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Abstract

Aircraft de-icing fluids (ADFs) are used by commercial and military agencies to
ensure safe aircraft operations. Disposal of these spent fluids can pose environmental
concemns. Propylene Glycol (PG) is one of the main glycol materials used in ADF, and
its biodegradability in various media has been very well documented. However, its high
biochemical oxygen demand can pose a severe risk to treatment facilities and water
bodies around an airfield. Another unknown is the environmental fate and
biodegradability of individual additives in ADFs, such as wetting agents, thickeners,
surfactants or corrosion inhibitors like tolyltriazole (TTA).

This research investigates the biodegradation activity of PG alone, TTA alone,
and PG with TTA in an aerobic (high-clay) soil environment. This research effort used
three test methods to measure the microbial response to these ADF chemical components.
Automated respirometry indicated the behavior of the microbial activity through
measured oxygen consumption and carbon dioxide production. High performance liquid
chromatography (HPLC) was used to measure the reésidual TTA in soil after respirometry
tests were completed. Toxicity tests, such as microbial colony population counts
(MCPC) and agar well diffusion tests (AWDT), were used to measure the microbial
response to these ADF chemical components.

Tﬁis research was partitioned into two distinctive phases of investigation. Phase-
one analyzed individual and combined ADF chemical components in uncontaminated
soil. The presence of TTA, from 25 — 1,000 mg/kg, reduced the maximum respiration

rate of 1,000 mg/kg PG alone; however, cumulative respiration over the two-week study

Xiii




period was nearly the same. Respiration rates in soil exposed to only TTA were not
significantly different from background rates.

HPLC analysis was performed after two-weeks of respirometry monitoring in
phase-one research. The percentage of recovered TTA ranged from 49 — 56% and 79 —
86%, for 25 and 250 mg/kg TTA alone in soil, respectively. The percentage of recovered
TTA ranged from 35 — 44% and 69 — 77%, for 25 and 250 mg/kg TTA with PG (1,000
mg/kg), respectively. The percentage of recovered TTA, with or without PG presence,
indicated biodegradation and absorption of TTA within the soil environment. HPLC
research was performed by Kellner’s (1999) absorption/desorption of measurements of
TTA with the same (high-clay) soil.

Toxicity tests were performed on microorganisms/soils from phase-one research.
The MPCP indicated no measurable difference between microbial populations of
uncontaminated soil versus treated soil with ADF chemical components. AWDT
indicated no toxic effects from application of TTA solutions of 5,000 — 10,000 mg/L and
PG solutions of 10,000 mg/L, individually and combined, upon microorganism within the
test methods.

Phase-two research analyzed the re-application of ADF chemicals on acclimated
soils from phase-one research. Specifically, oxygen consumption resulting from
reapplication of 1,000 mg/kg PG on acclimated soil (PG 1,000 mg/kg) was compared to
one-time application of 1,000 mg/kg PG on the uncontaminated soil. Maximum
respiration rates were greater for the acclimated soil compared to the uncontaminated

soil.
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BIODEGRADATION OF AIRCRAFT DEICING FLUID

COMPONENTS IN SOIL

I. Introduction

1.1 Overview

Glycol based de-icing fluids are used at airport facilities worldwide to prevent snow
and ice accumulation on aircraft and airfield surfaces. Glycol based de-icing fluid use
ranges from approximately 95,000 L (25,000 gal)/y for a small military base to 5.7
million L (1.5 million gal)/y for a commercial airline [Strong-Gunderson et al., 265].
Typically, a large aircraft Will use 3,785 L (1,000 gal) of de-icing fluid [Mericas and
Wagoner, 39]. There are two distinctive types of de-icing fluids used on aircraft.
Aircraft de-icing fluid (ADF) is primarily used for immediate removal of snow and ice
prior to aircraft takeoff. Aircraft de-icing/anti-icing fluid (ADAF) has a longer retention
time on aircraft surfaces, thus allowing a longer hold time on the ground prior to takeoff.
Both of the aircraft de-icing fluids (ADF and ADAF) have demonstrated their excellent
reliability in maintaining safe aircraft operations [Mericas and Wagoner, 39-40]. In this
thesis, the term aircraft de-icing fluids (ADFs) will refer to both ADF and ADAF.

The ratio of ADF concentrate to water typically ranges from 50:50 to 10:90
[Safferman et al., 11] before application on the aircraft. This ratio depends on the ADF’s
manufacturer and weather conditions. ADFs concentrate is mainly glycol with some

additives. Extensive studies have shown that glycols are readily degradable under many
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environmental conditions. The main environmental concern lies with the high
biochemical oxygen demand (BOD) placed upon receiving streams, water bodies, and
wastewater treatment plants by the glycols.

Aircraft de-icing fluids also contain other essential additives that serve as corrosion
inhibitors, thickeners, and surfactants [Hartwell et al., 1375]. One specific pair of
chemical isomers, 5(6)-Methyl-1H-Benzotriazole, are used as additives for corrosion
protection [Cancilla et al., 433-434]. Recently, studies by Cornell (1998) and Johnson
(1997) investigated the effects on microbial degradation from combinations of
tolyltriazole (TTA) and propylene glycol (PG) within a soil environment. The studies
were performed in response to proposed “landfarm remediation” of spent ADFs. The
results from the investigations were inconclusive. These inconclusive results suggest the
need for further investigation. This research will expand our knowledge of tolyltriazole

and propylene glycol effects on microbial degradation activity.

1.2 Specific Problem

Aviation operations in cold weather regions require the use of ADFs to keep
airfield and aircraft surfaces free from ice and snow. With passenger safety in mind, the
Federal Aviation Administration enforces strict requirements for de-icing procedures
[Mericas and Wagoner, 39]. After application of ADFs to aircraft or runway surfaces, a
significant amount will be deposited upon the airfield. Typically 80% of the fluids are
deposited on the ground due to spray drift, jet blast, and wind shearing during taxi and
takeoff [Hartwell et al., 1376]. The ADFs typically have two main routes to follow once

deposited on the airfield. The ADFs can immediately become part of surface water
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runoff, due to the frozen grounds’ inability to absorb large amounts of runoff. Diluted
ADFs can also be retained in snow pile deposits around the airfield until melting/run-off
occurs [Transport Canada, 1985; MacDonald et al., 10-13].

The glycol-based effluents (ADFs and water) eventually migrate into the
environment where they might have detrimental effects. Diluted formulations and runoff
at 1% deicer solution would have a BODs of around 10,000 mg/L. Untreated raw
domestic sewage has a BODs of only 200 mg/L [Sills and Blakeslee, 1992]. The
extremely large impact of de-icing fluids on water bodies has prompted pollution controls
concerning this effluent. An airport group permit, which requires careful control and
disposal with effluents, is issued under the Clean Water Act’s Stormwater Regulations,
specifically the National Pollutant Discharge Elimination System (NPDES) permit
program [Oakley and Forrest, 52; Safferman et al., 11].

The disposal of an ADF effluent can amount to an enormous cost due to the
amount of dilution water required to meet treatment plant requirements. Restriction of 1
to 5% glycol concentration is the typical range that the treatment facilities will and can
accept [Strong-Gunderson et al., 326]. If glycol is not diluted to these levels, then a
“shock load” or very high oxygen demand can occur within a wastewater treatment
facility. This shock load can seriously affect the performance of the treatment plant
[Metcalf and Eddy, 205].

The costs associated With disposal have prompted some recent investigation into
recycling the spent fluids for resale back to manufacturers. In the 1990’s, Denver’s
Stapleton Airport collected glycol solution and effectively sold the effluent when glycol

concentrations were above 15% [Backer et al., 58]. Airports considering recycling must
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standardize their use of ethylene or propylene glycol because mixed streams of the two
compounds have virtually no recycle value [Mericas and Wagoner, 48].

The other option of interest is the investigation for on-site treatment through the
application of landfarm bioremedation. Therefore, a fundamental understanding of the
interactions between the chemical components of ADFs in soils is crucial before

landfarming application could ever become feasible.

1.3 Research Objectives

The purpose of this research was to evaluate the biodegradation of propylene
glycol with different levels of tolyltriazole in (high-clay) soil. The mixture and
reapplication of these two ADF components were also varied to determine any effects
upon soil microorganisms.

Respirometry was used to measure the consumption/uptake of oxygen and the
production of carbon dioxide due to the degradation of propylene glycol and tolyltriazole.
The microbe rich soil provided an aerobic system for observing the effects on microbial
biodegradation from different combinations of the two chemicals. A Micro-Oxymax®
“closed circuit” respirometer was used to monitor oxygen consumption and carbon
dioxide production.

High performance liquid chromatography (HPLC) was used to analyze the
residual amounts of tolyltriazole remaining in the soil once the respirometry experiments
were complete. The HPLC data was not a complete representation of all biodegradation,
due to chemical and physical process that could not be accounted for. However, it

provided supplemental information to compare with the respirometry analysis. The
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HPLC analysis also supported Kellner’s (1999) thesis on absorption/desorption of

tolyltriazole within the same (high-clay) soil.

Microbial colony plate counts (MCPC) and agar well diffusion tests (AWDT)
were used to help determine whether the tolyltriazole present in different treatments
induced microbial toxicity.

This investigation complements research performed on these two ADF
components (Johnson, 1997; Cornell et al., 1997). The respirometry research will
address new areas of study, by using a larger variety of tolyltriazole treatments (25 —
1,000 mg/kg) with a fixed propylene glycol (1,000 mg/kg) treatment level, individually
and combined in soil. Specific research are listed below:

1. Determine the influence on microbial degradation activity from either propylene
glycol or tolyltriazole separately in uncontaminated soil environment.

2. Determine the combined influence on microbial degradation activity of tolyltriazole
with propylene glycol in a uncontaminated soil environment.

3. Determine if there is any difference in microbial degradation activity when propylene
glycol (1,000 mg/kg) is applied to uncontaminated soil/microorganism and
preconditioned soil/microorganisms with propylene glycol.

4. Determine if varied combinations and concentrations of ADF chemical components
of tolyltriazole and propylene glycol have a toxic effect upon microbial populations in

soil.

1.4 Scope

A phased approach was used to accomplish the scope of this study. The first
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phase tested the biodegradability of ADF chemical components (propylene glycol and
tolyltriazole) at different concentrations and combinations in previously uncontaminated
soil. The second phase of testing compared microbial activity of uncontaminated soil to
the activity of ADF acclimated soil/microorganisms. The soils used/monitored in the
phase-one studies were used in the phase-two as the acclimated soil/microorganisms.
Control of the test conditions and materials should limit variations in the
investigation. Control of experimental conditions included; temperature, light, and
moisture within the soil environments. Some constraints and assumptions on the scope of

this research are as follows:

The same (high-clay) soil was used throughout all experiments.

2. Soil moisture was established at ~60% of field capacity (FC) prior to all respirometer
experiments. As the respirometer supplies dry O to the soil, there is a potential for
that declining moisture content to reduce microbial metabolism. Long runs (over two
weeks) were avoided to reduce this potential influence.

3. All propylene glycol applications on soil were held at 1,000 mg/kg.

4. Adequate nutrients (K, N, P) were present within the soil so as not to limit microbial
activity (shown in the independent soil analysis, Appendix A).

5. Adequate aerobic conditions were assumed for all respirometer tests.

6. Uniform prepgration techniques were maintained for all experimental runs.

7. Photo-degradation was considered negligible since soil in the respirometry
experiments was kept in the dark.

8. Soil and chemicals were maintained in the dark and kept in cool conditions of 4°C to

reduce the potential of chemical degradation between experimental runs.



9. Volatilization of chemicals was assumed negligible. This is assumed based on the
chemical characteristics of propylene glycol and tolyltriazole.

10. Adequate numbers of microorganisms were assumed to exist in the soil. As this soil
was collected in a natural environment, however it was not tested in any way. The
assumptions appear reasonable.

11. Sorption/loss of chemicals to glass equipment used in experiments is assumed
negligible. Kellner’s (1999) results indicate some absorption of tolyltriazole in the

(high-clay) soil. However, minimal loss occurs and is assumed negligible.

1.5  Summary

This research investigated the aerobic microbial biodegradation potential of
propylene glycol and tolyltriazole in a (high-clay) soil environment. Microbial
respiration is a tool that can measure microbial activity within a soil environment under
differing chemical combinations/treatments. HPLC analysis supported respirometry
results. MCPC and AWDT are also tools for measuring toxicity effects from various
chemical concentrations and mixtures. The results will support a better understanding of

the biodegradation effects of two ADF components in a soil.

1.6  Terms Used in this Study

Aerobic — Having molecular oxygen present; growing in the presence of oxygen.

Anaerobic — Living, active, or occurring in the absence of free oxygen.
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Aircraft De-icing Fluid (ADF) - Used for the immediate removal of snow and ice from

aircraft surfaces.

Aircraft De-icing/Anti-icing Fluid (ADAF) — Used for the immediate removal of snow
and ice from aircraft surfaces, along with prevention of snow and ice build up on surfaces

for a limited time.

Aircraft De-icing Fluid(s) (ADFs) — Refers to both ADF and ADAF for Simplicity in the

thesis discussion.

Biochemical Oxygen Demand (BOD) — The amount of molecular oxygen used by
microorganisms in wastewater, effluents, and polluted waters for the biochemical
degradation of organic material and the oxidation of inorganic material. BOD
determination is an empirical test that uses standard laboratory procedures and is

conducted over a specified time period, usually five days [Eaton et al., 5-2].

Biodegradation — The microbial process of chemical breakdown of a substance into

smaller products caused by microorganisms or their enzymes [Atlas and Bartha, 535].

Hydrophobic Organic Compound — Organic compounds with low solubility in aqueous

solutions.

Hydrophilic Organic Compound — Organic compounds with high solubility in aqueous

solutions.

Organic — Carbon containing compounds, typically containing carbon-carbon bonds

[Brown et al., G-11].
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Oxidation — A process in which a substance loses one or more electrons [Brown et al., G-

11].

Metabolism — Chemical changes within living cells by which energy is provided for

microbial growth and the necessary maintenance of cell life [McKane and Kandel, 9].

Microorganisms — Organisms that exist naturally in the environment such as bacteria,

fungi, algae, protozoa, and viruses [Atlas and Bartha, 541].

Micro—Oymax© respirometer — An indirect closed loop respirometer designed to detect
extremely low levels of oxygen uptake and carbon dioxide output for a variety of studies
involving microorganisms, insects, plants, food, and chemical oxidation [Micro-

Oxymax© v6.03, Instruction Manual, 3].

Mineralization — The microbial breakdown of organic materials to inorganic materials

brought about mainly by microorganisms [Atlas and Bartha, 541].

Propylene Glycol (PG) — Chemical used in ADF/ADAF; C3HzO, See Figure 1-1 below
for structure.
Figure 1-1
Propylene Glycol, 1,2-Propanediol
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Respirometry — The measurement of the oxygen uptake and the carbon dioxide output

associated with biological or chemical systems [Micro-Oxymax® v6.03].
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Respirometry Exchange Rate (RER) — The ratio of oxygen uptake to carbon dioxide
output, O,/CO, [Micro-Oxymax© v6.03, Instruction Manual].

Statistical hypothesis — claim about the value of a single population characteristic, or

about the values of several characteristics [Devore, 304].

Tolyltriazole (TTA) — Chemical used as a corrosion inhibitor in ADF/ADAF, C;H;NG.
There are two isomers for tolyltriazole. See Figure 1-2 below for structure [Cornell et al.,

1997].

Figure 1-2
Tolyltriazole
HsC N HyC N
\\NH —_— \NH
/ 74
N N
5-Methyl-1H-Benzotriazole 6-Methyl-1H-Benzotriazole

Field Capacity (FC) — The maximum amount of water that an unsaturated zone of soil

can hold against the pull of gravity [Fetter, 639].

Natural Attenuation — The oxidation or breakdown of a substance through natural

processes.

Transformation — A reaction that occurs chemically or biologically by means of oxidation

or reduction process.
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11. Literature Review

2.1  Background on Aircraft De-icing Fluids

Type I ADF is used as a de-icing fluid for aircraft surfaces, while type II ADAF is
used as both a de-icing and anti-icing fluid that sticks to aircraft surfaces and inhibits
subsequent ice formation during taxi and takeoff [Hartwell ez al., 1375]. Although the
exact formulations of ADF/ADAFs are proprietary, the main components are glycol
materials (90 — 99%) and a small amount of additives (1 — 10%) [SAE, 1992; Cornell, 2;
Cancilla et al., 430]. The mixture of concentrated ADF and water can typically be in the
range of 50:50 to 10:90 [Safferman et al., 11]. Another difference between ADF/ADAFs
are the performance enhancements provided by the additives [Hartwell et al., 1375].

The International Standards Organization (ISO) and Society of Automotive
Engineers (SAE), specifically the division of Aircraft Maintenance Chemicals and
Materials committee, helps to develop the specifications for commercial ADF/ADAF
composition [Boluk and Levesque, 6]. These specifications are guidelines for the fluid
application, viscosity, and metal corrosion inhibition qualities for aircraft application.
The military specifications covering aircraft de-icing fluids is MIL-A-8243, which
specifies two products. First, the military type I ADF, which is propylene glycol based.
Second, the military type II ADAF, which is ethylene glycol based (three parts ethylene
glycol and one part propylene glycol [Environmental Department of the Naval Facilities
Engineering Service Center, 1998].

A directive issued on March 31, 1992 from Brigadier General James E.

McCarthy, the Air Force Civil Engineer, placed an immediate USAF-wide prohibition on
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the use of ethylene glycol upon all airfield operations. This banning of the ethylene
glycol based ADF caused the Air Force to specify propylene glycol based solution to be
used throughout all Air Force bases [HQ Air Force Center for Environmental Excellence,
1995].

Type 1 ADF (commercial) can be a mixture of glycol (ethylene glycol, diethylene
glycol, and/or propylene glycol) along with corrosion inhibitors, either 1H-Benzotriazole
(BTA) or 5(6)-Methyl-1H-Benzotriazole, common name tolyltriazole (TTA). TTA is
used in more ADF formulations than BTA [Cornell, 1997]. The other additives are
flame-retardants and surfactants (wetting agents/detergents) made to keep chemicals
within the solution. The fluid is typically clear, orange in color [Bausmith, 3; Cancilla et
al., 430; Hartwell et al., 1995].

The type I ADAF (commercial) can be a mixture of glycol (ethylene glycol,
diethylene glycol, and/or propylene glycol) along with corrosion inhibitors, flame-
retardants, and surfactants (wetting agents/detergents), plus thickeners that cause
adhesion to the aircraft surface. These thickening agents require a different suite of
corrosion inhibitors and surfactants than those used in type I fluids. Typically, the
adhesion additive is a polymer, which is neutral and anionic. The fluid is typically clear,

pink in color [Bausmith, 3; Cancilla et al., 430; Hartwell ez al., 1995].

2.1.1 Environmental Fate of Spent Aircraft De-icing Fluids
Of the ADFs applied, it is estimated that only 16% of the fluid remains on the
aircraft surfaces. The amount that falls off the plane is usually collected at the

application point using a sump style collection pad. However, the fluids that are retained
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do eventually leave the aircraft at some point. An estimated 49% falls on the ground and
35% is lost to wind [Transport Canada, 1988].

The transport of used ADFs that have fallen to the ground is not always direct and
simple. ADFs can persist even after the last application of ADFs within a season. An
estimated 30% of the de-icier fluid applied will be stored in snow piles to be released

during spring rains and snowmelt [Transport Canada, 1988].

2.1.2 Regulations Concerning Spent Aircraft De-icing Fluids

The Environmental Protection Agency (EPA) Storm Water Discharge regulations
went into effect on December 17, 1990. These regulations placed storm water under the
National Pollution Discharge Elimination System (NPDES) permit program. Under the
1990 regulations, the NPDES permit program now covers effluents previously considered
non-point sources [Oakley and Forrest, 1991]. These storm water discharges are
associated with industrial activities, including operations such as airports (commercial
and military). These industrial activities that result in direct storm water discharge into
waters of the United States and storm water discharge through municipal storm sewers
are required to obtain NPDES permits from the EPA [Leiter and Funderbunk Jr., 22-23].

The EPA delegated administration of the NPDES program to local state-
regulatory agencies. This allowed for some state-to-state difference in handling of the
permitting program [Boyd, 1991]. The ultimate outcome was a requirement for proper
treatment of stormwater runoff. The water can be treated on site, discharged to publicly
owned treatment works, or perhaps recycled [Mericas and Wagoner, 39].

In response to the options available for storm water disposal, new airports began
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more active management of these spent ADFs. Newer airports began designing
collection and recycling systems, while existing airfields altered their collection and
disposal techniques to meet the regulations. This has also led to a renewed interest in

handling of these fluids on site.

2.2  Aircraft De-icing Fluids Chemical Components
2.2.1 Properties of Propylene Glycol
The structure of propylene glycol is composed of two OH (alcohol) groups

attached to the 1 and 2 carbons (See Figure 1-1). Table 2-1 summarizes the properties of

propylene glycol.
Table 2-1
Chemical Characteristics of Propylene Glycol
1,2-Propanediol (Propylene Glycol) Characteristics Result Reference

Boiling Point (°C) at 760 mm Hg 188.2 Sax and Lewis (1998)
Freezing Point (°C) at 760 mm Hg -59 Sax and Lewis (1998)
Vapor Pressure (mm HG) at 20°C 0.08 Sax and Lewis (1998)
Solubility in Water hydroscopic Sax and Lewis (1998)

Octanol/Water Partition Coefficient (K,,,) 3.80X10° Miller (1979)

Organic Carbon/Water Partition Coefficient (K,.) 2.4X10° Miller (1979)

2.2.2 Properties of Tolyltriazole

The isomers of 5(6)-methyl-1H-benzotriazole, common name “tolyltriazole” (See
Figure 1-2), having the methyl group substituted at one of the other positions on the
aromatic ring [Cancilla et al., 1996]. The properties of the benzo-ring structure are

assumed to make the tolyltriazole compound difficult to degrade. Table 2-2 summarizes




the properties of tolyltriazole.

Table 2-2
) Chemical Characteristics of Tolyltriazole
5(6)-Methyl-1H-Benzotriazole (Tolyltriazole) Characteristics Result Reference
Boiling Point (°C) at 760 mm Hg 160 PMC Specialties (1996)
Freezing Point (°C) at 760 mm Hg 76-87 PMC Specialties (1996)
Vapor Pressure (mm HG) at 2(_)_:’ C 0.03 PMC Specialties (1996)
Solubility in Water hydrophobic | PMC Specialties (1996)
Octanol/Water Partition Coefficient (K,,,) 3.35X10° Lyman (1982)

2.2.3 Toxicity/Hazards of Propylene Glycol

Literature indicates that pure glycol may be acutely toxic to aquatic life at
sufficiently high concentrations. Propylene glycol is not known to be a carcinogen or
teratogen [Mallinckrodt, 1997]. The toxicity level of propylene glycol has been
established through several studies. Studies reviewed by MacDonald et al. (1992) on
aquatic organisms (juvenile trout) revealed a median LCso > 50,000 mg/L for a 24 hour
period [Majewski et al., 1978]. Bridie et al. (1979) conducted bioassays on goldfish,
which suggested propylene glycol was not acutely toxic at levels below 5,000 mg/L.

Exposure hazards to propylene glycol (pure aqueous) include eye, nose, and
throat irritation. High levels become objectionable because of the chemical’s odor

[Mallinckrodt, 1997].

2.2.4 Toxicity/Hazards of Tolyltriazole

Tolyltriazole is not considered a carcinogen and chronic toxicity data is not

available. Research by PMC Specialties Group, indicates a moderate toxicity to aquatic
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organisms from the tolyltriazole isomers on Lepomis machorochirus (31 mg/L 96 hr,
LCso) and Daphnia magna (74 mg/L 48 hr, LCs).

According to the material safety data sheet, tolyltriazole presents moderate risks
to health by inhalation, ingestion, or skin absorption [PMC Specialties, 1996]. Thus,
appropriate procedures are recommended to prevent opportunities from direct contact

with the skin or eyes and to prevent inhalation.

2.3  Biodegradation

The biodegradation process can be influenced by many different conditions.
Physical, chemical, and biological conditions directly affect the microorganisms’ ability
to metabolize a carbén compound into food or energy.

The health and concentration of microbial populations has been directly related to
natural or manmade conditions. The competitive environment of nature encourages
robust and hardy populations of microbes [Atlas and Bartha, 53]. Other important factors
affecting microorganism health and activity are availability of moisture and inorganic
nutrients.

Soil microbes require essential mineral nutrients along with a carbon source for
unhampered metabolic processes to occur. These essential nutrients for healthy cells are:
hydrogen, nitrogen, phosphorus, and sulfur. Hydrogen and oxygen, along with carbon,
are essential for synthesis of most organic compounds. Phosphorus is needed for
adenosine triphosophate (ATP) and nucleic acids, sulfur for protein, and nitrogen for

nucleic acids and protein [McKane and Kandel, 106].
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Aerobic metabolism requires oxygen as an electron acceptor for use in the
consumption of carbon sources. The pH and temperature of the environmental media can
directly influence the health and optimal rate of degradation for microbes.

The benefit of biodegradation is the conversion of contaminants into more

environmentally safe compounds, such as carbon dioxide and water.

2.3.1 Effect of Temperature on Biodegradation

Temperature affects microbial degradation of carbon within a soil environment.
The activity of aerobic microorganisms indigenous to soil is highest at temperatures of
20 - 30°C [Atlas and Bartha, 218].

Preliminary studies by Klecka et al. (1993) indicated that there was an increased
biodegradation rate of three different glycol (ethylene, diethylene, and propylene glycol)
and five different brands of ADFs, with an increase in soil temperature. The three
glycols degradation rates were similar, ranging from 19.7 to 27.0 mg/kg soil per day to
66.3 to 93.3 mg/kg soil per day for samples at 8°C and 25°C, respectively (Klecka et al.,
292). This indicated a 3.4 faster rate of microbial degradation for the difference in
temperature. Research by Rice et al. (1997) indicated a similar relationship between the

soil temperature and ethylene glycol mineralization rate.

2.3.2 Effects of pH on Biodegradation
The pH varies in different layers of soil. The upper layer is typically more

aerobic and saturated from rainfall than lower layers. The result is that there is more
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acidity in the upper layers [Metting, 1993]. Most bacteria and fungi tolerate alkaline pH

up to 9.0 but have a pH optima near neutrality [Atlas and Bartha, 234].

2.3.3 Effects of Soil Moisture on Biodegradation
Optimal conditions for activity of aerobic soil microorganisms occurs between 50
and 70% of the water holding capacity of the soil. A higher water content, although not

inhibitory by itself, starts to interfere with oxygen availability [Atlas and Bartha, 229].

2.3.4 Biodegradation of Propylene Glycol

Propylene glycol is a low-weight-molecular substance, with a simple structure.
The simple structure of propylene glycol permits microorganisms in water and soil
environments to readily degrade the chemical in both aerobic and anaerobic conditions.
Biodegradation has been demonstrated in water [McGahey and Bouwer, 1992], sewage
[Jank et al., 1974; Kaplan et al., 1982; Dwyer and Tiedje, 1983; Raja et al., 1991;
Nischke et al., 1996], and soils [Haines and Alexander, 1975; Cox, 1978; Klecka et al.,
1993, Kawai et al., 1978; Strong-Gunderson et al., 1995; Buasmith and Neufeil, 1996].

Raja et al. (1991) used isolated strains of the bacteria Pseudomonas and
Aerobacter to determine possible pathways of degradation. The Pseudomonas degraded
the propylene glycol too carboxylic and hydroxycarbonic acids. Further decarboxylation

to CO, was accomplished by the Aerobacter strains [Shupack, 7] as shown in Figure 2-1.
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Figure 2-1

Proposed Biodegradation Pathway of Propylene Glycol
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Degradation Pathway for Propylene Glycol (Amdur et al., 1991; Raja ez al., 1991) as cited from [Shupack, 9]

2.3.5 Theoretical Oxygen Demand of Propylene Glycol

The theoretical oxygen-demand (ThOD) for propylene glycol biodegradation may

be determined through stoichiometry [Sawyer et al., 528]. The equation in Table 2-3

calculates the amounts (moles) of oxygen to convert an organic carbon material (moles

propylene glycol) to carbon dioxide, water, and ammonia.
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Table 2-3
Calculations for the Theoretical Oxygen Demand of Propylene Glycol

Basic Equation for ThOD:
C H,O,N_+ (n+a/4-b/2-3/4c)0, = nCO, + (a/2-3/2c)H,0 +cNH,

Propylene Glycol (C;H;0O,) Stoichiometric Equation:
C,H;0, +40,=3CO, +4H,0

Molar Ratio: O,: C3H802 =40

Molar Ratio: 02:C02 =1.333

Molecular weight C,;H;0, = 76.094 mg PG/mole

5 _128mg0O,
76.094 mg PG

= 1.68 mg O,/mg PG

2.3.6 Biodegradation of Tolyltriazole

The pathway for tolyltriazole biodegradation is still under investigation. It is
hypothesized that tolyltriazole degrades anaerobically rather than aerobically [Cornell ez
al., 1997]. Cornell et al. (1997) performed a literature review [Alan R. Katritzky
Research Group, 1997; Razo-Flores et al., 1997; Schwarzenbach et al., 1993; Weber,

1994] and proposed the biodegradation pathway shown in Figure 2-2.

2-10



Figure 2-2
Proposed Biodegradation Pathway of Tolyltriazole
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2.3.7 Theoretical Oxygen Demand of Tolyltriazole

The theoretical oxygen demand (ThOD) for tolyltriazole biodegradation may be
determined through stoichiometry [Sawyer et al., 528]. The equation in Table 2-4
calculates the amounts (moles) of oxygen to convert an organic carbon material (moles

tolyltriazole) to carbon dioxide, water, and ammonia.
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Table 2-4
Calculations for the Theoretical Oxygen Demand of Tolyltriazole

Basic Equation for ThOD:
C_H,O,N_ + (n+a/4-b/2-3/4c)0, = nCO, + (a/2-3/2¢)H,0 +cNH,

Tolyltriazole (C,H;N,) Stoichiometric Equation:
C,H,N; + 6.50, = 7CO, + (-1)H,0 + 3NH,

Molar Ratio: O,: C;H,N; = 6.5

Molar Ratio: 0,:CO, =.9285

Molecular weight C;H,N, =133 mg TTA/mole

.. _208 mg 02_
133 mg TTA

= 1.564 mg O,/mg TTA
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III. Methodology

3.1 Overview of Methods Used

This methodology section describes the materials and procedures used in
determining the influence of tolyltriazole on microbial degradation of propylene glycol
within a (high-clay) soil. The experiment used in-situ soil microbes to degrade the two
ADF chemicals. Microbes activity was monitored by respirometry, which measured
oxygen consumption and carbon dioxide production. The specific type of respirometer
employed was a Micro-Oxymax® respirometer, built by Columbus Instruments, Inc.,
Columbus, Ohio. Soils were tested at various concentrations and combinations of
tolyltriazole and propylene glycol to understand how these ADF components affect
microbial degradation.

Once respirometry tests were complete, two additional analyses were performed
on selected spent soils. These analysis were HPLC and toxicity tests. HPLC was used to
measure residual tolyltriazole on the spent respirometry soil of phase-one. The first
toxicity test was a MCPC, which used spent respirometry soil of phase-one. A water-
extract of test soil was added to nutrient agar media. The individual cells grew to
colonies and allowed a visual count. The colony totals revealed the population of
microbes in soil after interaction with the different ADF chemical concentrations. This
allowed a correlation of toxicity effects from the ADF chemicals with the respiration
data.

The second toxicity test was an AWDT. This test was a stand-alone test of

varying ADF chemical concentrations and combinations. Nutrient agar plates were




allowed to solidify and a microbe rich solution (uncontaminated soil based) was spread
on the surface of the nutrient agar. A small well was placed in the center of the agar
material and filled with a particular test chemical (propylene glycol, tolyltriazole, or
both). The microbes were incubated and colony formations were observed. Suppression
of colony formation near the agar well suggested toxicity. An overall layout of all
laboratory methods is shown in Figure 3-1. The different chemical treatments for each

respirometry run are listed in Appendix E, Table E-1.

Figure 3-1
Overview of Laboratory Experiments
Preliminary Tests
" Soil ) '
Main Tests

Acclimated

soil §
Lopl Rune4 i feeey
» Acclimated
/ soil
. _ i E___ : i
Phase-two Respirometry i Runs

3.2 Laboratory Procedures
3.2.1 Soil Selection
ADF component degradation was analyzed in both a sandy soil and a high-clay

soil by Johnson (1997) and O’Malley (1997). Their results showed appreciably more
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degradation of propylene glycol in high clay soil rather than sandy soil. This

investigation used the same high-clay soil.

3.2.2 Soil Collection

The natural soil in the Dayton, Ohio area is clay based. An open grassy area was
selected adjacent to the wooded area that Johnson (1997) and O’Malley (1997) used in
their research. A new location was selected in hope that increased microbial population
and variety would be found in the grassy area. In many studies, the quantities of
microorganisms are significantly less in wooded areas when compared to open grassy
areas [Whitman et al., 6578]. In addition, the experiments were designed to model
airfield conditions whenever possible.

Soil was collected on September 5, 1998 with sunny-temperate conditions of 31°C
and high humidity. The collection was performed with a steel shovel and an 8 liter (2-2
gallon) plastic bucket. Both were pre-cleaned with de-ionized water prior to soil
collection. The majority of grass and humic matter was stripped from the collection area
within the first 6 cm. The usable soil was collected within the next 20 — 30 cm (vertical
layer), in an area of approximately 0.5 square meters. There was no unusual odor or
debris encountered during collection. The soil sample was placed in the bucket and
covered. The lid was not sealed in order to maintain an aerobic condition. No further
soil collections were required, since the 8 liters provided an adequate amount of soil for

all of the experimental research.
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3.2.3 Soil Preparation
The method described by Klecka et al. (1993) was followed. Their method
required the soil to be pre-cleaned of large organic matter and sieved through a No. 8.
U.S.A. standard testing sieve. A 2 mm square wire mesh was used in place of a No 8.
sieve for removal of foreign matter such as leaves, stones, roots, and visible insects.
Experimental runs were conducted over a six-month period. The soil was
carefully stored to maintain the quality of soil and microorganisms over this period. The

prepared soil was immediately placed in plastic bags (Ziplock™) and refrigerated at

4 + 1°C to slow microbial activity and minimize changes.

3.2.4 Soil Characteristics

The Soil, Water, and Plant Testing Laboratory, Colorado State University, Ft
Collins, Colorado, performed an independent analysis of the soil used in the
investigation. As indicated in the report (Appendix A), all of the essential nutrients were
in ample amounts for support of microbial metabolism. The results from the laboratory

are summarized in Table 3-1.

Table 3-1
Chemical Characteristics of the Soil
Organic Matter||Phosphorus (P)|f Potassium (K) Mg) Calcium (Ca) “
(%) (ppm) (ppm) (ppm) (ppm) pH
2.9 [ 53 [ 943 | 2.8 I 30 || 78 |

The physical characteristics were also analyzed. The results from the independent

soil report are summarized in Table 3-2.
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Table 3-2
Physical Characteristics of the Soil

ASTM Soil
% Sand % Silt % Clay Classification
i 48 [ 36 16 I Loam |

3.2.5 Soil Moisture

As discussed earlier, microbial metabolism is directly related to the water content
in the soil. Water content tests used by Thomas (1996) were followed to determine the
percentage of field capacity (saturated soil moisture). Preliminary tests were performed
to determine the optimal water content that would provide adequate mixing/workability
of this soil. Soil above 65% field capacity showed clumping and compaction. This was
considered unacceptable (potentially anaerobic conditions). The range of 55 — 65% field
capacity was established as usable. The final choice of a 60% field capacity was set, and
water/solution was added to achieve this level within all the experimental runs.

The reason for beginning all experiments at a relatively high water content arises
from the operation of the respirometer. Once the microcosms were closed, no further
injections of fluids occurred during an experimental run. Evaporation of water occurred
as the respirometer passed dried air over the soil during headspace sampling. Soil
moisture tests were performed on the spent soil after respirometry runs. The data

revealed an average range of 50 — 55% field capacity after respirometry runs.

3.2.6 Soil pH

The untreated soil had revealed a pH of 7.8 for the soil as reported in the

independent soil analysis. No adjustment of pH was done prior to respirometry
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experiments due to its near neutral condition. Simple pH tests were conducted before and

after the respirometry tests. The data was summarized in Table 3-3.

Table 3-3
Tests on Soil pH used in Respirometry Runs
[ Respirometry Test
Soil Treatment || Before After Instrument
De-ionized H,0f 7.8 7.8 HACH
PGlOOO“ 79 7.8 pH tester
PGigp0 & TTAmoo" 79 7.8 44450-00

3.2 Treatment Overview
Respirometry experiments were conducted in two phases. Phase-one used
uncontaminated soil with varied combinations of ADF chemicals and concentrations.

Phase-two used acclimated soil/microorganisms from phase-one tests.

3.2.1 Overview of Treatment Layout for the Respirometer

There are 20 microcosms available within the Micro-Oxymax® respirometer.
Phase-one used five microcosms for each treatment type (PG alone, TTA alone, PG &
TTA) in experimental runs, along with three microcosms for blank treatments (de-ionized
H,0). Two empty bottles were also used to monitor machine noise and variation. Phase-
two used a range of three to five microcosms due to the various treatments and data
requirements. Appendix E, Table E-1 contains a detailed layout of all respirometry runs
and treatments.

Sampling of high respiration microcosms (propylene glycol in soil) just before

sampling low respiration microcosms (blank soil) can be problematic due to carry-over.
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The high CO, and low O, in the sampling ports/sensors/tubing from the first

measurement can reduce affect the next microcosm measurement. In an attempt to

minimize the effect, an optimal sampling configuration was developed. An example of

an optimal bottle layout in shown in Table 3-4.

Table 3-4
Example of Respirometry Treatment Layout: Phase-one, Run-1
[L_Bottle] 1 I 2 I 3 | 4 | 5 I
[ Treatmen]  TTA,s || TTAs || TTAs | TTAs ||  TTAs ||
|L_Bottle| 6 | 7 | 8 | 9 I 10 I
" Treatment" Empty " Empty " PG1000 & TTA25 " PGIOOO & TTA25 " PGIOOO & TTA25 "
T Botd 11 M 12 I 13 I 14 I 5 I
| Treatment]] PGyo00 & TTA,s || PGigoo & TTAs || Soil | Soil | Soil I
[ Bottle]f 16 | 17 [ 18 I 19 I 20 |
|| Treatment)j PG00 | PG00 I PG1o00 I PGoo0 | PGig00 I

As the layout demonstrates, treatments of 1,000 mg/kg propylene glycol alone
(PGio00), 25 mg/kg tolyltriazole alone (TTA»s), and a combination of propylene glycol

and tolyltriazole (PGiopo & TTAs) are separated by either empty or blank soil

microcosms.

3.3.2 Phase-one Treatments

Phase-one used ADF chemicals on uncontaminated (high-clay) soil. The phase-
one tests are associated with experimental Run-1, Run-2, Run-3, and Run-5. The choices

in ADF chemical concentrations and combinations were developed through preliminary

research. Section 3.3.4 provides further explanation on the preliminary research of

concentration choices.



3.3.3 Phase-two Treatments

Phase-two respirometry experiments measured the response of acclimated
microorganisms from phase-one soil. Propylene glycol at 1,000 mg/kg was the only
ADF chemical and concentration that was reapplied. Set-up and choice of phase-two
treatments were developed from results of phase-one respirometry data. The phase-two

tests are associated with experimental Run-4 and Run-6.

3.3.4 Microcosm Preparation for Respirometer Analysis

As stated earlier, the workable field capacity was established at ~60% from
preliminary tests. Previous experiments by Johnson (1997) and O’Malley (1997) have
shown that during periods of rapid respiration the O, levels fell below the respirometers
lower-detection limit (19.29% O,). The O, depletion was due to large soil amounts (thus
many microbes) and high concentrations of propylene glycol (food source).

Shortening the sampling interval and lengthening the duration of refreshing O,
was considered. However, the respirometer cycle time was already near six hours for the
20 microcosms. Microbial respiration rate was the only other parameter to adjust.

The preliminary tests showed a soil mass of 50 gm along with a propylene glycol
concentration of 1,000 mg PG/1 kg soil would be optimal. The 50 grams at 60% field
capacity soil would consist of 45 grams of uncontaminated soil (semi-dry) with 5 mL (5
gm) of solution. Calculations are provided in Appendix B.

Tolyltriazole solubility in water and water-propylene glycol solutions were tested
to determine their interaction. The interaction being tested was the ability for

tolyltriazole to dissolve equally in both base liquids. A consistent solution (no
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granules/flocculent) of tolyltriazole was desired in the solution for accuracy in the
treatment dose of soil. The interactions were measured through range finding tests of

concentrations and temperatures, summarized in Table 3-5.

Table 3-5
Tolyltriazole Saturation Points in Aqueous Solution

Concentration of 1 TA][5,000 mg/L IE,ZDU mg/L ||§,5ou mg/L][,750 mg/L IM“
TTA in 10,000 mg/L PG solution" No Floc | ., ot '4°C

TTA 1n de-1onized H,0 U'ﬁl?l
l25°C
Concentration of 1TA][ 7,500 mg/L || 8,000 mg/L |[ 8,500 mg/L |[ 9,000 mg/L [ 9,500 mg/L]| 10,000 mg/L

TTA in 10,000 mg/L PG solution]] No Floc No Floc

TTA m de-tomzed H,0 Only][  No Floc No Floc
TTA in 10,000 mg/L PG solution]| No Floc No Floc No Floc No Floc No Floc No Floc  |43°C
TTA in de-1omzed H,U Only]] No Floc No Floc '

Note: After 43°C heat is removed, TTA precipitates out of both solutions

= initial flocculent (floc) of TTA granules in solution
= heavy flocculent (floc) of TTA granules in solution

Table 3-5 reveals that tolyltriazole did not flocculate in water or water-propylene
glycol up to the 5,000 mg/L at 25°C. The application of heat allowed higher
concentrations of tolyltriazole to dissolve in the solutions, which allowed consistent
solution concentrations for application on soil.

To prevent chemical and microbial degradation of the solutions between
experimental runs, a protocol of generating fresh batches of solution was adopted. The
calculations of mass and volumes for preparing the concentrations of ADF solutions are
found in Appendix C.

The propylene glycol solution (10,000 mg/L) was prepared from a reagent grade
(Mallinckrodt OR, 1925; 1,2-Propanediol) chemical to ensure purity and concentration.
Five grams of propylene glycol was diluted into 500 mL of de-ionized water in a

volumetric flask (Pyrex®), with a ground glass stopper. It was mixed with a magnetic




stirrer (Corning™, PC -210) for approximately one hour, at room temperature (~22°C) in
lighted conditions.

The tolyltriazole only solutions (250 — 7,500 mg/L) were prepared from
commercial grade COBRATEC TT-100 (sample 4239701). Solid phase pellets of the
tolyltriazole were ground into powder in a pre-cleaned crucible. The appropriate
amounts of the powder were mixed with 200 mL of de-ionized water in a volumetric
flask, then mixed on a heated/electro-magnetic stirrer (PMCN, 525A).

e Concentrations of 250 — 5,000 mg/L were maintained at ~22°C (room
temperature) and stirred for eight hours in unlighted conditions.

o Concentrations of 5,000 — 10,000 mg/L were heated to 43°C for 15
minutes, then stirred for eight hours in unlighted conditions at ~22°C,
then reheated to 43°C for 15 minutes prior to application on the soil.

The combined solution of propylene glycol with tolyltriazole was then prepared
with the same chemicals. The selected amount of tolyltriazole was added to 200 mL of
propylene glycol solution (10,000 mg/L) and mixed in a volumetric flask with a ground
glass stopper. The chemicals were mixed upon an electro-magnetic stirrer for
approximately eight hours, at the appropriate temperature, as related to the tolyltriazole
concentration in unlighted conditions.

The soil was allowed to adjust to room temperature (~22°C) in advance of mixing
with solutions. The acclimatized soil required less time to equilibrate at the respirometers
incubator temperature (25°C).

The respirometers microcosm bottles (250 mL, Pyrex) were pre-cleaned with de-

ionized water. The soil and 5 mL of test solution (de-ionized water, propylene glycol,

tolyltriazole, or propylene glycol with tolyltriazole) was added to the bottle and stirred.
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A stainless steel spatula was used to mix the contents for five minutes per microcosm.
This ensured all soil was fully mixed and wetted. The spatula was cleaned with de-

ionized water before mixing other microcosm/treatments.

3.4 Respirometer
3.4.1 Overview of Respirometer System

The respirometer used a “closed loop” system configuration for measuring O
consumption and CO, production gases from each individual microcosm. Details on use
of the Micro-Oxymax© respirometer may be found in Totten (1995), Baker (1995), and

Thomas (1996).

3.4.2 Respirometer Calibration

Prior to each experimental run, several calibration adjustments were performed to
ensure accurate O, and CO, measurements. The CO; sensor was zeroed through the
introduction of 99.999% pure nitrogen (PRAXAIR Company, certified mixture). The
nitrogen-only atmosphere ensured a zero reference point for calibration. Then a
laboratory grade (Liquid Carbonic Company) mixture of CO; (0.501%) and O3 (20.4%)
was introduced. The CO, and O, sensors were adjusted to match the standard gas and
then set/locked for the remainder of the experimental run. Each new experimental run
required re-calibration prior to initiating the respirometers automated sampling program.

Leak checks of each microcosm (250 mL bottle and tubing) were performed by
the machine through a self-diagnostic program that verifies “pass or fail” of all the

systems. The “passing” range of + 0.2 mL/min leakage is allowed for one out of three
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times tested on each of the 250 mL bottles tested [Micro-Oxymax© Software manual, 19].
In response to a recommendation from Johnson (1997) and O’Malley (1997), the
respirometer was relocated to a climate-controlled laboratory. The purpose was to reduce
atmospheric humidity and temperature variations that seemed to cause erratic calibration
checkouts. In addition, the oxygen sensor was replaced on July 19, 1998, since O,
sensitivity began to rise above specified limits. The machine was then inspected and
calibrated at Columbus Instruments on August 21, 1998 to ensure the machine met

factory tolerances.

3.4.3 Respirometer Parameter Controls

The experimental runs were conducted during a two-week period using controlled
environmental parameters. Temperature was maintained in an incubator (Lab Line™,
AMBI-HI-LO) at 25 *+ 1°C. Photo-degradation was eliminated throughout all
experimental runs, since the incubator shielded the microcosms from light. The refreshed
air provided to the respirometer was passed through a two-stage moisture absorbent
system. First, through a stand-alone absorbent system (DRIERITE™, CaSQy) then
through a desiccant, containing magnesium perchlorate (GFS chemical, Mg(ClO,); ).

Low moisture air was required for accurate measurements of COs.

3.4.4 Data Collection and Conversion
The experimental software (Micro-Oxymax® V6.03) for the respirometer
provided detailed information/data for automated sampling. Every six hours a sample

point was captured for each of the 20 microcosm bottles for the entire two-week range of
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the experimental run. Table 3-6 summarizes the respirometers measurements.

Table 3-6
Respirometer Output Data

Used to ensure machine is functioning
Used for Data Analysis leroperly and within ranges desired
0, Co, Rate of O, | Rate of CO, [
Title]] Consumption | Production | Consumption | Production || Temperature % O2 % CO2
Unitsl|  (uL) (uL) (uL/hr) aLmn || °c
Precision]| 0.1 0.1 0.1 0.1 [ o.01 OK if >19.29%| All Ranges

Note: If 0,% falls below 19.29%, the machine cannot account for the actual O, volume for the sample
interval.

3.5 High Performance Liquid Chromatography (HPLC)
3.5.1 Overview of HPLC Detection of Tolyltriazole

HPLC analysis was performed on a Hewlett Packard 2170 HPLC using ultraviolet
detection. The HPLC used a Hewlett Packard auto-sampler in conjunction with software
support of Hewlett Packard Chem-Station® for liquid chromatography systems (Rev. A.
4.02). The HPLC analysis was used to measure the residual tolyltriazole absorbed on the
soil after respirometry. HPLC tests were also performed on freshly inoculated soil,
which was immediately processed/extracted in an attempt to measure dissolved phase of
tolyltriazole in the soil. The analysis of residual amounts of tolyltriazole before and after
respirometry tests aided in identifying as many degradation pathways (physical,

chemical, and biotic) as possible.
3.5.2 Extraction Method for Tolyltriazole in Soil

Approximately 12 — 13 gm of soil was placed in a 40 mL bottle (Fisher Brand,

EPA vials). 15 mL of methanol (Fisher Chemicals, HPLC Grade) was then added to the
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soil for extracting the remaining tolyltriazole. The 40 mL bottles were mixed on a rotator
(Glas-Col, Laboratory Rotator) for 24 hours and then centrifuged (International Clinical,
Model 4182C) for 20 minutes at a speed of 1,000 rpm. Upon completion, the liquid
phase of the sample was carefully extracted and filtered (Gelman Sciences Acrodisc, 0.2

wm filter). The sample was then ready for HPLC analysis.

3.5.3 HPLC Detection Method for Tolyltriazole
After filtration of the samples, they were injected into a valve fitted 100 pm loop.
The injection volumes were 10 pL, and the tolyltriazole was detected at wavelength of

280 +2 nm. The separation was carried out at room temperature (~22°C) with the diode

array temperature set at room temperature (~22°C). The column used was an Altech®
Adsorbanosiphere C8 5U (250 mm x 4.6 mm). The mobile phase used two different
solvents; a phosphate buffer composed of 0.5 mL phosphoric acid (H3PO4) and 0.65 gm
potassium dihydrogen phosphate (KH,PO,) in one liter of de-ionized water, along with
HPLC grade methanol. The solvents were set-up in a ratio and gradient that allowed for
the tolyltriazole to peak at a reasonable time (8 min) and then flushed the column of any
residual organics. The solvent ratio started at 30:70 (buffer:methanol) and transitioned to
50:50 (buffer:methanol) in the first 10 minutes, via the automated controls. At the 10
minute point, the ratio increased immediately to 10:90 (buffer:methanol) and stayed
constant for the next 15 minutes in order to flush the organics from the system. The
above method was used by Johnson (1997) and developed by PMC Specialties Group,

Inc, of Cincinnati, Ohio.
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3.5.4 Calibration Curve for HPLC Detection of Tolyltriazole

The concentrations used for establishment of the calibration curve were varied
from 1 mg/L to 1,000 mg/L. The concentrations were prepared using the same
tolyltriazole material with a base solution of methanol. The HPLC detection areas,
identified as microabsorbency units * second (mAu¥*s), were calculated for each
concentration (mg/L) with the HP Chem-station software. The calibration curve was then
fitted with a linear regression line that possessed a R? = 1.00 (Pearson coefficient).
Figure 3-2 depicts the calibration curve plotted in log/log scale for convenient

interpretation and conversion of the HPLC detection areas (mAu*s) to concentrations

(mg/L).
Figure 3-2
Calibration Curve for Tolyltriazole Detection with HPLC
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Note: The limit of detection (LOD) was determined at + 3mg/L. Appendix D lists all data and calculations
for the calibration curve and LOD.
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3.6

Microbial Colony Plate Count (MCPC)

3.6.1 Overview of MCPC Test

The method of microbial colony plate counting used a simple measurement of the

number of living microbes and their health in soil. Theoretically, each healthy cell forms

a single colony on the solid medium that can support its growth. After incubation, the

number of colonies on the plate ideally equals the number of cells in the sample

inoculated on the agar [McKane and Kandel, 121]. The plate counts must be sufficiently

diluted prior to injection on the nutrient agar plate. The diluted sample provides

sufficient area for colonies to grow separately. This allowed definitive counts of the

individual populations. An overview of the test set-up is shown in Figure 3-3.

Figure 3-3
Overview of Microbial Colony Plate Count Test

36 mL H,0 9 mL H,0 9 mL H,0 9 mL H;0
// // //
—_— > >
1mL 1 mL 1 mL
N0 mL

| | |
1mL| 1mL | lmLi N

| ~
el e
eSS T

Diagram cited from McKane and Kandel, page 120

Three replicate MCPC tests (petri dishes) were preformed for each dilution. The

MCPC method was applied to soils exposed to various concentrations of ADF
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components. This helped determine the influence of the chemicals on the health and

activity of the microbe populations.

3.6.2 Set-up of Materials for the MCPC Test

The preparation of nutrient agar plates followed Standard Methods protocols.
The nutrient agar (Difco, Bacto™) was pre-sterilized at 121°C for 15 minutes in an
autoclave. The dilution water was prepared with sodium chloride (NaCl) at 0.5 gm for
one liter de-ionized water. This prevented the rupture of microbial cell membranes due
to the osmotic pressure difference. The petri dishes (Fisher Brand, 95 x 15 mm) were
pre-sterilized disposable-plastic. Incubation of the inoculated plates occurred for 2 — 3

days at 25°C in an incubator oven.

3.6.3 Counting Techniques for MCPC

Plates were examined at 12 hour intervals within the 2 — 3 day time period. The
actual counting was done subjectively on a lighted colony counter (Leica™, Model
3327). The optimal time for the visual identification of microbial populations was at the
48 hr point. After 48 hours, the size and abundance of growths upon plates reduced the
accuracy of counting. The ranges of normally accepted population counts on a plate is

typically established between 30 — 300 individual colonies [Eaton et al., 9-33].

3.7 Agar Well Diffusion Test (AWDT)
3.7.1 Overview of AWDT

The agar well diffusion test is used to measure whether a chemical supports or
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inhibits microbial growth and activity. The nutrient agar was used as a reliable food
source to ensure a healthy population of microorganisms. A holding well was dug out of
the agar media in the center of the prepared petri dish. Individual and combined ADF
chemical solutions were prepared and placed in the well to allow diffusion onto the agar
and newly introduced microorganisms. The microbes were allowed to incubate and
interact with the chemicals. The inhibition or proliferation of microbial colonies around
the well was used to measure toxicity. If microbes exist in and around the well area, then
the chemical concentration is apparently not toxic to them. If microbial colonies formed
a measurable distance away from the well area, then toxicity is apparent. A toxicity test

similar to this is described in the Handbook of Environmental Microbiology [Mills, 355].

3.7.2 Set-up of Materials for the AWDT

Nutrient agar is prepared within an autoclave at 121°C for 15 minutes as
described above in section 3.6.2. The agar was then poured into pre-sterilized petri
dishes and allowed to solidify for one hour. Using a “corking tool” (pre-sterilized) a
small well was placed in the center of the agar. A microbial rich solution is prepared and
spread upon the plate surface. Individual and combined ADF chemical solutions of
propylene glycol (10,000 mg/L), tolyltriazole (5,000 — 10,000 mg/L), or propylene glycol
(10,000 mg/L) with tolyltriazole (5,000 — 10,000 mg/L) were prepared and used to fill
(~0.1 mL) the well. The layout of ADF chemical concentrations and combinations is
located in Appendix J. The petri dishes incubated at 25°C for several days and were
monitored for signs of toxicity around the well on a 12 hour basis. The AWDT used

several plates per chemical treatment. See Figure 3-4 for an overview of the layout.
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Figure 3-4
Overview of Agar Well Diffusion Test

0.1 mL of Chemical Solution

A / Corking Tool

Microbe Solution

Plates per chemical concentration and combination

3.8 Statistical Methodology
The first research objective was to determine the impact on microbial
biodegradation of individual ADF chemicals on an uncontaminated soil environment.

This determination was made using the O, consumption totals of the contaminated soil

(PG alone or TTA alone) against the uncontaminated soil (blank soil). A two-sample t-
test was used to measure the difference of O, total means (chemical treatment on soil
minus the blank) using a significance level of o = 0.05. The null hypothesis was that
there was no effect on O, consumption due to contaminates addition. The t-test results
were converted into a 95% confidence interval (CI) for the entire respirometry run period
(336 hrs). The CI was graphed to provide a visual explanation of increased O,
consumption (biodegradation) or decreases (inhibition). Appendix F contains a detailed
layout of the statistical set-up, formulas, and figures.

The second research objective was to determine the impact on microbial
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biodegradation due to the combinéd ADF chemical treatment (PG & TTA) on an
uncontaminated soil environment. The null hypothesis states that there was no difference
in O, consumption due to combined ADF components compared against the individual
ADF components on uncontaminated soil. This determination was made using the mean

O, consumption totals of the contaminated soil (PG & TTA) against a linear combination

of individual treatments (PG alone, TTA alone, and blank) on uncontaminated soil. A
two-sample t-test was used to measure the difference of mean O, totals using a
significance level of o = 0.05. The t-test results were converted into a 95% CI for the
entire respirometry run period (336 hrs). The CI provided a visual depiction for the
amount of O, consumption increases or decrease due to the combined ADF components.
See Appendix G for a detailed layout of the statistical set-up, formulas, and figures.

The third research objective was to compare ADF pre-treatment/pre-conditioning
of the same soil for biodegradation activity. This objective was checked with the initial
O, consumption rates (using ThOD calculations to develop the initial biodegradation
rates) from propylene glycol (1,000 mg/kg) application on uncontaminated soil
(unconditioned microbes) against pre-contaminated soil (microbes acclimated to
propylene glycol). The statistical test method used a two-sample t-test with a significant
level of oe = 0.05. The null hypothesis was that there was no difference between the
initial biodegradation rates of acclimated soil compared to uncontaminated soil once
propylene glycol (1,000 mg/kg) was applied. See Appendix L for a detailed layout of the

statistical test method.
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IV. Data Analysis

4.1 Overview of Data Analysis

Two forms of analyses were performed on the data; visual and statistical. Visual
and statistical analyses were conducted on both phase-one and phase-two respirometry
data. Statistical tests were done on HPLC results and visual analysis was conducted on

both the MCPC and the AWDT data.

4.2  Repeatability/Consistency of Laboratory/Respirometry Procedures

A comparison/review of all six experimental runs was performed prior to
analyzing the respirometry data for biodegradation effects. The goal was to show
consistency and repeatability of the respirometer/laboratory procedures used throughout
experimental runs that comprised the research. Once accuracy/quality was assured in the
respirometer measurements and proper laboratory techniques, the focus moved to
analyzing the data for microbial affects from the ADF components.

The checks for respirometry measurements and laboratory procedures used a
comparison of similar treatments within the respirometry runs. The statistical tests were
performed with a one-way analysis of variance (ANOVA) using a P-value and F-test.
The one-way ANOVA results were then used to generate a Tukey-pairwise test of the
mean O, consumption totals for each respirometry run. This was used to identify any
possible irregularities in respirometry runs.

There were two specific soil treatments replicated in the experiments. First, de-

ionized H,O (blank) was used in three runs. Then 1,000 mg/kg of propylene glycol




(PGyo00) was used in five runs. The repeatability and performance of the respirometer
were performed through comparison of blank treatments on uncontaminated soil.
Consistency in laboratory procedures and techniques was determined through the PGjogo
treatments used in respirometry runs. If preparation of solutions were incorrectly
performed, then a significant difference in O, consumption would develop, thus
eliminating the respirometry run from analysis.

The cumulative O, consumption totals (uL) at the 288 hr point, for both blank and
PGjggo treatments, were obtained from all respirometry runs. The statistical tests for each
soil treatment were generated with STATISTIX® 4.0 software usin g a significance level
of ov = 0.05. The null hypothesis stated that for the replicated test conditions, there was

no difference in respirometry runs (mean O, consumption totals, 288 hr point).

4.2.1 Statistical Test of Blank Respirometry Runs for Repeatability/Consistency
There were three microcosm bottles in each of the three runs to compare. The O,
consumption totals for each respirometry run were compared for outliers, using a Box
and Whiskers plot. The plot showed no outliers. The residuals for each respirometry run
were calculated and plotted on a Wilk-Shapiro/Rankit plot of residuals. The data
appeared to have aptness from the Wilk-Shapiro statistic = .853 (acceptable).
An F-test value and P-value were determined from the one-way ANOVA. The

results of the tests are summarized in Table 4-1.



Table 4-1
One-way ANOV A results for De-ionized H,O on Uncontaminated Soil (288 hr point)

Testing Values || Test Results
Test (Devore, 709) [|STATISTIX 4.1 Results

f* > F.;. Reject Null Fi=35.14 f*=0.69 |[Do not reject the Null
P < alpha Reject Null || alpha =0.05 P =0.5339 [[Do not reject the Null

See Appendix M, page M-3 for results

The null hypothesis was not rejected, thus stating the blank (de-ionized H,0) soil
treatments have shown that the respirometer maintained repeatable/consistent
measurements. Table 4-2 contains the Tukey-pairwise comparison of means from the
one-way ANOVA results.

Table 4-2

Consistency of Respirometry Runs using a Tukey-pairwise Comparison of O, Mean
Totals (Blank on Uncontaminated Soil, 288 hr point)

HOMOGENEOUS
RUN MEAN GROUPS
1 8264 I
2 8048 I
3 7881 I

THERE ARE NO SIGNIFICANT PAIRWISE DIFFERENCES
AMONG THE MEANS.

The comparison (Table-4-2) shows consistency in all the O, mean totals tested

and confirms the F-test and P-value acceptance of the null hypothesis (Table 4-1).

4.2.2 Statistical Test of PG;¢99 Respirometry Runs for Repeatability/Consistency
Three to five microcosm bottles were compared in each of the five runs. The O,
consumption totals at the 288 hr point for respirometry runs were compared for outliers,

using a Box and Whiskers plot. The plot showed no outliers. The residuals for each




respirometry run were calculated and plotted on a Wilk-Shapiro/Rankit plot of residual.

The data appeared to have aptness from the Wilk-Shapiro statistic = .995 (acceptable).
An F-test value and P-value were obtained from the one-way ANOVA. The

degrees of freedom were calculated and the F-critical (Feri) value was determined. The

results of the tests are summarized in Table 4-3.

Table 4-3
One-way ANOVA results for PGigpo on Uncontaminated Soil (288 hr point)

Testing Values || Test Results
Test (Devore, 709) |[|STATISTIX 4.1 Results
f* > F,; Reject Null Fe = 2.87 f* =54.87 Reject the Null
P < alpha Reject Null || alpha =0.05 P =0.000 Reject the Null

See Appendix M, page M-5 for results

The null hypothesis was rejected, thus stating the propylene glycol soil
treatment/runs have shown inconsistency. This prompted the completion of a Tukey-
pairwise comparison of means from the one-way ANOVA results, shown in Table 4-4.

Table 4-4

Consistency of Respirometry Runs using a Tukey-pairwise Comparison of O, Mean
Totals (PG on Uncontaminated Soil, 288 hr point)

HOMOGENEOUS
RUN MEAN GROUPS

2 44873 I

1 37551 I

5 37265 I

4 36837 I

3 35803 I
THERE ARE 2 GROUPS IN WHICH THE MEANS ARE NOT SIGNIFICANTLY
DIFFERENT FROM ONE ANOTHER.

The comparison (Table 4-4) shows inconsistency in the mean O, consumption

totals for Run-2, compared with the other respirometry run means. This supported the




removal of this data set. This infers that the laboratory procedure might have been
compromised. The error might have been in the preparation of the propylene glycol
solution. A higher concentration (greater than >10,000 mg/L) solution might have been
prepared, thus causing the higher O, consumption totals.

In addition, Run-2 had been cut short at 288 hr point due to a power failure. This
would have restricted the use/comparison of other respirometry runs/data that had
operated for a full 336 hours in the research. This supported re-accomplishment of Run-
2, and removing the old Run-2 data that was questionable.

After Run-2 was re-accomplished, a new statistical test was performed to check
the consistency in laboratory procedures. The 288 hr time period for O, consumption
totals were compared for outliers, using a Box and Whiskers plot. The plot showed no
outliers. The residuals for each respirometry run were calculated and plotted on a Wilk-
Shapiro/Rankit plot of residuals. The data appeared to have aptness from the Wilk-
Shapiro statistic = .936 (acceptable).

An F-test value and P-value were provided from the one-way ANOVA results.
The degrees of freedom were calculated and the F-critical value was determined. The
results of the tests are summarized in Table 4-5.

Table 4-5
One-way ANOVA results for PGjgo0 on Uncontaminated Soil (288 hr point)

Testing Values|| Test Results
Test (Devore, 709) [|STATISTIX 4.1 Results

f* > F.; Reject Null " Fer=2.87 f*=2.75 Do not reject the Null
P < alpha Reject Null |[ alpha = 0.05 P =0.0649 [ Do not reject the Null

See Appendix M, page M-8 for results
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The null hypothesis was not rejected, thus stating the propylene glycol soil
treatment/runs have shown consistency. This prompted the completion of a Tukey-
pairwise comparison of means from the one-way ANOVA results as shown in Table 4-6.

Table 4-6
Consistency of Respirometry Runs using a Tukey-pairwise Comparison of O, Mean

Totals (PGjog on Uncontaminated Soil, 288 hr point)
(Run-2, re-accomplished and included)

HOMOGENEOUS
N MEAN GROUPS
37551
37265
36837
36205
35803

U)N-Ptllb—ag
— -

THERE ARE NO SIGNIFICANT PAIRWISE DIFFERENCES
AMONG THE MEANS.

The incorporation of the new Run-2 data set has shown no significant difference

amongst all the data sets (respirometry runs).

4.2.3 Summary of Respirometry Data for Repeatability and Consistency

Overall, the comparison of O, results for all 2400+ respirometer run hrs (48,000+
microcosm hrs) showed consistency. This consistency is found in the comparison of
background soil respiration and other similar treatments that were used throughout all six
respirometry runs performed. Repeatability has definitely improved by following the
recommendations of Johnson (1997) and O’Malley (1997). Other experiments by
Thomas (1996), Totten (1995), and Baker (1995) also confirm the precision and accuracy

of this particular respirometer.
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4.3 Biodegradation Analysis of Respirometry Data (Phase-one)

Respirometry work in phase-one used uncontaminated soils (unconditioned
microorganisms). The uncontaminated media allowed measurements of microorganisms’
initial response to the ADF’s chemical components. The statistical tests were designed to
determine if any effect (inhibition, biodegradation, or no effect) of O, consumption totals
occurred due to the individual and combined ADF chemical treatments on soil. The
procedures for statistical testing of individual ADF component treatments are
summarized in Appendix F, and the combined ADF component treatments are
summarized in Appendix G.

Biodegradation was measured through O, consumption and CO; production.
Consumption and production activities were measured by recording accumulated totals
(uL) and rates (uL/hr). CO, production mirrored O, consumption, consequently only O,
data was analyzed. A representative collection of all plotted forms (uL and puL/hr) of O,
and CO, data are found in Appendix E for respirometry Run-1 (see Figures E-1 through

E-5).

4.3.1 Analysis of Individual ADF Component Treatments on Uncontaminated Soil

Figure 4-1 plots cumulative O, consumption measurements for the individual
ADF chemical treatments on uncontaminated soil for phase-one. All ADF treatments
lines depicted in the figure are an average of five microcosms and blank treatment lines
are an average of three microcosms. Refer to Appendix E for the original data from

respirometry runs (Run-1, Run-2, Run-3, and Run-5) related to Figure 4-1.




Figure 4-1
Cumulative O, Consumption (uL) for

Individual ADF Components on Uncontaminated Soil
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Note: legend designation TTA25 (or others) refers to TTA,s or 25 mg/kg tolyltriazole

Figure 4-1 demonstrated a higher cumulative O, consumption for propylene
glycol compared to any of the tolyltriazole concentrations on soil. The figure also
demonstrated when TTA,s, TTAjs0, TTAsgo, or TTA750 were placed on uncontaminated
soil, the respiration totals were about the same as the blank treatment on uncontaminated
soil.

The respirometry data for the rate of O, consumption was assembled from all the
phase-one runs (Run-1, Run-2, Run-3, and Run-5) in Figure 4-2. All ADF treatment
lines depicted in the figure are an average of five microcosms and the blank treatment
lines are an average of three microcosms. Appendix E contains original respirometry

runs related to Figure 4-2.
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Figure 4-2
Rate of O, Consumption (uL/hr) for Individual ADF Components
on Uncontaminated Soil
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Figure 4-2 demonstrated O, consumption for PGygoo had returned to blank soil
treatment levels after the 264 — 336 hr point, while the TTAys.1o00 treatments were similar
to blank soil respiration activity.

Statistical tests were then applied to the cumulative O, consumption totals to
determine if the individual ADF components (PG alone or TTA alone) were greater than
the blank soil treatment. The statistical tests were followed from Johnson’s (1997)

approach. The null hypothesis was that there was no effect on the O, consumption due to

the contaminant addition compared to O, consumption of blank soil. Biodegradation was
supported when there was a significant difference in the O, consumption for chemical
treatment on soil against the blank treatment on soil [Johnson, 4-30]. The evaluation of

biodegradation, inhibition, or no effect was produced through a two-tailed t-test, with a
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Cumulative Oz Consumption (uLu

significance level of o = 0.05, at each of the 6 hour sampling intervals over the entire
respirometry period. The results are found in Table F-1 through Table F-5.

A 95% CI was developed from the t-test results to visually depict the size of the
difference in the O, consumption effects. If the CI hooked the zero line of the y-axis,
then the null hypothesis was supported. If the lower CI was above the zero line of the y-
axis, then significant O, consumption (biodegradation) was supported. While if the upper
CI was the zero line of the y-axis then inhibition was supported. Figure 4-3 summarizes
the 95% CI results found in Appendix F.

Figure 4-3

Statistical Tests on Cumulative O, Consumption Totals (uL)
for Individual ADF Chemical Components on Uncontaminated Soil
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Note: Appendix F contains data referenced in Figure 4-3



The results showed that PGgg0 95% CI (top lines) did not hook the zero line of
the y-axis. Therefore the 95% CI indicates PGjopo does consume O, above blank soil
levels. This supports the potential biodegradation of propylene glycol alone in soil. A
representative tolyltriazole CI was developed to represent the TTAzs.750 CI's (due to the
overlap of the lines) and to establish a reference for the PGyooo CI. The TTAxs and
TTAss0 95% CI did hook the zero line of the y-axis, indicating no significant difference
(no effect) in O, consumption occurred. However, there was additional O, consumption
compared with blank soil respiration for TTAsgo and TTA7s0. This indicated some

potential biodegradation of tolyltriazole alone in soil.

4.3.2 Analysis of Combined ADF Component Treatments on Uncontaminated Soil
Varied concentrations of tolyltriazole (25 — 1,000 mg/kg) were combined with a
fixed concentration of propylene glycol (1,000 mg/kg) to determine if there were any
effects on O, consumption (biodegradation). Figure 4-4 combines cumulative O,
consumption measurements from all phase-one respirometry runs (Run-1, Run-2, Run-3,
and Run-5). The ADF treatment lines depicted in Figure 4-4 are an average of five
microcosms and the blank treatment lines are an average of three microcosms. Appendix

E contains original respirometry runs related to Figure 4-4.
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Figure 4-4
Cumulative O, Consumption (uL) for Combined ADF Chemical
Components on Uncontaminated Soil
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The data in Figure 4-4 above, demonstrated that for mixtures of increasing
TTAzs5=750 with a fixed PGy, the total accumulated O, consumption totals (336 hr
point) increased compared to the a PGigpo only treatment on soil. Figure 4-4 also
demonstrated that the PGy & TTA 000 consumption totals were lower then PGyggo only

treatment on soil, due mainly to the reduced respiration activity seen in the rates of O,

consumption.

T

0 24 48 72 96 120 144 168 192 216 240 264 288 312

336

Figure 4-5A and Figure 4-5B depicts the rate of O, consumption for the combined

ADF components on uncontaminated soil from all the phase-one respirometry data. The

plot lines in Figure 4-5A used an average of five microcosms for each ADF treatment,

and three microcosms for the blank soil treatment.
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Figure 4-5A
Rate of O, Consumption (uL/hr) for Combined ADF Components
on Uncontaminated Soil
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Note: The temperature fluctuation (PGyo0 & TTA,s) reduced respiration activity for a limited time.

In Figure 4-5A, the PGyogo and the PGiooo & TTA»s data lines were produced
strictly from Run-1 data. The importance of this detail was to depict the minimal
difference in the rates of O, consumption for the two treatments (PGyooo and PGigoo &
TTAzs).

In Figure 4-5B, an average of 15 microcosms (Run-1, Run-2, and Run-3) were
used to depict the PGjogo plot line, along with five microcosms for the other ADF
treatments, and three microcosms for blank soil treatments. The time scale of the y-axis
was also extended from 336 hrs to 468 hours. The longer time period enhanced the

depiction of PGygoo & TTA7s0 and PGiooo & TTA 000 slowed rate of O, consumption.
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Figure 4-5B
Rate of O, Consumption (uL/hr) for Combined ADF Components
on Uncontaminated Soil
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Both Figures 4-5A and Figure 4-5B demonstrated the slowing rate of O,
consumption with the increasing concentration of TTA3s—1000 combined with PGyggo.
Even at the 468 hr point, the rate of O, consumption for the mixture of PGyooo & TTA750
and PGjgoo & TTA 1900 had not returned to the rate of O, consumption rate for blank soil.

ThOD equations for propylene glycol and tolyltriazole (section 2.3.5 and 2.3.7,
respectively) were then applied to the observed effect (respirometry data) of increased O,
éonsumption due to the increased mass TTAzs—1000 With a fixed mass of PGyoqo (Figure 4-
5). The focus was on whether the apparent increase in O, consumption was
proportional/correlated to the ThOD of ADF chemicals potential biodegradation in soil

(PG00 & TTA25-1000). The “total” ThOD was calculated for the available mass of ADF
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chemicals in the uncontaminated soil. The “total” ThOD results were then converted
from mass (mg) O, to volume (uL) O, using the Ideal Gas Law.

The “actual” O, consumption totals (uL) were collected from the various
treatments (PG & TTA) where the rate of O, consumption had returned to blank soil
respiration rates, typically around the 336 — 468 hour point. The term “actual” O,
consumption total equals the O, consumption total of the ADF soil treatment minus the
O, consumption total of the blank soil treatment.

A percent biodegradation for available ADF components in soil was then
calculated from the ”actual” O, consumption total (uL) divided by the “total” ThOD
(uL). Appendix K contains the data and calculations for the percent biodegradation
shown in Figure 4-6.

Figure 4-6

Percent Biodegradation from ThOD of Available ADF Chemical
Components on Uncontaminated Soil

60%

50% Aemmmmm e e e e o
As mass of
TTAjs-500 increased,

40% ThOD calculations
of percent
biodegradation
remain steady

20%

Percent Biodegradation
]
®

10%

0%

PG1000 PG1000 & PG1000& PG1000& PG1000& PG1000 &
TTA25 TTA250 TTAS500 TTA750 TTA1000

4-15



02/CO2 ratio (uL/ul)

The column graph demonstrated an approximately steady biodegradation percent
(~50%) for a varied mass of TTAs-,1000 With a fixed mass of PGyggo in soil. PGoeo &
TTAj7s, might also have achieved 50% biodegradation if the O, respiration activity had
returned to blank soil respiration activity (uncompleted O, consumption). Note, the
ThOD calculations for the percent biodegradation represent microbial respiration/activity
for degrading the food source in an aerobic environment.

| Figure 4-7 summarizes all of the respiration exchange ratios (RER’s = O,/CO, in
units of pL/uL) for all of the phase-one respirometry runs.

Figure 4-7
0,/CO; Ratios for All Phase-one Data

2.50
A Blank/w ater on uncontaminated soil

3%~ TTA25 on uncontaminated soil
—tTTA250 on uncontaminated soil

—— TTA500 on uncontaminated soil

—&— PG1000 on uncontaminated soil

s PG1000 & TTA25 on uncontaminated soil

2.00 -

i PG1000 & TTA250 on uncontaminated soil

wipene PG1000 & TTA500 on uncontaminated soil

g~ PG1000 & TTA750 on uncontaminated soil
1.50 -

T R
1.00 4
o .‘~-—--Aqi---
0.50 T T T T . T . T . - . : T
0 24 48 72 96 120 144 168 192 216 240 264 288 312 336

Time (hours)
Overall, as the concentration of tolyltriazole increased with propylene glycol in
soil, the overall RER’s became lower. Perhaps the lowering RER’s with increasing

tolyltriazole concentrations was correlated to the ThOD calculations. The RER’s were
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calculated from the stochemetric equation from the ThOD calculations for propylene
glycol and tolyltriazole (section 2.3.5 and 2.3.7, respectively). The two different ThOD
RER’s for propylene glycol and tolyltriazole were weighted with the amount of available

chemical in the soil (Table 4-7).

Table 4-7
Weighted ThOD RER’s from Available ADF Components in Soil Treatments

Treatment(s) of Propylene Glycol and Tolyltriazole in Soil
ThOD ratio for O,/CO, PGy & TTA || PGo00 TTAsq “ PG00 TTA 500
Table 2-1 | PG = 1.333 {j1000/1000 * 1.33 1000/1500 * 1 |

Table 2-2 | TTA = 0.928 . 100072000 * .92
Averaged O,/CO, ra

Thus, a decreasing ThOD RER’s would occur as calculated in Table 4-7 and
might support the decreasing RER’s seen in Figure 4-7.

A statistical test was conducted to identify the change on microbial respiration
activity due to the combined ADF chemical treatment (PG & TTA) compared to
individual ADF components (PG alone and TTA alone) on uncontaminated soil. The null
hypothesis stated there was no difference in O, consumption due to combined ADF
components compared to the individual ADF components on uncontaminated soil. This
determination was made using O, consumption totals of the contaminated soil (PG &
TTA) against a linear combination of individual treatments (PG alone, TTA alone, and
blank) on uncontaminated soil. Appendix G contains a visual explanation of this linear
combination. A two-sample t-test was used to measure the difference of O, total means
using a significance level of o = 0.05. Figure 4-8 depicts the set-up of the O, means
totals to perform the t-test in the upcoming CI results (Figure 4-9).

The t-test results were converted into a 95% CI for the entire respirometry run
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period (336 hrs). The CI provided a visual depiction of the amount O, increased or
decreased due to the combined ADF components compared to the individual effects of
the ADF components. The null hypothesis was based around the zero line of the y-axis.
Appendix G contains a detailed layout of the statistical set-up, formulas, and Figures G-1
through G-5. Figure 4-8 overlaid three statistical tests (PGyooo & TTAzs, PGooo &
TTAs00, and PGyooo & TTA7s0) to show the differences in O, consumption effects from
the combination of ADF components.

Figure 4-8

Difference Between the Means (O,) using a 95% Confidence Interval for the Linear
Combination of Tolytriazole and Propylene Glycol on Uncontaminated Soil
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Figure 4-8 revealed no significant difference in O, consumption when TTA,s was
combined with PGygg, since the 95% CI hooked the mean of the zero line of the y-axis

(null hypothesis). The other comparison of PGjop & TTAse and PGigoo & TTA750
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showed significant O, consumption effects due to the combination of propylene glycol
and tolyltriazole in soil. The 95% CI reveals inhibition on O, consumption for the first
140 hrs, since PG00 & TTAsq are below the zero, while PGy & TTA7s0 showed
inhibition for the first 252 hrs.

These lags indicate unusual inhibition effects as the concentration of tolyltriazole
increased with propylene glycol. As explained by Johnson (1997), the process of
biodegradation usually begins after a lag period in which microorganisms are adjusting to
the new contaminate(s) by producing needed enzymes. Populations that cannot handle a
certain chemical and concentration might die off, and new populations will emerge in

their place. The statistical test only confirms the unusual O, consumption activity.

4.3.3 HPLC Analysis of Tolyltriazole Residual in Spent Soil

HPLC analysis of tolyltriazole concentrations/residuals was performed before
respirometry runs (without biodegradation pathway), and immediately after the
respirometry runs (potential biodegradation pathway). The preparation of HPLC
calibration curves for tolyltriazole detection is outlined in Appendix C. The methodology
section (see page 3-18) contains the preparation of soil samples and the extraction
processed used for measuring the tolyltriazole for HPLC analysis.

The HPLC calculations of percent degradation are found in Appendix H, and are

summarized in Table 4-8A.
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Table 4-8A
Percentages of Tolyltriazole Residual Recovered

|Percent of tolyltriazole residual measured through HPLC analysis

|Before Respirometry Test (3 samples used)]JAfter Respirometry Test (5 microcosms used)

Treatment " Avg Std Dev Reference Avg Std Dev Reference

TTA,s||  99.79% 1.35% Table H-4 48.97% 5.05% Table H-5
TTA,sf|  90.56% 0.33% Table H-4 81.51% 3.89% Table H-6
TTA50J| 95.15% 0.08% Table H-4 || No testperformed §{  ---——- | = -
97.21% 1.17% Table H-4 40.17% 3.73% Table H-5
95.59% 0.17% Table H-4 73.43% 3.23% Table H-6
95.93% 0.12% Table H4 || No test performed §  -----—-- |  -----

Note: No HPLC tests were performed on spent respirometry soil from Run-3 (TTAsq and PGigo0 & TTAsqg)
due to use in the phase-two experiments.

The tolyltriazole percent recovered before respirometry runs showed that the
majority was recovered (90 — 99%), with or without the presence of propylene glycol,
when immediately extracted from the soil. The results are not necessarily a good
baseline to compare for potential biodegradation after the respirometry. There are too
many degradation pathways to account for the loss of tolyltriazole (18 — 60%) when in
contact with the soil (two weeks). These unknown degradation pathways were things
such as the potential for strong absorption of the chemicals to the soil, physical change of
the chemicals, or biotic reaction to the chemicals.

However, specific attention was placed on the additional degradation of
tolyltriazole when in the presence of propylene glycol. This attention was supported by
the respiration data, which had shown a larger O, consumption totals (uL) for the
combination of propylene glycol and tolyltriazole compared to propylene glycol alone (as
supported in Figure 4-6).

A pattern of additional degradation was observed for the mass of tolyltriazole

when present with propylene glycol, as shown in Table 4-8B.
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Table 4-8B
Percentages of Tolyltriazole Residual Recovered

Percent of tolyltriazole residual
measured through HPLC analysis
After Respirometry Test (5 microcosms used) e e

| Treament Ave Std Dev | 8.8% A + Std Dev i
TTA| 3897% QI ——somr —J—LH—————
TTAx| 8151% 4 5597 ;
TTAspl  No test performed | - |
PG00 & TTAzs" 4017% L= — —3m0g- — —f — —
< -
PG & TTA DA% —2 8.1% A % Std Dev
PGiop & TTAse]l  Notestperformed | -
—_—— —

A statistical test was performed on the HPLC data to see if these additional
degradation percentages (8.8% and 8.1%) were similar for the two different tolyltriazole
concentrations in the presence of propylene glycol, or undeterminable due to their
standard deviations. A two-sample t-test of the differences was performed using a
significance level of oo = 0.05. The null hypothesis was that the additional degradation
percentages were similar in value for the two different treatments of TTA. The null was
accepted, and the HPLC results supported a consistent percent (8.1 — 8.8%) of additional
degradation for the varied mass of TTAss.250 when in the presence of fixed mass of
PGjo00-

Kellner’s (1999) results of sorption/desorption of tolyltriazole with this soil
showed interesting results. Using a different technique for HPLC analysis, he identified
that tolyltriazole appears to strongly sorb to the organic material of the (high-clay) soil
(approximately 0.7 — 1.3 mg TTA/100 gm soil). He also performed a HPLC analysis on
the spent soil from this experiment. The HPLC detection areas revealed another area
peak, along with the two isomers peaks of tolyltriazole. This third peak area is

considered to be a reduced form of the tolyltriazole chemical, as proposed in Figure 2-2.
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4.3.4 Analysis of Microbial Colony Plate Count Results
The microbial colony plate count test used spent soil from phase-one respirometry
experiments. The visual results depict the influence ADF chemicals had upon microbial
populations within the soil/chemical environment. Two chemical concentrations of
tolyltriazole (250 mg/kg and 500 mg/kg) were tested and are shown in Figures 4-9 and
Figure 4-10, respectively. Data can be found in Appendix L
Figure 4-9

Microbial Colony Population Counts (PGiooo and TTAjsp)
Observation at the 48 hour point

200

150

Microbial Colony Populations Counted

PG1000 & TTA250
PG1000

TTA250

0.001

0.0001
Dilution (mL) 0.00001

Note: Each column represents an average of three petri dishes, counted three times and averaged.

In Figure 4-9 above, the dilution range of 0.001 produced a range of 52 — 193

colonies. This range of colonies was within the acceptable range/limits of evaluation

4-22



(30 — 300) as described in Standard Methods. Uncontaminated soil (blank) was the base
line for the population of microorganisms. The MCPC results showed that
concentrations and combinations tested for PGigoo and TTA»so had no toxic effect on

populations of microorganism in soil.

Figure 4-10
Microbial Population Counts (PG1oo and TTAsgo)
Observation at the 48 hour point

300

Microbial Colony Populations Counted

PG1000 & TTA500

PG1000

0.001

0.0001
Dilution (mL) 0.00001

Note: Each column represents an average of three petri dishes, counted three times and averaged.

In Figure 4-10 above, the dilution range of 0.0001 produced a range of 110 — 231
colonies. This range of colonies was within the acceptable range/limits for evaluation
(30 — 300) as described in Standard Methods. Uncontaminated soil (blank) was the base

line for the population of microorganisms. The MCPC results showed that
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concentrations and combinations tested for PG00 and TTAsgo had no toxic effect on
populations of microorganism in soil.
Both MCPC figures indicated that these concentrations and combinations of ADF

components did not affect the populations of soil microorganisms.

4.3.5 Analysis of Agar Well Diffusion Test Results

The agar well diffusion test was performed with a propylene glycol concentration
of 10,000 mg/L and tolyltriazole concentrations of 5,000 — 10,000 mg/L. Individual and
combined mixtures of these ADF components were applied. The tests followed the
methodology section 3.7. The visual data are located in Appendix J. The results
indicated no toxic effects to microbial population growth around the agar well. This

indicates no toxic effects from individual and combined ADF chemical components.

4.4 Biodegradation Analysis of Respirometry Data (Phase-two)

Phase-two of this research was designed to determine if application of PGygg on
acclimated soil/microorganisms would produce different respiration activity. The
expectation was increased biodegradation of materials, since microorganisms were
acclimated to the chemicals. This would reduce lag time and increase the initial
biodegradation rate of microbes.

Phase-two research also looked at the effects of residual tolyltriazole in soil. The
comparison of acclimated soils (PG alone, TTA alone, and PG & TTA) new O,
consumption rates after PGjoop was applied. Figure 4-11 shows various rates of O,

consumption for combined ADF components on acclimated soil.
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Rate of O2 Consumption (ul/hr)

Cumulative O2 Consumption (uL)

Figure 4-11

Rate of O, Consumption (uL/hr) for Propylene Glycol (1,000 mg/kg) on

Uncontaminated Soil and Acclimated ADF Chemical Soils

1200

1000 -

800 -

600

—A— PG1000 on uncontaminated soil

QKAi wig PG1000 on acclimated TT A500 soil
; A‘ —3¢-- PG1000 on acclimated PG1000 & TTAS500 soil
{é 3\"1 -~ PG1000 on acclimated PG1000 soil
i ‘2{ - PG1000 on acclimated PG1000 & TTA1000 soil
4
Lo

Time (hours)

Figure 4-12

Cumulative O, Consumption (uL) for Propylene Glycol (1,000 mg/kg) on

Uncontaminated Soil and Acclimated ADF Chemical Soils

100000 -

80000 -

—fy-P G 1000 on uncontaminated soil

~nieo P G1000 onacclimated TTA500 soil
wnimm P G 1000 onacclimated P G1000 & TTA500 soil
—&—P G1000 onacclimated P G1000 soil

g P G1000 on acclimated P G1000 & TTA 1000 soil

312

336
Time (hours)
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In Figure 4-11, an unexpectedly higher cumulative O, consumption total (~80K
uL, at 336 hr point) was noticed, and a higher rate of O, consumption (Figure 4-12) was
observed in the acclimated PGygop & TTA 00 s0il, after PGjoo was applied. The reason
might be residual propylene glycol slowed the rate of O, consumption from PG &
TTA 1000 combination on uncontaminated soil (Figures 4-7).

There was another unexpected result for the two acclimated soils (TTAsqo and
PG00 & TTAs) rates of O, consumption (Figure 4-12). There should have been no rate
difference, if the tolyltriazole residuals from the phase-one soil treatments (PGjgoo & |

TTAsqo and TTAsgo) were equal (no loss to chemical, biological, and/or physical).

4.5  Phase-one Compared to Phase-two Initial Biodegradation Rates

Statistical testing was used to compare PGygo application on uncontaminated soil
(phase-one data) versus PGiggo re-application on PGopo acclimated soil. The specific
focus was to determine if there were any effects in initial O, consumption rates
(biodegradation) from unacclimated compared to acclimated microorganism.

The statistical test used a two-tailed t-test, with a significance level of o = 0.05.
The null hypothesis was stated as: There was no difference between initial O,
consumption rates (initial biodegradation rates) from PGjgqo treatment on uncontaminated
(phase-one) versus Pleooo acclimated soil (phase-two).

The biodegradation rates were generated from the ThOD calculations used in
Appendix K. The maximum/initial biodegradation rates were visually determined by
combining the applicable data from both phase-one and phase-two. Figure 4-13

combines data from Run-3 and Run-6.
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Figure 4-13A
Both Phases Rate of O, Consumption from Respirometry Data (336 hrs of Data)

500
—a— H20 on uncontaminated soil (Run-3)

—&— PG1000 on uncontaminated soil (Run-3)

400 -
wedionn H20 on acclimated PG1000 soil (Run-6)

4 PG1000 on acclimated PG1000 soil (Run-6)

Cumulative O2 Consumption (uL/hr)

o"//*-
\f“/\:ﬁ

120 144 168 192 216 240 264 288 312 336
Time (hours)

Note: Maximum/initial rates of O, consumption were determined with in the 24 — 36 hr time period.
Figure 4-13A was enlarged to provided a more useful graph (Figure 4-13B) for visual analysis.

Figure 4-13B
Both Phases Initial Rate of O, Consumption from Respirometry Data (36 hrs of Data)

500
& 400 - )
: P o H. »
E/ e : ol
= A
= P
300 - v
/} )
/
Q 7
5 200 - /’ —a&— H20 on uncontaminated soil (Run-3)
-é ‘ —&— PG1000 on uncontaminated soil (Run-3)
g -3 H20 on acclimated PG1000 soil (Run-6)
O 100+ 4 PG1000 on acclimated PG1000 soil (Run-6)
0 it : T T
0 6 12 18 24 30 36
Time (hours)
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The first 24 hrs of cumulative O, consumption totals were processed using
equations found in Appendix K. The calculations developed the initial biodegradation
rates per mass of soil (mL/min/kg) for the two different O, consumption totals. The
initial biodegradation rates were then statistically compared using the two-tailed t-test
procedures explained in Appendix L. The results are summarized in Table 4-9 shown.

Table 4-9

Statistical Test of Acclimated versus Uncontaminated Soils
Initial Biodegradation Rates

Test Statistic t-value t-critical
'tcrit < t* = tcrit t* tcrit RCjCCt Ho
t* between t ;, do not reject H, 27.52 2.78 Yes

The null hypothesis was rejected; stating that there was a significant increase in
initial biodegradation rates when PGgo was applied on acclimated soil (with PGoo0)

compared to the initial biodegradation rates of PGjogo application on uncontaminated soil.
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V. Conclusions and Recommendations

51  Conclusions

The objective of this research was to study the effects on microbial degradation of
ADF components in a (high-clay) soil environment. Previous studies have shown varied
effects on microbial degradation of propylene glycol and tolyltriazole. The objective was
to expand the research with varied concentrations to better understand microbial response
to these chemicals.

Phase-one respirometry tests measured biodegradation effects of ADF chemicals
upon uncontaminated clay soil. The ADF component propylene glycol (1,000 mg/kg)
showed measurable O, consumption in soil compared to blank soil. The ADF component
tolyltriazole (25 — 750 mg/kg) showed minimal O, consumption in soil compared to
blank soil.

These ADF chemicals were combined to test the effects of tolyltriazole on the
known O, consumption activity of propylene glycol in soil. Propylene glycol (1,000
mg/kg) mixed with different concentrations of tolyltriézole (25 - 1,000 mg/kg) showed
varying respiration results. The rate of O, consumption slowed with increasing
concentrations of (250 = 1,000 mg/kg) tolyltriazole with a fixed mass of (1,000 mg/kg)
propylene glycol. Lower concentrations of (25 mg/kg) tolyltriazole with a fixed mass of
(1,000 mg/kg) propylene glycol (similar to field conditions) showed little change in the
rate of O, consumption. The higher concentrations of (750 — 1,000 mg/kg) tolyltriazole
with a fixed mass of (1,000 mg/kg) propylene glycol had a significantly lower rate of O,

consumption. Overall, as the (25 — 750 mg/kg) tolyltriazole increased with a fixed (1,000
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mg/kg) propylene glycol, the O, consumption totals increased.

ThOD calculations for microbial degradation of these two components supported
the idea of tolyltriazole’s biodegredation with propylene glycol. In other words, as
tolyltriazole increased in concentrations, a proportional (ThOD calculations = equation
for microbial breakdown of chemicals) amount of O, consumption occurred. This
supports the biodegradation/breakdown of tolyltriazole with propylene glycol.

The HPLC data could not demonstrate the biodegradation potential of
tolyltriazole in soil, due to numerous degradation pathways (chemical, physical, and/or
biotic). However, the potential for a biodegradation pathway was associated with the
lower concentrations of (25 — 250 mg/kg) tolyltriazole when in the presence of (1,000
mg/kg) propylene glycol. HPLC results showed additional degradation (8.1 — 8.8%) of
tolyltriazole mass occurred when in the presence of a fixed amount of propylene glycol.
This supported the increased O, consumption totals as the mass of tolyltriazole increased
when in the presence of a fixed mass of propylene glycol.

In conclusion of phase-one results, the respirometry data would imply that (1,000
mg/kg) propylene glycol biodegrades alone in soil, while little to no biodegradation
occurs for (25 — 750 mg/kg) tolyltriazole alone in soil. Respirometry and HPLC data
implies some potential biodegradation of (25 — 500 mg/kg) tolyltriazole mass in the
presence of (1,000 mg/kg) propylene glycol.

The MCPC test revealed that the populations of microbes, acclimated in soil
contaminated with ADF components, appeared to stay consistent or higher than microbial
populations in uncontaminated soil. The AWDT reveled that microbes would grow upon

solutions of ADF components (TTA and/or PG) without inhibition. Both of the toxicity
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tests showed no adverse effects upon microorganisms in soil from tolyltriazole and
propylene glycol chemicals.

Phase-two of this study evaluated biodegradation when propylene glycol was re-
applied to acclimated soil from the phase-one study. Focus was on the comparison of
(1,000 mg/kg) propylene glycol initial rate of biodegradation (O, consumption) on
uncontaminated soil and acclimated soil (with propylene glycol only). Table 5-1
summarizes the initial biodegradation rates calculated from the respirometry data.

Table 5-1

Initial Biodegradation Rates for Propylene Glycol (1,000 mg/kg) Application on
Propylene Glycol Acclimated Soil and Uncontaminated Clay Soil

Propylene Glycol (1,000 mg/kg) Application

Uncontaminated Soil I Acclimated Soil
Biodegradation Rate (mL/day/kg soil) || Biodegradation Rate (mL/day/kg soil)
107.41 [ 148.81

Statistical tests supported the idea that when propylene glycol (1,000 mg/kg) was
applied to both acclimated and uncontaminated soil, the initial biodegradation rate of

acclimated soil was significantly faster than the rate for uncontaminated soil.

5.2 Improvements
5.2.1 Use of HPLC with Indirect UV Detection

The use of HPLC methods with indirect UV detection has been established using
derivatization [Massaccesi, 1992]. This could be applied to residual propylene glycol in

the soil.
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5.2.2 Modifying the HPLC with Refractive Index Detection

The modification of the HPLC with refractive index detection equipment is
another approach for propylene glycol detection in the aqueous phase. The protocols and
detection limits are established (Nitschke et al., 1994) for this refractive index detection.

This could provide a mass accounting of propylene glycol after respirometry research.

5.2.3 Gas Chromatography with Flame Ionization Detection
The use of Gas Chromatography with Flame Ionization Detection (GC/FID) has
been established by methods used in Kaplan et al. (1982) research on glycol. These

methods of GC/FID could be applied to the residual propylene glycol in soil.

5.2.4 Modifying the Respirometer
The addition of ammonia and methane detection equipment to the respirometer
would provide possible investigations in anaerobic conditions. This is one of the

proposed pathways for the biodegradation of tolyltriazole.

5.3  Follow-on Research
5.3.1 Investigating other components in ADFs

There are several other additives within the ADFs. The biodegradation potential
of one or more of these additives with propylene glycol would reveal other interaction

effects on biodegradation potential.
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5.3.2 Multiple Recontamination of ADF Components on Soil

A possible area of focus would be multiple applications of ADF components on
soil. Developing an overall biodegradation rate trend from the various recontamination
phases could be the focus question. The research could develop a long-term trend of
increased/steady-state/decreased biodegradation rates for the ADF components. Then
development and optimization of ADF application cycles on soil could be approached.
Some examples might be the following:

1. (PGiggo & TTA o) then (PGigoo & TTAjo) then (de-ionized water) — repeat cycle, or
2. (PGigoo & TTAjo) then (de-ionized water) then (PGiooo & TTA o) — repeat cycle, or
3. (PGiogo & TTA0) then (PGyogo) then (PGiooo & TTA o) — repeat cycle
5.3.3 Field Tests of ADF Component Biodegradation

Field testing ADF component degradation (bio and chemical) in an in-situ
environment. Through establishment of a test area, application of different concentration

and combinations of ADF components could be studied. HPLC or GC/FID analysis of

residual concentrations might be applied to determine field versus laboratory results.
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Appendix A:
Independent Soil Analysis
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Appendix B: Calculations of Field Capacity and Solution Concentrations for Experiments

Field capacity test of (high-clay) soil (September 18, 1998)
M =978 gm Mass of soil in situ condition

M, = 18.4 gm Mass of water absorbed into soil to achieve 100% FC.
(24 hrs at saturation, 2 hrs drainage)
My
FC:= — FC=0.19
M

Amount of soil with water that totals 50 grams in microcosm to achieve ~ 60% of FC of the
soil

M =45 gm Mass of soil (in situ) to achieve ~60% of FC to equal 50 grams total

soil -
mass after addition of water

FC = 0.188 Field capacity of water within soil to achieve 100%

FC% = .60 Percentage (~60%) range of field capacity ratio determined above
M 20 = (M goi1) (FC)-(FC%) M pp0 = 5.1-gm

Moo = 5.0-gm  <--- This is the amount of liquid
added to 45 grams soil to achieve
~60% FC. Note It was rounded to 5
gm H20 to make inoculation easier
within the microcosms.

Mgy =50 gm  <----- Mass of ~60% FC soil (Mass of soil and water together)

The addition of 5.0 grams of H20 solution (PG only, TTA only, or PG & TTA) requires a
specific concentration to achieve the designed application desired in parts per million (ppm)
that is equal to mg contaminant/kg soil.

Example Calculations:
Experimental treatment of PG used in all runs ------ > PG1000 ppm 1000 £

kg
. 1000 mg PG = _X mg PG
Formula: 1 kg soil 50 gm soil
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Formula: X mg PG = 1000 mg PG * (50 gm soil)
1 kg soil

Mathcad Formula: PG1000 .o = <P G1000 ppm) ' <M sw)

PG1000 55 = 50 °mg <--- Mass of PG required for 50 grams of ~60% FC soil = 1,000 mg/kg

Expeimenal teamentof TIAZS > 1y <25 7%
Formula: Xmg TTA =25 mg TTA * (50 gm soil)
| kg soil
Mathcad Formula: TTA25 1ass = (TTA 25ppm) (M gw)
TTA25 = 1.25°mg <-- Mass of TTA for 50 grams of ~60% FC soil = 25 mg/kg

mass ~

Example concentration are calculated below for the solutions used in treatment of the
soil (PG only, TTA only). The following formulas were used.

Required concentration for PG1000 (50 mg PG / 50 gm soil) requires 5 mL injection into
soil.

Mathcad Formula: ~ PG1000 s = (PG1000 pp)- (M,

PG1000
1 mL
Mathcad Formula: ~ PG1000 4 = s < gm)-(looo ——>
mg . .
PG1000 ., = 10000 - L <----- Concentration required

Required concentration for TTA25 (1.25 mg PG/ 50 gm soil) requires 5 mL injection into

soil.
Formula: TTA conc =125 mg TTA_* _1 gm H20 * 1000 mL

5.0 mg H20 1 mL H20 1L

TTA25

1 mL
Mathcad Formula: ~ TTA25 o = e < gm)-(looo ——>
2 250 -2 i i
TTA25 (= 250 3 <----- Concentration required

s
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Appendix C: Preparation of Solutions for Inoculation of Microcosms

Materials used:

Chemicals used:
Propylene Glycol (aqueous), Laboratory Grade (Mallinckrodt OR,
1925: 1,2-Propanediol)

Tolyltriazole (solid), Manufacturer Grade (COBRATEC TT-100,
Tolyltriazole, Sample 4239701)

Equipment used:
Flask 5001, =200 mL
Flask 500mL =500 mL

Concentrations required for experiments:

. mg 500018
PGI000 gon = 10000-75 | TTAS00 gop 1= 500022
s M8 750018
TTAS cgpg =250 TTATS0 o =7500-25
TTA250 . :=2500- 05 mg
conc * L TTA1000 . = 1000022
L

Example calculations for solution preparation of PG or TTA within a flask volume:

Formula: X mg material = Material conc (mg/L) * Flask volume (mL) *1 L
1000 mL

PG solution at 10.000 mg/L

L

PG S
1000 mL

mg = (PG1000 ¢ Flask 500mL)

PG o =5 -gm <-- Amount of PG (liquid) mixed with
500 mL of the de-ionized water

TTA solution at 250 mg/L

TTA25 o6 = (TTAZS conc Flask 200mL)

1000 mL

TTA25 ;1.6 =0.05°gm  <-- Amount of TTA (solid) mixed with
200 mL of solution (de-ionized
water or PG 10,000 mg/L solution)
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Appendix D: Calculations for HPLC Calibration Curve for Tolyltriazole

ORIGIN=1

( 1 1 The concentration of 1,000 mg/L
TTA was developed first, then

5 diluted to prepare the weaker

10 concentrations.
Known_Concentration_Level TTA =
50 NOTE: All calibration solutions are
100 based with HPLC grade methanol.
Since the extraction process of TTA
| 1000 | from the spent soil uses a large
proportion of methanol.

X = Known_Concentration_Level TTA

Table D-1
HPLC Calibration Curve Data for Tolyltriazole
HPLC Calibration Curve Data, Tolyltriazole
Run 1 (23 Sep 98) Run 2 (24 Sep 98)
Concentration (mAu2) Average (mAuz) Averagg_
1000 mg/LiSample 1 | 9204.9063 8981.4375
Sample 2 | 9192.7627 8919.0928 Run Average|Run Std Dev
Sample 3 | 9106.6846 | 9168.1179 | 8930.8477 | 8943.7927 | ---3 9055.9553 43.3375
100 mg/L iSample 1 | 1148.9069 1120.7009
Sample 2 | 1146.3660 1104.5593
Sample 3 | 1130.3009 | 1141.8579 ] 1099.9812] 1108.4138] -y 1125.1359 10.4867
50 mg/L (Sample 1 | 536.4797 513.9089
Sample 2 | 525.3796 512.1735
Sample 3 | 523.9478 | 528.6024 | 521.6556 | 515.9127 | -y 522.2575 5.9540
10 mg/L iSample 1 | 112.3766 109.4433
Sample 2 | 115.9473 111.1758
Sample 3 | 113.1561 | 113.8267 | 111.0857 | 110.5683 | -y 112.1975 1.4264
S5mg/L iSample1} 58.1064 56.4408
Sample 2 | 58.6636 56.2115
Sample 3 | 57.2977 58.0226 55,9262 56.1928 |-y 57.1077 0.4723
1mg/L {Sample1 | 13.1479 13.0238
Sample 2 | 13.3671 13.0937
Sample 3 | 13.1933 13.2361 13.1003 13.0726 |- 13.1544 0.0790




r

13.1544 |

57.1077 The detection area for each
112.1975 | standard was performed three

5020575 | times and averaged to produce the
data listed in

1125.1359 | "Observed_Detection_Areastr,".
9055.9553 | Y = Observed_Detection_Areas o

Observed_Detection_Areas =

Calculation for the linear best fit line:

m = slope(X,Y) m=9.0l <--- Calculation of slope

r:=corr(X,Y) r =0.9997 <--- Calculation of the correlation
between concentration and area peaks

MathCad 7.0 uses Pearson correlation
coefficient

y(x) = mX <--- Equation of the linear line

y(logx) := m-logx <--- Log scale is applied to enable a
more usable graph, thus lower
concentration levels can be
calculated from the integrated
areas from HPLC detection

Figure D-1
Calibration Curve for Tolyltriazole
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Level of Detection (LOD) is provided by the formula:

— % 2 = 2 2
LOD =3*s1ol <= STotal” = SBackground Tt SObserved

og ackground =0 <--- Nonse 1s.e11m1nated from
integration of areas in
HP Chem. Station software

O Observed = mean( Std_Dev)

S Observed = 10-293

2 2
% Total = \/ O Background * © Observed

LOD ;1645 = 3'C Total
LOD , ., =30.878 <---mAus
10D 3 LOD jreas
conc 9.01
LOD oy =3-427 <---mg/L

D-3

Std_Deyv =

10.4867

5.9540
1.4264
4723

[43.3375 ]

| 0790 |



Appendix E: Respirometry Data

All respirometry experiments were conducted in accordance with the methodology section.
Table E-1 is a detailed layout of all treatments for the experimental runs.

Table E-1
Run 1 Layout of All Respirometry Treatments/Experiments
Bottle, 1 2 3 4 5
Treatment| TTAzs TTAys TTAy TTAy TTAzs
Soil Type|l Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle 6 7 8 9 10
Treatment Empty Empty PGiooo & TTAgs PGiyggo & TTAps PGyooo & TTA,5
Soil Type Bottle Bottle Uncontaminated Uncontaminated Uncontaminated
Bottle 11 12 13 14 15
Treatment]] PGiooo & TTA2s PGigoo & TTAz Blank/H,0 Blank/H,0 Blank/H,0
Soil Type| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle: 16 17 18 19 20
Treatment PGio00 PG00 PGioo0 PG00 PGyoa0
Soil Type| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Run 2
Bottle 1 2 3 4 5
Treatment TTAz0 TTAzs0 TTAss0 TTAgs0 TTAzs0
Soil Typef| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle 6 7 8 9 10
Treatment Empty Empty PGigo0 & TTAzs0 PGiggo & TTAgs0 PGyog0 & TTAzs0
=Szﬁ;: Bottle Bottle Uncontaminated Uncontaminated Uncontaminated
Bottle 11 12 13 14 15
Treatment] PGiooo & TTAz0 PGigoo & TTAzs0 Blank/H,0 Blank/H,0 Blank/H,0
Soil Tiype Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle 16 17 18 19 20
Treatment PGiooo PGio00 PGiq00 PGiooo PGio00
Soil Typefl Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Run 3
Bottle 1 2 3 4 5
Treatment TTAs00 TTAsg TTAs00 TTAse0 TTAsg0
Soil Typefl Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle| 6 7 8 9 10
Treatment Empty Empty PGiooo & TTAso0 PGiooo & TTAz00 PGiooo & TTAsg0
Soil Type Bottle Bottle Uncontaminated Uncontaminated Uncontaminated
Bottlel 11 12 13 14 15
Treatment] PGiooo & TTAsoo PGiooo & TTAso0 Blank/H,0 Blank/H,0 Blank/H,0
Soil Type] Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle 16 17 18 19 20
Treatment PG00 PGio00 PGigoo " - PGio00 PG00
Soil Typel| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated

E-1




Run 4
Bottle 1 2 3 4 5
Treatment PGigo0 PG00 PG00 PGio00 PGiooo
Soil Typef| Run-3, Bottle 1 Run-3, Bottle 2 Run-3, Bottle 3 Run-3, Bottle 4 Run-3, Bottle 5
TTAs00 TTAsp TTAso0 TTAso TTAsg
Bottle 6 7 8 9 10
Treatment PG00 PGioa0 PGioon PG1o00 PGiooo
Soil Type Blank Blank Run-3, Bottle 8 Run-3, Bottle 9 Run-3, Bottle 10
Uncontaminated Uncontaminated PGiooo & TTAsg PGiaoo & TTAs0 PGigoo & TTAsg
Bottle| 11 12 13 14 15
Treatment PGio00 PG00 PGo00 PG00 PG00
Soil Type| Run-3, Bottle 11 Run-3, Bottle 12 Blank Btank Blank
PGiooo & TTAsg0 PGiooo & TTAsg0 Uncontaminated Uncontaminated Uncontaminated
Bottle 16 17 18 19 20
Treatment PGigoo PGiooo PGio00 PGigoo PG00
Soil Type|| Run-3, Bottie 16 Run-3, Bottle 17 Run-3, Bottle 18 Run-3, Bottle 19 Run-3, Bottle 20
PGio00 PG00 PG00 PG00 PGio00
Run 5
Bottle 1 2 3 4 5
Treatment| TTAz5 TTAz50 TTAzg TTAz5 TTAzs0
Soil Type|| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle| 6 7 8 9 10
Treatment| PGiono PGi1o00 PGigoo & TTAz5 PGiooo & TTAzs, PG00 & TTAzsp
Soil Type| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle 11 12 13 14 15
Treatmentl| PGiooo & TTA7s0 PGigoo & TTAzs0 PG00 PGio0o PGio00
Soil Type|| Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Bottle| 16 17 18 19 20
Treatment| PGiooo & TTAqg00 PGiooo & TTAq000 PGigoo & TTAq000 PG00 & TTA 000 PGiggo & TTA1000
Soil ?ype Uncontaminated Uncontaminated Uncontaminated Uncontaminated Uncontaminated
Run 6
Bottle, 1 2 3 4 5
Treatment| Blank/H0 Blank/H;0 Blank/H;0 Blank/H,0 Blank/H;0
Soil Typej| Mix Run-4 & Run-5 [| Mix Run-4 & Run-5 || Mix Run-4 & Run-5 || Mix Run-4 & Run-5 || Mix Run-4 & Run-5
Bottle 6, PG;o00 Bottle 7, PGyono Bottle 13, PGio0 Bottle 14, PGyoo Bottle 15, PG00
Bottle| 6 7 8 9 10
Treatment| BIank/HZO B|ank/H20 . PGjmo meoo PG1000
Soil Type|| Uncontaminated Uncontaminated Run-5, Bottle 16 Run-5, Bottle 17 Run-5, Bottle 18
Soil Soil PG1oo0 & TTA1000 PGigo0 & TTA1000 PG00 & TTAq000
Bottle 11 12 13 14 15
Treatment PGiooo PGiog0 Blank/H,0 Blank/H,0 Blank/H,0
Soil Type] Run-5, Bottle 19 Run-5, Bottle 20 Uncontaminated Uncontaminated Uncontaminated
PGo00 & TTA1q00 PGyogo & TTAq000 Solil Soil Soil
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Appendix F: Statistical Procedures for Determining Biodegradation Effects
from the Addition of Individual ADF Chemicals (Propylene Glycol or Tolyltriazole)
on Uncontaminated Soil

The data listed in the following five tables and figures explains the possible interaction
(decreased/no influence/increased) of biodegradation from individual chemical
components (PG or TTA) upon a soil environment. This determination was made using
the O2 consumption totals of the contaminated soil with (PG or TTA) against the

uncontaminated soil. A two-sample t-test was performed using a significance level of
o =0.05. A 95% CI was developed from the t-test results to depict the O, consumption
effects. Both populations were assumed normal and the two population variances were
assumed equal.

H_: There was no effect on the O, consumption due to the contaminant addition
H,: There was an effect (decreased or increased) on the O, consumption due to

the contaminant addition

The pooled estimator, which is an estimate of the common population variance was
determined by using the following equation (Devore, 358):

2 2 2
Sp =(n,-1*8,”+ (,-1)*S,
(n1+n2) -2

Where n and n, are the sample sizes of the respective treatments, and S, and S, are the
standard deviations of the respective treatments.

The standard error was determined by the following equations (Devore, 358):
Std-Error = S (1/n;+1/n3)"

The calculated t-statistic (t) was then determined by dividing the difference of the means

by the standard error.

t = _(X_chemica!__XsLﬂ)
(Std-Error)



The t-critical (t;) was determined for a two-tailed t-test since the effects on

biodegradation may be enhanced or inhibited as the alternate hypothesis, thus o/2 was
used.

t t = 2.447 (Devore, 707)

crit = Loy, nienz - 2
Given: o = 0.05 (95% confidence interval)
n, =3 (number of blank microcosms)

n, =35 (number of chemical microcosms)

The ultimate decision of biodegradation, no effect, or inhibition was made by comparing
the t-statistic to the t-critical.

The t-critical (t.,) was determined for a two-tailed test since the effects on
biodegradation may be enhanced or inhibited as the alternate hypothesis. The ultimate

decision of biodegradation, no effect, or inhibition was made by comparing the t-statistic
to the t-critical. An example of the test statistic is shown below:

t < et t<-2.447 Inhibition

t > tee t> 2.447 Biodegradation

The upper and lower 95% CI were determined by using the following equation (Devore,
361). This data was shown with the difference of the means (for the sample at its
particular position on the time line) in Figures F-1 through F-5.

Equation Format: (Xchemical - Xsoil)  (ty, a2 * (Sp) * (ni+1/np)1/2

Xoil = Uncontaminated soil is the control
Xchemical = PG only -or- TTA only concentration amount

All observation points (every 6 hours) were statically tested for the entire respirometry
period of 2 weeks.
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Appendix G: Statistical Procedures for Determining whether or not Measurable
Biodegradation Occurred from the Combined ADF Chemicals (Propylene Glycol
with Tolyltriazole) on Uncontaminated Soil

The data listed in the following five tables and figures explains the possible types of
(decreased/no influence/increased) on biodegradation from a combination of chemical
components (PG with TTA) on uncontaminated soil. This determination was made by
comparing the O, consumption of the soil contaminated with both PG and TTA against

the soil contaminated with PG only and TTA only. A two-sample t-test was performed
using a significance level of ot =0.05. A 95% CI was developed from the t-test results to
depict the O, consumption effects. Both populations were assumed to be normal and the
two population variances were assumed to be equal.

H_: There was no effect on the O, consumption due to combining the two

contaminates
H_: There was an effect (decreased or increased) on the O, consumption due to

the two contaminates

The pooled estimator, which was an estimate of the common population variance was
determined by using the following equation (Devore, 358):

sz = (gl-l)*sl2 + (n:—l)*Sz2+ (ns’l)*332 + (n4-l)*342
(n+n+n+n)-2

Where n through n_are the sample sizes of the respective treatments, and S, through S_
are the standard deviations of the respective treatments.

The standard error was determined by the following equations (Devore, 358):

Std-Error = S, (1/n+1/ng+1/n3+1/n4)'

The calculated t-statistic (t) was then determined by dividing the difference of the means
by the standard error.

t = (XpcaTTA ~XT1TA-XPG)+X 50l
(Std-Error)
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Shown below, is a visual depiction of the t-test and CI set-up with the O, mean totals.

PG
0,
& PG
o
TTA 2
02 TTA O.
Soil Soil Soil | . | soit
0, - 0, | - 0, + o,

This set-up provides a comparison of just the combined affects to be compared to the
individual affects of ADF componts on soil.

The t-critical (t_. ) was determined for a two-tailed test since the effects on

biodegradation may be enhanced or inhibited as the alternate hypothesis, thus o/2 was
used.

tit = Lo, len2enzengy -2 = 2-201 (Devore, 707)

Given: a = 0.05
n, =3 (number blank microcosms)

n, =5 (number PG only microcosms)
n, =5 (number TTA only microcosms)

n, =5 (number PG & TTA microcosms)

wN

The ultimate decision of biodegradation, no effect, or inhibition was made by comparing
the t-statistic to the t-critical. An example of the test statistic is shown below:

t< -ty t<-2.201 Inhibition

t>teq t> 2.201 Biodegradation

The t-critical (t_;,) was determined for a two-tailed test since the effects on

biodegradation may be enhanced or inhibited as the alternate hypothesis. The ultimate
decision of biodegradation, no effect, or inhibition was made by comparing the t-statistic
to the t-critical.

The upper and lower 95% confidence intervals were determined by using the following
equation [Devore, 361]. This data was shown with the difference of the means (for the
sample at its particular position on the time line) in Figures F-1 through F-4.

(Xpcarta—Xrra = Xe6) + Xsoil) £ (tyy 14m2en3enay-2) * Sp) * (1/ny+1/np+1/n3+1/ny) 2
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Appendix H: HPLC Analysis of Residual Tolyltriazole

HPLC analysis was performed on the amount of tolyltriazole residual available “before” and
“after” respirometry analysis. HPLC analysis was performed for two concentration levels of
tolyltriazole (25 — 250 mg/kg) within the soil. Tolyltriazole extracted/residuals had numerous
pathways of degradation (biotic, absorption, chemical) before and after the respirometry
experiments in soil.

Prior to analyses of tolyltriazole residuals in the soil environment, a calibration curve was
established for HPLC analysis of tolyltriazole in a pure methanol (see Figure 3-2). Appendix C
contains data and calculations. A subtle change in the specific gravity of extraction solutions
occurred due to the additional H,O from the soil mixing with the methanol used for extracting
tolyltriazole from soil. This change in the specific gravity was accounted for in the conversion
of tolyltriazole residuals using the calibration curve equation.

A step-by-step process for determining the potential degradation/residual tolyltriazole in soil was
performed on the soil treated with ADF components “before * respirometry runs, in Table H-1
through Table H-4. Table H-1 contains the data for determining the soils moisture.

Table H-1
Calculations of Soil Moisture (Before Respirometry Experiments)
Aluminum Container
Wt of Wt of
Wt of Alum Cont & || Alum Cont & || Wtof Wtof || Wtof
Alum Cont Wet Soil Dry Soil Wet Soil || DrySoil || H0 | % H,0in
(gm) (gm) (gm) (gm) (gm) (gm) | Spent Soil
TTA, 1.5540 18.2035 15.7225 16.6495 14.1685 [|2.4810( 14.90%
TTA,s 1.5499 17.1490 14.8478 15.5991 13.2979 {12.3012ff 14.75%
TTAsg 1.5530 14.9002 13.0375 13.3472 11.4845 | 1.8627 13.96%
PG00 & TTA,s 1.5424 18.3540 15.9437 16.8116 || 14.4013 [[2.4103]] 14.34%
PG00 & TTA,s 1.5462 18.8703 16.2536 173242 || 147074 |[2.6168] 15.10%
PGigoo & TTAspg 1.5616 13.9762 12.1161 12.4146 10.5545 | 1.8601 14.98%

The measurements of soil moisture were determined through stand alone weight measurements
of the soil media (see “Aluminum Container” section in the above data). A sample of the “wet”
soil was weighed and measured, then dried at 85°C for 24 hrs, to obtain a “dry” soil sample. The
weight of water removed from the soil was then calculated.

Table H-2 contains the weight measurements of the vials, methanol, and soil used in the HPLC
analysis of “before” respirometry analysis (without biodegradation potential in soil). This was
recalculated to determine the specific gravity of the mixture of methanol and H,O (from moisture
content determined in Table H-1) used to extract the tolyltriazole.




Table H-2
Weights used in Removal Efficiency (Before Respirometry Experiments)

ll40 mL EPA Vial for HPLC Extraction Methods

" Wt of 40 mL Vial Wt Vial & Soil Wt Vial & Soil & || Wtof Methanol in || Wt of Soil in the
(gm) (gm) Methanol (gm) the Vial (gm) Vial (gm)
TTA,s 22.3196 34.8771 46.2010 11.3239 12.5575
TTA,s 224522 34.7269 46.2699 11.5429 12.2747
TTAsy 22.4064 37.3024 48.8810 11.5786 14.8959
PGy & TTA,s 22.4317 36.0177 47.6961 11.6785 13.5860
PGigo & TTAss 224771 34.0338 45.5804 11.5466 11.5567
PGygpo & T'I‘Aso(j 22.3717 34.9987 46.6901 11.6914 12.6270

Note: Upon inoculation and mixing of the soil with the chemical solution, immediate extraction was performed.
This allowed the assumption of minimal biodegradation. The biodegradation was considered negligible since
anaerobic conditions were introduced with the sealed vials and little oxygen due to the filled vial volume with
aqueous solution. Photodegradation was assumed negligible by the use of amber color vials.

Table H-3 contains the HPLC detection area (mAu*s) values for tolyltriazole residuals “before”
respirometry (without biodegradation potential in soil).

Table H-3
HPLC Detection Areas for Tolyltriazole Residuals (Before Respirometry Experiments)

Soil Extracted Solution (Meth+ H,0 + Toly) (mAu¥*s)

verage ! td Dev
173.98 2.36
1522.90 5.50

3.14

3811.32

PG00 & TTA,s 177.61 2.14
PG00 & TTAysg 1519.16 2.72
PGlOOO & TTASOO 326556 4.11

Note: Each HPLC detection area listed above represents three measurements averaged.

The preliminary information was now gathered on soil moisture, mass of vials/methanol/soil, and
the detection areas associated with the “before” respirometry soil treatments. This allowed the
calculations of residual tolyltriazole from interaction with soil shown in the following steps of
calculations in Table H-4 shown below:

H-2



(Before Respirometry Experiments)

Table H-4
Steps/Calculations for the Recovery Percentage of Tolyltriazole Residuals

1 2 3 4 5 6 7 8
HPLC Density of
Area Conc  [[Methanol/H,0 mix infl Mass of Toly in
(mAu*s) Conversion Vial Vial Soil in Vial || End Conc _[[nitial Conc % recovered
TICONCTAEnsIty) ™) end
(wiH,O+wtMeth) §|  wt H20 + Conc/Initial
x=y/9.01 || (volH,O+volMeth) i Meth)]/1000mL mg toly mg toly || Conc)*100
Avg Std Dev (mg/L) (mg/mL) (mg toly) (ng) kg soil kg soil Avg Std Dev
TTA,sll 173.978 2.362 19.309 0.813 0.313 12.557 24.947 25.000 99.79% 1.35%
TTA254 1522.904% 5.504 169.024 0.812 2.779 12.275 226.389 250.000 90.56% 0.33%
TTAs0)| 3811.318¢ 3.144 423.010 0.815 7.087 14.896 475.772 500.000 95.15% 0.08%
PG g0 & TTAysl| 177.608 2.135 19.712 0.814 0.330 13.586 24.302 25.000 97.21% 1.17%
PGigoo & TTA,50l| 1519.1611 2.725 168.608 0.811 2.762 11.557 238.980 250.000 95.59% 0.17%
PGgo0 & TTAsq)| 3265.5571 4.107 362.437 0.813 6.056 12.627 479.632 500.000 95.93% 0.12%

Step 1 The areas from HPLC analysis are listed in this step (y = areas). The equation (y
= 9.01x) was derived in section 3.2 for the HPLC calibration curve for tolyltriazole.

Step 2 Rearranging the equation to provide the measured concentration of tolyltriazole
within the prepared 40-mL vial sample. The solution analyzed contains tolyltriazole +
methanol + H,O from the soil, making the concentration slightly diluted.

Step 3 The combined density of the methanol with H,O, volumes, and the mass of both
solution types. Data reference is from the pre-measurements found in Table H-1
e Methanol mass is determined from pre-measurements

e H,0 mass is determined form premeasurements (mass in vial * moisture content

of soil)

e Methanol volume is found from the known density (TTA = 0.786) divided by its
mass

e H,0 volume equals H,O mass

Step 4 Using (step 3)*(step 4)*(Table H-1 data) / unit conversion (1L/1,000 mL)

Step 5 The mass of soil in the vial (from Table H-1)

Step 6 (step 4)/(step 5)*unit conversion of soil (1 kg/1,000 mg)

Step 7 Initial concentration of tolyltriazole in soil (mg chemical/kg soil)

Step 8 [(step 6)/ (step 7)] * 100%

The recovered tolyltriazole from interaction with the soil (without biodegradation potential) was
now established for all of the possible chemical concentrations (shown above). The same

procedures were followed for each of the different concentrations/residuals of tolyltriazole
recovered “after” the respirometry experiments.

H-3



Measurements of Tolyltriazole Residuals After Respirometry Experiments

Table H-5
HPLC data for Tolyltriazole (25 mg/kg) Treatment of Uncontaminated Soil
(After Respirometry Experiments)

Wt of 40 mL Wt Vial & Soil & || Wt of Methanol in|| Wt of Soil in the
Treatment Microcosm Vial (gm) Wt Vial & Soil (gm)l Methanol (gm) the Vial (gm) Vial (gmy)
TTAzs 1 22.4438 29.3103 40.9506 11.6403 6.8665
2 22.4796 30.0171 41.6036 11.5865 7.5375
3 22.3229 29.5542 41.1647 11.6105 7.2313
4 22.4637 29.7977 41.4635 11.6659 7.3339
5 22.4028 30.3971 41.9554 11.5583 7.9943
PG00 8 22.3728 29.2256 40.8275 11.6019 6.8528
& TTA,5 9 22.4878 30.6921 41.9831 11.2910 8.2043
10 22.2239 29.7320 41.4520 11.7199 7.5081
11 22.5094 30.3521 41.9602 11.6081 7.8426
12 22.4167 30.8103 41.5259 10.7156 8.3936
Wt of Wt of
Wt of Alum Cont & || Alum Cont & || Wt of Wt of Wt of
Alum Cont Wet Soil Dry Soil || Wet Soil f Dry Soil H0 % HpO in
Treatment || Microcosm (gm) (gm) (gm) {gm) (gm) {(gm) |t Spent Soil
TTAzs 1 1.5590 16.3870 15.1052 14.8280 || 13.5462 1.2818 8.64%
2 1.6597 18.6702 17.3878 17.1105 || 15.8280 1.2825 7.50%
3 1.56587 17.0204 15.8300 15.4617 || 14.2713 1.1904 7.70%
4 1.5433 19.5058 17.9913 17.9625 || 16.4480 1.5145 8.43%
5 1.5404 17.6691 16.4280 16.1287 || 14.8876 1.2411 7.69%
PGig0 8 1.5480 15.2804 14.1787 13.7324 || 12.6308 1.1017 8.02%
& TTAz 9 1.5541 17.5317 16.0666 15.9776 || 14.5125 1.4651 9.17%
10 1.5578 17.8573 16.5190 16.2995 || 14.9612 1.3383 8.21%
11 1.5476 18.5609 17.0613 17.0133 || 15.5138 1.4995 8.81%
12 1.5559 20.0553 18.3610 18.4994 || 16.8051 1.6943 9.16%
Density of
Average HPLC Methanol/H,0 mix || Mass of Toly in|| Soil in
Area (mAu*s) Conc. in Vial Vial Vial _|End Conc [|Initial Conc_||% recovered
[[(conc/density)<|
{wiH,O+witMeth) wt H20 + (End
x=y/9.01 [ (volH,O+volMeth) i Meth))/1000mL matoly | mgtoly [[Conc/initial
Treatment  Microcosms y=9.01x (mg/L) {mg/mL}) (mg toly) {mg) kg soil kg soil ||Conc)*100
TTAz 1 45.161 5.012 0.797 0.077 6.866 11.203 25.000 44.81%
2 62.191 6.902 0.797 0.105 7.537 13.965 25.000 55.86%
3 49.737 5.520 0.797 0.084 7.231 11.658 25.000 46.63%
4 56.593 6.281 0.797 0.097 7.334 13.193 25.000 52.77%
5 52.845 5.865 0.798 0.090 7.994 11.199 25.000 44.80%
PG00 8 39.056 4.335 0.797 0.066 6.853 9.649 25.000 38.60%
& TTA 9 42.454 4.712 0.800 0.071 8.204 8.651 25.000 34.60%
10 44.555 4.945 0.797 0.077 7.508 10.189 25.000 40.76%
11 50.348 5.588 0.798 0.086 7.843 10.975 25.000 43.90%
12 56.618 6.284 0.800 0.090 8.394 10.743 25.000 42.97%

Note: All values of measurement (electronic scale or HPLC) were performed three times for each value represented
in these data tables above.

H-4




Table H-6
HPLC data for Tolyltriazole (250 mg/kg) Treatment of Uncontaminated Soil
(After Respirometry Experiments)

Wt of 40 mL Wt Vial & Soil & [j Wt of Methanolin|| Wt of Soil in the
Treatment Microcosm Vial (gm) Wt Vial & Soil (gm)| Methanol (gm) the Vial (gm) Vial (gm)
TTAzs 1 22.5350 34.3986 45.7780 11.3794 11.8636
2 22.3719 35.5217 47.1501 11.6284 13.1498
3 22.4041 36.2176 47.7770 11.5594 13.8135
4 22.3553 33.1823 44.7836 11.6013 10.8270
5 22,4222 36.2612 47.8345 11.5733 13.8390
PG00 8 22.3768 35.8517 47.4285 11.5768 13.4749
& TTAs 9 22.3548 35.3941 46.8474 11.4533 13.0393
10 22.4244 35.8969 47.3368 11.4399 13.4726
11 22.4282 33.4309 45.1015 11.6706 11.0027
12 22.4331 33.6359 45.1128 11.4770 11.2028
Wtot Wt of
Wt of Alum Cont& || AlumCont & || Wt of Wi of Wt of
Alum Cont Wet Soil Dry Soil || Wet Soil | Dry Soil H20 % H0 in
Treatment || Microcosm (gm) (gm) (gm) (gm) (gm) (gm) | Spent Soil
TTAgs 1 1.5644 12.0875 10.9265 10.5231 9.3621 1.1610 11.03%
2 1.5504 13.4043 12.1118 11.8539 || 10.5614 1.2925 10.90%
3 1.5521 12.9319 11.5875 11.3798 || 10.0354 1.3444 11.81%
4 1.5573 15.1907 13.7298 13.6335 || 12.1725 1.4610 10.72%
5 1.5588 13.5468 12.1012 11.9880 || 10.5424 1.4456 12.06%
PGig 8 1.5571 13.4280 12.1117 11.8709 || 10.5546 1.3163 11.09%
& TTAzsor 9 1.5547 12.7645 11.5791 11.2099 || 10.0244 1.1855 10.58%
10 1.5566 13.4392 11.9261 11.8826 || 10.3695 1.5131 12.73%
11 1.5564 15.3807 13.8154 13.8243 || 12.2590 1.5653 11.32%
12 1.5524 13.9648 12.5435 12.4124 || 10.9910 1.4214 11.45%
Density of
Average HPLC Methanol/H,0 mix || Mass of Toly in|| Soil in
Area (mAu*s) Conc. in Vial Vial Vial _ {[End Conc [lintiat Conc _||% recovered
[[{conc/density)™(|
{(wtH,O+wiMeth) wt H20 + (End
x=y/9.01 [ (volH,O+volMeth) || Meth))/1000mL mg toly mg toly _{[Conc/Intial
Treatment Micrcosms y =9.01x (mg/L) {mg/mL) (mg toly) (mg) kg soil kg soil  |[Conc)*100
TTAzs0 1 1308.394 145.216 0.807 2,284 11.864 || 192.559 || 250.000 77.02%
2 1581.670 175.546 0.808 2.839 13.150 [| 215.890 250.000 86.36%
3 1533.080 170.153 0.810 2.771 13.813 || 200.568 250.000 80.23%
4 1218.012 135.184 0.804 2.145 10.827 || 198.075 250.000 79.23%
5 1616.160 179.374 0.811 2.930 13.839 |[ 211.753 || 250.000 84.70%
PG00 8 1399.876 155.369 0.809 2.512 13.475 || 186.409 250.000 74.56%
& TTAs 9 1432.343 158.973 0.807 2.527 13.039 || 193.790 250.000 77.52%
10 1284.401 142.553 0.811 2.311 13.473 |} 171.568 250.000 68.63%
11 1123.405 124.684 0.805 2.000 11.003 || 181.739 || 250.000 72.70%
12 1175.323 130.447 0.806 2.065 11.203 || 184.315 250.000 73.73%

Note: All values of measurement (electronic scale or HPLC) were performed three times for each value represented
in these data tables above.



A summarization of Tables H-4 through H-6 is provided in Table H-7 below.

Table H-7
Percentages of Tolyltriazole Residual Recovered

Percent of tolyltriazole residual measured through HPLC analysis

Before Respirometry Test (3 samples used)|{After Respirometry Test (5 microcosms used)

Treatment Avg Std Dev Reference Avg Std Dev Reference
TTA|| 99.79% 1.35% Table H-4 48.97% 5.05% Table H-5
TTAysl  90.56% 0.33% Table H-4 81.51% 3.89% Table H-6

TTAsol|  95.15% 0.08% Table H-4 || Notestperformed § = - | -
PG00 & TTAl|  97.21% 1.17% Table H-4 40.17% 3.73% Table H-5
PGigoo & ’ITA250| 95.59% 0.17% Table H-4 73.43% 3.23% Table H-6

PGyggo & TTAsq|| 95.93% 0.12% Table H-4 || No test performed |  ------- | -

Statistical Analysis of Percent Tolyltriazole Recovered
The recovered tolyltriazole after respirometry tests appears to have a lower by a difference of

~8.5% A * Std Dev when in the presence of propylene glycol (Table H-8).

Table H-8
Difference in Tolyltriazole Percentage Recovered due to Propylene Glycol Presence

Percent of tolyltriazole residual
measured through HPLC analysis
After Respirometry Test (5 microcosms used)

Treatment
F TTAzsl 48.97%
TTAsq 8151% <4 559% i
TTAsoo" No test performed § = ---—-- "
PG00 & TTA,| 40.17% DY | P —— !
PG00 & TT A 73.43% 323%

PGyop & TTAsoo" No test performed .......

The indication was that the tolyltriazole mass (25 mg/kg or 250 mg/kg) degraded at a consistent
amount ((8.8% + 8.1%)/2 = ~8.5%) when present with propylene glycol (1,000 mg/kg) in the
soil. A two-sample t-test was used to identify if theses additional degradation percentages (8.1%
and 8.8%) were similar, or if the standard deviations would dismiss the possibility.

H-6




Two sample t-test set-up
A two sample t-test, with a significance level of (0. = 0.05) was used. The null hypothesis stated
below [Devore, 357-360].

H,: The null hypothesis was that the additional degradation percentages (8.1% and 8.8%) were
similar in value for the two different treatments of TTA
H,: The additional degradation percentages were not similar in value (due to Std Dev)

Ho: up = Ao Up = [ - Yo Ay = The differences of the pairs = zero
Ha: I-LD # AO
m Average Std Dev
I TTAs| 04480 | 04481 | 04663 [ 05277 | 05586 |
1 [ PGigosa TTAxs| 03460 0.3860 0.4076 0.4297 0.4390 |f

[ Differnence=] 0.1019 | 0.0621 0.0588 0.0980 | 0.1196 ]| 0.0881 0.02653

I TTAysof| 0.7702 0.7923 0.8023 0.8470 0.8636 ||
2 || PGioooaTTAx]| 06863 | 07270 | 07373 | 07456 | 07752 |

[ Differnence =][ 0.0840 | 0.0653 | 0.0650 | 0.1014 | 0.0884 || 0.0808 0.01565

Test statistic value:

t = _Xpar -Ypar - Ao__
Sy(1/ny+1/n)"”

2 2 2
Sp - ml_l)*sl + (nﬂ-l)*Sz =.00004743817
(n1+n2)-2

n; = number of differences TTAs =5
n, = number of differences TTA50 =5

t = (.0881 - .0808) — 0
.002178(1/5+1/5)"

t=0.587
terit value = toy | (ni+n2) -2 = 2.306 [Devore, 707]

Rejection region for level of test

t> tuit = Reject the null
t< -tair = Reject the null

0587 <2.306

t < teris, thus we do not reject the null, and say that the additional degradation
percents for the two different treatments were similar

H-7




Appendix I: Microbial Colony Population Count Results

Table I-1
Averaged Microbial Colony Population Counts (48 hr point) from Interaction with Respirometry
Soil (Run-2), Chemical Concentrations of Propylene Glycol (1,000 mg/kg)
and Tolyltriazole (250 mg/kg)

i Microbial Colony Populations Counted
Dilution (mL)| Blank " TTAs0 PG00 PGigg0 & TTAgs0
0.01]  >300 | >300 >300 >300
000l 52 [ 125 161 193
0.0001 15 || 32 14 111
0.00001 1 | 1 3 6
Table 1-2

Averaged Microbial Colony Population Counts (48 hr point) from Interaction with Respirometry

Soil (Run-3), Chemical Concentrations of Propylene Glycol (1,000 mg/kg)

and Tolyltriazole (500 mg/kg)

Microbial Colony Populations Counted __JI

Dilution (mL)| Blank | TTAso | PGiooo | PGioco & TTAse
0.01] >300 300 >300 >300
0.001] >300 >300 300 >300
0.0001] 110 117 201 231
0.00001] 14 11 27 16

Note: Each MCPC listed (Tables I-1 and Table I-2) used three replicates, counted three times and averaged.

I-1



Appendix J: Agar Well Diffusion Test Results

Figure J-1
AWDT Visual Results (November 01, 1998)

Note: The white spots/areas represent uncolonized nutrient agar. There were no signs of inhibition on microbial
colony growth around the well area.
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Figure J-2
AWDT Visual Results (November 29, 1998)

Note: The white spots/areas represent uncolonized nutrient agar. There were no signs of inhibition on microbial
colony growth around the well area.
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Appendix K: Theoretical Oxygen Demand Calculations

Theoretical oxygen demand (ThOD) calculations were generated from the O, consumption totals
at the 336 hr and 468 hr points. Table K-1 summarizes the values.

Table K-1
“Actual” O, Consumption Totals for ThOD Calculations
Vit
Time point]| AVg O, i Std Dev O, [| Blank O, [|(Actual - Blank)
Treatment O, totals || total (uL) | total (uL) [total (uL) Avg (uL) Std Dev (uL)
PG| 336hr | 37678 786 8808 29054 786
ﬁ(}won & TTAy| 468hr 44157 1 1438 T 10523 [ 033633 1 1408 1
PGigoo & TTAs 336hr | 41397 993 8992 32405 993
PGioo & TTAgs0f 336hr | 49516 1898 8808 41862 1898
52776 1716 8624 44152 1716
55491 12100 | 10523
32933 | 2463 ’

Note: PGyop0 & TTA,s was measured at both the 336 hr and 468 hr point to show percent biodegradation was similar
(see Table K-3), using the Actual — Blank (O, consumption totals), thus allowing either time point to be used.

The ThOD equation for individual ADF chemical components; propylene glycol and
tolyltriazole are listed in Tables 2-1 and Table 2-2, respectively. The calculation for converting
milligrams (mg) to microliters (uL) of O, used the Ideal Gas Law. Atmospheric pressure was

- assumed at P = 1.00, and temperature (T) = 25°C from the respirometry runs.

Ideal Gas Law: ||V =Liters (Unkown)]l T=(273+ 25°C) Kelvin n - moles O,
0 =PV/RT L=1x10"uL || R =.082058 L*atm/K*mol || MW O, = 32 gm/mole
Table K-2
“Total” ThOD for Available ADF Chemical Biodegradation on Uncontaminated Soil
Mass of Chemical Available ThOD for PG ThOD for TTA Total ThOD
1.682 mg 02 1.564 mg O2
Treatment PG (mg) TTA (mg) mg PG (uL) mg TTA (uL) (ul)
PG00 50 0 84.10 64266 0 0 64266
PG00 & TTAs 50 1.25 84.10 64266 1.66 1270 65537
PG00 & TTA,s0 50 12.5 84.10 64266 16.63 12704 76971
PG00 & TTAs00 50 25 84.10 64266 33.25 25408 89675
PGigoo & TTAs50 50 37.5 84.10 64266 49.88 38113 102379
PG00 & TTA g0 50 50 84.10 64266 66.50 50817 115083




The percentage of biodegradation was generated from V,./Total ThOD. Table K-3 and Figure
K-1 summarize the results.

Table K-3
Percent Biodegradation from ThOD of Available ADF Chemical
Components on Uncontaminated Soil

Total ThOD Vact % Biodegradation
Average Std Dev Time point
Treatment (uL) (uL) (uL) Average iStd Devf O, totals

PG00 64266 29054 786 45% 12% | 336hr

PGyppo & TTAs 65537 33633 1428 51% 22% || 468 hr
PG & TTAys 65537 32405 993 49% T3% || 3360r | woiter |

PGg0 & TTAsg 76971 41862 1898 54% 25% || 336 hr

PG00 & TTAs00 89675 44152 1716 49% 1.9% | 336hr

PGigoo & TTAzs5ff 102379 44967 2190 44% 2.1% || 468 hr

PG00 & TTAj000 115083 22410 2463 19% 21% || 468 hr

Figure K-1

Percent Biodegradation from ThOD of Available ADF Chemical
Components on Uncontaminated Soil

Percent Biodegradation
N [72]
Q (@}
R R

10% A

PG1000 PG1000 & PG1000 & PG1000& PGI1000 &
TTA25 TTA250 TTAS00 TIA750 TTA1000

Biodegradation rates in terms of mass of soil were calculated for the propylene glycol application
on soil. Shown below is a sample calculation, which used Run-1, bottle/microcosm 16.

K-2



inter :=6-hr
number interval -~ 56
hours exp = inter-56

hours exp = 336 hr

v :=38996
= 8808

V soil_blan

Vact =V~ Vsoil_blank

\'
V.= _Ei -L
1000000

P.=1.atm
t:=25
T =273+ 1)K
R :=0.082058 1™
K-.motl
PV
n.=——
RT

n = 0.0012-mol

soil :=.050 kg
\"
_ hours exp
T€SP rate -~ :
soil
ratio .=4

MW :=76.094._ 8%
mole

. n
mass PG T—— MW
ratio

Time per sampling interval, one sample per 6 hours

Number of intervals under investigation/shown below

Number of hours in the experiment run = 336 hours

Microliters of oxygen consumed in treatment (336 hrs)
Microliters of oxygen (uL) from blank soil averaged (336 hrs)

Adjusting for background oxygen readings from blank soil
(de-ionized H,O on soil)

Conversion of Microliters to Liters

Standard atmospheric pressure (atm)

Temperature of respirometry tests (°C)

Conversion to Kelvin (°K)

Gas Constant (L-atm/deg K-mol)

Ideal Gas Law

The number of moles of oxygen consumed

Weight of ~60% FC soil (kg) in each microcosm

resp 1o = 0.02995 - ™= Respiration Rate (mL/min/kg)
min-kg 60 % FC soil

Number of moles O, required to mineralize 1 mole C3HgO,

Molecular weight of C3HgO, (gm/mole)

mass pg = 23.48 °mg Mass of PG, Consumed (mg)



mass pG_grig = 30.0mg Original mass of PG in solution added to soil

[5 mL of 10,000 PG mg/L = 50 mg PG added to 50 gm sc

mass
percent ¢ := —Pc.}._ 100
mass PG_OI'lg
percent o =46.97 % PG Lost to Biodegradation
SPET e 1= T Specific gravity solution is considered to be 1.00 ml/mg
mg since PG solution is mainly composed of de-ionized wat
mass pySper hc)
hours
— exp
degrade [0 = o
-1 mL . .
degrade .. =33.55kg OEJ PG Biodegradation Rate,knﬂ/d.:ily
g soi

K-4



Appendix L: Statistical Procedures for Determining the Difference of Initial
Biodegradation Rates of Uncontaminated Soil (Phase-one) compared to Acclimated Soil
(Phase-two)

Overview of Statistical Test:
The statistical testing used a two-sided t-test to identify the biodegradation rates difference due to
ADF components application on acclimatized microorganism/soil vs uncontaminated
microorganism/soil. The statistical test used significance level of o0 = 0.05.
H,: There was no difference between initial biodegradation rates from PGyog treatment of
uncontaminated compared to acclimated soil
H,: There was a difference between initial biodegradation rates from PGy treatment of
uncontaminated compared to acclimated soil

Data and Calculations Performed prior to Statistical Test:
The biodegradation rates were calculated from equations used in Appendix K for the total time

of 24 hrs. Run-1, Run-2, and Run-3 data was used to represent the uncontaminated soil
inoculated with PGjggo used (15 replicates). Run-6 data was used to represent the PGiooo on
acclimated PGy soil (5 replicates).

Note: The two soil types used blank tests (de-ionized water applied to the soil type) to measure
any unusual respiration activity. The difference of the propylene glycol treatment minus the
average blank (de-ionized H,0) treatment was the O total used for initial biodegradation rate.
The calculations in Appendix K were used to generate the biodegradation rates per mass of soil.

Data:
Table L-1
Cumulative O, Consumption (336 hr point) Data for PG Treatment
on Acclimated and Uncontaminated Soil
O, Totals (24 hr point) Biodegradation Rates
(uL (mL/day/kg soil)
Run-1&2&3 Run-6 Run-6 Run-6
PG1000 De-ionized Hgo PG00 De-ionized H,O PGiooo PG1000
on on on on on on
Run  Uncontaminated | Uncontaminated]l Acclimated Acclimated -> || Run Uncontaminated! Acclimated

1 7525 1401 9741 1045 Calc 1 95.28 129.76

1 8190 1401 11199 1045 1 105.63 152.45

1 7183 1401 11532 1045 1 89.96 157.63

1 7468 1401 11452 1045 1 94.39 156.38

1 8111 1401 10903 1045 1 104.40 147.84
2 7583 1401 2 96.18
2 8483 1401 2 110.19
2 8220 1401 2 106.09
2 8518 1401 2 110.73
2 8316 1401 2 107.58
3 9438 1401 3 125.05
3 8939 1401 3 117.28
3 9214 1401 3 121.56
3 8870 1401 3 116.21
3 8508 1401 3 110.58




Wilk-Shapiro/Rankit Plot
STATISTIX® 4.0 software was used to test the distributions of each population. The test was

performed to demonstrate the approximate normality of the data. Figures L-1 and Figure L-2
plots the normality for unacclimated soil and acclimated soil, respectively.

Figure L-1
Wilk-Shapiro/Rankit Plot of Initial Biodegradation Rates (24 hr point)
from PG Interaction with Uncontaminated Soil

‘Wilk-Shapiro / Rankit Plot of UNCONTAM
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Figure L-2
Wilk-Shapiro/Rankit Plot of Initial Biodegradation Rates (24 hr point)
from PGy g Interaction with Acclimated Soil (PGygoo)
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Statistical Test:

The distribution of the initial biodegradation rates was approximately normal in both figures.
Thus, the t-test can be performed. The averaged initial biodegradation rates for the PGygoo on
uncontaminated soil was set as the standard mean. The mean of the initial biodegradation rates
for PGjgoo on acclimated soil (PGyggo) was compared to the standard mean.

Tests Statistic Value (t*):

t = Xpar -_#g (Devore, 291)
(s/n”?)

Xpar = Mean of acclimated soil results (bio-rate)

U, = Mean of uncontaminated soil results (bio-rate)
s = Standard deviation of acclimated soil results
n = Number of replicates

T- Critical Value (t..):

T-critical (t;,) was determined for a two-tailed test since the effects on biodegradation rates may

be enhanced or inhibited as the alternate hypothesis. The ultimate decision of biodegradation, no
effect, or inhibition was made by comparing the t-statistic to the t-critical.

=t =+ 2.447 (Value from Table A.5, Devore, 707)

tcrit o/2,n-1
o =0.05
n =5 (replicates)

Rejection Region:

t o SR>t If the t* value falls between the t. values, do not reject H,
2.447< t* >2.447 (Devore, 318)
Summarization of Results:
Table L-2
Statistical Test of Acclimated versus Uncontaminated Soil Initial Biodegradation Rates
Averaged Average Std Dev Replicates t-critical
(Uncontaminated)|| (Acclimated) || (Acclimated)|| (Acclimated) || t-value value
Uy Xbar S n t* tcm Reject Ho
107.41 148.81 11.3149565 5 27.52337|| 2.776 Yes

The null hypothesis was rejected. The conclusion was a significant increase in the initial
biodegradation rates when PG was applied on acclimated soil (with PGygoo) compared to the
biodegradation rates from PGggo application on uncontaminated soil.




Appendix M: Statistical Procedures for Testing the Quality/Repeatability
of Data from Laboratory/Respirometry Runs

Overview of Test

The statistical analysis used a one-way ANOVA for testing the quality of laboratory procedure
and the respirometry measurements through identical treatments used in the respirometry runs.
The means of O, consumption totals, at the specific time point of 288 hrs, was used to perform
the ANOVA comparisons.

There were two types of soil treatments evaluated (separately) with the statistical analysis.
1. Blank/De-ionized water on soil was performed in Run-1, Run-2, and Run-3 was used
to measure the respirometers measurement quality.
e A total of three (or more) microcosms/samples were available in each run
2. PGippo application on soil was performed in Run-1 through Run-5 was used to
measure the laboratory procedures/technique quality.
e A total of three (or more) microcosm/samples were available in each run

The statistical test used a significance level of o = 0.05
H,: There was no difference between respirometry data sets using the same
respirometer/laboratory procedures

H,: There was a difference between (one or all) respirometry data sets using the same
respirometer/laboratory procedures

Ho=l =t =3 =g =Us
Ho=W #Mi.s

Data: Means of Cumlative O, (L) frqm Each Experimetal Run

Table M-1
Cumulative O, Consumption (288 hr point) Data for De-ionized
H,0 and PGyggo Treatments on Uncontaminated Soil

De-ionized H,O on Uncontaminated Soil Average 1 Std Dev
(t Run-1 8259 8587 7947 8264 320
ft Run-2}] 7741 8526 7877 8048 420
il Run-3ff 7681 8394 7569 7881 448
PGygg0 on Uncontaminated Soil Average Std Dev
Run-1j] 37907 37092 36117 37865 38773 37551 998
Run-2}| 43787 43530 46398 46142 44508 44873 1328
Run-3|] 36319 35220 35318 36193 35963 35803 505
Run-4f| 36455 37469 36587 36837 551
Run-5|] 35282 38451 38062 37265 1729




Test Statitic:
The test statistic is Fgy1,v2 = Ferit (Devore 709)

De-jonized H,0 on soil || PG00 0N S0il
Treatments number (J) 3 If 5
Sample size (Df 3 It 5
Formula degree freedom
vi=1-1|| 2 I 4
v2 =I(J-1)| 6 | 20
Info/formula above = F /| 5.14 2.87
Decsion Rule: _
If f* > Foviv2 then reject the null hypothesis, else do not reject, or
If P-value < o then reject the null hypothesis, else do not reject

Formula f* = MSEr/MSE

The computation of f* and relevant statistical testing data were performed with the ST ATISTIX®
4.1 software. The results are shown below for the two different types of soil treatments (de-
ionized H,O or PGigoo).

STATISTIX® Results for De-ionized H,0 on Uncontaminated soil
Outliers were checked on the data sets using a Box and Whisker plot as shown in Figure M-1.

Figure M-1
Box-Whiskers Plot of O, totals for De-ionized H,O on Uncontaminated Soil
(288 hr point)

Box and Whisker Plot
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RUN

Note: No outliers were apparent in any of the respirometry runs (data sets).




The one-way ANOVA produced the residuals for the three different respirometry runs. The
residuals were plotted using a Wilk-Shapiro/Rankit plot as shown in Figure M-2.

Figure M-2
Wilk-Shapiro/Rankit Plot of Residuals for De-ionized H,O on Uncontaminated Soil
(288 hr point)
Wilk-Shapiro / Rankit Plot of RESIDS
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The residuals show aptness (R = 0.853), thus statistical testing was continued with the one-way
ANOVA results, as shown in Table M-2.

Table M-2
One-way ANOV A results for De-ionized H>O on Uncontaminated Soil
(288 hr point)
ONE-WAY AOV FOR 02 BY RUN
SOURCE DF SS MS F P
BETWEEN 2 221267 110633 0.69 0.5359
WITHIN 6 957329 159555
TOTAL 8 1178596
BARTLETT'S TEST OF CHI-SQ DF p
EQUAL VARIANCES 0.19 2 0.9079
CASES INCLUDED 9 MISSING CASES 0

The decision rules were applied:
F-test: f* < Ferie 0.690 < 5.14, therefore do not reject the null

P value: P>a 0.534 > 0.05, therefore do not reject the null



A Tukey-pairwise comparison was initiated to compliment the one-way ANOVA results, as
shown in Table M-3.

Table M-3
Tukey-pairwise of O, Total Means for De-ionized H,O on Uncontaminated Soil
(288 hr point)
HOMOGENEOUS
RUN MEAN GROUPS

1 8264 I

8048 I

3 7881 I

THERE ARE SIGNIFICANT PAIRWISE DIFFERENCES
AMONG THE MEANS.

CRITICAL Q VALUE 4.469 REJECTION LEVEL 0.050

STANDARD ERRORS AND CRITICAL VALUES OF DIFFERENCES
VARY BETWEEN COMPARISONS BECAUSE OF UNEQUAL
SAMPLE SIZES.

STATISTIX® Results for PG990 on Uncontaminated Soil
Outliers were checked on the data sets using a Box and Whisker plot as shown in Figure M-3.

Figure M-3
Box and Whisker Plot of O, totals for PGjog0 on Uncontaminated Soil
(288 hr point)

Box and Whisker Plot
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Note: No outliers were apparent in any of the respirometry runs (data sets).
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The one-way ANOVA produced the residuals for the five different respirometry runs. The
residuals were plotted using a Wilk-Shapiro/Rankit plot as shown in Figure M-4.

Figure M-4
Wilk-Shapiro/Rankit Plot of Residuals for PGy on Uncontaminated Soil
(288 hr point)
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The residuals show aptness (R = 0.976), thus statistical testing was continued with the one-way
ANOVA results, as shown in Table M-4.

Table M-4
One-way ANOVA Results for PG;go on Uncontaminated Soil
(288 hr point)
ONE-WAY AOV FOR O2 BY RUN
SOURCE DF SS MS F P
BETWEEN 4 2.557E+08 6.392E+07 54.87 0.0000
WITHIN 16 1.864E+07 1164933
TOTAL 20 2.743E+08
BARTLETT'S TEST OF CHI-SQ DF P
EQUAL VARIANCES 5.13 4 0.2742
CASES INCLUDED 21 MISSING CASES 0

The decision rules were applied:
F-test: * > Foe 54.87 > 2.87, therefore reject the null

P value: P<a 0.00 < 0.05, therefore reject the null

M-5




A Tukey-pairwise comparison was initiated to determine which respirometry run means were not
homogeneous, as shown in Table M-5.

Table M-5
Tukey-pairwise of O, Total Means for PG1gp0 on Uncontaminated Soil
(288 hr point)
HOMOGENEOUS
RUN MEAN GROUPS

2 44873 I
1 37551 I
5 37265 I
4 36837 I
3 35803 I

THERE ARE 2 GROUPS IN WHICH THE MEANS ARE
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALUE 4.469 REJECTION LEVEL 0.050
STANDARD ERRORS AND CRITICAL VALUES OF DIFFERENCES
VARY BETWEEN COMPARISONS BECAUSE OF UNEQUAL
SAMPLE SIZES. ‘

The results in Table M-2 and Table M-3 showed consistency from the respirometer, since the
background soil treated with de-ionized water had mean O, consumption total that were
consistent. The results of Table M-4 and Table M-5 revealed a significant difference in Run-2
compared to the other respirometry runs. This required Run-2 to be re-accomplishment.

New Data: Means of Cumlative O, (L) from Each Experimetal Run
Run-2 was re-accomplished and then replaced the old Run-2 data. The new data set is listed in
Table M-6.

Table M-6
Cumulative O, Consumption Totals (288 hr point)
(Run-2, re-accomplished and included)

PG00 0N Uncontaminated Soil Average ! Std Dev
Run-1f| 37907 37092 36117 37865 38773 37551 998
New Run-2f| 34871 36791 35905 36823 36634 36205 834
Run-3|| 36319 35220 35318 36193 35963 35803 505
Run-4| 36455 37469 36587 36837 551
Run-5|| 35282 38451 38062 37265 1729

M-6




STATISTIX® Results for PG990 0n Uncontaminated Soil (288 hr point)
Outliers were checked on the data sets using a Box and Whisker plot as shown in Figure M-5.

Figure M-5
Box and Whisker Plot of O, totals for PGyggo on Uncontaminated Soil
(288 hr point)
Box and Whisker Plot
38100 4 |
8

RUN
Note: No outliers were apparent in any of the respirometry runs (data sets).

The one-way ANOVA produced the residuals for the five different respirometry runs. The
residuals were plotted using a Wilk-Shapiro/Rankit plot as shown in Figure M-6.

Figure M-6
Wilk-Shapiro/Rankit Plot of Residuals for PG00 on Uncontaminated Soil
(288 hr point)
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The residuals show aptness (R = 0.936), thus statistical testing was continued with the one-way
ANOVA results, as shown in Table M-7.

M-7




Table M-7
One-way ANOVA Results for PGjgo on Uncontaminated Soil
(288 hr point)

ONE-WAY AOV FOR O2 BY RUN

SOURCE DF SS MS F P
BETWEEN 4 9868719 2467180 275  0.0649
WITHIN 16 1.437E+07 897849

TOTAL 20 2.423E+07

BARTLETT'S TEST OF CHI-SQ DF P

EQUAL VARIANCES 4.74 4 0.3147

CASES INCLUDED 21 MISSING CASES 0

The decision rules were applied:
F-test: * > Feit 2.75 < 2.87, therefore do not reject the null
P value: P <a 065 > 0.05, therefore do not reject the null

A Tukey-pairwise comparison was produced (Table M-8) to confirm the one-way ANOVA
results.

Table M-8
Tukey-pairwise of O, Total Means for PGjgpo on Uncontaminated Soil
O, Totals from Respirometry Runs (288 hr point)
(Run-2, re-accomplished and included)

HOMOGENEOUS
RUN MEAN GROUPS
1 37551 I
5 37265 I
4 36837 I
2 36205 I
3 35803 I

THERE ARE NO SIGNIFICANT PAIRWISE DIFFERENCES
AMONG THE MEANS.

The results of Table M-8 revealed that the respirometry runs were now homogenous.
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