. Soil degradation of PAH compounds in petroleum refinery
wastes generally exhibited higher rates than for wood preserving
wastes.

Degradation rates for some PAH constituents present in complex
wastes evaluated in this project were generally higher than
degradation rates which have been reported for single PAH compounds
and synthetic mixtures of PAH compounds incubated in different soils
(Sims 1982).

Water soluble fraction (WSF) toxicity for soil-waste mixtures
generally exhibited an increase followed by a decrease in toxicity
with incubation time. This pattern of WSF toxicity with time is an
indication of the formation and degradation of toxic intermediates,
i.e., transformation of the wastes.



(7)

(8)

(9)

(10)

Results of mutagenicity evaluations for detoxification of petroleum
wastes indicated a reduction from mutagenic to nonmutagenic activity
with treatment time for API separator sludge in Durant clay loam
soil and for slop oil emulsion solids incubated in Durant clay loam
and in Kidman sandy loam soils. Wood preserving wastes, however,
were not rendered nonmutagenic after 400 days of soil incubation in
Durant clay loam soil at waste loading rates of 1.3 percent and 0.7
percent for creosote and PCP wastes, respectively. However, no
mutagenicity was detected at a loading rate of 0.3 percent PCP waste
in Kidman sandy loam soil, ard the initial positive mutagenic
potential for a loading rate of 1.0 percent creosote waste was
reduced to a nonmutagenic level with a treatment time of 400 days.

Laboratory column leachates from petroleum wastes incubated at the
high loading rates in Durant clay loam soil and in Kidman sandy loam
soil exhibited little toxicity as measured by the Microtox assay.
Leachates produced in creosote and PCP loaded columns exhibited
Microtox toxicity, and indicated the potential for generation of WSF
extract toxicity that should be considered when determining waste
loading rates for the experimental soils used.

Partition coefficients that were determined for PAH and volatile
constituents in all four wastes indicated highest partitioning of
constituents into the oil (waste) phase. Relative concentrations
between water and oil (waste) phases for PAH constituents were
generally 1:1000 to 1:100,000, with the higher ratios observed for
the petroleum wastes. Relative concentrations among air:water:waste
(0i11) phases for volatile constituents were generally 1:100:100,000.

Pentachlorophenol degradation rate in PCP wood preserving waste
appeared to be related to the initial loading rate and the loading
rate used when the waste was reapplied. Higher initial rates and
reapplication rates resulted in higher half-1ife values.



SECTION 3
RECOMMENDAT IONS

Based on results of the research investigation described in Volume 2 of
this report, the following recommendations are made concerning laboratory
treatability studies and treatability of the four hazardous wastes evaluated
in this project:

(1)

(2)

(3)

(4)

(5)

Careful attention in future studies should be given to the potential
mutagenicity and fate in soil of intermediate products formed during
the degradation processes (transformation). Information obtained
concerning the degradation and immobilization of information should
be used to aid in selecting loading rates that are used in field-
plot studies.

The use of chemical analyses alone appears to be insufficient to
characterize treatability of a hazardous waste; therefore, it is
recommended that bioassays be used to characterize transformation
and immobilization processes to complement chemical analyses
information. The use of chemical analyses alone fails to account
for interactions of components in a waste and the production of
mutagenic metabolites.

When determining partition coefficients (Kg, Kp, Kp, Kag) for
evaluation of immobilization processes in waste/soil mixtures,
several different ratios of waste:water volumes and several
waste:soil weights should be used to generate partition isotherms
with several points in order to evaluate the ranges of linearity for
the isotherm and partition coefficient values. Determination of
partition coefficients between soil and water (Kp) will require
larger amounts of waste and water than used in this investigation.

Treatability studies should be conducted at loading rate(s) selected
for use at field-pilot and/or full scale facilities. This approach
is especially important for evaluation of transformation processes
using bioassays, as waste loading rate appears to influence bioassay
response for soil-waste mixtures.

Recommended loading rates (waste wet weight/soil dry weight) for
field scale evaluations for the wastes addressed in this project
based on results of the laboratory treatability studies are listed
below for the Durant clay loam soil and Kidman sandy loam soil,
respectively: APl separator sludge, 6, 6; slop oil emulsion solids,
6, 6; creosote wood preserving waste, 0.7, 0.4; and
pentachlorophenol wood preserving waste, 0.3, 0.075.
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SECTION 4
WASTE DEGRADAT ION EVALUATION

INTRODUCT ION

Demonstration of degradation of waste and waste constituents is based on
the loss of parent compounds within the soil/waste matrix. Complete
degradation is the term used to describe the process whereby waste
constituents are mineralized to inorganic end products, generally including
carbon dioxide, water, and inorganic species of nitrogen, phosphorus, and
sulfur. The rate of degradation may be established by measuring the loss of
the parent compound from the soil/waste matrix with time.

The role of chemical volatilization in influencing the total loss of
parent compound from a soil/waste mixture may be evaluated for obtaining a
closer approximation to "bio-" degradation. High volatilization rates for
individual chemicals in a complex waste may result in high "apparent" loss
rates, which may describe the transfer from soil to air media rather than loss
due to biodegradation. The proposed land treatment model uses
“volatilization-corrected biode:z adation." Therefore, experiments were
conducted for evaluating the volatilization potential of a subset of aromatic
hazardous constituents in the wastes.

Rates of degradation, based on first order kinetics, were transformed
into half-1ife values for PAH compounds. The hal¢-"ife values calculated were
used for evaluating the effect of waste type, sc  .ype, initial loading rate,
and reapplication of waste to soil on the effectiveness of treatment based on
degradation. The statistical significance of the slope of the relationship
between residual soil concentration and time of treatment (slope significantly
different from zero) was used to test the hypothesis that treatment was
achieved for each waste/soil combination.

The Petroleum Association for Conservation of the Enviromment (PACE).
Ontario, Canada, made the following observations concerning PAH degradatior
and petroleum refining :istes.

Studies using o. y wastes and soil mixtures are required tc
adequately assess the persistence of PAHs in oily wastes applied to
land. Such a study requires at least triplicate samples and should
proceed until the concentration in the soil approach background
concentrations. it1s process may be time consuming requiring
greater than one year, but extrapciations from data collected early
in the incubation period is likely to result in a poor estimate of
persistence (Bulman et al. 1985).

6



The degradation of PAH compounds tn oily waste-soil mixtures was evaluated in
this laboratory investigation utilizing the approach described above. .

MATERIALS AND METHODS

Soil/waste mixtures were prepared, at the loading rates identified in
Table 1, and incubated in both wooden soil boxes (3 kg soil, dry-weight) and
in 600 m1 glass reactors (200 g soil, dry-weight). Soil/waste mixtures were
maintained at a moisture content less than -2 bars in the wooden soil boxes
and at -1/3 bar for Kidman sandy loam soil and -1 bar for Durant clay loam
soil in the glass beakers by adding distilled water. All soil-waste mixtures
were incubated in constant temperature rooms at 200C + 2, and in the dark to
prevent photodegradation of organic constituents. Extractions of soil-waste
mixtures were conducted through time. Method 8310 (U.S. EPA 1982) was used
for pentachlorophenol waste to obtain base/neutral and acid fractions, and a
modified Method 8310 (U.S. EPA 1982) (methylene chloride extraction of the
soil/waste mixture at neutral pH) was used for the other wastes evaluated. A
Tekmar Tissumizer was used to extract residual individual organic constituents
from the soil/waste mixture (U.S. EPA 1982, Sims 1982). The procedure for
extraction and analysis used is given below.

Sample Extraction

1. Soil (10 g) at 80 percent field capacity is placed in a 600 ml glass
beaker or flask.

2. Methylene chloride (250 m1) is added to sample container.

3. The solvent-soil system is homogenized for two minutes with a Tekmar
Tissue Homogenizer or equivalent.

4, The methylene chloride extract is decanted.

5. The extract is poured through a drying column containing 3-4 inches
of anhydrous sodium sulfate, and collected in a 500 ml Kuderna-Danish (K-D)
flask equipped with a 10 ml concentrator tube. The column is rinsed with 50
ml of methylene chloride to complete the quantitative transfer.

6. Clean boiling chips (1-2) are added to the flask and a three-ball
Snyder column is attached. The Snyder column is prewetted by adding about 1
ml of methylene chloride to the top. The K-D apparatus is placed on a hot
water bath (60-650C) so that the concentrator tube is partially immersed in
the hot water, and the entire lower rounded surface of the flask is bathed in
vapor. The equipment is adjusted as necessary to complete the concentration
in 15 to 20 minutes. When the apparatus volume of liquid reaches 1 ml, the K-
D apparatus is removed and allowed to drain for at least 10 minutes while
cooling. The Snyder column is removed and the flask and its lower joint are
rinsed into the concentrator tube with 1 to 2 ml of methylene chloride.



TABLE 1.

SOIL LOADING RATES FOR HAZARDOUS WASTES

Loading Rates

Waste Kidman Sandy Loam Durant Clay Loam
Low Medium High Low Med1um High
(% waste wet weight/soil dry weight)
Creosote 0.4 0.7 1.0 0.7 1.0 1.3
Pentachlorophenol 0.075 0.15 0.3 0.3 0.5 0.7
AP1 Separator <ludge 6 9 12 6 9 12
Stop 0il 6 8 12 8 12 14




High Performance Liquid Chromatography (HPLC) For Analysis

1. To the extract in the concentrator tube, 4 ml acetonitrile are added
with a new boiling chip. The temperature of the hot water bath is increased
to 95 to 1000C. The solvent is concentrated as above. After cooling the
column is removed and its lower joint is rinsed into the concentrator tube
with about 0.2 ml of acetonitrile. The extract volume is adjusted to 1.0 ml
to 5.0 ml.

2. The sample extract (3 ul) is injected with a sample injection loop,
and integrator set at attenuation of 32. The resulting peak size is recorded
in area units.

3. If the peak area exceeds the linear range of the system, the extract
is diluted and reanalyzed.

Chromatograph conditions were as follows: isocratic for 1 minute with
acetonitrile/water (40/60), linear gradient elution to 100 percent
acetonitrile over 7 minutes, followed by a 3-minute hold at 100 percent
acetonitrile.

Calculations

The concentration of individual compounds is determined according to the
formula:

Concentration, mg/kg = i%&7§?) (Vt)
1 ]

whereA = Calibration factor for chromatographic system in milligrams per
unit area '
B = Peak size in injection of sample extract, in area units
Vi = Volume of extract injected (ul)
Vi = Volume of extract total (ul)
Wg = Weight of the soil (dry) (kg)

Volatilization Analysis

The experimental apparatus for volatilization measurements is shown in
Figure 1. The system consists of the 500 ml erlenmeyer flask with a fitted
glass aeration cap through which high quality breathing air enters the flask
through Teflon tubing. The purge air flows over the surface of the soil-waste
mixture contained within the flask and exits the aeration cap through an
effluent tube close to the top of the flask. The flow path and configuration
of the flask ensures effective mixing over the surface of the soil. Effluent
purge gas containing volatile constituents from the soil-waste mixture leaves
the flask through the Teflon tubing, passes a glass T used for split stream

9
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Figure 1. Laboratory flask apparatus used for mass balance measurements.
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sampling, and is then carried” to a vent for discharge away from the
experimental area. Split stream sampling is conducted through the glass Ts in
the flask effluent line by using a constant volume sample pump to pull air
through Tenax sorbent traps connected to the pump via a balanced, capillary
flow controlled glass and Teflon sampling manifold.

The experimental procedure for determining volatilization rates of
individual organic constituents, and for correcting apparent loss to obtain
loss due to biodegradation is given below.

Experimental Procedure for Volatilization Measurements

a. An experimental run is initiated by first placing 200 gm of soil in
experimental flask units. Waste is added to the 200 g of soil in the flask,
is quickly mixed, and the flask units are quickly capped.

b. Once capped, the purge gas should be initiated at a controlled rate
of 200 m1/min, and initial volatilization measurements should be initiated by
drawing a constant volume sample of flask effluent gas through the sorbent
traps via a constant volume sample pump and a balanced, capillary flow
controlled four-place sampling manifold (three samples plus a blank). This
procedure allows the concurrent sampling of all flask units for the same
period of time and during the same time period over the volatilization run.

c. Sample pump rate and purge gas flow rate are measured before each
sampling event via a bubble tube flow meter, and the duration of the sorbent
tube sampling is recorded for accurate emission flux rate calculations.

d. The sorbent traps should generally be sampled at a rate of 100
ml/min/trap for a period not exceeding 5 minutes to minimize breakthrough of
the most volatile component of interest. Breakthrough traps are used in at
least the first five sampling events to allow the quantification of
breakthrough that occurs during this time, and all mass flux values should be
calculated with the inclusion of this observed breakthrough mass.

e. Upon completion of the sampling event, the sorbent tubes are placed
in muffled culture tubes and stored at 49C for a maximum of four weeks prior
to specific component identification via GC/FID analysis.

f. Sorbent tube desorption is carried out using a Tekmar ™ LSD-1 1iquid
sample concentrator or equivalent that contains a trap heater oven modified
for the 5.5 mm 0.D., 10 mm long, thin walled stainless steel sorbent tubes
recommended for use. Sample tubes are desorbed for four minutes at a
temperature of 2500C prior to component separation and identification.

g. The sampling and analysis procedure was repeated at selected time
intervals following waste addition corresponding to the anticipated log decay
in volatilization rates of volatile organics from the soil systems. A
sampling schedule that was followed is as follows:

0, 15 min, 1 hour, 2.5 hour, 10 hour, 1 day, 2 days
1



If results indicated undetectable d&ir emission levels after 2 days of
sampling, the a: =mission portion of the study was terminated. If blank
soils showed in:iunificant contamination within the first day of sampling,
their use was discontinued. Blank and spike traps were used throughout the
sampling period, however, to obtain QA/QC information for the method.

h. One flask from each loading rate was sacrificed periodically and
chemically extracted to allow correlation with the degradation st dies
evaluated in the soil boxes and 600 ml glass reactors regarding residual
levels of contaminants of concern in the soil:waste mixture.

Data Calculations

An initial emission mass flux rate is calculated (mass/area/time) along
with a first order emission rate constant and a half-l1ife for volatilization
(t1/2 in days) representing the time for emission rates to be reduced to one-
half their initial values.

A plot of cumulative mass of organic constituent, collected in the flask
effluent gas versus time is made. These cumulative mass values are used to
correct degradation data for volatile emission losses by subtracting them from
the total mass change as indicated from beaker degradation studies. Measured
emission rates (mass/area/time) as a function of time are then plotted based
on the soil surface area exposed to the purge air, the fraction of purge air
actually sampled through the traps, and the cumulative time during effluent
sampling. These effluent emiss on data can be plotted as described for the
degradation data to determine a volatilization half-life. For the PAH
compounds addressed in this study no emission data could be calculated since
the mass of material in emissicns collected was too Tow to be quantified.

Statistical Evaiuation

Statistical methods were used to help determin~ estimates of compound
half-lives and confidence interv2's for individual ccx.ounds. Differences in
concentrations of PAH compounds . ¢ PCP between sampling times were evaluated
by calculating a 1inear regression based on first order kinetics. The slope
of the regression line was used to determine the first order degradation rates
for PAH compound- in the waste-soil mixtures. The half-life of each compound
was calculated : om the first order degradation rate. The half-1ife values
for the lower ana upper 95 percent confidence intervals were also calculated
for PAH compounds when waste was reapplied to soil to indicate the range of
values about the half-life.

If the slope of the first-order regression was nonnegative, indicating
that no treatment by degradation was observed, or if degradation could not be
quantified due to initial low concentrations (near or below detection limits),
no degradation information is reported in the tables. Specific information
concerning changes in concentrations with time are given in Appendix A. All
of the statistical procedures used were performed using tne SPSS computerized
statistical package (SPSS Inc. 1986).

12



RESULTS AND DISCUSSION

A series of experiments were conducted to evaluate the PAH extraction
procedure using the Tekmar Tissumizer. Results for spiked recoveries of the
16 priority pollutant PAH compounds for the Durant clay loam and Kidman sandy
loam soils are presented in Table 2. Four concentration levels were used in
order to bracket the range of PAH concentrations in the soil/waste mixtures
from initial concentration (high) to the termination of the degradation
experiments (low).

The information presented in Table 2 indicates consistent and generally
high recoveries of all 16 PAH compounds from both soil types. Also,
recoveries did not vary greatly and were high through a three-log change in
PAH concentrations in the experimental soils. Thus the soil extraction
procedure used appears to provide consistent and high extraction efficiencies
for both soils over the range of concentrations of concern.

Waste degradation results for the four wastes in Durant clay loam soil
are summarized in Tables 3 through 14. Tables 3 through 6 summarize
degradation rates at low soil moisture (-2 to -4 bars) over approximately 280
days. Tables 7 through 14 summarize degradation rates at high soil moisture
(-1/3 to -1 bar) over approximately 100 days. Some samples received a
reapplication of waste, as indicated in the tables. Degradation kinetics are
expressed as first order reaction rates (per day) and as half-lives (days) for
each waste-soil mixture and loading rate evaluated.

Results generally indicate an increase in PAH half-life with increasing
molecular weight or compound size. This observation is generally consistent
with results obtained for the PAH class of compounds in soil systems (Sims and
Overcash 1983). However, half-lives for some higher molecular weight PAH
compounds are observed to be lower in these wastes than for half-lives
obtained with PAH compounds only, i.e., without the waste matrix (U.S. EPA
1982, Sims 1982). The observed variation in degradation rates and half-lives
obtained for the waste constituents may be due to the difficulty in accurately
analyzing individual constituents in soil mixed with complex environmental
mixtures,

An increase in soil moisture content from -2 to -4 bars to -1/3 and -1
bars generally was associated with a decrease in PAH compound half-1life.

Results also indicate that for each petroleum waste the half-life values
were similar for some compounds even though the waste loading rate changed.
These results would be expected if degradation followed first order kinetics.

PAH constituents in wood preserving wastes exhibited different half-life
trends in creosote waste (Tables 5 and 11) compared with PCP waste (Tables 6
and 13). Half-life values were generally higher for the creosote waste, while
values for the PCP waste were more typical of those observed for the petroleum
refinery wastes.

Half-1ife values for some waste constituents in each wood preserving
waste were similar even though the loading rate changed. These results are

13



TISSUMIZER EXTRACTIOIt RECOVERY RESULTS FOR PAH COMPOUNDS IN KIDMAN AND DURANT SOILS*

TABLE 2.

Durant Clay Loam
So11 Concentration 1n mg/kg

Kidman Sandy Loam
Soil Concentration n mg/kg

Compound
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TABLE 3. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN API
SEPARATOR SLUDGE MIXED WITH DURANT CLAY LOAM SOIL AS A
FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE)

6% Loading Rate ' 12% Loading Rate
Co* k t1/2 Co* k t1/2
PAH (mg/kg) (day-1) (days) (mg/kg) (day-1) (days)
Naphthalene 40.7 -0.0294 24 66.8 -0.0324 21
Fluorene +
Phenanthrene 56.4 -0.0045 160
Anthracene
Fluoranthene 340 -0.0018 380
Pyrene 380 -0.0020 340
Benzo(a)anthracene 9.4 -0.0005 1300
Chrysene 55.0 -0.0024 290
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Co = initial soil concentration immediately after waste incorporation into soil.
*No data indicate insufficient quantitative information to calculate half-1life.
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TABLE 4.

FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE}

DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN SLOP
OIL EMULSION SOLIDS MIXED WITH DURANT CLAY LOAM SOIL AS A

8% Loading Rate

12% Loading Rate

14% Loading Rate

Co" k t1/2 Co* k t1/2 Co* k t1/2
PAH (mg/kg) (day-l) (days)  (mg/kg) (day-l) (days)  (mg/kg) (day-l) (days)
Naphthalene 190 -0.0094 74 220 -0.0160 43 460 -0.0014 49
Fluorene + 73.4 -0.0118 59 86.8 -0.0036 200
Fh-nanthrene 600 -0.0119 58 470 -0.0017 420
- “hyacene 70.0 -0.0152 45 10.0 -0.0303 23
! :uuranthene 2000 -0.0040 180 3300 -0.0013 540
Pyrene 3900 -0.0013 540
Benzo(a)anthracene 390 -0.0008 830
Chrysene 160 -0.0010 67b
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene 57.8 -0.0288 24 13.8 -0.0328 21
Benzo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Co = initial soil concentration immediately after waste incorporation into soil.

+No data indicate insufficient quantitative information to calculate half-life.
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TABLE 5.

DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN CREOSOTE
WOOD PRESERVING WASTE MIXED WITH DURANT CLAY LOAM SOIL AS A FUNCTION
OF WASTE LOADING RATE (LOW SOIL MOISTURE)

0.7% Loading Rate

1.0% Loading Rate

1.3% Loading Rate

Co* k ti/2 Co” k t1/2 Co* k t1/2

PAH (mg/kg) (day-1) (days) (mg/kg) (day-1) (days) (mg/kg) (day-l) (days)
Naphthalene + 17.6 -0.0196 35
Fluorene 8.7 -0.0035 200 12 -0.0027 260 16.1 -0.004 200
Phenant hrene 30 -0.0004 2000 43 -0.0045 150 53.3 -0.0038 180
Anthracene 3.5 -0.0104 67 6.5 -0.0034 200 11.3 -0.0079 88
Fluoranthene 27 -0.0007 900 40 -0.0016 430 49.6 -0.0031 220
Pyrene 19 -0.0025 300 32 -0.0009 770 78.4 -0.0033 210
Benzo(a)anthracene 2.6 -0.0074 94 4.0 -0.0097 71 5.3 -0.0042 170
Chrysene 3.1 -0.0089 78 4.1 -0.0002 3000 5.8 -0.0054 130
Benzo(b)fluoranthene 1.2 -0.0103 67 1.8 -0.0006 1200 2.1 -0.0028 250
Benzo(k)fluoranthene 0.8 -0.0104 67 1.2 -0.0108 64 1.7 -0.0006 1000
Benzo(a)pyrene 1.4 -0.0114 61 1.6 -0.0128 54 2.0 -0.0018 390
Benzo(ghi)perylene 0.9 -0.0015 460
Dibenz(a,h)anthracene 1.4 -0.0003 2000
Indeno(1,2,3-cd)pyrene 0.6 -0.0042 170 0.6 -0.0041 170 0.7 -0.0021 330

*C0 = jnitial soil concentration immediately after waste incorporation into soil.
*No data indicate insufficient quantitative information to calculate half-life.
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TABLE 6. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN PCP
WOOD PRESERVING WASTES MIXED WITH DURANT CLAY LOAM SOIL AS A
FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE)

0.3% Loading Rate 0.7% Loading Rate
Co™ k t1/2 Co* k t1/2

PAH (mg/kg) (day-1) (days) (ma/kg) (day-1) (days)
Naphthalene +
Fluorene 42.7 -0.0383 18 110 -0.0065 110
Phenanthrene 120 -0.0101 68 340 -0.0022 320
Anthracene 10.0 -0.0279 25 90.1 -0.0011 630
Fluoranthene 110 -0.0063 110
Pyrene 100 -0.0062 110 350 -0.0019 370
Benzo(a)anthracene 65.4 -0.0013 550
Chrysene 38.1 -0.0017 410
Benzo(b)tluoranthene 53.0 -0.0026 270
Benzo(k)fluoranthene 14.6 -0.0013 520
Benzo( a)pyrene 18.2 -0.0052 130

Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Co = initial soil concentration immediately after waste incorporation into soil.
*No data indicate insufficient quantitative information to calculate half-life
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TABLE 7. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE

REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limit Upper Limit
Cot k ti1/2 k t1/2 k t1/2
(nofkg)  (dayl)  (days) (dayl)  (days) (dayD)  (daha)
Naphthalene 37 -0.0627 11 -0.0924 8 -0.0329 21
Fluorene 17 -0.0169 4] -0.0275 25 -0.0063 110
Phenanthrene 110 -0.0150 46 -0.0190 36 -0.0110 63
Anthracene 16 -0.0077 90 -0.0170 41 0.0015 -#
Fluoranthene 550 -0.0027 260 -0.0100 69 0.0043 -
Pyrene 1800 -0.0136 5 -0.0353 20 0.0080 -
Benzo(a)anthracene *k
Chrysene 85 -0.0132 53 -0.0222 31 -0.0043 16l
Benzo(b)fluoranthene 110 -0.0011 630 -0.0173 40 0.0151 -
Benzo(k)fluoranthene 370 -0.0114 6l -0.0262 26 0.0033 -
Benzo(a)pyrene 170 -0.0066 105 -0.0278 25 0.0147 -
Benzo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*M/M = originally loaded at medium rate (9%), reloaded at medium rate.

+C0 = jnitial soil concentration immediately after waste incorporation into soil.

#. indicates treatment was not observed, based on slope of first order regression line.
**No data indicate insufficient quantitative information to calculate half-life.
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TABLE 8. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE
REAPPLIED TC DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT H/NR*

95% Confidence Interval

Lower Limit Upper Limit
t1/2 k 1/2 k t1/2
(mgfkg)  (doy-1)  (daye) (day-1) (daa/IS) (day-1)  (days)
Naphthzlene #
Fluorene 20 -0.0305 23 -0.0461 15 -0.0149 47
Phenanthrene 43 -0.0054 128 -0.0170 41 0.0061 Rk
Anthracene
Fluoranthene
Pyrene
Benzc{ 2)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene

Benzc{yhi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

H/NR = originally loaded at high rate (12%), not reloaded.
= initial soil concentration immediately after waste incorporation into soil.

#No data indicate insufficient quantitative information to calculate half-1life.
indicates treatment was not chserved, based on slope of first order regression line.
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TABLE 9. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN SLOP OIL EMULSION SOLIDS
REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limit Upper Limit
k t1/2 k t1/2 k t1/2
(ngkg)  (day-l) (days) (day-l)  (daye) (day))  (daje)
Naphthalene 270 -0.0310 22 -0.0478 14 -0.0141 49
Fluorene 110 -0.0259 27 -0.0510 14 -0.0009 803
Phenanthrene 700 -0.0340 20 -0.0630 11 -0.0043 159
Anthracene 110 -0.0870 8 -0.1440 5 -0.0310 22
Fluoranthene 8300 -0.0392 18 -0.0789 9 0.0005 -#
Pyrene 9100 -0.0339 20 -0.0717 10 0.0039 -
Benzo(a)anthracene 540 -0.0260 27 -0.0595 12 0.0075 -
Chrysene 210 -0.0043 161 -0.0169 41 0.0082 -
Benzo(b)fluoranthene *k
Benzo(k)fluoranthene 58 -0.0089 78 -0.0360 19 0.0182 -
Benzo(a)pyrene 72 -0.0496 14 -0.0801 9 -0.0190 36

Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*M/M = originally loaded at medium rate (12%), reloaded at medium rate.
+Co = jnitial soil concentration immediately after waste incorporation into soil.
#. indicates treatment was not observed, based on slope of first order regression line.

**No data indicate insufficient quantitative information to calculate half-1ife.
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TABLE 10.

DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN SLOP OIL EMULSION SOLIDS

REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT H/NR*

95% Confidence Interval

Lower Limit

Upper Limit

Cot k t1/2 k ty1/2 k ty/2

(mgkg)  (day-1) (da§s) (day-1) (da§S) (day-1) (da§s)
Naphthalene 29 -0.0187 37 -0.0254 27 -0.0120 58
Fluorene #
Phenanthrene 320 -0.0640 11 -0.1390 5 0.0110 Sl
Anthracene 60 -0.0320 22 -0.1010 7 0.0370 -
Fluoranthene 11000 -0.0170 41 -0.0390 18 0.004; -
Pyrene 4500 -0.0157 44 -0.0864 8 0.0549 -
Benzo(a)anthracene 480 -0.0020 347 -0.0135 51 0.0094 -
Chrysene '
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene 55 -0.0076 gl -0.0151 46 -0.0002 3600
gerizo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)}pyrene

*W/NR = originally loaded at high rate (14%), not reloaded.

+C° = ipitial soil concentration immediately after waste incorporation into soil.
#No data indicate insufficient quantitative information to calculate half-life.
**_ indicates treatment was not observed, based on slope of first order regression line.
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TABLE 11. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN CREQSOTE WOOD PRESERVING WASTE

REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limt

Upper Limit

Cot k t1/2 K t1/2 k t1/2

(mgfkg)  (day-1) (daslfS) (day-1) (daslfS) (day-l) (daalfs )
Naphthalene 210 -0.1107 6 -0.1107 6 -0.0251 28
Fluorene 44 -0.0008 890 -0.0134 52 0.0119 -#
Phenanthrene 410 -0.0174 40 -0.0257 27 -0.0090 77
Anthracene 85 -0.0020 350 -0.0112 62 0.0072 -
Fluoranthene ool d
Pyrene 300 -0.0001 8000 -0.0071 98 0.0069 -
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo{k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene 6.3 -0.0054 230 -0.0333 21 0.0225 -

*M/M = originally loaded at medium rate (1.0%), reloaded at medium rate.
*Co = initial soil concentration immediately after waste incorporation into soil.

- indicates treatment was not observed, based on slope of first order regression line.

*kno data indicate insufficient quantitative information to calculate half-Tife.
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TABLE 12. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN CREOSOTE WOOD PRESERVING WASTE

REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT H/NR*

:3% Confidence Interval

Lower Limit Upper ©
Cot k ty/2 k t1/2 k Lj/2
(mgfkg)  (day-1) (da)/ls) (dayl)  (dabs) (dayl)  (days)
Naphthalene #
Fluorene 45 -0.0094 74 -0.0365 19 0.0177 Sl
Pt ~nanthrene 110 -0.0100 69 -0.0220 3z 0.0008 -
Anthracene 150 -0.0052 134 -0.0120 58 0.0017 -
Fluoranthene 410 -0.0033 210 -0.0255 27 0.0188 -
Pyrene 220 -0.0033 210 -0.0395 18 0.0328 -
Benzo(a)anthracene 43 -0.0014 495 -0.0209 33 0.0182 ‘-
Chrysene 43 -0.0021 330 -0.0215 32 0.0174 -
Benzo(b)fluorar! "~ne 18 -0.0044 158 -0.0250 28 0.0160 -

Benzo(k)fluoraniiene
P-~+n(a)pyrene
Bencu(ghi)perylene
Dibenz{a,h)anthracene
Indeno(1,2,3-cd)pyrene

*H/NR = originally loaded at high rate (1.3%), not reloaded.

*Co = initial soil concentration immediately after waste incorporation into soil.
#No data indicate insufficient quanti®:tive information to calculate half-1life.
*- indicates treatment was not observed, based on sliope of first order regression line.
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TABLE 13. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN PENTACHLOROPHENOL WOOD PRESERVING
WASTE REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limit Upper Limit
Cot k t1/2 k t1/2 k t1/2
(mglkg)  (dayl) (dahs) (day-l)  (das) (day-1)  (days)
Naphthalene #
Fluorene 150 -0.0169 4] -0.0257 27 -0.0081 86
Phenanthrene 600 -0.0240 29 -0.0330 21 -0.0150 46
Anthracene 280 -0.0080 87 -0.0130 53 -0.0027 257
Fluoranthene
Pyrene 370 -0.0023 301 -0.0057 122 0.0010 X
Benzo(a)anthracene 29 -0.0097 71 -0.0244 28 0.0050 -
Chrysene 46 -0.0001 9800 -0.0022 315 0.0021 -
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene
Dibenz(a,h)anthracene 2.0 -0.0013 533 -0.0147 47 0.0122 -

Indeno(1,2,3-cd)pyrene

*M/M = origina]lf loaded at medium rate (0.5%), reloaded at medium rate.
*Co = initial soil concentration immediately after waste incorporation into soil.

#No data indicate insufficient quantitative information to calculate half-life.

**_ indicates treatment was not observed, based on slope of first order regression line.
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TABLE 14. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN PENTACHLOROPHENOL WOOD PRESERVING

WASTE REAPPLIED TO DURANT CLAY LOAM AT -1 BAR SOIL MOISTURE, EXPERIMENT H/NR*

95% Confidence Interval

Lower Limit Upper Limit
Cot k ty1/2 k t1/72 k t1
(nofkg) (dayl) (daye) (dayl)  (days) (dayl)  (days)
Naphthalene #
Fluorene 45 -0.0369 19 -0.0491 14 -0.0247 28
Phenanthrene 110 -0.0150 46 -0.0340 20 0.0048 H*
Anthracene 150 -0.0043 159 -0.0200 35 0.0120 -
Fluoranthene 410 -0.0091 76 -0.0284 24 0.0103 -
Pyrene 220 -0.0134 52 -0.0311 22 0.0043 -
Benzo(a)anthracene 43 -0.0006 1000 -0.0181 38 0.0168 -
Chrysene 26 -0.0036 193 -0.0204 34 0.0131 -t
Benzo(b)fluoranthene 12 -0.0022 315 -0.0132 53 0.0087 -
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene 1.6 -0.0071 98 -0.1632 4 0.1490 -
Dibenz(a,h)anthracene 1.4 -0.0031 224 -0.0031 224 -0.0031 224

Indeno(1,2,3-cd)pyrene

*H/NR = originally loaded at high rate (0.7%), not reloaded.
+C0 = jnitial soil concentration immediately after waste incorporation into soil.
#No data indicate insufficient quantitative information to calculate half-life.

- indicates treatment was not observed, based on slope of first order regression line.



similar to those observed for “the petroleum wastes, and are expected if
degradation processes follow first order kinetics.

After the first experimental period of approximately 280 days, wastes
were reapplied to the soil according to the following schedule: 1) waste
originally loaded at the medium rate was reloaded at the medium loading rate
of application to soil (M/M); 2) waste originally loaded at the low rate was
reloaded at the high rate (L/H); and 3) nonacclimated soil was Toaded at the
high rate of waste application (N/H). Results were converted to first order
reaction rate constants and half-1ife values. A subset of soil/waste mixtures
for each soil type and waste type was selected for detailed analysis of
degradation. The subset chosen was evaluated for approximately an additional
100 days.

Degradation kinetic results for the soil/waste and treatment combinations
selected using the Durant clay loam soil are presented in Tables 7 through 14.
For the petroleum wastes, reapplication did not appear to change the half-life
values for PAH constituents. Neither an inhibiting nor stimulating effect
were observed. For the wood preserving wastes, there is no trend that would
suggest a change in half-1ife with reapplication after 200 days.

Waste degradation results for the four wastes in Kidman sandy loam soil
are summarized in Tables 15 through 34. Degradation kinetics are expressed as
first order reaction rates (per day) and as half-lives (days) for each loading
rate evaluated.

PAH degradation results for wastes incubated in Kidman sandy loam soil
generally followed the trend observed for waste treatment in the Durant clay
loam soil. PAH degradation generally appeared to be influenced by molecular
weight or compound ring size. Variation in the data obtained for degradation
increased when waste was reloaded (second experimental period).

Pentachlorophenol was evaluated for degradation in PCP waste. Kinetic
information is presented in Tables 35 and 36 for PCP waste in Durant clay loam
soil and Kidman sandy loam soil, respectively. Half-life values are similar
(257 days and 204 days) for PCP initially loaded at the high rate in both
soils and not reapplied. An acclimation of Kidman sandy loam soil to PCP may
be occurring as indicated by comparing results for N/H and H/NR for Kidman
soil in Table 36. Both samples received PCP waste at the high loading rate
(0.3%). However, PCP in the sample incubated for 400 days (H/NR) had a half-
life of 204 days, while PCP in the sample incubated for 164 days (N/H) has a
half-life of 330 days. Evidence for acclimation is also indicated in the
sample initially at the low loading rate (0.075%), Table 36, and reloaded at
the high rate (0.3%). The half-life for PCP in this soil is 151 days.
Acclimation of soil microorganisms to PCP would be expected to result in lower
half-1ife values (faster kinetics) when waste is reapplied.

SUMMARY

PAH constituents of the four wastes investigated were degraded under
conditions of initial waste application to nonacclimated soils as well as when

27
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TABLE 15. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN API
SEPARATOR SLUDGE MIXED WITH KIDMAN SANDY LOAM SOIL AS A
FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE)

6% Loading Rate 12% Loading Rate
Co” k ti1/2 Co* k ti/2

PAH (mg/kg) (day-1) (days) (mg/kg) (day-1) (days)
Naphthalene 38.4 -0.0307 23 61.3 -0.0337 21
Fluorene +
Phenanthrene 50.4 -0.0014 510
Anthracene
Fluoranthene 310 -0.0006 1100
Pyrene 330 -0.0004 1800
Benzo( a)anthracene 85.9 -0.0003 2100
Chrysene 21.2 -0.0006 1200
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene 17.0 -0.0112 62

*Co = initial concentration in soil immediately after waste incorporation into soil.
+No data indicate insufficient quantitative information to calculate half-life
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TABLE 16. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN SLOP
OIL EMULSION SOLIDS MIXED WITH KIDMAN SANDY LOAM SOIL AS A
FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE)

8% Loading Rate 12% Loading Rate
Co* k t1/2 Co* k t1/2
PAH (mg/kg) (day-1) (days) (mg/kqg) (day-1) (days)
Naphthalene 150 -0.0101 66 350 -0.0099 70
Fluorene + 65.0 -0.0055 130
Phenanthrene 360 -0.0014 5Q0
Anthracene 32.9 -0.0028 250
Fluoranthene 2600 -0.0013 540
Pyrene 4100 -0.0758 9 3000 -0.0011 630
Benzo(a)anthracene 270 -0.0444 16 320 -0.0010 680
Chrysene 130 -0.0013 540
Benzo(b)fluoranthene 72.9 -0.0023 300

Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Co = initial concentration in soil immediately after waste incorporation into soil.
*No data indicate insufficient quantitative information to calculate half-life
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TABLE 17. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN CREOSOTE
WOOD PRESERVING WASTE MIXED WITH KIDMAN SANDY LOAM SOIL AS A
FUNCT1UN OF WASTE LOADING RATE (LOW SOIL MOISTURE)

0.4% Lnading Rate 0.7% Loading Rate 1.0% Loading Rate
Co* k t1/2 Co* k t1/2 Co* k t1/2
PAH (mg/kg) (day-1) (days) (mg/kg) (day-1) (days) (mg/kg) (day-l) (days)
Naphthalene 1.4 -+ 3.7 -0.0159 44
Fluorene 4.7 -0.0203 30 100 0.0046 150
Phenanthrene 170 0.0043 160 330 0.0024 290
Anthracene 1.1 0.0038 79 5.3 0.0037 190
Fluoranthene 150 0.0038 180 310 0.0022 320
Pyrene 130 0.0062 110 260 0.0014 500
Benzo(a)anthracene 1.1 0.0016 430 3.1 0.0084 83
Chrysene 1.8 0.01 69 3.3 0.0007 990
Benzo(b)fluoranthene 7.0 0.0068 100 1.4 0.0015 460
Benzo(k)fluoranthene 6.0 0.007 100 1.3 0.0118 59
Benzo(a)pyrene i.2 0.0117 59 1.6 0.0134 52
Benzo(ghi)perylene 5.6 0.0003 2000 6.3 + slope 49 0.6 0.0003 2000
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene 6.0 0.0043 160 6.0 0.0047 170 0.5 0.0034 2000

*Co = jnitial soil concentration immediately after waste incorporation into soil.
+_ indicates treatment wa: uot observed, based on slope of first order regression line.
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TABLE 18. DEGRADATION KINETIC RESULTS FOR PAH COMPOUNDS IN PCP
WOOD PRESERVING WASTES MIXED WITH KIDMAN SANDY LOAM SOIL AS A
FUNCTION OF WASTE LOADING RATE (LOW SOIL MOISTURE)

0.075% Loading Rate 0.3% Loading Rate
Co* k t1/2 Co™ k t1/2

PAH (mg/kg) (day-1) (days) (mg/kg) (day-1) (days)
Naphthalene 34.7 -0.0339 20 9.7 -0.0012 590
Fluorene + 20.4 -0.0330 21
Phenanthrene 30.8 -0.0134 52 99.3 -0.0049 140
Anthracene
Fluoranthene 27.4 -0.0227 190 91.0 -0.0035 200
Pyrene 28.0 -0.0353 20 95.7 -0.0049 140
Benzo( a) anthracene 38.2 -0.0006 1200
Chrysene 9.9 -0.0026 270
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Co = initial soil concentration immediately after waste incorporation into soil.
*No data indicate insufficient quantitative information to calculate half-life
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TABLE 19. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE
REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limit Upper Limit
Cot k t1/2 k ty1/2 k t

(mofka)  (day"l)  (daye) (day-l)  (days) (dayl)  (daye)
Naphthalene 30 -0.0185 37 -0.0224 31 -0.0146 42
Fluorene 15 -0.0139 49 -0.0346 20 0.0069 -
Phenanthrene 120 -0.0019 360 -0.0170 41 0.0130 -
Anthracene 15 -0.0260 27 -0.0520 13 -0.0009 810
Fluoranthene 780 -0.0333 21 -0.0662 10 -0.0004 1634
Pyrene 1000 -0.0553 13 -0.0957 7 -0.0149 47
Benzo(a)anthracene 88 -0.0044 158 -0.0288 24 0.0200 -
Chrysene 160 -0.0011 630 -0.0120 58 0.0097 -
Benzo(b)fluoranthene *k
Benzo(k)fluoranthene 100 -0.0050 139 -0.0209 33 0.0109 -
Benzo(a)pyrene

Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*M/M = originally loaded at medium rate (9%), reloaded at medium rate.
+C0 = initial soil concentration immediately after waste incorporation into soil.

- indicates treatment was not observed, based on slope of first order regression line.
**No data indicate insufficient quant1tat1ve information to calculate half-1life.
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TABLE 20. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE

REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT L/H*

95% Confidence Interval

Lower Limit ~Upper Limit
Cot k t1/2 k t1/2 k t1/2
(mgfkg)  (day-l) (dage) (day-1) (days) (day])  (dayd)
Naphthalene 66 -0.0272 25 -0.0320 22 -0.0223 3]
Fluorene 32 -0.0022 315 -0.0061 114 0.0017 -#
Phenanthrene 190 -0.0010 693 -0.0029 239 0.0009 -
Anthracene 19 -0.0160 43 -0.0650 11 0.0330 -
Fluoranthene *k
Pyrene 1500 -0.0048 144 -0.0181 38 0.0085 -
Benzo(a)anthracene 380 -0.0009 747 -0.0096 72 0.0078 -
Chrysene 140 -0.0025 277 -0.0122 57 0.0071 -
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene 160 -0.0048 144 -0.0106 65 0.0007 -
Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene 0.3 -0.0660 11 -0.3501 2 0.2181 -

*L/H = originally loaded at low rate (6%), reloaded at high rate (12%).
+Co = jnitial soil concentration immediately after waste incorporation into soil.
- indicates treatment was not observed, based on slope of first order regression line.
**no data indicate insufficient quantitative information to calculate half-life.
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TABLE 21. DEGRADATION KINET.. INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE
REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT N/Hf

95% Confidence Interval

Lower Limit Upper Limit
Cot k t1/2 k ty/2 k t1/2
(mg7kg)  (day-1) (days) (day-1) (daJ/rs ) (day-1) (daf's )
Naphthalene 69 -0.0393 18 -0.0476 15 -0.0310 22
Fluorene 21 -0.0009 753 -0.0090 139 0.0031 -#
Phenanthrene 150 -0.0025 277 -0.0038 182 -0.0012 578
Anthracene 20 -0.0140 50 -0.0250 28 -0.0034 204
Fluoranthene *k
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene 370 -0.0115 60 -0.0244 28 0.0014 -
Benzo(k)fluoranthene 240 -0.0095 73 -0.0241 29 0.0051 -
Benzo(a)pyrene
Benzo(ghi)perylene

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*N/H = nonacclimated soil loaded at high rate (12%).
+Co = ipitial soil concentration immediately after waste incorporation into soil.
#- indicates treatment was not observed, based on slope of first order regression line.

**No data indicate insufficient quantitative information to calculate half-life.
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TABLE 22. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN API SEPARATOR SLUDGE WASTE
REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT H/NR*

95% Confidence Interval

Lower Limit Upper Limit
Cot k t1/2 k ty/2 k t1/2
(mgfkg)  (day-1) (daye) (dayl)  (days) (day'l)  (days)
Naphthalene #
Fluorene
Phenanthrene 72 -0.0007 1000 -0.0035 198 0.0021 _X*
Anthracene 5.7 -0.0470 15 -0.0540 13 -0.0410 17
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene 60 -0.0092 75 -0.0187 37 0.0003 -
Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene 2.3 -0.0017 408 -0.0382 18 0.0349 -

*H/NR = originally loaded at high rate (12%), not reloaded.

+Co = initial soil concentration immediately after waste incorporation into soil.

No data indicate insufficient quantitative information to calculate half-life.

- indicates treatment was not observed, based on slope of first order regression line.
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TABLE 23. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN SLOP QOIL EMULSION SOLIDS
REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT M/M*

95% Confidence Interval

Lower Limit Upper Limit
Cot k ty1/2 k ti/2 k ty/2
(mglkg)  (day-1) (daye) (day-1) (da§5) (day-1)  (daye)
Naphthalene 160 -0.0215 32 -0.0314 22 -0.0117 59
Fluorene 73 -0.0090 77 -0.0135 vl -0.0045 154
Phenanthrene 740 -0.0001 10500 -0.0140 50 0.130 -#
“+ ' icene 88 -0.0053 131 -0.049 14 0.038 -
..y anthene 27000 -0.023 30 -0.0359 19 -0.0102 68
Pyrene 4500 -0.0036 193 -0.0120 58 0.0048 -
Benzo(a)anti: acene *x
Chrysene
Bern>r{b)fluoranthene
Beii..ik)fluoranthene
Benzo(a)pyrene 53 -0.0298 23 -0.0625 11 0.0028 -

Benzo(ghi)perylene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*M/M = originally loaded at medium rate (8%), reloaded at medium rate.

+C0 = jnitial soil concentration immediately after waste incorporation into soil.

#. indical- treatment was not observed, based on slope of first order regressiun line.
*»  -,ta indicate insufficient quantitative information to calculate half-life.
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TABLE 24. DEGRADATION KINETIC INFORMATION FOR PAH COMPOUNDS IN SLOP OIL EMULSION SOLIDS

REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT L/H*

95% Conf idence Interval

Lower Limt

Upper Limit

C k ti1/2 k t1/2 k ti1/2

(mgfkg)  (day-l) ( da{'S) (day-1) (da§s ) (day-1) (da§s )
Naphthalene 270 -0.0161 43 -0.0222 31 -0.0100 69
Fluorene 120 -0.0076 9] -0.0126 55 -0.0026 267
Phenanthrene 620 -0.0030 231 -0.0044 158 -0.0017 408
Anthracene 110 -0.0810 9 -0.1160 6 -0.0460 lg
Fluoranthene 6000 -0.0093 75 -0.0279 25 0.0093
Pyrene 6500 -0.0052 133 -0.0074 9% -0.003 231
Benzo(a)anthracene 1000 -0.0041 163 -0.0143 48 0.0061
Chrysene 220 -0.0077 90 -0.0136 51 -0.0018 385
Benzo(b)fluoranthene 220 -0.0350 20 -0.0652 11 -0.0048 144
Benzo(k)fluoranthene 100 -0.0426 16 -0.0794 9 -0.0057 122
Benzo(a)pyrene 59 -0.0222 31 -0.0623 11 0.0178 -
Benzo(ghi)perylene *k

Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*L/H = originally loaded at low rate (6%), reloaded at high rate (12%).

+Co = initial soil concentration immediately after waste incorporation into soil.

#_"indicates treatment was not observed, based on slope of first order regression line.
**No data indicate insufficient quant1tat1ve information to calculate half-life.
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TABLE 25. DEGRADATIONH KINETIC INFORMATIUW FOR PAH COMPOUNDS IN SLOP OIL EMULSION SOLIDS
REAPPLIED TO KIDMAN SANDY LOAM AT -1/3 BAR SOIL MOISTURE, EXPERIMENT N/H*

95% Confidence Interval

Lower Limit Upper Limit
k ti1/2 k t1/2 k t1/2
(mafkg) (dayl)  (daye) (day-l)  (days) (day-l)  (daps)
Naphthalene 1400 -0.0224 31 -0.0323 21 -0.0126 55
Fluorene 53 -0.0244 28 -0.0489 14 0.0001 -#
Phenanthrene *k
Anthracene 55 -0.0680 10 -0.1060 7 -0.0310 22
Fluoranthene 8400 -0.0306 23 -0.0552 13 -0.0059 117
Pyrene 1500 -0.0460 15 -0.2034 3 0.1114 -
Benzo(a)anthracene 1600 -0.0204 34 -0.0548 13 0.0141 -
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene - -0.0335 21 -0.1119 6 0.0449 -
Benzo{ghi)perylene
Dibei:z(a,h)anthracene - -0.0294 24 -0.0294 24 -0.0294 24

Indeno(1,2,3-cd)pyrene

*N/H = nonacclimated soil loaded at high rate (12%).
*Co = initial soil concentration immediately after waste incorporation into soil.
