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Abstract

The clean up of soils contaminated with cutting fluids is associated with several
challenges, especially of analytical methodologies and data interpretation. Treatment
technology and site remediation progress will lean heavily on analytical techniques
that are accurate, reproducible and of real time value. Most of the existing analytical
techniques for petroleum hydrocarbons especially cutting fluids are different for
different group of hydrocarbons, moreover they are expensive and time consuming.
This study focuses on the development of methodology for the in-situ analysis of
cutting fluids. The project was initiated and financed by Volvo Technical
Development AB, Sweden which has shown their interest in the determination of
cutting fluids in contaminated soils. Analytical techniques adopted for the project
were; (1) photoionization detector, a screening technique for a wide range of volatile
hydrocarbons; (2) Immunoassay, an efficient method to detect aromatic hydrocarbons;
and (3) PetroFlag, a system for analysis of a wide range of all hydrocarbons especially
heavy oils. The results of only one method could be used to decide the concentration
levels of petroleum hydrocarbons, however combination of more than one technique
for example PID and PetroFlag give a good idea of the concentration levels for a wide
range of hydrocarbons. All of these analytical approaches are reliable, economical,
and give real time values of the concentration levels in the field.

A part of the study was to investigate the mobility of soluble cutting fluids in
saturated as well as in unsaturated soils. Cutting fluids containing a base of mineral
oil and 30% - 85% water with some polar organic compounds were found to be highly
mobile in the saturated soils. The high mobility of cutting fluids is attributed to the
water-soluble constituents present in the cutting fluids. In the vadose zone oil can
move as dissolved phase, non — aqueous phase liquid (NAPL), and gaseous phase.
The NAPL stays in the unsaturated zone while the dissolved phase may move to the
saturated zone with the rainfall and groundwater fluctuations. A higher flow rate may
allow greater momentum to be transferred from the leaching water to the oil in the
pore fluid, thereby providing more kinetic energy to reduce the interfacial between oil
and water and hence poses a threat to the surrounding environment in the form of
surface and groundwater contamination.

The environmental soil investigations were also performed at an old industrial site in
Sweden to illustrate field analytical approaches for the characterization of complex
petroleum hydrocarbon contaminants. Comparison of the field results and Swedish
guideline values show higher concentration levels of aliphatic hydrocarbons at two
locations of the site.
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Introduction

Recent discovery of contaminated land in many industrialized countries has resulted
in major environmental concern with substantial social and financial implications.
The uncontrolled disposal of complex hydrocarbons to the soil phase of the
environment has resulted in the accumulation of oil constituents beyond the
assimilative capacity of receiving soils (Hrudey et al, 1993). Contaminated soil has
been actualized by new legislations and incidents at some sites as well as in
connection to purchase of new production units. It is important to know the impact of
human activities on surface and groundwater. The evaluation of potential risks to
human health and environment that result from these releases, and the allocation of
resources for the site remediation decision, relies increasingly on the results of
assessment and characterization of the sites. These figures are valuable if there will be
leaching of oil to soil. It is also important to develop functional methods of sampling
and analysis ready to use when necessary.

Soil contaminated with petroleum hydrocarbon products as cutting fluids, poses a
significant challenge for characterization and remediation programs that require rapid,
accurate and comprehensive data in the field or laboratory. Oil based cutting fluids
contain complex matrix of polar and non-polar petroleum hydrocarbons with a diverse
range of physiochemical and toxicological properties. Organic contaminants in soil
vary greatly in both space and time, and this variation depends on a host of factors
specific to those particular sites of interest, including the nature of the soil, the
behavior of the pollutants, its transport mechanism and the climates (Monge A.,
1998). A proper knowledge of the various mechanisms of interaction between PHCs
and soil surface is important in assessing the level of concentration and predicting
their movement. Ongoing studies of organic compounds contaminated sites have
highlighted that different types of organic compounds require different strategies for
measuring and assessment in field and at chemical laboratories. Most of the existing
analytical techniques, available give good results for the non-polar constituents of the
cutting fluids, but analysis of the water soluble polar compounds is still a challenge
for the environmental assessment of cutting fluids, especially in the field. Existing
analytical techniques necessary for detailed account of contaminant’s mass balance
calculation are expensive and time consuming (Pollard et al., 1994). However
calculations of mass balance of specific compounds of organic contaminants present
in the soil media is beyond the scope of this project.

Cutting fluids require disposal once their efficiency is lost due to contamination and
degradation, and waste management and disposal are major problems concerning
environmental liability. The primary concern for this study is the significant negative
effects in soils associated with use and waste disposal of cutting fluids. Back in the
1960s, people did not realize how dangerous spent cutting fluids could be, and
therefore any treatment before disposal was not performed. In the present days, fluid
disposal costs frequently exceed the cost of buying new fluids, when dilution factors
are taking into account. In addition, water-soluble organic materials that do not
respond well to either chemical or mechanical recycling techniques are often
components of chemical and semi-chemical fluids. These materials ultimately can be
a threat to the surrounding environment in the shape of soil and groundwater
contamination (web ref. 1).



This study is performed in partial fulfillment of the requirements of international
masters program “Applied Environmental Measurement Techniques”. The project has
been initiated and financed by the department of Environment and Chemistry at
Volvo Technical development AB, the study is focuses on the evaluation of
economical analytical methodologies; for the in-situ determination of petroleum
hydrocarbons products, especially cutting fluids. These field analytical methods
should allow a rapid assessment of soils and can be used to direct further sampling
and analysis to save time and resources. As a part of the study, an environmental soil
investigation has been performed at an old industrial site located in Sweden.

The objectives of the project are to:

1. Introduce of a test and monitoring program for the field analysis, including
screening techniques, as well as analytical methods that are accurate, reproducible and
of real time value for cutting fluids.

2. To understand the movement of cutting fluid in soil media under saturated as well
as unsaturated conditions.

3. Analysis of organic contaminants in soils at an old industrial area in Sweden, to
illustrate field analytical approaches for the characterization of complex contaminants
as cutting fluids.

Background Information

1.Cutting fluids

Cutting fluids are product of petroleum hydrocarbons, and play a significant role in
machining operations and impact shop productivity, tool life and quality of work.
They are widely utilized to optimize the process of machining operations such as
turning, drilling, tapping, spot facing, fly cutting, seat forming, engraving, broaching,
boring, grinding, milling and many other type operations. Cutting fluids are very
efficient for rust retardancy; also they reduce friction at the tool chip interface for
minimizing the heat (web ref. 1). The primary function of cutting fluid is temperature
control through cooling and lubrication A cutting fluid's effectiveness depends on
factors such as the method used to apply the cutting fluid, temperatures encountered,
cutting speed, and type of machining process. The role of a cutting fluid as a coolant
or lubricant is very sensitive to the cutting speed. For example, in high-speed cutting
operations such as turning and milling where the tool-work interface is small, the
cooling characteristic of a coolant is extremely important. Conversely, in low-speed
cutting operations such as broaching, threading, and tapping, lubricity is more
important since it tends to reduce the formation of a built-up edge (BUE) and
improves surface finish (web ref. 2).

1.1 Main types of cutting fluids

The main types of cutting fluids fall into two categories based on their oil content
1. Oil-based fluids - including straight oils and soluble oils
2. Chemical fluids - including synthetics and semi synthetics

Straight oils are non-emulsifiable and are used in machining operations in an
undiluted form. They are composed of a base mineral or petroleum oil and often
contains polar lubricants such as fats, vegetable oils and esters as well as extreme



pressure additives such as chlorine, sulphur and phosphorus. Straight oils provide the
best lubrication and the poorest cooling characteristics among cutting fluids.

Soluble oils (also called mixture fluid) are composed of a base of petroleum or
mineral oil combined with emulsifiers and blending agents. The concentration of
listed components in their water mixture is usually between 30-85%. Usually the
soaps, wetting agents, and couplers are used as emulsifiers, and their basic role is to
reduce the surface tension. They provide good lubrication and heat transfer
performance. They are widely used in industry and are the least expensive among all
cutting fluids.

Synthetic fluids contain no petroleum or mineral oil base and are instead formulated
from alkaline inorganic and organic compounds along with additives for corrosion
inhibition. They are generally used in a diluted form (usual concentration = 3 to 10%).
Synthetic fluids often provide the best cooling performance among all cutting fluids.

Semisynthetics fluids (also called semi chemical) contain a lower amount of refined
base oil (5-30%) in the concentrate. They are additionally mixed with emulsifiers, as
well as 30-50% of water. Since they include both constituents of synthetic and soluble
oils, characteristics properties common to both synthetics and water-soluble oils are
presented.

1.2 Common additives used in cutting fluids

Fatty oil. (Metal wetting agent) This additive adds lubricity and makes oil “wetter”
thereby lubricating and cooling the metal better than oil without this additive. This
allows better, cleaner cuts and promotes longer tool life.

Sulfur. This additive performs an anti-wear function in cutting oils by forming a
chemical bond between the cutting tool and work piece, thereby keeping the tool from
coming in direct contact with the metal being cut. There are two types of sulfur
additives, active and inactive. The inactive compound is used for cutting mild (low-
carbon) steels and will not stain these softer materials. The active sulfur forms a
stronger bond than the inactive but will stain soft metals. So, oil containing active
sulfur is recommended for cutting and broaching the harder varieties of steel only.
The object of this chemical bond is to promote longer tool life and to keep the tool
from welding itself to the work piece under the severe temperatures created in many
metal cutting operations

Synthetic metal wetting agent. This additive performs the same function as the fatty
oil wetting agent; however, it has two distinct advantages. It will not turn rancid with
age and it leaves the metal coated with a rust and corrosion inhibitor

Chlorine. This additive works in the same fashion as the sulfur additive and tends to
complement the sulfur by strengthening the chemical bond (film) around the tool
Chlorine tends to be liberated to the atmosphere at elevated temperature; therefore
chlorine additives are not particularly useful for extremely high temperature
applications (web ref. 3).
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1.4 Cutting fluid used in the project

The cutting fluid used in this project to spike the soil for the laboratory experiments is
a product of Castrol, and the sample was provided by Volvo technology AB. The fluid
is soluble in nature and used as emulsion with 30 — 85 % water content. It contains
petroleum based mineral oil as a major constituent and some other more polar and
water soluble hydrocarbons as shown in the Table 1.

Table 1 Compounds present in the cutting fluid

Chemical Name Formula %
Mineral oil NIL (definition) 30
Poly(oxy-1,2- o 1-5
ethanediyl), -(92)-9- . n__
octadecenyl- i
hydroxy-, phosphate of
HO‘%CZz'CJz'O{|‘ (C2)g"CH-CH (C;)7™ Me
n
N,N'- o 1-5
methylenebismorph ( j
oline
N
|
CH 2
I
C.
o
Ethanol, 2,2'2"- _ _ 1-5
nitrilotris CHp™ CHp™ OH
HO— CH2— CH2— N—CH2— CH2— OH
2-Aminoethanol 1-5
HoN—CH2—CH2—OH
Poly(oxy-1,2- - 1-5
ethanediyl), -(92)-9- L
octadecenyl- HO CE2—CE2~ O (Cl2)g~ CH—CH™ (Ck2) 7~ Me
hydroxy -n
Ethane-1,2-diol 1-5

HO —CH 2 —CH 2— OH

Mineral oil is a complex petroleum product; it has no specific formula and the precise
definition according to the FEuropean community legislation is “a complex
combination of hydrocarbons obtained by treating a petroleum fraction with hydrogen

in the presence of a catalyst.

It consists of hydrocarbons having carbon numbers

predominantly in the range of C20 through C50 and produces a finished oil of at least

1

1




100 SUS at 100°F (19c¢St at 40°C). It contains relatively few normal paraffins.
(TSCA)

2. Soil vadose zone

The geological profile of soil extending from ground surface to the upper surface of
the principal water-bearing formation is called the vadose zone. The term “vadose
zone” is preferable to the often-used term ‘“unsaturated zone”, because saturated
regions are frequently present in some vadose zones. The term “zone of aeration” is
also often used synonymously (holden P., et al, 2001). Generally the soil profile in the
vadose zone is divided into horizons A, B, and C. these major horizons are further
subdivided into sub horizons. A horizon starts from the surface, it contains large
amount of humus material with vegetation roots and the color of this horizon is
relatively darker than the horizons below. Thickness of A horizon varies form few cm
to 1, 5 m. Below the A-horizon the relatively un weathered light color soil with platy
or columnar structure is designated as B-horizon. It is rich in calcium and iron,
secretion from upper layer. Thickness of B-horizon range from few cm to several
meters. After B-horizon unconsolidated material of parent rock is present with least
effects of weathering, called as C-horizon.

5ol mone

Intermediate
VADOSE ZONE

C arallars finze

HYDROGRAPH

=4 GROUNDWATER ZONE

40

S0
YEAR

i

Figure 1 Schematic diagram of vertical profile of soil vadose zone (Pollard et al 1994)

The vadose zone is subdivided into three regions designated as: the soil zone, the
intermediate vadose zone, and the capillary fringe. The surface soil zone is generally
recognized as that region that manifests the effects of weathering of native geological
material. The movement of water and chemical flow in the soil zone occurs mainly as
unsaturated flow caused by in-filtration, percolation, redistribution, and evaporation.

Water in the intermediate vadose zone may exist primarily in the unsaturated state,
and in regions receiving little inflow from above, flow velocities may be negligible.
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Perched groundwater, however, may develop in the interracial deposits of regions
containing varying textures. Such perching layers may be hydraulically connected to
small stream channels so that, respectively, temporary or permanent perched water
tables may develop. Alternatively, saturated conditions may develop as a result of
deep percolation of water from the soil zone during prolonged surface application.

The base of the vadose zone, the capillary fringe, merges with underlying saturated
deposits of the principal water-bearing formation. This zone is characterized by the
nature of geological materials and by the presence of water under conditions of
saturation or near saturation. (Bendient. 1994)

The capillary rise varies inversely with the pore size of the soil and directly with the
surface tension. In general, the thickness of the capillary fringe is greater in fine
materials than in coarse deposits.

Vadose zone plays an important role in the fate and movement of the organic
contaminants. Most of the physiochemical processes like; adsorption, absorption,
advection, dispersion and diffusion take place in the vadose zone. Nature of the
gravity drainage of both water and non aqueous phase liquids in the saturated and
unsaturated condition is different. As water and oil are immiscible, the movement of
oil from pore spaces is difficult if they are already filled with water. However the
fluctuations of groundwater and different pore sizes have significant affects on this
movement. A prolonged draughty period can result in dropping water table while a
rainy season can result in the increase of water table. Similarly drainage of the
contaminant from the large pore size is easier than the smaller sizes pores. The
sources and transport mechanism of organic contaminants is discussed in further
sections.

2.1 Sources of soil pollution

The term soil contamination can have different connotations because anthropogenic
sources of contaminants have affected virtually every natural ecosystem in the world;
a commonly held view is that contamination occurs when the soil composition
deviates from the non-contaminated composition (Monge A. 1998).

The pollution problem started in the industrial sector in 1800s in Germany. In the
1900s the variety of chemicals wastes increased drastically from the production of
steel and iron, lead batteries, petroleum refining and automobile industries. The World
War II era unshared in massive production of wartime products that required use of
organic compounds for example polychlorinated solvents, polymers, plastic, paints
and wood preservatives without having knowledge of their environmental
consequences that resulted in severe accidents later.

Now—a-days, large quantities of organic compounds are being manufactured by
industry, government agencies, agriculture and municipalities. These organic
compounds have created a great potential for soil as well as groundwater
contamination. The organic compounds released in the soil can be divided into
categories: fuels and derivates (BTEX), PAHs, alcohols and ketones; halogenated
aliphatics(trichloroethylene), halogenated aromatics and polychlorinated biphenyls
(Bedient B. et al, 1999).

United States EPA has reported more than 30 potential sources of organic
contaminants in the soil. Major sources of pollution spilled during the last decades,
can be categorized into the following groups.

Underground storage tanks
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Figure 2 Contamination of soil as well as groundwater by different sources

Atmospheric deposition
Surface water and sediments
Landfill nearby

Agricultural waste
Radioactive contamination
Land application and mining
Industrial wastes and Spills

2.1.1 Underground storage tanks

Nearly one out of every four underground storage tanks in the United States may now
be leaching, according to U.S Environmental Protection Agency (Planas, 1996).
These tanks are used by small and large industries, agriculture, governmental agencies
and private homes for storage of products. In general fuels, oils, hazaradous chemicals
and solvent and chemical waste products are stored in below ground tanks.
Underground tanks can leach due to internal or external corrosion of the metal. Leach
can occur through holes in the tank or associated piping and valves. The steel tanks
are being replaced by fiberglass tanks but faulty piping and subsequent leach still
occur. The leaching chemicals contaminate the soil and in case of porous media the
plum reach the water table.

2.1.2 Landfills

Modern landfills are built with elaborate leach prevention system, but most,
particularly the older ones are simply large hole in the ground filled with waste and
covered with dirt. They were designed to reduce the air pollution and unsightly trash
that accompanied open dumping and burning, landfills became the disposal method
for every conceivable type of waste. However, many may poorly designed and are
leaching liquids or leachates, which have contaminated surrounding, soil and shallow
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ground water. Modern landfills have a leachate collection system to control the
migration of contaminants so they can be collected and transported off-site to a
treatment plant. A landfill must have a properly designed and constructed liner to
minimize migration of the pollutants.

2.1.3 Surface water and sediments

Surface impounds are often called pits, ponds, or lagoons. Ranging in size from a few
square feet to several thousand acres, surface impounds serve as disposal or
temporary storage sites for hazardous or non hazardous wastes. They are designed to
accept purely liquid waste, or mixed solid and liquid that separate in the
impoundment. These surface impoundments are commonly used by municipal
wastewater and sewage treatment operations. Water from surface impoundments may
be discharged to streams and lakes. Many surface impoundments are found to leach
and create large contaminated zones in the subsurface. Most industrial sites where
contamination occurred have one or more impoundments located on the site.

2.1.4 Agricultural waste

During the last decades pesticides were identified as a source of pollution in the soil
and groundwater but now it is a major source in several countries. Pesticides have
been widely used for many purposes for example weed control, insecticides,
fungicides, and defoliants. United States EPA has identified 50,000 different
pesticides products composed of 600 active ingredients. They are used in agricultural
fields, golf courses, lawns and gardens, roadsides, parks, home foundations and in
wood products. Fertilizers from agriculture can also provide a major source of
elevated nutrient level in the subsurface. Nitrogen, Potassium and Phosphorous are
three basic fertilizers, Nitrogen is the most mobile in the soil and leach to the ground
water but the phosphorous is not very mobile.

The production of millions of tons of manure by agricultural sources contaminates,
soil and underlying aquifers with Nitrogen, bacteria, viruses, hormones and salts. The
most obvious threat stems from animal feedlots, where dense livestock populations
are confined to small areas. Agricultural sources of contamination to the soil have
been generally ignored under hazardous waste legislation, but as urban sprawl
continues to expand into former agricultural areas, especially in developing countries,
the pesticides and nitrates may become important in the future. (Bedient B. et al,
1999).

2.1.5 Land application and mining

The land application involve spreading waste sludge and wastewater generated by
public treatment works, industrial operations such as papers, pulps and textile mills,
tanneries and canneries, livestock farms, and oil and gas exploration and extraction
operations. Wastewater is applied primarily by a spray irrigation system, while sludge
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from wastewater plant is generally applied to the soil as a fertilizer. Oily wastes from
refining operations have been land formed in soil to broken down microbes. If
properly designed land application recycle nutrients and waters to the soil and aquifer.

2.1.6 Radioactive contamination

Since the World War II the massive production of radioactive isotopes and nuclear
warhead has been accompanied by increasing concern about environmental and health
affects (Bedient B. et al, 1999). The legacy of Cold War has been a nuclear weapons
complex that spreads form one coast to the other, and include some of the most
contaminates sites of the world.

Radionuclides are unstable isotopes of elements, including fission and products of
heavy nuclei such as Uranium and Plutonium and naturally occurring isotopes such as
C-14. Large quantities of radioactive wastes have been produced by the nuclear
weapons industry in the U.S and other countries actively involved in this field. The
potential sources occur in Uranium mining and milling, fuel fabrication, power plant
operation, fuel reprocessing and waste disposal. The health hazards associated with
radioactive leaks from the soil are well known but the risks are difficult to asses at
low levels of exposure.

2.1.7 Accidental spills

Accidental spills are not very common source of soil contamination but whenever it
happens it causes a high concentration of pollutants in the soil. The spills are more
often for organic copmounds during the processing and transportation. The spillage
moves under the transport mechanism or suffer other transformations and can travel in
the unsaturated zone and under the water table as well, and create the risk of the
health of humans, animals, or plants; damage to buildings or structures on the soil;
contamination of ground waters, or surface waters in contact with the contaminated
soil (web ref. 4).
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Figure 3 Transport of soluble oils into the subsurface illustrating the distribution of the NAPL,
the dense vapors, and the dissolved chemical plume (Pollard 1994).

3. Transport of organic contaminants in the soil

Soil and other solids are complex materials that may support a range of transport
mechanism for the organic compounds present in cutting fluids. A proper knowledge
of various mechanisms of interaction between oil, water and soil surface is important
in predicting the transport mechanism and long-term behavior of cutting fluid in the
soil. An individual soil grain is an extraordinarily heterogeneous mixture of minerals
and natural organic matter (Bendient et al 1999). The mineral surfaces are dominated
by polar or ionic functional groups capable of interacting with polar or ionic
contaminants. The natural organic matter is generally hydrophobic material that tends
to exclude water and other highly polar molecules. This fraction of soil occurs
typically where non-polar/hydrophobic molecules associate.

The transport of emulsified cutting fluids (mixture of mineral oil and water with
blending agents) in the vadose zone can be a product of the gravity, hydraulic gradient
of ground water, and capillarity. The capillary transport is due to the suction of the
porous media, the oil is moving under the tension force active above the capillary
zone (Fitter, 1993). Under the capillary forces, within the pore fluid of soil, oil can
exist in three separate phases: dissolved, liquids (non-aqueous phase liquids “NAPL”)
or gaseous. The capillary forces are important in fine soils with low water content.
However, a high amount of water in the soil can be a barrier for the insoluble
products. As the aromatic and aliphatic compounds have lower density than the water,
they will be above the water film as NAPL without any significant penetration into
the saturated zone. The hydrocarbons spills can move horizontally due to capillary
forces and hydraulic gradient. Figure 3 gives a demonstration of the movement of oil
in the vadose zone.
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Non-aqueous phase liquids (NAPLs) are defined as separate phase product that are
either lighter than water (LNAPL) such as normal gasoline that can float on the water
surface or denser than water (DNAPL) such as chlorinated solvents. Some of them are
volatile and of environmental concern. They frequently enter groundwater systems
after they have been spilled on the surface and pass through the unsaturated zone.
These contaminants flow through the unsaturated zone, a portion of the liquid remains
behind in fingers at residual saturation, in pools of material on small heterogeneities,
or above the capillary fringe (Palmer et el, 1989).

Since the mineral oil consists of large molecules with long chain lengths, it is
expected that the primary mode of interaction in mixture of soil and water through
vadose zone, will be via Ven der Waal’s attraction forces. As the number of contact
points between the oil and soil particle surface increase, in addition to the Ven der
Waal’s interactions, significant binding interactions of alkyl groups (oil) with surface
oxygen or hydroxyls (soil or water) and exchangeable cations will also occur. A
schematic picture of the interactive mechanisms involved is shown in the fig 4.
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3.1 Physiochemical processes controlling the Transport
Pathways

The hydrocarbons that remain in the unsaturated zone are an important source of
contamination because they are dissolved by the passing recharge water, and by the
passing ground water as the water table rises. Such sources of contamination can last
for many years and contaminate large volumes of groundwater. On the other hand the
water soluble component of the contaminant are washed out readily and reach the
groundwater if the strata is permeable enough. This phenomenon is called advection.
However, in addition to this pathway, contaminants can also be transported through
diffusion and dispersion, adsorption, biodegrading, chemical reaction and
volatilization. These transport pathways may spread the contaminants over much
broader areas. To get the idea of the transport of dissolved contaminants and the
design of optimal remediation schemes, require knowledge of the physiochemical
processes that control transport pathways.

Some major physiochemical processes are given below:
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3.1.1 Advection

Advection represents the movement of a contaminant with the flowing ground water
according to the seepage velocity in the pore space. It is defined as

v, = _kdh [3-1]

} n dl
It is important to realize that the seepage velocity is equal to the average linear
velocity of the contaminant in the porous media, and is the correct velocity for use in
governing solute transport scenario. The average linear velocity vy is equal to the
Darcy’s velocity divided by effective porosity, n, associated with the pore spaces
through which water can actually flow. This velocity is less than the microscopic
velocities of water molecules moving through individual flow paths. So the one-
dimensional mass flux due to advection is equal to the product of flow and
concentration of solute in the soil media (Bendient. et al, 1999).

3.1.2 Diffusion and dispersion

Diffusion is a micro-scale process, which cause spreading due to concentration
gradient. Diffusive transport can occur in the absence of velocity, and is important
where the relatively impermeable soil is present on the surface for example clay or
silty clay. Mass transport in the soil due to diffusion in 1-D can be described by Fick’s
first law of diffusion.

ac
Oox

f.=D, [3-2]

where f is mass flux (M/L*/T)
Dqis diffusion coefficient (Lz/T)

Figure 5 Movement of contaminant showing movement under diffusion and dispersion

mechanism. (pollard et al, 1994)

Dispersion is caused by the heterogenities in the medium that create variation in flow
velocities and flow paths. This variation can occur due to friction with in single pore
channel, due to velocity difference from one channel to another, (figure 5) or due to
variable path lengths. Mass transport due to dispersion can also occur normal to the
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flow. This transverse dispersion is caused by driving flow path in the porous media
that cause mass to spread literally from the main direction of flow.

3.1.3 Sorption

The association of dissolved or gaseous contaminant with a solid material is called
sorption. In the vadose zone the solid of interest are soil particles and typically the
contaminants are in the dissolved phase. The term sorption encompasses two more
specific processes referred to as adsorption and absorption. Adsorption is the
association of contaminant with the surface of solid particle.
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Figure 6 Schematic of soil grain Sorption (Bendient. et al, 1999).

Absorption is the association of contaminant with in the solid particle. Incase case of
hydrocarbons; it is often difficult to distinguish between adsorption and absorption,
since both may occur simultaneously. At least three different situations can be
speculated that can co-exist in soil-oil-water mixture: 1) Oil may adsorb onto the
surface of the soil constituents, 2) oil may form bond which link (aggregate) some of
the soil particles and cause retention of oil in the soil and, 3) oil may exist separately
in the soil pore space. When hydrocarbons are spilled on the soil, nonpolar or
hydrophobic contaminants interact primarily with hydrophobic constituents of the soil
media, while ionic or polar material interact with charged mineral surfaces. In either
case, the extent to which sorption may occur is influenced by the chemical properties
of both sorbent and the sorbate (Figure 6)
Adsorption is described by the adsorption coefficient K4. The ability of a compound
to be absorbed by the soil is characterized by the adsorption coefficient. There are
empirical results indicating that soils with higher content in organic matter than 1%
adsorb some more amount of any contaminant agent. The K4 value can be obtained by
knowing the amount of organic matter present in the soil (Koc) (Canter, 1996)
Koc=(Kd/foc) [3-3]

Kd is the adsorption coefficient and foc is the organic matter present calculated by the
octane-water coefficient (K,y). Kow represents the distribution of of a chemical
between octanol and water in contact with each other at equilibrium conditions:

Kow = Concentration in octanol/ concentration in ageous phase.
Kow has been measured in the laboratory for many chemicals and is readily available
parameter. Measured values of K, for organic chemicals have been found as low as
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107 and as high as 107 (Bendient. et al, 1999). K, values of some hydrocarbons of
concern are given in the Table 2.

The Koc values can be calculated in different ways:
There exists several empirical correlation between Koc and Octane-water
coefficient(K,y). For instance

10 polyaromatic hydrocarbons Log Koc=Log Kyw-0.21 [3-4]

Miscellaneous Organic Koc=0.63 Koy [3-5]

Table 2 Octane-water coefficient (K,,) (Canter, 1996).

Compound Log K, (mean) Log Koy (std)
Alkanes and alkenes
Methane 1,09 No data
Ethane 1,81 No data
Propane 1,13 No data
Pentane 3,39
Aromatics
Benzene 2,01 0,45
Naphthalene 3,32 0,35

Taken into consideration the contaminants solubility in water according to the
following relation:
Log Koc= 0.44-LogS [3-6]
S is the contaminant’s solubility in water.
The partition coefficient (K4) can be defined by following equation.

kd = m [3-7]
[
A is the concentration of contaminant in either phase

There are also other chemical mechanisms responsible of the adsorption process, such
as Van der Waal’s interactions, hydrophobic binds, hydrogen bond, charge
transference or ionic exchange.

3.1.4 Biotransformation and biodegradation

It is a complete conversion of a contaminant to mineralized end product (i.e., CO,,
H,O0 and salts) through metabolism by living organism. In soil the organism that carry
this process are bacteria indigenous to the system. In some cases, metabolic activity
change the chemical form of the contaminant but does not result in the mineralization.
The metabolism of soil and groundwater contaminants is an extremely important end
process since it has the potential to impact the fate of all organic contaminants, and is
a process that has the potential to yield nonhazardous products. It is a complicated
process due to the diversity of bacteria that may be involved, and range of metabolic
processes that can be expressed. Studies have shown total petroleum hydrocarbons
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(TPH) in different oily soils showed that 90% of the alkanes and monocyclic saturates
and 50-70% of aromatic compounds (<Cai4) were degraded (Mohamed, et al, 1992)

3.1.5 Volatilization

Near a spill of organic contaminant especially hydrocarbons, a four-phase system
exists. The phases include (1) the aquifer matrix, (2) the residual soil water, (3) the
NAPL, and (4) the air-filled pore space (Figure 4-3). A volatile NAPL partitions from
the NAPL phase into the gas phase where it then can be transported to other portions
of the unsaturated zone. The vapor pressure of a particular contaminant, Pk, in the gas
phase can be calculated from Raoult’s Law:

Pk= XkPOK [3-8]
Where xi is the mole fraction of component k in the NAPL and Pok is the vapor
pressure above the pure component. For example, if the NAPL is gasoline, the partial
pressure on benzene, one of the many components of gasoline, is the mole fraction of
benzene in the gasoline times the ideal vapor pressure above pure benzene. The
concentration of the gas in the soil atmosphere can be calculated from the ideal gas
law:

(n/V)=P/(RT) [3-9]
Where n is the number of mole of component k, V is the volume of gas, T is the
kelvin temperature, and R is the gas constant.

3.1.6 Gas-phase transport

The movement of the contaminants in the gas phase of the unsaturated zone can be
described by performing a mass balance on a volume of aquifer:

2
° f—vé‘—czé‘—CiR)ﬁV [3-10]
ox o o
Where v is the groundwater velocity (L/T), D is the dispersion coefficient (L2/T), C is
the concentration of the dissolved constituent (M/L3), t is time, and RXN represents a
general chemical reaction term or the retardation factor which depend on the bulk
mass density, porosity and partition coefficient (K4). The first term in equation 3-9
describes the net advective flux of the contaminant in and out of a volume of the
aquifer; the second term describes the net dispersive flux of the contaminant. The first
term on the right-hand side of the equation describes the change in concentration of
the contaminant in the water contained within the volume of aquifer, the second term
on the right-hand side represents the amount of contaminant that may be added or lost
to the groundwater by chemical or biological reaction. If there is no reaction term,
then the equation describes the transport of a conservative, nonreacting tracer such as
chloride or bromide (Palmer et al,1989).

D

3.2 Factors influencing the distribution of organic
contaminants in soil

The contaminant distribution is a function of hydrogeological properties of soil as
well as the initial concentration of the contaminant, contaminant phase, and volatility
of the compound. These parameters are described as permeability coefficient,
Diffusive properties of soil and adsorption by the soil.
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Permeability coefficient

It is related to how easy a liquid can propagate through the soil, it depends on the
shape and size of the pores and adsorptive properties of soil grains. Low permeability
soils are clays and silt having saturated hydraulic conductivity below 10~ cm/s

Diffusive properties of soil

It relates to the movement of a solute in water from higher concentration to low
concentration (Fitter1993). Where the soil is highly permeable the diffusion is
negligible but dominates in the soil having low permeability like clay and silt etc.

Water solubility

The amount of the contaminants dissolved and transported by the water is indicated
by the water solubility. The higher solubility of the contaminant the higher
concentration of this product in the aqueous phase, and the component with lowest
density will be adsorbed to the soil grains.

Density and viscosity

This property influences the mobility and location of the final non-aqueous phase. If
non-aqueous phase is lighter than the water, the contaminant will situate over the
water table. On the other hand, if it is heavier than the water. this pollutant will
penetrate through the soil towards the impermeable layer. The detection and soil
remediation depend on the location of the contaminant in reference to the water table
(Callabo de Roa 1996)

Vapour pressure and density of vapour phase

Vapour pressure is defined as the pressure exerted by the vapour phase of a pure
compound. Vapour pressure gives the relative volatility of the compound. The density
of the vapour pressure indicates whether a gas will rise or sink in the atmosphere. It is
related to equilibrium vapour pressure, the molecular weight of the gas, and the
temperature (Fitter, 1993).

3.2.6 Grain size effect

The size of soil particles is very important in the spatial distribution of the
contaminants. The relationship between horizontal and vertical propagation velocity
and internal spatial extension along those two directions depends on the soil
permeability, which is a function of soil’s texture, water content and chemical
composition of a blend present in the soil. For instance a low velocity blend
penetrates into the sand more quickly and spread area is smaller (Pons et al., 1992).

If 1 m’kerosene is poured over 10 m? of coarse sand, the final penetration depth will
be of 20 m. If the same spill is discharge over the fine or medium sand the depth will
be 6.7 m. If the medium is clay it will penetrate to only depth of 2.5 m. The time
propagation is the same for the three examples (Pons et al., 1992; Monge., 1998).
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Figure 7 Evaporation of Iran and Arabia crude oils (Monge. 1998).

The grain size is important in the case of evaporation calculation of the volatile
content spilled on the soil. For example, spilled occurred over a fine sand will
evaporate more than medium or coarse sand. Since the permeability of coarse sand is
high, the large amount of hydrocarbons will percolate downward.

A study of evaporation rates of crude oils in different soil performed by Bergueiro et
al., 1988, shows the results presented in the Figure 7. The wind speed of 5,8 m/s at
15°C was set for experimental condition. The evaporation was measured after 100
minutes and 150 hours on heavy crude oils (Monge., 1998).
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4.Field analytical techniques

In evaluating the effects and to be able to take decision about remedial action for
organic contaminants especially petroleum hydrocarbons, selection of the appropriate
analytical method is essential. The study of soils contaminated with organic
contaminants is associated with several challenges, especially of analytical
methodologies and data interpretation. Organic contaminants, especially petroleum
product comprise a vast continuum of hydrocarbons from short chain aliphatic and
simple aromatic hydrocarbons in gasoline to kerosene, diesel and heavy oils to
lubricant oils or wvaseline, each gradation with increasing carbon chains and
complexity. Properties of these hydrocarbons vary and composition of the
hydrocarbons Is of environmental concern. Treatment technology and site remediation
progress will lean heavily on analytical techniques, that are accurate reproducible and,
of real time value. There are several methods currently available for the analysis of
organic contaminants. These field analytical techniques contain screening as well as
in-situ analytical methods. Screening methods provide an indication of the presence or
absence of a particular chemical or chemical class of concern, or provide an indication
of whether the chemical or chemical class of concern is above or below a
predetermined threshold. Screening methods provide relative concentrations for
chemical classes, but rarely provide chemical specific information (EPA/625/R-
93/003b, May 1993). Field analytical methods include all chemical analysis methods
capable of providing chemical-specific quantitative data in the field or in non-
laboratory setting. Field analytical and screening techniques can be classified as:
Portable: Require no external power source, are compact and are rugged enough to
be carried by hand in the field.

Fieldable: Require limited external power, are compact and are rugged enough to be
transported in small van or pick-up.

Mobile: Are small enough to carry in a mobile laboratory, which is feasible for most
analytical instruments although power consideration can be a limitation.

However standards by which the sensivity, precision, and accuracy of field screening
techniques are measured are those obtained in fixed-base laboratories.

Field measurement devices may be categorized as quantitative, semi quantitative, and
qualitative. A  quantitative measurement device measures hydrocarbon
concentrations ranging from its reporting limit through its linear range. The
measurement result is reported as a single, numerical value that has an established
precision and accuracy. A semi quantitative measurement device measures TPH
concentrations above its reporting limit. The measurement result may be reported as a
concentration range with lower and upper limits. A qualitative measurement device
indicates the presence or absence of PHCs above or below a specified value (for
example, the reporting limit or an action level).

4.1 Field analysis versus analytical laboratory

Key advantages of field analytical techniques include:

1. Results can be obtained within hours compared to the normally 20 to 40 days
required for laboratories, which allows for more rapid definition of the scope of
contamination and allows the optimal selection of permanent monitoring locations.
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2. Lower cost per sample (commonly one-tenth of lab. Cost) allows for more detail
characterization of contaminant distribution and reduces the overall cost.

3. The techniques are best suited for preliminary site characterization, emergency
remedial actions and monitoring of remediation activities.

Some general disadvantages of field analytical techniques includes:

1. Application of analytical QA/QC procedures is more difficult in the field.

2. Generally less sophisticated instrumentation and have generally higher detection
limits and lower precision and accuracy compared to the laboratories analysis.

3. The data may be more liable to challenge by litigation.

The following sections address various methods for analyzing the soil samples in the
field, employed for the project.

4.2 Photo ionization detector (PID)

PID is a portable nonspecific, vapor/gas detector employing the principle of photo
ionization to detect a variety of chemical compounds, both organic and inorganic. The
PID is a useful general survey instrument at hazardous waste sites. A PID is capable
of detecting and measuring real-time concentrations of many organic and inorganic
vapors. A PID is similar to a flame ionization detector in application; however, the
PID has somewhat broader capabilities in that it can detect certain inorganic vapors
and also can be used in combination with gas chromatography for detecting specific
compounds.

Conversely, the PID is unable to respond to certain low molecular weight
hydrocarbons, such as methane and ethane that are readily detected by FID
instruments.

4.2.1 Principle and method summary

The PID employs the principle of photo ionization. The analyzer responds to most
vapors that have an ionization potential less than or equal to that supplied by the
ionization source, which is an ultraviolet (UV) lamp. Photo ionization occurs when an
atom or molecule absorbs a photon of sufficient energy to release an electron and
form a positive ion. This will occur when the ionization potential of the molecule in
electron volts (eV) is less than the energy of the photon. The sensor is housed in a
probe and consists of a sealed ultraviolet light source that emits photons with an
energy level high enough to ionize many trace organics, but not enough to ionize the
major components of air (e.g., nitrogen, oxygen, carbondioxide). The ionization
chamber exposed to the light source contains a pair of electrodes, one a bias electrode,
and the second the collector electrode. When a positive potential is applied to the bias
electrode, an electro-magnetic field is created in the chamber. lons formed by the
adsorption of photons are driven to the collector electrode. The current produced is
then measured and the corresponding concentration displayed on a meter, directly, in
units above background. Several probes are available for the PID, each having a
different eV lamp and a different ionization potential. The selection of the appropriate
probe is essential in obtaining useful field results. Though it can be calibrated to a
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particular compound, the instrument cannot distinguish between detectable
compounds in a mixture of gases and, therefore, indicates an integrated response to
the mixture (web ref. 5)

Three probes, each containing a different UV light source, are available for use with
the photovac. Energies are 9.5, 10.2, and 11.7 eV. All three detect many aromatic and
large molecular hydrocarbons. The 10.2 eV and 11.7 eV probes, in addition, detect
some smaller organic molecules and volatile halogenated hydrocarbons. The 10.2 eV
probe is the most useful for environmental response work, as it is more durable than
the 11.7 eV probe and detects more compounds than the 9.5 eV probe. Gases with
ionization potentials near to or less than that of the lamp will be ionized. These gases
will thus

be detected and measured by the analyzer. Gases with ionization potentials higher
than that of the lamp will not be detected. Ionization potentials for various atoms,

molecules, and compounds that could not be present in the cutting fluids are given in
Table 3.

Table 3 Volatile hydrocarbons detectable with Photovac

Compound Ionization Potential (ev)
Benzene 9,53
Cyclohexane 10,50
Cyclopentane 10,52
Dicyclopentadiene 9,82
Dimethylaniline 8,24
n-Heptane 10,07
Methylcuclohexane 11,25
Naphthalene 8,10
n-Nonane n.p.
n-Octane 9,19
Toluene 8,82
o-Xylene 8,56
m-Xylene 8,56
p-Xylene 8,45

The ionization potential of the major 5 components of air, oxygen, nitrogen, and
carbon dioxide, range from about 12.0 eV to about 15.6 eV and are not ionized by any
of the three lamps.

While the primary use of the PID is to get quantitative results, it can also be used to
detect certain contaminants, or at least to narrow the range of possibilities. Noting
instrument response to a contaminant source with different probes can eliminate some
contaminants from consideration instance, a compound's ionization potential may be
such that the 9.5 eV probe produces no response, but the 10.2 eV and 11.7 eV probes
do elicit a response (web ref. 6).

4.2.2 PID instrument limitations

1. The PID is a nonspecific total vapor detector. It cannot be used to identify unknown
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substances; it can only roughly quantify them.

2. The PID must be calibrated to a specific compound.

3. The PID does not respond to certain low molecular weight hydrocarbons, such as
methane and ethane. In addition, the PID does not detect a compound if the probe has
a lower energy than the compound's ionization potential.

4. Certain toxic gases and vapors, such as carbon tetrachloride and hydrogen cyanide,
have high ionization potentials and cannot be detected with a PID.

5. They measures concentration from about 1-2000ppm, although the response is not
linear over this entire range. For example, if calibrated to benzene the response is
linear from about 0-600 units above the background. This means the PID reads a true
concentration of benzene only between 0 and 600. Greater concentrations are detected
at a lower level then the true value.

6. This instrument dos not give response if it is exposed to precipitation.

7. This instrument cannot be used for headspace analysis where liquids can
inadvertently be drawn into the probe (web ref.5)

8. The response of PID varies greatly with the nature of the volatile organic
compound. While the PID response to halogenated volatiles and aromatics may be
fairly similar between similar compounds, the PID response to alkanes may be lower
by an order of magnitude or more. As a result, knowledge of the site-specific
contaminants of concern will be essential to successful application of this procedure
(web ref. 6).

4.3 Immunochemical techniques

Immunoassay is an analytical technique useful for the separation, detection and
quantitation as both organic and inorganic analytes in diverse environmental and
waste matrices. Immunoassay methods are used to produce two types of quantitative
results: 1) range-finding or screening results indicative of compliance with an action
level, and 2) assay values (www.epa.gov test method 4000). These techniques are in
the framework of wet analytical chemistry and may be called as enzyme
immunoassay  (EIA), enzyme linked immunosorbent assay (ELISA),
radioimmunoassay (RIA) or flouroimmunossay. Out of these techniques EIA is used
to analyze benzene, toluene, xylene (BTX), PCB, PCP, cocaine, heroin, and
pesticides.

4.3.1 Method selection consideration

Immunoassay test products use an antibody molecule to detect and quantitate
substance in a test sample. These testing products combine the specific binding
characteristics of an antibody molecule with a detection chemistry that produces a
detectable response used for interpretation. In general antibody molecules specific for
the method’s intended target are provided at a predefined concentration (web ref. 7).
Immunoassay testing products have a quantitative basis, and produce a signal that is
dependent on the concentration of the analyte present in the sample. For
environmental immunoassay methods, the signal produced is exponentially related to
the concentration of the compounds present.

EIA methods use enzymes to develop chromogenic response and are termed as
enzyme immunoassays. This technique involves the use of antibodies reagents that
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react with the analyte of interest to produce reaction that can be analyzed
calorimetrically and are a recent development for the trace organic analysis. EIA is
the best-suited techniques for the primary screening where only a few contaminants
are of interest. EIA kits are very simple rapid and inexpensive. It has potential for
specific field tests for a large number of toxic organics with very low detection limits
up to ppb. Assays that generate a chromogenic response are analyzed photometrically,
and use the principle of Beer’s Law (Absorbance= Extinction Coefficient*
Concentration® path Length) to determine the concentration of analyte in the sample.

4.3.2 Interferences

Non-target analytes may bind with the antibody present, producing a false-positive
result. These non-target analytes may be similar to the target analytes, or may be
chemically dissimilar to co-contaminants.

Some test products have designated temperature ranges for operation. When these
products are used, all tests must be performed with in specific operating temperature
limits, or else false negative/positive results may exceed performance claims.

4.3.3 Advantages and limitations

The two key features of the immunoassay technology are the rapid turn-around time
for results and the portability and ease of use of the kits. These rapid analytical
solutions can lead to substantial savings in time and expenses when applied to
environmental projects. The kits are prepared to be used by nonchemists with minimal
training. These capabilities have enabled environmental professionals to shorten the
time frame in which site assessment and remediation projects are completed, saving
up to 50% of the project costs and reduce the owner liability.

The immunoassay technology is generally specific in its detection capabilities,
thereby prohibiting detection of broad groups of compounds (i.e., the immunoassay
detects PCBs but not all chlorinated compounds). However, the antibody might
recognize a compound chemically very similar to the target compound, causing false
positive results. The analysis can also be affected by specific matrix conditions. For
example, analyte recovery for analytes such as PCBs and PAHs can be affected by
excessive soil moisture. Also, percent levels of oil can result in false positive results.
Immunoassay technology is not applicable for all classes of small, environmentally
significant molecules (e.g., long chain aliphatic hydrocarbon compounds and most
metals). Temperature extremes can affect test results; the operational temperature
ranges are typically between 40° and 100°F. Immunoassay kits have a limted shelf life
(between 1 month to 1 year) dependent upon the vendor development and enzyme
congugate stability (web ref. 7)

4.4 PetroFLAG™ System

The PetroFLAG™ System is a field measurement device capable of providing
quantitative TPH measurement results. Measurements made using the PetroFLAG
Systems are based on emulsion turbidimetry. Turbidimetry may be described as
measurement of the attenuation, or loss in intensity, of a light beam as the beam
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Figure 8 Relative intensity data for common analytes (Dexil corporation, 1999).

passes through a solution with particles large enough to scatter the light. Emulsion
turbidimetry involves measurement of the light scattered by an emulsion (in an
emulsion, one liquid is stably dispersed in a second, immiscible liquid). The
relationship between the amount of light scattered (turbidity) and the concentration of
the emulsion may be expressed as shown in Equation 5-1.

T =kbc [5-1]
Where
T = Turbidity
k = Proportionality constant
b = Light path length (centimeter)
¢ = Concentration of emulsion (milligram per
liter [mg/L])

Unlike other field screening this techniques does not target specific compounds such
as BTEX or PNAs that may be a part of hydrocarbon mixture. Because of its broad
linear response, PetroFLAG kit can be used on a wide range of hydrocarbons analytes
including fuels, lubricants, hydraulic fluids and greases. This makes PetroFlag kit
useful as fast, low cost general screening tool for the hydrocarbons, as well as for the
quantitative determination of hydrocarbons determination in the soil samples, while
provide the user with real time data for onsite decision making. PetroFlag system is
most sensitive to heavier hydrocarbon such as mineral oils and greases and less
sensitive to the lighter more volatile hydrocarbon fuels. The PetroFlag responses to
some typical hydrocarbon contaminants are plotted in Figure 8.

The PetroFLAG system extracts PHCs in soil using a proprietary organic solvent
mixture composed of alcohols, primarily methanol. The device also uses a proprietary
developer solution that is polar in nature and acts as the emulsifying agent. The
developer solution also contains water and surfactants that stabilize the emulsion. The
PetroFLAG system can be used to measure the petroleum products listed in Table 4
the device does not distinguish between aromatic and aliphatic hydrocarbons and it
responds to compounds in the C8 until C36 carbon range. Method detection limits
(MDL) for the device are also listed in Table 4 and range from 10 mg/kg for hydraulic
fluid to 1,000 mg/kg for weathered gasoline. In addition, Table 4 lists the device’s
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response factors, which are based on mineral oil. The response factors range from 2
for weathered gasoline to 10 for transformer oil, indicating that the instrument is more
sensitive to transformer oil than weathered gasoline. If no information is available
regarding the type of contamination in a sample, use of an average response factor of
5 is recommended (web ref. 8).

Table 4 PetroFLAG™ system method detection limits and response factors for petroleum
products (web ref. 8, and 9).

Method Deteclion Limmit

Patralaurm Product (millkgram per kilogram) Responss Faclor
Minaral wil 15 10
Transfarmer oil 15 10
Graase 15 B
Hydraulic fluid 10 B
Transmission Auid 19 B
Matbar ol 19 ¥
Pl 2 fual wil 25 T
Mo, & fual ol 13 i
Diiesel 13 a3
Gaar ail 22 5
Lew-aramalic diesel 27 4
Pennsylvania cruda oil 20 4
Farosansa 28 4
Jiet A fuel 27 4
Wieathered gasoline 1,000 2

The Petro-FLAG test is easily performed at the contaminated sites where a variety of
sampling strategies are to be used. The test is useful at sites requiring lateral and
vertical definition of soil contamination plume throughout the vadose zone, including
the sites that are being drilled and sampled or excavated and sampled prior to the
collection of expensive laboratory confirmation samples.

The Petro-FLAG test is well suited for use at large sites where a grid-sampling plan is
strategy of choice. It will help to economically locate and define the extent of the soil
contamination, locate and define hotspot. This could help to save unnecessary drilling
and sampling costs and equipment relocation costs caused by waiting for laboratory
analytical data, and allow more area to be tested thus reducing the possibility of future
liability caused by failing to identify contaminated areas (T.B Lynn et al, 1994).
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4.4.1 Interferences

This method is considered a screening technique because of broad spectrum of
hydrocarbons it detects. It cannot distinguish between co-extracted naturally occurring
hydrocarbons and petroleum hydrocarbons. The PetroFlag has also been shown to be
susceptible to interference from vegetable oils. It is anticipated that co-extracted
naturally occurring oils from vegetative material would be one of the most probable
positive interferants found in the field. Therefore in situations where the soil contain a
high organic content is suspected, the background level outside the spill site should be
determined (T.Lynn et al, 1994).
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Materials and methods
1 Soil sampling

The soil samples were collected from two different places in the Mdlndal area. For the
first site sampling was done near the Sisjon centrum using PVC sampling tube of one
meter in length and 8 cm in diameter. The soil was moved from the sampling tube
into an airtight glass jars according to the depth profile recovered from the tube. The
second sample was taken as a composite sample separately for horizon A and B from
the working site of NCC near the Mdlndal station. This sample was collected in
diffusion less plastic bags and was transferred into glass jars after arrival to the
laboratory.

These sampling sites were selected on the basis of the soil textural class (sandy Loam)
shown by the soil map of Molndal area (SGU Ser Ae nr 96, 6B Kungsbacka NV). The
same texture class is present in the soil of the case study area. The two sampling
locations are marked with a star in figure 9.
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Figure 9 Locations of sampling sites in the Molndal area (web ref. §).

2 Soil sampling at the old industrial site

During the environmental soil investigations of the old industrial area in Sweden,
samples were collected from the five locations. Out of these five locations four
locations were within the project area of investigation as shown in the Figure 10.
Location five was outside that area; the sample was taken to compare the background
values of the parameters to be investigated in the study. Almost whole project area is
covered with asphalt pavement. Sampling location 1, 3, and 4 are on the right bank of
the watercourse. Location 2 is at the small grassland made between the asphalt
pavements.
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Figure 10 Sketch of sampling locations at an old industrial site in Sweden.

3 Experimental

Two experiments were designed for the laboratory. The object of these soil
experiments was to check the validity of the analytical techniques used for soil
samples contaminated with cutting fluids, and to get an idea of the transport
mechanism of the polar as well as non-polar compounds present in the cutting fluids
in two different scenarios. In the first experiment, the soil was kept unsaturated to
stimulate controlled conditions, but in the column-leaching test saturated conditions
were proposed to simulate more realistic environmental conditions. A description of
these two experiments is given below.

4 Cylinder- unsaturated

The object of the experiment was to verify the validity of the analytical techniques
used for organic contaminants in the soil samples and to get an idea of the transport of
cutting fluid in unsaturated soil media. For this first experiment a glass cylinder of 10
cm in diameter and 50 cm in length was used. 2 kg of soil was spiked with 16 ml of a
12% solution of cutting fluid to get a total concentration of approximate 1000ppm.
The soil was kept in the glass cylinder for 8 weeks at room temperature. The total
length of the soil column in the cylinder was 35 cm. The cylinder was covered with
aluminum foil to reduce the process of photodegradation. After 8 weeks samples were
collected at different depths by pressing a tube of smaller diameter than the glass
cylinder, into the soil.

5 Soil column experiment

Evaluation of the potential leaching of organics compounds to soil can be performed
by several approaches. For this EPA standard method 1311 give the guideline for
toxicity characteristic leaching procedures (TCLP). This method is designed to
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determine the mobility of both organic and inorganic analytes present in liquid, solid,
and multiphasic wastes under anaerobic conditions (web ref. 11). As the nature of the
soil being discussed in this project is different, as we are dealing with upper horizons
(A and B) of soil profile. Both of these horizons contain oxygen and thus can not
follow TCLP for this type of experiment. The column-leaching test was designed to
simulate more realistic environmental conditions. The object of leaching experiment
of soil column was to get an idea of the transport mechanism of the polar as well as
non-polar compounds present in the cutting fluids.
The testing apparatus consists of a glass leaching columns. The Column was 0.75 m
tall and 8 cm in diameter. The column contained soil (passing #4 sieve) with a known
concentration of cutting fluid, 1000 ppm. The soil was kept in the glass column, and
the profile of the column contained 50 cm of soil divided into two horizons (A&B),
with a thin filter of medium sand at the top and bottom of the soil column. The filter
was applied for the uniform distribution of fluid in the soil. A leachate collection port
was fixed at the bottom of the column to collect the dripping of fluid from the column
outlet.
5.22 ml of the cutting fluid with 1500 ml of distilled water was added on the soil at
the inlet of the column to get the total concentration of approximate 1000 ppm. The
calculations of this added amount were done by the following formulas
Mer= Mg.Cy/Cef [ 5-1]
Where:
mer is mass needed of the cutting fluid
cw 1s the wanted concentration i.e 1000mg/kg=1000ppm=0,001%.
my is the mass of soil= 5,362 kg=5362 g.
The mass of the cutting fluid calculated from the equation 5-1is used in the formula
Vef = Meg/Scr [5'2]
Where:
ver is the volume of the cutting fluid in ml.
mgr is the mass calculated from equation 5-1
Ocr 1s the density of the cutting fluid= 1,027g/1.
After addition of the cutting fluid, the column was left for 42 days 42 days to get an
idea of the movement of the chemicals with time at several depths. Unfortunately the
dripping collected in the sample port at the column outlet was not larg enough in
volume to make any analysis using immunoassays and PetroFlag kits. The analyses
were performed only for soil samples collected from the column.

6 Analysis procedure for the soil samples

For the soil samples collected from the Mdlndal area as well as from the area of the
case study, the following parameters were tested:

6.1 Particle size analysis

Particle size analysis was conducted using the method described in the ASTM method
D, 1140-54, method for particle size analysis of soils. The sieving was carried out
using an electric sieving machine, having stainless steel sieves with mesh width sizes
4,760 mm, 2,0 mm, 1 mm, 0,05 mm, 0,025 mm, 0,0125 mm, and a residue of grains
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<0.125 mm. The sieving results are reported as the mass percent of soil within the
respective fractions (Borg G., 1985).

6.2 Soil moisture content

The moisture content of the soil samples was performed according to the ASTM test
method D2216, method-determining moisture content for soils. Approximately 50 g
of soil was taken and weighed in ceramic crucible. The soil was heated in oven at 105
C° for 8 to 12 hours until constant weight. The soil was weighed again and mass loss
in gram percent w/w was calculated (Borg G., 1985).

6.3 Determination of mass loss of ignition

Approximately 50 g of dried soil sample was taken in a ceramic crucible and was
weighed carefully. It was heated in an electric furnace at 500 C° for 6 hours. The
sample was cooled in desiccators and weighed. The mass loss in gram and percent
was calculated (Borg G., 1985).

6.4 Soil pH

The pH of soil samples was analyzed using distilled water. For pH measurement 20 g
of dry soil (< 2mm) was transferred in 200 ml plastic container. About 70 ml of
distilled water was added in the container and the lid was screwed. The containers
were places on a shaking table and shaked well for one hour. After one hour the
containers were removed from the shaking table and left for few hours to settle sand
grains. The pH was calculated putting directly the electrode of pH meter in to the
container (McLean, E.O. 1987).

7 Procedures for the screening and analysis of organic
contaminants in the soil

The analysis procedures for the screening of organic contaminants in the soil samples
were performed using photo ionization detector and wet chemistry analytical
techniques, Immusoassay and PetroFlag system. A description of these analytical
techniques is given below.

7.1 Screening procedure with PID

The screening of soil samples was performed with the Photovac 2020 PID. The
specification of the instrument used are given in the Table 5.

For the screening of soil samples in the field the EPA standard method 3815
“Screening of solid samples for volatile organics” was followed with some
modification. Method 3815 suggests the use of glass vials with about 5 g of sample
but the quantity of the sample can be changed depending on the field conditions. In
the environmental soil investigations, soil is normally put into diffusion tight plastic
bags (Rilsan-bag). About 100-200 g of soil was taken and left with air in the bag
(about the same volume in all bags), the bags were folded and swirrelled and tighten
with plastic tape to control the emission of VOC. The Rilsan bag is almost completely
diffusion tight for the volatiles. Readings were taken after 2-3 hours and after 24
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hours. It should be interesting to find out correlations between time elapsed and
diffusion through these bags.

Table 5 Specifications of PID used in the project (web ref. 12).

Model Photovac 2020
Detector Instant on photo ionization detector with
standard 10.6eV UV lamp
Operating Temperature Range 0°C to 40°C (32°F to 105°F )
Operating Humidity Range 0 to 100% relative humidity (non-
condensing)
Operating Concentration Range 0.5 ppm to 2000 ppm isobutylene
equivalent
Response Time Less than 3 seconds, to 90%
Accuracy + 10 % or + 2 ppm, whichever is greater

7.2 Analysis procedure with Immunoassay

The analysis of soil samples to find the total petroleum hydrocarbon concentration
(TPH) was performed using EPA standard method 4030 “Soil screening for petroleum
hydrocarbons by Immunoassay”.

The analyses were performed using Ensys™ Petro Soil test kit, 7042301, produced by
SDI (Strategic Diagnostic Inc) USA (web ref 13). The EnSys Petro Test System
includes antibody-coated test tubes containing monoclonal antibodies, which are
produced using m-xylene as the antigen. The enzyme conjugate used to produce color
is composed of m-xylene as the target compound and horseradish peroxidase as the
enzyme. The washing step is made with a dilute detergent solution. Color
development is achieved wusing hydrogen peroxide as the substrate and
tetramethylbenzidine (TMB) as the chromogen. The stop solution added to terminate
color development is 0.5 percent sulfuric acid. A differential spectrophotometer that
emits light in the visible range of the electromagnetic spectrum at 450-nm wavelength
is used to measure the absorbance of the sample extract and of a reference standard
containing 3 mg/L m-xylene during color measurement. The concentration of PHCs in
the sample extract is then determined by comparing the absorbance readings
associated with the sample extract and the reference standard.

The analysis consists of two parts; extraction of the analyte and assay procedure.

7.2.1 Sample extraction

All analysis of soil samples begins with an extraction step, where the contaminants
are extracted by a solvent. The extraction of soil sample with the immunoassay
method was done with the methanol. 20 g of the soil sample were collected in
extraction container (plastic), and 20 ml of 100% methanol was added. The container
was shaked well for one minute and then left for 3-4 minutes until a liquid solvent
layer was observed. The upper layer containing the contaminant was separated using a
bulb pipette. This extract was filtered by special filter supplied with the extraction kit.
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7.2.2 Assay procedure

The samples obtained from the filtered extract were diluted using 140 ul and 540 ul
of methanol. First dilution ampoule is to test the sample for 10 ppm and second
dilution ampoule is the test the sample for 100 ppm. There was no intermediate
dilution ampoule.60 pl of sample was applied in the first dilution ampoule (140 pl)
and then same volume from first to second ampoule (540 pl). From each ampoule 60
pl mixture of sample and dilution methanol was transferred to the corresponding
conjugate tubes, which contain 1.25 ml of buffer solution. The schematic diagram of
dilution process is shown in Figure 11.

A

- 60 microlitres
B
60 microiitres

f E S : V4 SET FOR PETROL RANGE

é 140ul @
! 540ul

Filter unit 10 PPM 100 PPM
WIPE PIPETTE TIP W
C A CLEAN TISSUE
BETWEEN D
60 microlitres STEP D AND E 60 microlitres
CONJUGATE TUBE CONJUGATE TUBE
(Buffer already added) (Buffer already added)

Figure 11 Schematic diagram of dilution process for TPH kit.

After the dilution process, the antibody-coated tubes were fit firmly on the conjugate
tubes and shaked 2/3 times. The conjugate tubes were thrown away and antibody
tubes were kept for ten minutes for the incubation. After the completion of incubation
the samples in the antibody tubes were vigorously shaken out to the waste containers
and tubes were washed with the wash solution. After washing the 200 pl of “substrate
A” was applied in the tube followed by start solution labeled as “substrate B. After
2.5 minutes of the reaction 200 pl stop solution containing sulphuric acid was applied
to stop the reaction. The color of the tubes were interpreted visually as well as with
differential photometer. The color produced is inversely proportional to the
concentration.

7.3 Analysis procedure with PetroFlag system

The PetroFLAG™ test kit, is a quantitative device manufactured by Dexsil®
Corporation (Dexsil®). It is based on emulsion turbidimetry. Measuring TPH in soil
using the PetroFLAG™ test kit involves the following three steps: (1) extraction, (2)
filtration and emulsion development, and (3) turbidity measurement and calculation of
the TPH concentration.

38



7.3.1 Extraction

Extraction of 5-10 samples consists of following procedure:

10 grams (+ 0.1 gram) of the each soil sample was weighed, and placed in a
polypropylene tube. To extend the quantification range for the samples containing
very high concentration of PHCs 1g sample were analyzed. One breaktop vial of
extraction solvent was poured into the tube, and the tube was caped. The timer was set
to 5 minutes, and the tube was shaked for 15 seconds or until the sample is fully wet.
Shaking was continued for the tube intermittently for a minimum of 4 minutes, and
then let to stand for 1 minute.

7.3.2 Filtration and emulsion development

The solvent extraction from the polypropylene tube containing the soil and extraction
solvent was poured into the syringe barrel. Care was taken to stop soil to enter the
syringe, as too much soil might plug the filter. First a few drops of the extract from
the filter were discard into a waste container, and then the extract was filtered into the
vial containing developer solution. The extract was added into the vial one drop at a
time until the meniscus just enters the vial neck. The vial was shaked for 10 seconds.
Then the timer was set to 10 minutes, and the vial let to stand. During the 10-minute
period, an emulsion associated with the hydrocarbons in the extract is developed.

7.3.3 Turbidity measurement and calculation of TPH concentration

After the 10-minute development period, the vial was placed in the turbidimeter,
which was calibrated using a blank and a single calibration standard. The samples
were analysed with the response factor of 10 (for mineral oil) and 5 (for diesel fuel).
When the vial is placed in the turbidimeter, the TPH reading of the sample extract is
displayed on the turbidimeter as mg/kg (ppm) TPH in soil on a wet weight basis. In
certain circumstances, the water content of the soil and analyte carbon number range
may require a correction factor to account for soil-water content (web ref. 8). To
correct the TPH concentration in mg/kg, on a wet weight basis for solvent dilution
associated with the moisture content of a given soil sample, the following formula is
used
“mg/kg TPH after correcting for solvent dilution = mg/kg TPH before correcting
for solvent dilution x (100 + percent moisture)/100.”
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Results and Discussion

The experimental program consisted of two parts. The first part involved
determination of properties of the soil samples, cylinder-unsaturated soil experiment
and soil column leaching experiment. In the second part, environmental soil
investigations at an old industrial site in Sweden were analyzed using the same
analytical approaches that were used in the laboratory experiments. Brief description
of the results of all experiment is given in following section.

1 Selected parameters of soils

Particle size analysis was performed to calculate hydrogeological properties of the
soils being used in the project. Textural class of the soil is shown in figure 12. The
values of hydraulic conductivity (K), and bulk density were calculated using a grain
size distribution curve shown in Table 6.

0

g o Table 6 Hydrogeological properties of the soil

. TEXTURAL CLASSES samples:
— Sand % 74,5

. Clay % 25
é B : — Silt % 0,5
iy oo Texture Sandy Clay Loam
: Bulk density 1,44g/cm’
o Hydraulic 0,37 cm/hr
L9 conductivity (K)

o 10 20 30 40 50 60 70 B8O |0 100
PERCENT (%) SAND

Figure 12 Textural class of the soil.

Particle size plays an important role in the mobility and fate of organic contaminants
in soil. Colloidal particles exhibit the largest sorption capacity, with a diameter of 10
to 10° mm. High clay content results in the lower permeability of the soil, it allows
the fluid to stay more in the vadose zone. This will cause complex bonding
mechanism in the soil-oil-water mixture. The sorption capacity decreases with
increasing size, and particles larger than 2 mm in diameter especially do not affect the
soil sorption capacity (J. Tolgyessy, 1993).

One of the first operational parameters that were investigated in the laboratory
experiments was the moisture content of the soil samples. Moisture content plays an
important role in the efficiency and must be considered in the measurement of oil
contents of soils. Water may cause oil-in-water emulsion that makes the extraction
difficult, which ultimately makes the extraction efficiency low (O’Shay et al; 1994).
The moisture content of the soil samples are given in Table 7. For all the samples
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containing high moisture content (> 30%w/w for immunoassay and >15%w/w for
PetroFlag), appropriate correction was applied for different analytical methods.

The results of pH and loss of ignition are also given in Table 7. There is no significant
influence of pH of soil on the detection efficiency of the analytical approaches
applied. However pH less than 4 affects the bonding mechanism of the hydrocarbons
with the soil particles. With decreasing pH the adsorption process is increased and
bioactivity is decreased. All the samples had pH in the range of 6-7.

Table 7 Selected properties of soil samples.

Sample No. Moisture content pH=* Mass Loss of
(W/w%) ignition (%)
Lab. Ex1 8% 5,9 9%
Field Samples
1 10 6,67 1,17
2 10,2 6,90 5,34
3 26 6,44 7,56
4 29,4 6,56 7,36
5 20,8 6,50 10,35
6 24,4 6,54 11,21
7 6,8 6,93 1,71
8 6,2 7,05 1,49
9 13,8 6,76 3,9

Mass loss of ignition was calculated to get an estimation of the organic contents
present in the soil samples. The presence of calcium carbonate in the soil may
somewhat affect the result due to slight decomposition of carbonate, thereby giving a
larger mass loss than caused solely by the incineration of the organic remains.
Furthermore, with a high content of clay minerals in the soil, there may also be a
slight decrease in mass due to loss of chemically bound water in the clay minerals, but
with negligible significance (Swedish EPA report 4639).

2 Response of photoionization detector (PID) for the soil

samples

Photoionization detector is basically used for the air monitoring operations, as it gives
the real time values. Use of this analytical method for screening of soils is a new
approach. The preliminary objective of this screening is to check the volatile content
of the soil samples. The results of PID for the laboratory experiments as well as of
environmental soil investigations of old industrial site are given below.

2.1 Cylinder — unsaturated

The results of the experiment are given in Figure 13 and Table 8. The values were
measured with both glass jar (250ml) and Rilsan bags. The concentration of the
volatiles is higher for the sample No. 2, 3, 4 and 5 for depth ranging from 10 cm to 25
cm. The spiked value for the 12% solution in this experiment was 1000 ppm. The
cutting fluid was added on the surface of the soil column in the glass cylinder. In the
upper layer low result show the evaporation of the volatile content with time but its

41




Cylinder-unsaturated PID Results
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Figure 13 PID response for the soil samples of cylinder-unsaturated

Table 8 PID Values of volatile contents at different depths

Sample Sample [Sample
No Depth | BkGd (glass jar)|(Rils.Bags)
1 0-5cm 5.5 15 37,2

2 5-10cm 4.5 347 146

3 10-15cm [0.1 286 102

4 15-20cm (0.0 101 141

5 20-25cm 0.0 79 107

6 25-35cm (0.0 19,3 49,8

presence at lower depth shows movement of the cutting fluid in unsaturated soils. The
movement of hydrocarbons in this case can be partially related to the sorption
(adsorption and absorption) of organic contaminants with soil particles. However in
the unsaturated soil at room temperature the volatilization rate is very high as
compared to the saturated conditions that result in lower volatile content values by
PID.

The relative higher values for the samples with glass jars are due to the small air
volume in it. The PID suction capacity is about 300 ml/min, it consumes all the air
readily, and as a result a sharp response curve is seen and then suddenly nothing. On
the other hand Rilsan bags have a larger volume of air, but the response curve is not
as sharp as with the glass jar. The results with rilsan bags are more reliable because of
their larger volume, as the instrument has more time to reach the average of values it
has calculated in a specific span of time.

2.2 PID results of soil-column leaching experiment

The results of soil column leaching experiment are shown in the Figure 14. The soil
used for this project contains about 65 ppm of background value. Background value is
obtained by the analysis of blank sample from the same sampling site. All the samples
show relatively higher values of volatile content. For the samples 2, 4 and 5 the PID
response is almost equal to the spiked value. Which shows the high mobility of
cutting fluids in the saturated media. Moreover higher response of photoionization
detector for these samples shows the reliability of the instrument for the soils
containing high moisture content. On the bases of the results obtained from this
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experiment, we can say that the response of PID is very good up to the moisture
content 30 % w/w.

PID response of soil column Exp.

1400
1200 -
1000
800 - O PID Response
600 - W spiked value

400 -
200 -

Concentration (ppm)

0-5¢cm 5-10cm 10-15cm  15-25cm  25-35cm
Depth

Figure 14 Evaluation of samples with PID at different depths in the soil column.

Table 9 PID Results of Column Experiment.

Sample NoDepth  |Conc.(ppm)Spiked valueg]
1 0-5cm 440 1000
2 5-10cm 889 1000
3 10-15cm566 1000
4 15-25cm(1152 1000
5 25-35cm|828 1000

2.3 PID Results of field measurements at the old industrial site

Screening of the samples collected from the field was conducted after 4 hours in the
Rilsan bags and after two days to find out correlations between time elapsed and
diffusion in these bags. The response of PID after 4 hours is shown in Figure 15. The
concentration at location 2 and 4 are higher than at location 5, which is a location
outside of the project area. This sample was collected to check the general
background value in the area. Location 2 is near the car parking and the higher value
in the upper layer is probably due to the presence of light fuel hydrocarbons such as
benzene, toluene and xylene. The values of volatile content at this location are almost
the same after 4 hours and after 48 hours. There could be the following explanations
of this fact.

1. The value of PID reading for location 2 is almost the same for the 4 hour
reading and 48 hours reading i.e. 63,3 and 60. But the values of other locations
are higher after 48 hours. The explanation for location 2 is that it may contain
only lighter hydrocarbons (for example gasoline). Aliphatic hydrocarbons with
longer chain molecules may not be present. This explanation could be verified
by the results of petroFlag analysis for this location. The value with response
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factor 5 is high as compared to the value with response factor 10, which is
confirmed by the absence of heavy oil present in the samples of location 2.

2. There may be a leakage of air during the storage and packing of the sample in
the rilsan bag that results in almost equal value of volatile content after 4 hours
and 48 hours.

3. Polyaromatic hydrocarbons released from the car exhaust are degraded soon
by the reaction with NO, and ozone present in the air. For example toluene has
a half-life time of two days and xylene has half-life of only a few hours (Roger
N 1994). This could be the explanation for the reason why the value of volatile
content after 48 hours is almost same as after 4 hours.

PID Field Readings
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Sampling Site

Figure 15 PID response in the field after 4 hours in Rilsan bags.

Table 10 Field measurement of PID After 4 hours in Rilsan Bags

Sample ID | Conc. [ppm] At 0-5cm | Conc. At 5-15¢cm
Location 1 6,1 8,7
Location 2 63,3 32,2
Location 3 11,8 14,6
Location 4 21 22
Location 5 20 20

The concentration of volatiles after 48 hours storing in Rilsan bags, are very high as
compared with the first results. In two days the Rilsan bags probably saturated with
volatile content. Location 3, and 4 shows very high values. Location 4 is close to the
old operational industrial site, and higher values at especially location 4 can be related
to the old industrial contamination in the soil. However only the results of PID can not
be used to decide that a sample or site is free of volatile contaminants. Rather it is a
procedure to decide the number and size of samples to be collected for further
quantitative VOC analysis.

Generally, in a mixture of soil and petroleum hydrocarbons (at temperature up to
30°C), it is expected that the volatilization rate will be lower, due in parts to
adsorption of some of the oil to soil particle surfaces and also to low Henry’s constant
of the petroleum hydrocarbons fraction with long chain molecules. However higher
temperature results in higher vapor pressure, lower viscosity, and higher aqueous
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solubility of the oil and thus, an increase in the volatilization of the petroleum
hydrocarbons (Raymond et al, 1994).

PID Readings After 48 hours
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Figure 16 PID response for the field samples after 48 hours

Table 11 Field measurement photoionization detector after two days in Rilsan bags

Sample ID | Conc. [ppm] At 0-S5cm | Conc. At 5-15¢m
Location 1 111 53
Location 2 60,6 48
Location 3 370 201
Location 4 350 316
Location 5 109 109

3 Results of PetroFlag System

3.1 Unsaturated-cylinder

The results of the soil analysis with petroFlag are given in Figure 17. Background
value is the value obtained from the blank soil sample and the spiked value is the
known concentration of the cutting fluid that is added in the cylinder. The results are
only for the response factor 10 (for mineral oil). Concentration of total petroleum
hydrocarbon is very high for the samples 1 and 6. Sample 1 is from the upper layer of
the cylinder, which contains roots of vegetation and, other humus materials.
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PetroFlag Results unsaturated-soil
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Figure 17 Results of the soil analysis with petroFlag

Table 12 Concentration of TPH calculated with PetroFlag system

Sample Depth Conc. ppm
Sample 1 0-2cm 1276
Sample 2 2-5cm 384
Sample 3 5-10cm 150
Sample 4 10-15cm 77
Sample 5 15-25cm 83
Sample 6 25-35cm 907

Blank 65

The glass cylinder is closed from the bottom and there are no chances of further
movement of oil. We can assume that the oil is accumulated at the bottom of the
cylinder, which results in very high concentration of TPH. PID is sensitive to volatiles
and that is probably the reason, why it could not detect the longer chain molecules
present at the bottom of the cylinder. Presence of oil concentration higher than the
background value in the middle of the cylinder shows that at least two different
situations can co-exist: (1) oil may exist separately in the soil pore and the soil
particles, and (2) oil may adsorb on the surface of the soil constituents.

3.2 Soil column experiment

The results of soil column leaching experiment are shown in the Figure 18. The
samples were analyzed both for the response factor 5, for diesel oil and 10 for the
mineral oil. The analysis was performed only for the soil samples, as we could not get
enough leachate to make any water analysis. Actual spiked values for this experiment
was 1000 ppm while the background value of the soil was 65 ppm.
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PetroFlag Results of Column Experiment
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Figure 18. Results of the soil analysis of column experiment with petroFlag

Table 13 Concentration of TPH calculated for column experiment

Conc. (ppm), Conc.(ppm)
Sample Depth R.F:5 R.F:10
1 0-5cm 330 180
2 5-10cm 240 110
3 5-10cm 320 180
4 10-25cm 610 320
5 25-35cm 330 170

In this experiment the cutting fluid was added from the inlet of the soil column,
diluted in nanopure water so a soil-oil- water mixture was formed. The soil contains
high clay content, which increases retention time of the contaminants in the column.
The surface-active constituents of soil such as organics, amorphous materials and
hydro-silicate minerals (clay minerals) significantly enhance its interaction with oil.
In turn, one expect that within the pore fluid of soil, oil can exist in three separate
phases: dissolved, liquid (non-aqueous phase: NAPL), or gaseous. The appropriation
of each situation will depend on the interacting constituents and conditions leading to
the development of soil-oil-water mixture (Mohamed, et al, 1992).

Since the mineral oil present in the cutting fluid consists of large molecules with long
chain lengths, it is expected that the primary mode of interaction will be via van der
Waal’s interactions, significant binding interaction of alkyl group (oil) with surface
oxygen or hydroxyl (soil or water). Hypothetical presentation of soil-oil-mixture is
shown in Figure 19.

If the retention of the cutting fluid in the vadose zone is compared for the two
scenarios (unsaturated and saturated) presented in the laboratory experiments. It is
obvious that the oil retains more in the saturated conditions because of the low
permeability of soil — oil mixture. A higher flow rate may allow greater momentum to
be transferred from leaching water to the oil in pore fluid, thereby providing more
kinetic energy to reduce the interfacial tensions between the oil and water. This may
enhance the mobility of a large portion of the oil in pore fluid (Mohamed, et al 1992).
In the natural conditions, it is expected that the effects of rainfall and groundwater
fluctuation would provide the opportunity of migration of oil from the stabilized soils,
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Figure 19 Hypothetical presentation of soil-oil-mixture (Raymond et al 1994).

and poses a threat to the surrounding environment in the form of surface and ground
water contamination (Raymond et al 1994).

3.3 Measurements of TPH with PetroFlag system at an old industrial
site

During the field investigation of soil at Old industrial site, each sample was analyzed
with both response factor 5 and 10. During in-situ analysis sample from the locations
1, 2, 4 and 5 were found highly wet with moisture content >30% w/w. The results
obtained by PetroFlag system were corrected using the formula.

“mg/kg TPH after correcting for solvent dilution = mg/kg TPH before correcting

for solvent dilution x (100 + percent moisture)/100.”
Corrected results for the response factor 5 and 10 are shown in the Figure 20 and 21.
Analysis for the diesel oil shows the presence of higher content of TPH in the upper
layer at almost all locations. The whole project area is an urban area and high values
may be due to traffic or transported soils. A study done at Chalmers University of
Technology shows the presence of semivolatile PAH at Im depths in ditched along
E20 highway at Partille, but concentration of long chain aliphatic compounds present
in the lower layer can not be related to the traffic.
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Figure 20 Corrected results of the soil analysis of field measurement with petroFlag

Table 14 Concentration of TPH calculated for field measurements.

Sample ID | Conc. [ppm] At 0-5cm | Conc. At 5-15¢cm
Location 1 163 208
Location 2 21 207
Location 3 285 158
Location 4 1127 229
Location 5 350

PetroFlag field results R.F: 10
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Figure 21 Corrected results of the soil analysis of field measurement with petroFlag
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Table 15 Concentration of TPH calculated for Field measurements (R.F: 10)

Field Measurement Response factor: 10 after correction for me
Sample ID Conc. At 0-5cm Conc. At 5-15¢m
Location 1 84 90
Location 2 11 60
Location 3 168 51
Location 4 513 97
Location 5 130

Results obtained with response factor 10 confirm the same trend of concentration in
two layers of soils of the project area. The petroFlag system gives the aggregate
response for all hydrocarbons present in the soil samples, analysis with different
response factors give the relative concentration for a group of compounds.

Location 4 seems to have very high concentration of TPH, confirmed with response
factor 5 and also with the results of screening test with PID. As already mentioned
this location is very close to the old industrial operational site. On the basis of the
results above we can easily relate the soil pollution present at this location to the old
industrial operations. Sampling location 5 shows the consistent values with all
techniques, but the location 2 shows higher values for only light fuel hydrocarbons.
The results of the above experiments cannot be used to get an idea about the mobility
of the petroleum hydrocarbons in the project area, because the whole area contains fill
material, which varies in texture at places. However if we consider the natural soil
type (sandy loam) of the project area, oil transport from the soil due to rainfall is
expected to be low because of the low aqueous solubility of the soil, its high structural
form and relatively low permeability of soil-oil mixture. One can assume that the
rapid reduction of oil concentration in the lower layer can be attributed to the removal
of soluble and lighter fractions of petroleum hydrocarbons present in the soil pore
fluid.

4 Results of Immunoassay analysis

Immunoassay technique was used in the environmental soil investigation of all the
samples laboratory experiments as well as in the field investigations. This technique is
basically designed to measure a large portion of the aromatic hydrocarbons but only a
few of the aliphatic hydrocarbons in the C¢ through C,, carbon range (web ref. 7).

As described in previous chapter, this system does not generate qualitative results.
The semi quantitative results produced by the device only indicate whether the PHC
concentration in a sample extract is above or below a particular level. For this project
these levels were selected as 10 ppm and 100 ppm. The section below will give the
results of the immunoassay analysis of the project.

4.1 Unsaturated-cylinder

The results of soil samples analyzed with immunoassay for the unsaturated-cylinder
experiment are given in the Table 16. Samples 1, 2, 3, 6, and 7 show the presence of
aromatic hydrocarbons in the range between 10 ppm and 100 ppm. Sample 4 and 5
show the presence of aromatic hydrocarbons even less than even 10 ppm. If we look
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Table 16 Immunoassay results of unsaturated-cylinder experiment

Sample ID. Depth 10ppm Test 100ppm Test Agreement
>10| <10 | Value | >100 | <100 | Value

Standard 1 Acceptable
Sample 1 0-2cm ° -0,04 . 0,66
Sample 2 2-5cm ° -0,2 . 0,24
Sample 3 5-10cm . -0,44 . 0,22
Sample 4 10-15cm . 0,32 . 0,4

Standard 2 Acceptable
Sample 5 15-25¢cm K 0,27 . 0,36 False +
Sample 6 25-35cm | o -0,33 . 0,17
Sample 7 Blank ° -0,04 ° 0,06

at the results of PID and petroFlag for the samples of depth 15-25 cm, they show
relatively higher values of TPH as compared to the results of immunoassay for the
same depth. It shows the presence of very small fraction of aromatics in the cutting
fluid used to spike the soil samples.

4.2 Immunoassay results of soil column experiment

The results of soil analysis with immunoassay techniques for the soil column
experiment are given in the Table 17. All samples show presence of aromatic
hydrocarbons less than 10 ppm. Only sample 3 has concentration of aromatics even
less than 10 ppm, it is interesting to remind that at this depth PID and petroFlag
techniques show higher concentration of TPH. The blank soil sample also gives the
concentration less than 10 ppm.

Table 17 Immunoassay results of soil column leaching experiment

Sample ID. Depth 10ppm Test 100ppm Test Agreement
>10 | <10 | Value | >100 | <100 | Value
Standard 1 Acceptable
Sample 1 0-5cm o -0,15 o 0,24
Sample 2 5-10cm ° 0,06 . 0,15 False +
Sample 3 10-25¢cm . -0,01 ° 0,15
Standard 2 Acceptable
Sample 4 25-35¢cm C -0,12 ° -0,16
Sample 5 Blank . 0,24 ° 0,06

4.3 Immunoassay results of field measurements

The results of field samples analyzed with immunoassay are given in the Table 18.
All of the samples show less than 10 ppm of aromatic hydrocarbons. Immunoassay
gives best results for the soil samples having moisture content up to 30% w/w. Some
samples were found with high moisture content so excess moisture was removed by
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Table 18 Immunoassay results of field measurements

Sampling Sites | Depth. 10ppm Test 100ppm Test Agreement
>10 |<10| Value [>100] <100 | Value
Standard Acceptable
Location 1 0-5cm . 0,32 . 0,29
5-15 cm . 0,39 . 0,19
Location 2 0-5cm . 0,37 . 0,29
5-15 cm o 0,91 o 0,49
Location 3 0-5cm ° 0,37 . 0,65
5-15 cm ° 0,55 ° 0,67
Location 4 0-5cm . 0,12 . 0,42
5-15 cm . 0,16 . 0,45
Location 5 0-5 cm ° 0,55 ° 0,83
5-15 cm . 0,41

putting the soil on a paper towel. The towel was wrapped around the soil and water
was pressed out for a few minutes. After that the soil sample was left with the
moisture content <30 %. The amount of soil required for the analysis was taken out
from the center of the soil ball.

The results obtained for aromatic hydrocarbons by laboratory method agree with the
field results of immunoassay technique. However this technique is ideal if prior
knowledge of contaminants and expected level of concentration is available.

5 Comparison of the results with the results of GC/MS

Three soil samples were analyzed with GC/MS technique from SGAB analytica
Sweden. The results obtained from the commercial lab are shown in the Figure 22.
Sample 1 is from the old industrial site at location 4, sample 2 from the 0-5 cm depth
of soil column experiment and sample 3 a blank with soil used for the laboratory
experiments. Table 19 shows the results of all these samples with the techniques used
in the project. Sample 1 and 2 show higher values with PetroFlag and PID and less
than 10 ppm concentration of aromatics. The same pattern is observed in the results
obtained by GC/MS. The results obtained from the laboratory do not give the
concentration of total petroleum hydrocarbons but they give the detailed information
about the specific compounds or group of compounds.
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Provhummer 0016653 0016654 0016655

Beteckn 1 1 2 3
Beteckn 2

TS 105°C % 96.0 77.2 ’ 98.4
glodforiust mg/kgTS 1.0 4.2 4.8
alifater >C5-Cs mg/kgTS <10 <10 <10
alifater >C8-C10 mg/kgTS <10 <10 <10
alifater >C10-C12 mg/kgTS <10 <10 <10
alifater >C12-C16 mg/kgTS <10 <10 <10
alifater >C§-C16 mg/kgTS <20 <20 <20
alifater >(.‘.16-C35 mg/kgTS 22 26 <10
aromater >C.8-C1o mg/kgTS <1.0 <1.0 <1.0
aromater >C10-C35 mg/kgTS <1.3 <1.3 <1.3
bensen mg/kgTS <0.01 <0.01 <0.01
toluen mg/kgTS <0.05 <0.05 <0.05
etylbensen mg/kgTS <0.05 <0.05 <0.05
summa xylener mg/kgTS <0.05 <0.05 <0.05
summa TEX mg/kgTS <0.08 <0.08 <0.08

Figure 22 Results of the soil samples analyzed with GC/MS.

Table 19 Results of the samples with the techniques used in the project.

Sample ID PID PatroFlag (R.F 10) | Immunoassay
1 350 513 <10 ppm
2 440 330 <10 ppm
3 65 85 <10 ppm

The field methods give an aggregate idea about the compounds or group of
compounds so exact comparison of the values of any specific compound is not
possible. However, the general trend is that results obtained in the field measurements
are matching with the laboratory methods. For example the field analysis with
immunoassay give value less than 10 ppm for aromatics, and this result show same
trend <1.3 ppm in all of the samples. Similarly PetroFlag give very high response for
total hydrocarbons for sample 1 and sample 2, and results of GC/MS analysis also
show an increase in aliphatic hydrocarbons. These results indicates that the
concentration of total petroleum hydrocarbons is quite high in these samples.

6 Comparison of field results with Swedish guideline values

Swedish environmental protection agency suggests the guideline values for the
specific compounds or group of compounds of hydrocarbons, but it does not give the
guideline values for total petroleum hydrocarbons present in the soil. Table 20 gives
the Swedish guideline values levels in polluted soils for the groups of compounds
sudied in this project. Comparison of the results from the soil analysis of the old
industrial site is presented in the figures 23 and 24. These figures also give an
overview of the results obtained by different techniques. The figures show guideline
values of aliphatic and aromatic hydrocarbons shown in the Table 21 and Table 22.
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Table 20Swedish guideline values for levels in polluted soils (Source www.environ.se )

Compounds Mg/kg dry
substance
Aliphatic hydrocarbons
Co6-Cl16 100
C17-C35 100
Aromatic hydrocarbons
Sum of toluene. ethylbenzene and xylene 10
C9-C10 40
C11-C35 20
Organic substances
Benzene 0.06
Toluene 10
Ethylbenzene 12
Xylene 15
Carcinogenic PAHs (sum of 7) 0.3
Other PAHs (sum of 9) 20

Comparison of results with Swedish Guideline values
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Figure 23 Comparison of the measured results with Swedish guideline values for the field

samples 0-5 cm depth.

Note: Value of immunoassay results is < 10 ppm for all locations.

Table 21 Comparison of the measured results with Swedish guideline values for the field samples

0-5 cm depth.

GuidelineGuideline
Sample ID| PetroFlag PID [Immunoassay aliphatic laromatic
Location 1 84 111 <10 100 20
Location 2 11 60,6 <10 100 20
Location 3 168 370 <10 100 20
Location 4 513 350 <10 100 20
Location 5 130 109 <10 100 20

54


http://www.environ.se/

The results of petroFlag analysis for this comparison are selected for the response
factor 10 (for heavy oils). For the PetroFlag results the guideline for aliphatic
hydrocarbons can be followed as the results given below for heavy oils. Location 3
and location 4 shows the concentration of aliphatic hydrocarbons higher than the
Swedish guideline values for polluted soils. The immunoassay analysis of all soil
samples shows less than 10 ppm concentration, which indicates that all samples
contain aromatic hydrocarbons less than the Swedish guideline values.

Comparison of Results with Swedish guideline
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Figure 24 Comparison of the measured results with Swedish guideline values for the field
samples 5-15 cm depth.

Note: Value of immunoassay results is < 10 ppm for all locations.

Table 22 Comparison of the measured results with Swedish guideline values for the field samples
5-15 cm depth.

Guideline |Guideline
Sample ID| PetroFlag PID Immunoassay| aliphatic |aromatic
Location 1 90 53 <10 100 20
Location 2 60 48 <10 100 20
Location 3 51 201 <10 100 20
Location 4 97 316 <10 100 20
Location 5 130 109 <10 100 20
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Conclusions

Soil contaminated with complex petroleum hydrocarbon products is a growing
problem in all industrialized countries, and poses a significant challenge for
characterization and remediation programs that require rapid, accurate and
comprehensive data in the field or laboratory.

This study demonstrates the usability of field analytical equipments for soils
contaminated with petroleum hydrocarbons especially cutting fluids containing heavy
oils and emulsions. The field analytical instruments used in this study give the
concentration of the group of compounds such as more volatile hydrocarbons as
gasoline, high molecular weight diesel range hydrocarbons, total petroleum
hydrocarbons, aromatic hydrocarbons, and higher molecular weight aliphatic
hydrocarbons. These field equipments allow the rapid assessment of soils and can be
used to direct further sampling and analysis to save time and resources.
Photoionization detector used in this study effectively determines the concentration of
volatiles present in the soil samples. However the results of PID can not be used to
decide the level of concentration of VOC in the soil sample because some time PID
can not detect low molecular weight hydrocarbons, such as methane and ethane.
Rather it is a procedure to decide the number and size of samples to be collected for
further quantitative VOC analysis. Combination of PID and any other field analytical
method for example PetroFlag system gives a good idea of the level of concentration
of any specific group of petroleum hydrocarbons present in the soil samples.

Because of its broad linear response range the PetroFLAG test kit can be used on a
wide variety of hydrocarbon analytes. The PetroFLAG kit does not only test for
specific compounds such as aromatics, rather all hydrocarbons. However the results
of A-horizon of soil profile of laboratory experiments in this study indicate that the
accuracy of TPH measurement using the petroFlag system may be significantly
impacted by naturally occurring oil and grease.

Immunoassay has been found to be an efficient and prompt technique to measure a
large portion of the aromatic hydrocarbons but only a few of the aliphatic
hydrocarbons as the absorbance results are converted to petroleum fuel product
equivalent for only aromatic hydrocarbons. The spectrophotometer is not designed to
account for more than one type of PHCs that may present in the extract. However this
technique is ideal only, if prior knowledge of contaminants and expected level of
concentration is available. By increasing number of detection standards we can get
very precise results but this will ultimately increase the cost of investigations.

The study of soil-oil-water mixture in saturated and unsaturated conditions suggests
that high aqueous mobility of the cutting fluids and the surface activity of the soil
contribute to oil retention in the vadose zone. From these experiments we could only
prove that the mobility of non-polar constituents of the cutting fluid to the lower depth
of column in saturated condition. Soluble oil based cutting fluids contain polar
constituents as well that can result in the higher mobility of the fluid with the rainfall
and groundwater fluctuations. A higher flow rate may allow greater momentum to be
transferred from the leaching water to the oil in the pore fluid, thereby providing more
kinetic energy to reduce the interfacial between oil and water, and hence poses a
threat to the surrounding environment in the form of surface and groundwater
contamination.
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The environmental soil investigations with the three methods; PID, petroFlag, and
immunoassy of old industrial site in Sweden suggest the higher concentration levels
of petroleum hydrocarbons especially heavy oils at sampling locations 4 and 3
respectively which may be a threat to the groundwater and surface water resources in

that the area.
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Future Recommendations

This project is not a starting point in the research of contaminated soils, rather this
piece of work is inspired by the existing research about the in-situ analytical
techniques. This study can serve as a tool in the economical environmental soil
investigations in the field to get real time results. Given below are some suggestions
that could be considered for the study of contaminated soils by the similar techniques.
1. A major priority in the future research should be focused to evaluate the response
of all the analytical techniques for different textural classes of soil. This will give an
idea about the extraction efficiency of the analytical methods

2 The analysis of soil samples with clay content more than 30% are found to be
difficult to extract with PetroFlag extraction solvent. On the basis of the experiment
performed in this project, it is recommended to use 1g of soil sample instead of 10g,
and then multiplying the obtained concentration with 10.

3. Immunoassay is evolving as a promising technique to the analysis of aromatic
hydrocarbons in the soil samples. It would be of value to establish correlation between
reading of the differential photometer and the actual absorbance.

4. It would be useful to have a better idea of the movement of more polar constituents
of the cutting fluid with more sophisticated analytical techniques.

5. More precise and extensive investigation is necessary for a detailed account of the
extent of contamination at the old industrial area investigated in Sweden. The
investigation should not be focused only for petroleum hydrocarbons but also on
persistent organic pollutants and heavy metals, as these substances can stay for years
in soil and sediments.

58



Acknowledgements

I would like to thank first and foremost Volvo Technical Development AB for
financial help to perform this study. I would like to thank my supervisor Henrik Kloo
at Volvo for all help and advice lent. I want to express my gratitude to my supervisors
Ann-Margret Stromvall and Sebastien Rauch at Chalmers for their lots of help and
valuable advices. They were always available for discussions and came with new
ideas. I could not have done it without their support.

I would also like to thank my examiner Professor Greg Morrison for support and
encouragement. All people working in the industry who directly or indirectly helped
me deserve more than mere a word of thanks. Their valuable advices made me able to
solve the problems that I faced during my experiments; especially I want to mention
the names of Clifford Drop and Jony Bergman from MB Envirotech, and Monika
Granberg from J&W.

I also want to mention my enjoyable time during the AEMT (Applied Environmental
Measurement Techniques) program, from beginning to end. I have learned things that
are valuable to me as an asset of my life. All of my AEMT friends are very special to
me.

During my time in Sweden I met such wonderful people, best among them are Umar
and Qamar, [ will never forget the days I spent with them. Lastly I would like to thank
my family who has been there to help me in all my endeavors.

59



References

Allan S., Brantely and Timothy G. Townsend 1999, Leaching of Pollutants from
Reclaim asphalt Pavement, Environmental Engineering Science volume 16, number
2,1999 Mary Ann Liebert, Inc.

Ana Monge., 1998, Underground hydrocarbon spills detection using portable sensors
working in ppm range Geologiske Institutionen, Chalmers technical hogskola S-412
96 Goteborg, Sweden.

Bedient B. Philip, Rifai S, Newell J., 1999 Ground Water Contamination Transport
and Remediation Prentice Hall PTR Upper Saddle River, NJ 07458 USA

Bedient B. Philip, Rifai S, Newell J., 1994 Ground Water Contamination Transport
and Remediation Prentice Hall PTR Upper Saddle River, NJ 07458 USA

Borg, G. Ch., 1985. Palaeco-Ecology Reflected in Physical and Chemical Properties of
Three Baltic Cores. STRIAE Vol. 23.

Carl D. Plamer ans Richard L. Johnson., 1991, Physiochemical process: Site
characterization for subsurface remediation, United States Environmental Protection
Agency, EPA/625/4-91/026, November 1991.

Canter,R., 1996 Contaminants’s control factor. Soil as a contaminant receptor.
Jornadas de Contaminacion y Depuracion de Suelos I.T.G.E Madrid.

Callabo de Roa A., 1996, Genreal criterium for selection, vapour phase extaction and
in-situ soil wash. II Jornadas de contamination y Depuracion de suelos [.T.G.E
Madrid.

Dexil Corporation, 1999 PetroFlag hydrocarbon analyzer user’s manual one Hamden
oark drive, Hamden, CT 06517 and K:A wright, 2094 Hideaway runch road,
Placerville CA 95667.

D. Wolt., 1994 Soil Solution Chemistry: Applications to Environmental
Science and Agriculture John Wiley and Sons, Inc. USA

Fitter C.W 1993, Contaminant hydrogeology. Macmillan Publishing Company, New
York.

Fitter C.W., 1994, Applied Hydrogeology, third edition Prentice-Hall, Inc. A Simon &
Schuster Company, Upper saddle River, New Jersy 07458.

Hrudey, S.E and Pollard, S.J., 1993, The challenge of contaminated sites:
Remediation approaches in North America, Environmental review, vol. 1.

60



J. Tolgyessy, 1993 “Chemistry and Biology of water, air and soil Environmental
aspects” Elsevier science Publishers 25 sara Burgerhartstraat P.O. Box 211, 1000 AE
Amsterdam, The Netherlands.

Mohamed, A.M.O and Young, R.N., 1992. Clean up of non-aqueous phase liquid
contaminated soil using chemical enhanced displacement technology, 9™ clean air
congress, critical issue in the global environment, vol. 1, IU-5.01 1992.

McLean, E.O., 1987. I: Methods of soil analysis. In. Page, A.L. et al (Eds.).
Agronomy No 9, Part 2, 2nd Edition, U.S.A. pp. 199 - 209.

O’ Shay Tracy A., Hoddinott B. Kieth, 1994 Analysis of soils Contaminated with
petroleum constituents ASTM Publication code number (PCN) 04-012210-38, ASTM
1916 Race street Philadelphia, PA 19103 USA.

Planas G., 1996 Tanques subterraneos para liquidos inflammable o combustibles.

Subterranean tanks for explosive or combustible liquids. Ingenieria Quimica, N 328(
octubre) pp 139-141.

Pollard, S. J. T, Kenefick, S.L., Hrudey, S.E., Fuhr, B. J., Hooaway, L.R. and Rawluk,
M., 1994, Atiered Analytical protocol for the charaterization of Heavy oil Residue at
petroleum- Contaminated Hazardous waste site., published in ASTM publication STP
1221 ASTM 1916 Race street Philadelphia USA.

Parr, J. L., Cliff, R. E. Kocurek, D.S., and Lowry, J.C., 1994. Interlaboratory Study of
analytical methods for petroleum hydrocarbons. ASTM publication STP 1221 ASTM
1916 Race Street Philadelphia USA.

Petra M. Kriamer, 1998, 4 strategy to validate immunoassay test kits for TNT and
PAHs as a field screeninf method for contaminated sited in Germany, Analytica
Chimica Acta 376 (1998) 3-11.

Patricia Holden and Arturo A. Keller, 2001 Understanding Seasonal Variation of
Bioavailability of Residual NAPL in the Vadose Zone, University of California, Santa
Barbara, USA.

Roger N. Reeve, 1994, Environmental Analysis John Wiley & sons Ltd, Baffins lane,
Chichester, west Sussex P O 19 1UD, England.

Subsurface characterization and monitoring techniques: The vadose zone, Field
screening and analytical methods appendices C and D, United States Environmental
Protection Agency, EPA/625/R-93/003b, May 1993.

Swedish Environmental Protection Agency, Development of generic guideline values,
1996, report 4639, Naturavrdsverket 106 48 Stockholm, Sweden.

T. Cairney consultant, D. M Hobson, 1998, Contaminated Land problems and
solutions, E & FN Spon, an imprint of Routledge 11 new fetter lane, London EC4P
4EE.

61



T.B. Lynn, S. Finch, L. Sacramone, 1994, FEvaluation of a new non-immunoassay
field test kit for total petroleum hydrocarbons in soil, presented at EnvirACS 94 held
at 10™ annual west testing and quality assurance symposium, july 12-13 1994,
Alrington, Virginia,

Yong, R. N, Mohammad, L. F., and Mohamed, A. M. O., 1994, Rentntion and
transport of oil residue in a sandy loam soil, Published in Analysis of soils

Contaminated with petroleum contituents ASTM Pubilcation code number (PCN) 04-
012210-38, ASTM 1916 Race street Philadelphia, PA 19103 USA.

Web References

1. The CYBERMAN Education Page Mechanics Michigan Technological University
http://www.mfg.mtu.edu/cyberman/metal fluids.html visited on April 4 2002.

2. Cutting Tool Engineering magazine www.cuttingtoolengineering.com visited on
November 4, 2001.

3. Sunnyside products http://www.sunnysidecorp.com/metal_working_oils.htm
visited on March 3, 2002.

4. International Scientific Forum "Danube - River of Cooperation"
http://danubedita.tripod.com/library/2000skrbic.htm visited on Feb.10 , 2002.

5. Environmental response team www.ert.org SOP 2114. visited on December 3,
2001.

6. Standard method 3815 Screening of solid samples for volatile organics United
States Environmental Protection Agency, http://www.epa.gov/SW-846/3815.pdf
visted on April 16, 2002.

7. Standard method 4000 Immunoassay, United States Environmental Protection
Agency http://www.epa.gov/SW-846/4000.pdf visited on February 2, 2002.

8. Innovative Technology Verification Report Field Measurement Technologies for
Total Petroleum Hydrocarbons in Soil www.epa.gov United States Environmental
Protection Agency publication EPA/600/R-01/092, visited on November 10, 2001.

9. Dexil Corporation www.dexil.com visited on December 5, 2001.

10. Mapquest www.mapquest.com visited on March 28, 2002.

11. Environmental Express method 1311, Toxicity characteristic leaching procedure
http://12.13.144.130/tclpmeth1311_p.html visited on February 2, 2002.

12. Photovac, Inc. www.photovac.com visited on February 21, 2002.

13. Strategic Diagnostic Inc. www.sdix.com visited on January 25, 2002.

62


http://www.mfg.mtu.edu/cyberman/metal_fluids.htm
http://www.mfg.mtu.edu/cyberman/metal_fluids.htm
http://www.mfg.mtu.edu/cyberman/metal_fluids.html
http://www.cuttingtoolengineering.com/
http://www.sunnysidecorp.com/metal_working_oils.htm
http://danubedita.tripod.com/library/2000skrbic.htm
http://www.ert.org/
http://www.epa.gov/SW-846/3815.pdf
http://www.epa.gov/SW-846/4000.pdf
http://www.epa.gov/
http://www.dexil.com/
http://www.mapquest.com/
http://12.13.144.130/tclpmeth1311_p.html
http://www.photovac.com/
http://www.sdix.com/

14. Standard method 9074 Turbidmetric screening method for total recoverable
petroleum hydrocarbons in soil, United States Environmental Protection Agency,
http://www.epa.gov/SW-846/9074.pdf visted on April 16, 2002.

15. Superfund Innovative Technology Evaluation (SITE) United States
Environmental Protection Agency www.epa.gov/SITE/report/TPH-demoplan.pdf,
visited on March 2, 2002.

16. Soil screening user’s guide United States environmental protection Agency
publication 9355.4-23 July 1996, www.epa.gov/superfund/resources/soil/ssg496.pdf
visited on March 2, 2002.

63


http://www.epa.gov/SW-846/9074.pdf
http://www.epa.gov/SITE/report/TPH-demoplan.pdf
http://www.epa.gov/superfund/resources/soil/ssg496.pdf

	Abstract
	Table of Contents
	List of figures
	List of tables
	Introduction
	Background Information
	1.Cutting fluids
	1.1 Main types of cutting fluids
	1.2 Common additives used in cutting fluids
	1.4 Cutting fluid used in the project

	2. Soil vadose zone
	2.1 Sources of soil pollution
	2.1.1 Underground storage tanks
	2.1.2 Landfills
	2.1.3 Surface water and sediments
	2.1.4 Agricultural waste
	2.1.5 Land application and mining
	2.1.6 Radioactive contamination
	2.1.7 Accidental spills

	3. Transport of organic contaminants in the soil
	3.1 Physiochemical processes controlling the Transport Pathways
	3.1.1 Advection
	3.1.2 Diffusion and dispersion
	3.1.3 Sorption
	3.1.4 Biotransformation and biodegradation
	3.1.5 Volatilization
	3.1.6 Gas-phase transport

	3.2 Factors influencing the distribution of organic contaminants in soil
	Permeability coefficient
	Diffusive properties of soil
	Water solubility
	Density and viscosity
	Vapour pressure and density of vapour phase
	3.2.6 Grain size effect


	4.Field analytical techniques
	4.1 Field analysis versus analytical laboratory
	4.2 Photo ionization detector (PID)
	4.2.1 Principle and method summary
	4.2.2 PID instrument limitations

	4.3 Immunochemical techniques
	4.3.1 Method selection consideration
	4.3.2 Interferences
	4.3.3 Advantages and limitations

	4.4 PetroFLAG™ System
	4.4.1 Interferences


	Materials and methods
	1 Soil sampling
	2 Soil sampling at the old industrial site
	3 Experimental
	4 Cylinder- unsaturated
	5 Soil column experiment
	6 Analysis procedure for the soil samples
	6.1 Particle size analysis
	6.2 Soil moisture content
	6.3 Determination of mass loss of ignition
	6.4 Soil pH

	7 Procedures for the screening and analysis of organic contaminants in the soil
	7.1 Screening procedure with PID
	7.2 Analysis procedure with Immunoassay
	7.2.1 Sample extraction
	7.2.2 Assay procedure

	7.3 Analysis procedure with PetroFlag system
	7.3.1 Extraction
	7.3.2 Filtration and emulsion development
	7.3.3 Turbidity measurement and calculation of TPH concentration



	Results and Discussion
	1 Selected parameters of soils
	2 Response of photoionization detector (PID) for the soil samples
	2.1 Cylinder – unsaturated
	2.2 PID results of soil-column leaching experiment
	2.3 PID Results of field measurements at the old industrial site
	
	Sample ID



	3 Results of PetroFlag System
	3.1 Unsaturated-cylinder
	3.2 Soil column experiment
	3.3 Measurements of TPH with PetroFlag system at an old industrial site

	4 Results of Immunoassay analysis
	4.1 Unsaturated-cylinder
	4.2 Immunoassay results of soil column experiment
	4.3 Immunoassay results of field measurements

	5 Comparison of the results with the results of GC/MS
	6 Comparison of field results with Swedish guideline values

	Conclusions
	Future Recommendations
	Acknowledgements
	References
	
	
	
	
	Web References






