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ABSTRACT
It is generally implied that for hydrophobic poliutants soil
erganic matter, clay minerals and possibly amorphous hydroxides
are the primary earth materials that influence the attenuation of
grganic pellutants in the subsurface environment, Determining the
distribution of these materials, both wvertically and areally,

requires quantitative ectimates of these compounds in a wide
number of samples. Scanning e&lectron microscopy is & common
me thod of characterizing clay minerals +from the deeper

subeurftace, but the dehydration of soil arganic matter in soils
without destroyring their structure is difficult at best and
probabl ¥ will require special  +freeze drying equipment.
Quantitative x-ray diffraction i€ a viable method for simple
mixtures of well crystalline compounds, but it becomes at best
semi-quantitative for multicomponent mixtures, and next to
useless for amorphous or pooriy crystalline materials. Fourier
Transform Infrared Spectrometry although used extensively to
characterize extracted humic and <+fulwvic acids facks the
sencitivity to detect the much s=mxller amounts present in
unextracted soil samples. Raman microprobe technigques can yield
information about  material characterization that has been
incompletely provided by conventional techniques, such as
information on the molecular nature of the components of a sample
and their distribution in the sample.

To date four sites in variocus parts of the Continental
United States have been chosen as study areas. These are: the
former creosote waste disposal lageon in  Conroe, Texas, the
D’ Imperio Dump in Attantic County, MNew Jersey, the Apple Creek
drainage basin in Burleigh County, North Dakota, and north
central Payne County, OKlahoma.
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SECTION 1

INTRODUCTION

Since the early 19270"c ground water pollution has received
much attention from the public. In most ground-water poliution
investigations, samplies of water and, much less frequently, earth
materials are collected for chemical anaivsis. The resulte may
indicate that & problem exicsts, but they do not indicate why the
probiem exists, other than that a contaminant has reached the
water table. Precently, many reqguiatory agencies must predict
what will happen to a contaminant in ground water with respect to
space and time. This predicticon, however, iz useful and valid
only in a very general way because we simply do not Know what
controls contaminant movement. lihat is the role of the geologic
medium with respect to the attenuation of a pollutant? Does it
depend only on the type of clay mineral, organic matter, or
hydroxide present, or on the relative percentag;s of these
compaunds acting in concert? What role is played by micro-
cerganisms in the subsurface, what controls their presence or
survival and what factors influence their biodegradatfon
activities.

Answerse to questions such as these are not available because
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rnc one has made a concerted etfort to +ind out. Furthefmore,
until recently, no one thought there was any reason to do so.
Recent research has shown wunequivocally that it will be
impossible to predict the transport and fate of materials in the
subsurface without this Knowledge.

The travel of synthetic organic chemical pollutants from the

surface of the earth to an aquifer, particularliy one that serves

as a source of drinking water, itz of fundamental concern to all
citizens. The sources of thecse polluytants are many and wvaried,
ranging from local spills or discharges into creeks, through

large =scale spraying of crops with pesticides, herbicides, or
sewage, to <ceepage from a wvariety of waste disposal sites
({Pettyjohn and Hounslow, 1982). The principal objective of the
Environmental Protectieon Agency Ground Water Research Strategy,
Known as€ "esubsurface characterization," is to predict the
movement of these pollutants in the subsurface. Most present
studies examine particular soils and specific pol{utanta, and
because of the impracticality of studring the effects of 40,000
organic compounds on 5,000 different types of geciogic materials,
the fundamental principles and mechanisms of the reactione that
take place must be understood and quantified <(Hounslow, 1981).

The following concepts must be considered when examining
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pollution movement: 1) chromatoaraphy, which is the process
whereby differential soclute movement results when a solution
moves through a porous solid, <such as when polliuted groundwater
moves through sediments; 2) adsorption, which s described
quantitatively by an adscorption isotherm (a graph of the amount
of material, in this case a polilutant, absorbed/ gram by the
solid versuys the cancentration of the pollutant in zclution)--the
constant in the equation describing this graph is Known as the
adsorption coefficient: and 3 mases transport equation, which
enables the concentration of a pollutant to be determined at a
specified place atter a <zpecified time. This equation
incorporates estimates of qground water wvelocity, distusion,
biodegradation, and adsorpticon—-—the last term which ig¢ the
subject of this report. Following a general introduction to
these concepts, thie report will discuss how these concepts are

applied to the movement of pollutants through the soil.,

CHROMATOGRAPHIC MOVEMENT
The Fflow of Ffluids through porous media has receiuéd
considerable attention in both field and laboratory, however the

behavicur of the dissolved constituents {solutes? during this
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process has received little attention cutside the anal?tica!
chemistry laboratory. The following discussion is intended to
show that chromatography is a complex multifaceted process and
not the simplistic one usually chosen to explain pollutant
movement. 1t cannot be cversmphasized that a critical evaluatian
of the model selected is essential if reliable predictions of
pollutant movement are to be made.

Chromatography is the process such that when a solution of a
compound <mcbile phase) moves through porous solid (stationary
phase) some solutes appear to move more rapidly than others. The
process  that controls fhe rate at which a particular compound
moves relative to that of the fluid is called adzorption or
partition. Adeorption is the term used i+ the stationary phase
is a goiid, and partition i¥ the stationary phase iz a gel or a
liquid (whose support may be an inert porous solid phase).

In analytical chemistry, chromatography is commonly used to
separate compounde, It was first used in 1904 b; Tewett to
separate colored substances in plant materials, hence the name.
The process is baced on the fact that some solutes move more
rapidly than others, that is, they distribute themselves be tween
the mobile and the stationary phases in proportions that wvary

from one substance to another. Chromatographic movement is
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influenced by the following criteria:

. The nature of the stationary phace
1. Solid - adsorption chromatography
2. Liquid tor gel) - partition chromatcgraphy
B. The composition of the mobile phase, (Stock and Rice,1%43)
1. Pﬁre sglvent - elution chromatography
Z. A solution added continuously — frontal chromatography
2. A solute more strongly adsorbed than any of the |

compounds of the mixture — displacement chromatography

Stationary Phase

The stationary phase may be an active <colid (sottd
stationary phase) or a ligquid supported by porous inert <olids

(liquid stationary phase’.

The Ligquid $Stationary Phase-=-

This phase may be a true liquid supported by an inert C(non'
reacting) porous solid or, iR some cases, ~a gel. The rate of
movement of a dizsoalved constituent depends on  the relative

solubility of this solute in the stationary phase and in the
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model to the movement of radiostrontium in soils, Fissel and
Poelstra further extended the theory in 1943. King and McCarty
(1948) applied this model to the movement of orqganic phosphate
pesticides in a variety of soils and added an additional term to
cover pesticide degradation. Their model was confined to linear

adsorption coefficients.

The Sclid Statfcnary Phage-——

This phase is an active sclid that reacts with soiutes in
the 1liquid phase and resulte in the process known as adscorption
-chromatography. It refers to a surface effect that takes ptlace
at the boundary between the moving and stationary phases.

Weiss (19432 proposed a theofy for elution chromatography
(qu) of & single solute based on a differential equation for the
adsorption process. .He derived equations for the determination
of solute concentrations with depth using tinear and non tinear
adsorption isotherms, band widths, soiute movement and shape of
the adsorpticon band. Weil-Maltherbe (1%43) verified the Weiss

theory experimentally and determined that the ~tailing of an'

elution curve =2 a +Function of the Freundlich exponentiaxl
coefficient. That isy, +or linear adsorption iscotherms the
elution curve is virtually symmétrical, whereas if the exponent
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is less thanm 1, & tail develops on the eluted solute band.

Mobile Phase

Chromatographic movement can alsc be classified according to
the manner by which the solute moves through the porous medium.
The terms elution, <Ffrontal and displacement are used to describe

the different types of conditions.

Elution_chromatography——

This referes to the transport of a solute previously added to
a chromatographic celumn by means of the application of pure
splvent Figure 1. I+ it is assumed that there are no stationary
phase mobile—-phase interacticons, then the more weakly adsorbed
substances travel more rapidly than the more strongly adsorbed
substances., A common phenomena with this techniqﬁe, is that of
taiting, which resuits in wider, diffuse and overlapping bands,
In the other two processes this does not occur. A point source
contaminated =zite leached by rain water would be an example of

this phenomena, a¢ is thin laver chromatography.

Frontal chromatography--
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This type of chromatography occurs when a sciution of the
mixture i3 added continuousiy. I+ there are a number of
components in the mixture each having different adsorption
characteristics, a number of zones will be formed. The leading
edge of each zone is called a frant. The firset {(leading) zone
will cnntéin the least adsorbed sclute whereas the other zones
will contain - mixtures of the wvarious solutes Fiqure 2.
Eventually however, the effluent Ffrom the system becomes .
identical in composition to the sample entering the system. A

1and treatment dispozal site could well iltTustrate this

phencmena.

Displacement_chromatography-—

This results when the mobile phase contains & substance more
strongly adsorbed than any of the components of the mixture., This
substance is Known as the displacer. A mixture o% solutes moves
dawn the column at the same rate as the displacer is added and
resolves itsel+ intc bands of pure components, The order of
these bands is the order of the strength of adsorption on  the
cstationary phase. Each pure band acts as & displacer of the less
adsorbed component ahead of it Figure 3. The regeneration of a

water zoftener by sodiuym chloride illustrates this process.

10
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Figure 2. Frontal chromatography occurs when a solution of the solute
is added continuously. After passage of the leading zone the
effluent from the column becomes identical in composition to
the sample entering the syscem.
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Figure 3. Displacement chromatography results when the mobile phase

contains a substance more strongly absorbed than any of the
components of the mixture. The solute mixture resolves itself

ince bands, each acting as a displacer of the less adsorbed
compenent ahead of it. “
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ADSORPTICGN

Adsorption describes the distribution of a solute between =z
liquid aﬁd a solid phase; it is of paramount importance in all
chromatographic studies. It is generally considered to be the
resuit of either an affinity for the solid or a lack af affinity .
for the liquid, Weber 1772.

If the adsorption is a consequence of the J1rophobic
(solvent—-distiking) character of the solute relative to &
particular solvent, then the solute displars a low solubility in
that Jliguid. This inverse relationship between adsorption and
solubility is still invoked as the primary theory for explaining
the movement of pesticides in soils, In aqueous systeme this
phenomena is called hydrophobic adsorption. On the other hand
the solute may have a high affinity for the solid phase. Three

types of surface phenomena must be considered.
(a) phreical adsorption results from van der Waals forces,

that is fluctuations in electron distributions producing

instantanecus dipoles. “adsorpbed molecules are not fixed to a

13
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specific site but are free to move within the intertace.

§ o)) chemisorptiaon represents a chemical interaction with
the adesorbent and the bonding cccurs at specific sites on the
surface of the adsorbent.

(¢ exchange adsorption is a process in which ions of one
substance .concentrate at a surface as a result of electrostatic
attraction to changed sites at the surface. The charge on the
ion is the determining factor for exchange adsorption. Generally .
the higher the charge and the =zmaller the ien the stronger the
adsorption. The moiecular size or hydrated radius must however,

be the parameter considered,

fAdsorption Isotherms — Equations

The adsorption coefficient is not always a constant and it
may vary with the concentration of the sclute in the tltiguid
phase., The graph that allows the adsorption coefficient to be’
obtained at different concentrations is knpwn ags an adsorption
isotherm.

An adsorption isotherm determined experimentally is a plot

of the amount of material adsorbed per gram of adsorbant wversus

14
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the concentration of the adsorbate in scliution. The re=ult may

be a straight line or an exponential curve {that is, a straight

line on a log-log plot).

Linear adsorption isotherms—-

These isotherms recsult when the dictributicon coetticient i =

independent of concentration, that is:

S = Kd.C
where S i the amount of solute adsorbed by the solid phacse.
c ie the concentration of sclute in the liquid phacse.

Kd is the distribution coefficient, <(linear adsorption
coefficient?

This e commonly the relaticnship observed where partition

accurs between two liduid phases up to their solubility 1imit.

Most chromatography models used for describing poilutant

transport assume this model.

Freundlich isotherms-—-—-
Theese isotherms are primarily an empirical attempt ta

describe non-linear relationships. They are detined by the

equation

S = KC##n (Figure 4.

15



Freundlich

X/M

X/M = KcP

Figure 4. Freundlich isotherms, linear when n equals ! and
non linear when n does not equal 1.

16
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where K and n are constante., It is usually presented in the
linear form:
log 8 =K + n loa C
where n is the =slope of the line and K the adsorption
coefficient (Figure 35).
Al though qenerally considered an empirical relxtionship
Sposito (19280) aariued it theoreticaily for the trace adsorption

of an ion participating in an exchange reaction,

Elution curves illustrating the phencomena of tailing for
"isotherms where n = 1, n <1 andn > | are shown in Figures &, 7
and 8,

Langmuir isothermg—-

These icotherms were developed by Langmuir (1718) to
describe the adsorpt?on of gases by solids. It has a walid
theoretical base and assumes monolayer adsorption, and that the

solid possecses a finite number of adsorption sites. The general

equation is:

S = (Sm.b.Cd/(1 + b.C)

where: S is the number of moles of sclute adsorbed per gram of

ad=arbent,

17



Freundlich n

n
=

log X/M

log C

log X/M=logK+nlogC

Figure 3. Freundlich isotherms becoming linear when plotted on log-log
scales. Plots of isotherms with two values of n are shown.

18
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Figure 7. A non-linear adsorption isotherm, concave down
with the Freundlich n less 1, showing tailing towards
the source.
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Figure 8. A non-linear adsorption isotherm, convex down

with Freundlich n greater than 1, showing tailing
towards the effluent direcrion.
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Sm is the number of moles of solute adzorbed per gram
of adsorbent in forming a complete sinagle layer of
adsorbed solute molecules on the <surface of the
adsorbent {(monolayer’}.

€ is the concentration of solute in the liguid phase,

and b is a constant.

Expressed in linear form 175 = 1/5m + {/(b.Sm.C>
"where: 1/8m is the intercept and 1/¢b.S)m is the <slope,
Fiqure 9.

B.E.T. isctherms—-
These isotherms were developed by Brunauer, Emmett and Teller
(1938) to include systems in which a vapor is adsorbed as several

larvers of solute on the adsorbent surface f{multilayers). They

obtained the eguation

F/A(UL{Po-P)) = 1/¢Um.C)> + P(C-1)/(Po.Um.C)
where V is the volume of gas adsorbed at pressure P,

LVim ie the wolume adsorbed in the +irst completed

monol arer,

22
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Langmuir

: mec

1+bc

Figure 9. Langmuir adsorption isotherm illustrating monolayer
adsorprion with the sclid having a maximum concentration
of solute of Xm. This is also called an L-curve.

23
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Po is the saturation pressure of the vapar
C is a constant = exp ((E1-LXRT)

where E and L are the heat adsorpticon in the firet lTarer and
the Jlatent heat of condensation respectively. T is the
absolute temperature and R ig the gas constant,

A plot of P/ (Po-P}) versus P/Po should be linear.

~Adsorption Isatherms - Shapes

Studies of adsorption icsotherms have indicated that their
shapes may gqive some insight as to the nature and possibly the
mechanism of the substrate-sclute-solvent interactions, (Giles
et, al., 19680, Giles 19702, This it of prime interezt to those
studying natural systems where many of the parameters are pooriy
uﬁderstood, or even unknown.

It has been shown that for a given solute different shéped
isotherms result <from diftferent combinations of solvent and‘
substrate. The primary factors are the polar or non poltar nature
of the solvent and substrate as well of the polar nature or
monofunctionality of the sclute.

Giles et. ai, (1%240) proposed a Ffourfold division of

adeorption isotherms based on the slope of the initial part of

24
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the «curve, and a further subdivision according to the shape of
the curve further from the origin.

The initial slope depends on the rate of change of =site
availability with increase in soiute adsorbed. The plateau or
inflection point on the curvee represents the first degree of
saturation, that is, <Further adsorption can oniy take place on
new surfaces. 1§ the adeorbed molecules of the monolayer are s¢ -
criented that the new surface they present to the solution has
‘1cw attraction for more coliute molecules, the curve has a long
plateau., If they are eoriented such that the new surface has high
attraction for more soclute, the curve ricses steadily and has no
plateau.,

The four main classee of isotherms are:

L-curyes=—-

These are the normal or "Langmnuir® igotherms, Figure %, ‘and
are characteristically convex near the origin. JThus the more.
solute  taken up the less chance that a sotute moliecule witl find
a suitable site on which it can be adsorbed. The types of
systems which give this curve have aopne of the following

characteristics:
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i. the adsorbed molecules are most likely to be adsorbed f1lat,
or ii. adsorbed end on with little solvent competition, found in
cases where:
a. highly polar soiute and substrate and & non polar
-soivent.
b. monofunctional ionic substances with wvery straong

intermaolecular attraction.

H-curves--

These are high affinity curves in which the solute has such
a high affinity for the substrate in dilute solution which is
completely adsorbed, or at least there is no measurable amount
remaining in soluticon Figure 10. This is usually indicative of
chemisorpticon or ion exchange. The initial part of the icotherm
is therefore vertical. The adsorbed species are either:

i. lxrge units such as ionic micelles or polymeric

molecules, or

il. single ions with a high exchange capacity.
S-curves——

These curves describe those srestems where the greater the
amount of solute already adsorbed, the easier it iz for aditional

zeolute to become adsorbed. Theee curves are characteristically
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H-Curve

C

Figure 10. High affinity type of adsorption isotherm where
the solute in dilute solution is completely adsorbed.
This usually indicates chemisorption or ion exchange.
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concave near the origin, Figure 11, and are generally considered
to indicate the vertical orientation of adsorbed molecules at the
surface. This is the trpical adsorption isotherm for
monofunctional solutes with moderate intermolecular attraction,
adsorbed on a polar substrate from a polar solvent. It indicates

a tendency for large adsorbed molecules to associate rather than

to remain ats jealated units., This has also been called co- .

operative adsorption.

C-curves—-

These are constant partition curves or linear isotherms where
the availability of sites remains constant at all concentrations
up to saturation Figure 12. It is typical of the curve obtained
for the partition of a solute between two immiscibie <solvents.
The implication is that the solute is penetrating reqgions of the

substrate that are inaccessible to the soivent.

1t must be emphasized that isotherms may change in <shape
with a change in conditicens. Thus the common organic chemical
phencl, a monofunctionzl solute witl give an S-curve from polar

selvents such as water on polar substrates, an L-curve on polar
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C

Figure 1l1. Typical S-curve where initially the greater the
amount of solute already adsorbed, .the easier it is
for further solute to become adsorbed.
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X/M

C

Figure 12. The C-curve or constant partition curve where

the availability of sites remains constant at all
goncentrations up to saturation.
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substrates from non-polar solvents and a c-curve on hydrophobic

peciymers from an inert liquid <(which does not swell the

substratel.

M&SS TRANSPORT EQUATION

The primary purpose of the mass transport eguation is to
determine the concentration of a pollutant at a speciftied place
atter a specified time. Four different procecsses are incorpo-

rated into this equation:

1. advection or the transport of the pollutant at
the ground-water velocity

2, dispersion or the spreading of the concentration
front because of aguifer inhomcageneity and molecular
diffusiony

3. biodegradation or the disappearance of the solute
because of microbtal actiong

4, adsorpticn or retention of the =oclute in the soil
nrhase because of partitioning between the solid and

liquid phases.
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The only term to be discussed in this paper i=z the last one,

adsoarption.

Addsorption Term

The teotal mass of solute per unit volume of porous medium iz
the sum of the solute in solution plus that adsorbed on the soil.
I+ the porous medium is 1004 saturated with solution, the volume
‘"of solution per wunit volume of porous media ic egual to the
effective porosity, n. Further the mass of soil per unit volume

of porous medium 15 B, the bulk density. Thus if the total

mass of sclute per unit volume is Ct then
Ct (totald = n.C ¢ligquidy + B,Cs (solid) 1)

where T is the soclution concentration and Cs is the adsorbed mass

concentration.
In general Cs i=s a function of €, that is, a relationship
defined by the adsorption coefficient,

The change in the mass of solute adsorbed on the zolid (Cs)

with time can be expressed as
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Cz/ t =

Aafter combining (1) and (2)

dCs, dC

DU« C

[
Tt

per unit volume of porous medium with time is

Ctsr t = n.

c”
= Crs
=n. L

B/n

where the term 1 +
is defined as the retardation
Thus

Ct/ t =

The Retardation Coefficient

Thie coetticient as
readily obtainable terms n,
bulk density of the soil.
dCs-/dC, which

ie derived from the adsorptian

the change in total masse of
t + B.dCsr/dC. Cr t
tin + R.dC=/dl)
t{t + B /n.dCs/dC>
.dCe,dC (3)
coefficient Rd.
Rd.n. cr t (43
defined in ¢(3) above contains

the effective porosity and B

The third variable i€ the

coeftficient,
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Thuse the retardation coefficient, Rd =1 + Kd. Bsn , represents &
ratic of the wvelocity of the water over the wvelocity of the
colute, Thug ¥ a <cclute having a retardation R = 10 has
travelled iO ft.,, the water has traveiled 100 ft.

The reciprocal of Rd which is the chemical Rf factar 15 more
readily understood because soclute movement is defined in terms of .
the water movement. That is, during the time that water has
.moved a distance x the solute has moved & distance Rf times x.
Thus assuming an Rf of 0.1 and a water movement of 100 +ft. the

solute has moved 100 x 0.1 = 10 +¢t,.

APPLICATION TO THE SOIL-SEDIMENT SYSTEM

Once & general understanding of adsorption chromatograph? is
obtained, it must be applied to the problem of predicting the‘
rate of movement of chemical pollutants in the soil-sediment
environment. The mobile phase is, of course, water, and the
=0lid phase 1s =0il. Soil is a complex muiltiphase system where
componentz vary considerably from one area to another. The three
zolid phase constituents most likely to be important in the

adsorption reactions are scil organic matter, clay minerals and
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amorphous hydroxides of iron, aluminum, and manganese.

So0il organic matter (SOM) is & mixture of complex organic
poeivmers of doubtful compocition that is generally assumed to
have a ltarge number of phenolic -0OH and carboxylic acid groups
attached to it. 1t may be physically and chemically separated
into three main components: &lkali soluble fulwvic and humic -
acids; and incoluble humin, The interactions between the <oil
_organic matter—clay minerals and amorphous hydroxides that may
atfect the adsorption chracteristics are essentially unknown,

A vast amount of literature has developed over the last
three decades on the adsorption of organic compounds (primarily
herbicides and pesticides) by soil components. In 1934,
Sherburne and Freed publicshed one of the earliest papers to
réport experimental data that showed an unequivocal correlation
between adsorption of & specific organic compound and £oil
organic matter, Since then many papers have been!written expand-

ing the number of organic compounds for which this relationship

holds true.

Mormal ized Adsorption LCoetficients

Recently, it has become a fairly common practice ta normal-

ize adsorption coefficients oObtained from soils te their organic
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matter or organic carbon content, as in the following equation,
Koc = K.100/ %0OC

where Koc is tﬁe normal ized adsorption coefficient and K is  the
adsorption coefficient obtained using a soil containing 0OCX orga-—
nic carbon.

The sorbing medium is thus considered to be the sotl-organic
matter rather than the total mass of soil., Lambert {19247,
Furmidge and Osgerby (19247) normalize to ¥S0M whereas Karickhoff
normalizes his distribution coefficient to percent of organic
carbon. It has been-¥ound empirically that soil organic matter
containg 584 organic carbon and thus Kocc can be derived from
Ksom.

Although soil organic matter has been shown ta be the primary
factor in many adsorption experiments, it ie not the only one.
Subsequently in 1940, Leopold et. al. showed that for 17 of the
chlorinated derivatives of phenoxyacetic acid there was a strong
inverse correlation between their adsorption and solubility. In
a mare practical mode, Harric (1944} neted that whereas in most
sqils the adsorption (inactivation) of insecticides i %

proporticnal in the organic content of the soil, in dry soils,
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this inactivation i=e related to the adecrption capacity of the
mineral fraction. Bailey & White (1944} presented the +irst
review of the adsorpticon and dezorption of organic pesticides by
soil colloids; including soil organic matter, claye, and amor-—
phaous hydroxidés.  considerable discussion on the effect of
s0il moisture is included in this review.

Stevensan (1%974) reviewed many aspectz of oroganic matter-pesti-
‘cide reactions in sgils. His discussion is based on the premise
that adsorption by organic matter has been shown to be a large
factor in the behavior of many pesticides in soil. He also
stated that the mechanisms of pesticide-organic matter
interactions will reﬁain obscure until more is Known about the
nature of chemical composition of the organic fraction of soils.
Stevenson also divides soil organic matter into humic and non-
humic fractione, discussee the probable structure of humic and
fulvic acids and speculates on organic matter—ctay interactions
suggesting that they may function more as a unit than as 3
separate entities, even though the clay still provides an
organic surtace for adsorption.

He emphasizes that although it is commonly believed that z0ils
differ greatly in their organic matter contents, it is not gener-

ally appreciated that major gualitative differences alzso exist.
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Various adsorption mechanisms are also discussed in soms detail.
Khan (1%78) further reviews the nature and classificatioh of
pesticides and varicus mechanisms that have been proposed for
their adsorption by soil organic matter,

For example, 2-4D is stronagly adesorbed by humic acid although the
etfect of illite may be important (Hague, 1275). Similariy -
napthol is primarily adsorbed by soil-organic matter although =
high montmeorillonitesscoil—-organic matter ratio has a sianificant

effect on the adsorption isctherm (Hascet et. al., 1981),

Ectimates of adsorption coefficients

Estimates of adsorption coefficients are commonly attempted
by useing parameters, such as <solubility, or simplified
technigques, such as octanclA/water partition coetficients rather

than the difficult and time consuming determination of adsorption

isotherms.

Solubility——

Some <csolubility estimates are Cassidy (1951), who remarks
that many investigators have noted that the solubility of a
substance in & given colvent may be expected ta atfect its absor-

bility, He further cautions that correlations between solubility
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and adsorption onto a golid surface should not be expected unlecss
the adsorbent dees not play a role in the process.

Various equations have been prepared for this retationcship.
Lundelius, 1920 (Cassidy 19D91) proposed that the Freundlich K is=
tnversely proportional to the solute in question t.e.

flog K = A-n 1og S where n is the Freundlich exponent).

The constants in the equatione are largely dependant on the
solubility unitz wused and toc a lesser extent on the group of
compounds investigated.

Kenaga and Goring (1978) collected data for 1048 organic
chemicals, primarily pesticides, and obtained a regression equa-—
tion.

fog Koo = 3.64 - 0.33 log S <(ppm>
$ was reported in ppm. They estimated the resultse would be
within +1.23 orders of magnitude from the actual value, assuming
?5%4 confidence limits.

Chiou et. al. (19792 obtained a relationship hetween distri-
bution coefficients and solubility for a large number of nonionic
organic compounds. Their relationship covers more than =sewven
orders of magnitude in S and four orders of magnitude in Koc,
They found that: log Ksom = 4.040 - 0,557 1o0gS <(micromoles/1iter)

where § is in micromoies/sliter. dAssuming that SOM = S58%oc,
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Koc = 3,80 - 0.357 log 5.
Karickhot+f et. at. {1979) found the relationship to be
log Koo = 0.44 - 0.54 log S (mole fraction)

where S is exprecssed as a mole fraction, and oniy hydrophobic

compounds such as aromatic hydrocarbons and chlorinated

hydrocarbons were considered.

Means et, al, (1980) found a relationship

leg Koc = 4,070 -~ 0.82 log 8§ (mg/ml>

where S is in mg/mi.

Karickhoff (19Bl)> gives

tog Ko = - 0,197 — 0.594 l1ag § (mole fraction solubility)

where 5 = mole fraction sclubility. Karickhoff also recommended

the incorporation of a crystal energy term in the equation.

Octanol—~water partition coefficients—-

The partitioning of a solute between water an an immissible

organic solvent has been used extensively to estimate biological

concentraticn tendency solutes, Generally, octancl-water

partition coefficients are those most commonly measured and Leo

et. al., (1971 made an extensive compilation of these
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coefficients in (%71,
Ward and Holly (1944 found a tinear relationship bketween
amount of sorption and the degree of partitioning between cycla-

hexane and water of S— friazines. They =zhowed thie ta be &

better index of sorption for these compounds than their =zolubili

ties.

Chiou et, =x1. (1977 uszed octanol water partition coef+i-
cients to obtain better estimates of solubility, that is,
tog Kow = 3.00 - 0.470 lag S (microc moles/” 1iter)

where Kow equals the octanocl/water partition coefficient and §

equales the agueogus sclubility in micro moless liter, Thees

eguations were tound to be valid over & orders of magnitude in

Koc ¢i0 - 10=%==7).

Karickhoff et. al. {1979) examined 10 hydrophobic paollutants
with water solubilities ranging from 1 ppb to 1000 ppm and
cobtained excellent correlations of Kog wversys Kow zand poor
correlation between Koc and solubility. One of the following
eguations was suggested:

log Koc = 1.00 tog Kow - 0.21 or Ko = 2.43 Kow
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Means et. al (1979) obtained =imilar partition coefficients

for pyrene and DMBA respectively

Ko = .52 Kow and 0.50 Kow

Banerjee et. al. 11980) correlated n-octanol/water partition
coefficients with solubitity and found that
log Kow = 5.2 - 0.68 log S8 {micro moles/ liter)
iwhere S is in micro males/ per liter, For sotids with Known
meiting points they suggest

log Kow = 4.3 - 0.2%9 log § - 0.015 (mp2

Chiou and Schmedding (19803 state that most inaccurate data
on water solubility and partition coefficient are generated with
impure compounds or soluvents. They discuss methods of ensuring
purity of phases and suggest at a minimum that a meiting point of
a =olid phase is minimal and that poor phase <ceparations br
percistant emulsions are aften an indication of undecirable =ol-
vents. Experimentally they found, for 36 organices that ranged
over & orders of magnitude, that

log Kow = =0.862 log § {moles/ liter) + 0.710

with S is moles/ 1iter.
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Kenaga and Goring ¢(1%80) obtained the relationship following
relationship for 49 organics:

log Ko = 1.377 + 0.544 log Kow

Karickhoff <(1?31> obtained the e#quation for hydrophobic
solutes: log Koc = 0.98% log Kow ~ 0.345.
The near unity of the coefficient suggest that Koc = 0,411 Kow

iz a good approximation.

Briggs (1981) gqives the relationship
log Kom = (.22 log Kow + 0,64.
He presents the data of Feisot and Dahn (19279 in the +form,
log Kom = 0.52 log Kow + 0.78
the data of Lord et. al. (1978) as,

log Kom = 0.53 locg Kow + 0.98

and his ocwn earlier data as

log Kom = 0.52 log Kow + 0.&2.

Brown and Flagg (1981) found another empirical equation
for 9 compounds:

log Kec = 0.937 log Kow - 0.006&.
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Soil Thin Layer Chromatography (TLE)-~--

A direct method for determining retardation of pesticides in
soil termed ‘'"=soil thin-tayer chromatography" wasgs proposed by
Helling and Turner {(1948). This quantitative index of relative
pesticide mobility which is based on Rf walues, correlated well
with published data on movement.

Further refinementé of this technique were published by
Helling (1971a) together with applications (Helling, 1%71b), as
well as the influence of soil properties (Helling, 1%71cy, QOne
correlation found, was that pesticide mobility tended to be
directly related to increased water flux.

A comparison of the various methods for determining the
mobkility of organic pollutants in the laboratory reveal that TLC

is one of the Teast expensive techniquees (Helling and Dragun,

19803,

High Performance Liquid Chromatography (HPLC)--
McCall et. al. (1980 suggested that the retention time on

HFPLC may be directly related to a Koc walue.

Integration of the Concepts with the Mass Transport Equation

The primary objective of the preceding discussion is to
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describe chramotographic movement, the role of the adsorption
coefficient, and the various methods of obtaining estimates of
this parameter., In this section the manner in which the
adsorptfon coefficient is integrated into the mass transport

equation is examined,

Retardation Coefficient—-

The retardation coefficient term in the mass transport egqua-
tion contains the variable dCs/dC, which is directly related to
the adsorption coefficient. It equals Ed in the linear case but
the retationchip becomes more complex for non=linear isactherms.
In the linear case where

Cs

i

Kd.C

dCs/dC = Kd

the adsorption obeys the Langmuir isctherm:
C= = Kd.Cm.C/{1 + kKC»
where Cm is the limiting concentration when the monclarer is

: ¥illeq: dCe/dl = Kd.Cms/ (1 + Kd.Cr==2

In the Freundlich case where
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POROSITY a Ca DEMSITY = 2.5% % OC = 1

CHEMICAL ' Koc KD R Rf Rf
) x 52800 £t

CICAMBA 0.4 0 0c¢ 1 2577 0D 996
2-4 D ACID 20.0 0.02 { 93544 0.825%
PARATHION 29.0 0 2 1 920912 0.797
ETHYLENE DIEROMIDE 949 . ¢ 0 04 1 34007 0.¢682
2-4-3 T S3.0 0.0% 2 33807 0 440
"BEMZENE . 83.0 0.08 2 28049 0 532
ALDRIM 910 0 g.41 S ?PR77 0.187
LIMNDAME ?11.0 | a. 91 11 4955 0.0%99q
NAPHTHALEME 1300.0 320 15 35712 0 048
HEXACHLOROBENZENE 3?t4.0 3 9 42 1243 0.024
PARAQUAT 12473 .0 1% .47 165 aza 0 005
ANTHRACENE : 26000.0 2 0o 2?77 191 0. 004
METHOYXYCHLQOR 80000 .0 80 .00 949 62 0 001
PHEMNOL 82000 O 8z2.990 ‘870 61 C 001
PYRENE . $4000.0 84 00 - B#1 59 ¢ 001l
poT 238000 0 238.00 25214 2T 0 000
2244449 HEXACHLOROBIPHENYL 1200000 0 1230 .00 12721 4 0.000
Table 1. Examples or retardation coefficients. Orpanic chemicals having a wide range of K
values showing their retardation and R values. The calculations assume a porosity of 0.2,

a rock mineral density of 2.65 and 0.1% organic carbon.
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dCe/dC = n.Kd.Cx*(n-1)

Retardation Calculations——

Aéauming linear isotherms, & pore +fraction n and a butk
denstty B, the retardation Rd = { + Kd .B/n
and as B = D(1 - n> where D = <specific grévity of rock minerals.
Koc i1s defined as 100 .Kd / Yoc therefore,

Kd = XYoc.Koc 100

the retardation Rd becomes Rd =1 + (1-n) . Koc.”oc/¢100,n>

As a quide, a number of organic chemicals with normalized
adsorption coefficients ranging 8 orders of magnitude are listed
in Table 1. With thece data are listed the calculazted Kd value
for l¥%oc, retardation coefficients Rd, Rf values and the amount
they may be considered to have moved i+ the water moved a
distance of 10 miles. It must be understood that linear adsorp-—

tion is assumed, and that degradation and diffusion are ignored.
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GECTION 2

SUMMARY AMD CONCLUSIONS

The following concepts must be considered when examining
pallution mowement: 1> chromatography, which is the process
whereby differential solute movement results when & <ccolution
moves through a porous solid, such as when polluted groundwater
moves through sedimentsy 22 adsorption, which is described
quantitatively by an adsorption isotherm (a graph of the amount
of material, in this case a poltltutant, abescorbed/ gram bty the
solid versus the concentration of the poliutant in solution)—-—the
constant in the equation describing this graph ise Known as the
adsorption coefficient; and 3> mass transport equation, which
2nables the concentration of a pollutant to be determined at a
specified place atter a specified time. This equation
incorporates estimates of ground water wvelocity, disfusian,

bicdegradation, and adsorption-

It i= generally implied that for hydrophobic polivtants soil
organic matter, <clay minerals and possibly amorphous hydroxides
are the primary earth materiale that influence the attenuation of

organic pollutante in the subsurface environment. One of the
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primary objectives of our present research is to e=stablish the
distribution of these materials both wvertically and areally and
tc obtain quantitative estimates of these compounds in a wide
number of samples. Because the materials being studied are come

of the most complex inm nature and because of the difficulty of

determining the behavior of poliutants in contact with =0il, the
=z0il and its components must be characterized, or 2t least
catagorized. The inorganic parts consist of clays, amcrphous

hydroxides and oxides. The organic fraction, orn the other hand,
is composed of literally millicns of complex oOrganic <compounds
generated from the chemical and bialogical degradation of  plant
and animal residues. These compounds are Known collectively as
soil orqanic matter (S50M>, or humic substances,.

These inorganic and organic fractions can form complexes
with each other, and with toxic wastes <(both organic and
ihnorganic? and thus they affect the transportation, concentration
and distribution of any toxic materiale in contact with them,

Scanning electron microscopy is a common method of
characterizing clay minerals from the deeper subsurface, but the
dehydration of soil organic matter in soils without destroyring
their structure is difficult at test and probably will require

special freeze drying equipment. Quantitative x—ray diffraction
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is & wviable method Ffor simple mixtures of well crrstalline
compounds, but it becomes at best semi—quantitative for
multicomponent mixtures, and next to useless for amorphous or

poorty crystalline materials such as some clars, natural organic
matter and amorphous hydroxides. Fourier Transform Infrared
Spectrometry although used extansively to characterize extracted
humic and fulvic zcids lacks the sensitivity to detect the much
smaller amounts present in unextracted soil samples. Raman
microprobe technigques can yield molecutar bond information that
ie not obtainable by conventional techmigques. Information on the
molecular nature of the components of a sample, the distribution
in the sample, and the chemical and physical character of the

matrix are characteristics that ma» be explored.

CHREMATOGRAPHY

Chromatography is the name given to the movement of =
disselved chemical compound whose solution (mobile phase) moves
through a porous scolid (stationary phase), The process that
controls the rate at which the compound moves relative to that at
which the =solvent moves ig called adsorption i the <stationary
phase is a <solid, or partition of the stationary phase is =&

iiquid. Three types of solute movement can occur depending on
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whe ther or not the mobile phase is a pure solwvent, a soclution of
the <solute added continuously or a solution of & substance more

strongly adsorbed than the solute(s) under investigation. 1f the

mobile phase is a pure solwent, the shape of the moving
adsorption band depends on the Freundlich exponential
coefficient. I+ ¢this is 1less than it a tail develops on the
eluted solute band. If the solution of <=oclute is added

continuousiy, once equilibrium is attained, the effluent from the
sretem becomes identical in composition to the scluticn entering
the s=system. When the mobile phase contains a substance more
straongly adsorbed then any of the compoundé of the mixture the
solutes resolve themselves into bands that move at the same rate
as the mobile phase, The order of these bands is the order of
the strength of adsorption and each band acts as a displacer of

the less adesorbed component ahead of it.

ADSORPTION

Adsorption is generally considered to be the regult of

twe processes, a lack of affinity of the soltute for the solvent

ar an affintty of the solute for the solid. The +irst explains
the inverse relationship between adsorption and solubility, the
second includes the wvarjous types of surface phenomena such as
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ph¥sical adscrption, chemizorption and exchange adsorption,
Experimental determination of adserption result in & graph Known
as an adsorption isotherm, & plet of the amount of material

adsorbed on the adsaorbent versus the concentration of the solute

in sclution. If the amount adsorbed 1= Independent of
concentration in solution it is termed a linear isoctherm. Non
linmear relationshps are wsually defined by an exponential
function, the Freundlich isotherm, The shapes of adsorption

izotherms may give some insight as to the nature and poscsibly the

mechanics of the adsorption interacticons,

ADSORPTION - APPROXIMATIGONS

Qne of the more confusing issues that may confront an
investigator trying to obtain an approximation toc an adsorption
coefficients is the diversity of units used in the various equa-—
tions.

The adsorption coefficient may be obtained from data
ucing mass units or using mole units, Iif the isgtherm is 1linear
it will not matter which, however, if n is not equal to 1 then
K(moles) = K (mass?) x Mn/M

where M is the molecular weight of the compound (Osgerby, 1970}

The adsorption coefficient may refer to the total
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weight of scil or it may be
(i> normalized to the organic matter content
Ksom = K-/(¥50M), or
{ii?» normalized to the organic carbon conternt
Koc = Ksoms1.724
assuming 384 oc in SOM.

I+ the adsorption coetficient is to be derived from
solubility data then i1t cshould be determined what units the
so!ubiiify data are in and what the correlation equation uses.
They may be expressed in mg’l, micromolecs/l, or mole fractian.

micromoless] = mole fraction x 55.54 x 103
log Smicromaless 1) = log S{mole fractiony + 4,74

As a guide, the various egquations advanced +for

cbtaining Koc from sclubility have the form
log Koe = A -~ B log §

I+ 5 i in micromaleses/liter

A 2.6 to O

B

I

.34 to .39
The equation for obtaining Koc from the octanol
water partition coefficients have the form
Koc = C Kow

where T = .4 to .&
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MASS TRANSPORT EGUATION

The mass transport equation ie that equation vuzed to
determine the concentraion of a polliutant at a specified place
after & specified time. The four processes incorporated in it

are advection, dispersion, biodegradation and sorption. Onty the

latter is discussed here.

RETARDAT I ON

The <scorption term in thie equation ic defined as the
retardation coefficient (Rd) that is

Rd=1+ B/n. dCs/dc
where B is the bulk density of the soil, n is the effective
porasity, and dCsr dC is the change in adscrption with concentra-—
tion of pollytant. It is usually assumed that adsorption is
Tinear and that
dCs~dC = Kd
where Kd is the linear adsorption coefficient, and therefore,
Rd = 1| + BKd/n

The chromatographic Rf factor is defined as the velocity

of the point of maximium corncentration of the solute cver the

average linear velocity of the ground water
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that is Rf = 1/Rd for linear isotherms.
& direct determination of the Rf value, the reciprocal
of R , may be obktained using scil thin larer chromatography.
d

METHOD DEVELOPMENT

Spil organic matter, clay minerals and possibly amorphous
hrdroxides are the primary earth materials that influence the
attenuafion of organic pollutants in the subsurface environment.
One of the primary obje;tiuee of this re<earch is to establish
the distribution of these materials both vertically and areally,
thus it i= imperative to be able to obtain gquantitative ectimates
of these compounds in & wide number of samples, Although methods
have been reported in the literature for these compounds nohe are
really satisfactory because of the number of assumptiocns made in
the methodaology, or because of the specific nature of our
samples. For example, quantitative x-ray diffractiom is a viable
method for simple mixtures of well crystailine compounds, but it
becomes at best semi—quantitative for multicomponent mixtures,
and next toc useless for amorphous or poorly crystalline materials
sych as some clars, natural organic matter and amorphous

hydroxides., Similarly, organic matter determinations often
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contain an arbitary factor, which will vary» from site to <site.
Further a ltack of sensitivity is common when fractions of &
percent are present. The determination of amorphous hydroxides
depends primarily on differential sclution which is complicated
by the fact that some clavs also dicssolve under these conditions
and if the hydroxides become partly microcrystalliine their

soclution characteristics also change.

Thug the -materials being studied are some of the most
compiex in nature, In order to begin to understand the
difficulty of determining the behavior of polliutants in contact
‘with scily, the soil and its components must be characterized, or
at least catagerized. And, the socil components are easily
catagorized into inorganic and organic parts. The inorganic
parts consist of clars, amorphous hrdroxides and oxides, and any
trace elements which m#y be present in the particular aresx,

The organic fraction, on the other hand, ls composed of
Titerally millions of compex organic compounds generated from the
chemical and hioclogical degradation of plant and animal residues.
These compounds are Known collectively as =oil organic matter’
(30M>, or humic substances.

The=se imorganic and organic fractions can form complexes
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with each other, and with toxic wastes <(both organic and
inorganic) and thus they affect the transportaion, concentration
and distribution of any toxic materials in contact with them.
They are the "chromatograph" stationary phacse to the mobhile phase
af the toxic materials of interest, As such, their properties

are of considerable interest.

CHEMICAL METHQDS

Inorganic Fractions

1) Cilars: These <Fine gqrained, cryetxlltine, poorly
cr¥stalline or amorphous compounds are of particular
“importance in geochemistry due to their singular ability to
form complexes with toxic organics and with S0OM. This

ability is an effect of both composition and surface ares.
Depending on the type of clars, their amounte, and the

pH of the +luid ph#se clars are known to have negatively

charged sites, and =o can accomodate cations, or positively

charged ions on their surfaces (Bradr 1974 which can be

exchanged with other cations of greater affinity just as is
dane Pn a laboraztory column with Cion exchange’
chromatography. The «clare are characterized in this respect

by analyzing for the cation Exchange Capacity (CEC).
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2 Amorphous Hydroxides: Thege are the oxides. and
hydroxides of various common metals, with those of aluminum and
iron being the moct universally found as soil constituents (Brown
et. al., 1978, They are found intermixed with the silicate
clays; & good example being the hyrdroxide allophane which is an
amorphous combination of silica and aluminum. These hydroxides
and oxide=s are often insoluble collodial materials, which like
clays, accumulate negative charges, and thus exchangeable cations
on their surfaces. Little work has beern done on the interactions

of these hydroxides with clayvs, som; or organics.

Organic Fractions:

The S0M or humic substances zare widely distributed in soils,
natural waters, marine and lake cediments, peat, lignite, o0il}
shales, and coal (Stevensoen and Goh, 1971). They have the

ability to act as pH butfers in the soil and are important to the

transportation and concentration of a wvariety ‘of mineral
substances (Stevenson and Butler, 1249 and heavy metals
{Kononova, 19&86). These compounds which are produced in soils

range from vellowish to black in color and have molecular weights

which range from S00 to 300,000 <Schnitzer and Kahn, 1978)
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Total organtic carbon or percent organic matter are merely
different ways of reporting the amount of carbonaceocus material
present in a sample of 50M. They are actually estimates based on
an assumption that Ffifty eight percent of the S0M is organic
carbon.

In =ddition, it wag found in the 1iterature that since the
decomposition of the soil crganic matter is not 100X efficient a
factor (f) is added to make up the difference. Choosing & value
for htié factor is based on the experimenter’s experience and
alsc must vary from area to arez. Since the soile tested reflect
different soil orders -as well as different areas, direct
comparison of resuite probably not warranted. The TOC and POM
measurement can be made either by 1) combustion techniques
invalving the collecticon of the evolved C02Z2, 2 gravimetric
combustion, as with the plasma ash furnace, or 3) by oxidation-—
reduction reactions invoilving the oxidation of the 50M by excess
dichromate ioh followed by a titration to determine the amount of
unreacted dichromate ion left after the reaction (Allison, 1945),

1 The combustion techniques such as using a LECO <furnace
initially invcltve the removal of the incorganic carbonates,
followed by the combustion of the sample , trapping the COZ and

measuring the amount evolved.
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2 The plaz=ma zch technigue i= a methad +For completely
oxidizing carbonaceous materijials at a Jow temperature. The
primary advantage of this technigue for this study is that the
clay minerale and amerphous hyrdroxides should be minimally
affected due to the lower temperatures maintained during the
ashing of the organic fraction of the soil. Major disadvantages
iz the inaccuracy in the weighing and the long time for the
combustion to go to completion.

2 The dichromate cxidation procedure is generally the most
convenient method but partial oxidation is <still a major

anatytical problem,

Cation Exchange Capacity (CEC)» and Exchangeable Cation
Cetermination
(ECD)

Claye, amorphous hydroxides, and S04 all have the ability to
attract and adsorb scluble cations present in the soil. The=se
cations “adhere’ to the negatively charged sites present on the
various soil fractions. The bonds are probably of the van der
iWaxle tyupe and so are not permanent, and zo are "exchangeable®,
The number of negatively charged sites as found by the CEC and

the types and concentrations of the actual exchangeable cations
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present may help determine the cusceptability of an organic

chamical to “adhere’ to a soil particle.

INSTRUMENTAL METHODES
The instrumental techniques utilized in this studyr have been
scanning eleciron microscopy (SEM) to cbeerwve the shapes and
distributions of so0il constituents, incliuding 80M; x-ray
diffracfion for the qualitative and guantitative analysis of the
crystaiiine soil constituents; Fourier Transform Infrared
Spectroscopy (FTIR) and Raman Microprobe, for the molecular bond

characterization of scil constituents.

SCANNING ELECTRONM MICROSCOPY
Numerous researchers have studied various aspects of saoil
farmation, micromorphology, and mineralogy using the SEM, but

few have included an examination of soil organic matter.

The examination of the <so0il wusing scanning electran
microscopy without some type of freeze drying invaritably ied tao
spattering when probed by an electron beam. With the freeze

dry¥ing techniques we used, inciuding rapid coaling in tligquid
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nitrogen before the actual freeze drying no obvious organic
structures were observed. This led us to the conclusion that the
only wsay» that this technique could be used was wusing the
technique advocated by Gilliott (1742 who concluded that a
quick—-freeze Followed by x freeze-drring at ltess than —-130 C is=s
the most effective method for preserving the original soil
structure without creating ice artifacts on the sample (a
technique used extensivel» on biological specimens). The
drawbacke to this technigue are that it is a very slow process,
and that it would involve the purchase of some expensive state -

of —-the -arf equipment,

X—RAY DIFFRACTION

Powder x-ray diffraction analrsis is an excellent technigue
for the quantitative analyeis of <imple crystalliine-mixtures.
The intensity of each component’s pattern is proportional to the
amount present, except for a correcticn factor due to absorption.
I+ 3 mixture contains both a weak absorter and a strong absorber
the signal due to the weak absorber will be attenuated, while the
peak= of the strong absorber will be even further ernhanced over
those of the pure unmixed samples, even if those are run under

identical conditions. This differential zbeorbtion ts not random
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and calculations may be made which will predict characteristic
abscorption coefficients for separate compehents.

The method used for quantitative x-ray diftfraction analrysis
iec the one developed by Hooton and Gicrgetta (1977 who assume
that a constant for an instrument with & given configuration and
with a constant Beam intensity can be determined +for each
minmeral. If it is assumed that the sum of the weight fractions is
equal to 100X then it is possible to determine weight #fractions
of individual compenents, without references to calibration
curves and mixing standards. An easy method to determine reiative
values of H is to select one mineral as & reference standard,
assign a value to H for that mineral, and determine H Ffor all
cther minerals by mixing them in known proportion with the

standard and using the appropriate equations.

Quantitative x-ray diffraction using an external standard
system requires extreme machine stability and the availability of
pure <camples of all the constituents. This is not the case when
one is dealing with mixed layer clars, oar those that are not
perfectly crrstalline. This unfortunately ic the usual cace with
soil clarys., The final limitation is the presence of amorphous

consgtituents in the sample, especially those 1like amorphous
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oxides and hydraxides of iron  and manganece which are
particularly string absorbers, &and which in addirticn give rise

to flucreccence effects,

SPECTROMETRY

Wherease X-ray diffraction is a result of the total crryetal

structure, infrared <pectroscopy Jlooks at individual bonds,
making it one of the few tocis available for characterizing
amcrphods coenstituents such as natural organic matter, amerphous

hydroxides and synthetic organic pollutants.,

FOURIER TRANSFORM INFRARED SPECTROMETRY - FTIR

A recent development of infrared spectroscopy is the
availability of Fourier Transform Infrared Spectroscopy (FTIR?
which has higher sensitivity than the clder wavelength
instruments as well as having computerized data manipulation
capabitities including <cspectral stripping. The - Tatter is
essentially the non-chemical separation of mixtures usihg
difference or subtraction spectroscopy.

Common FTIR instrumental configurations are simple specular
reflectance, attenuated total reflectance (Harrick, {%¥21), photo-

accoustics (Rockley, 1980, Rockley et. al. 1981, and Krishnan,

64



DRAFT ONLY

1981), diffuse reflectance and transmission methods,

The spectral reflectance or attenuated total reflectance
methoed although very fast was prone teo severe abzorption effects
that dramatically distorted the spectral peaks (Christiansen
eftfect); the photoaccustic detector lacked the sensitivity
essential for the concentrations we were seeking and reguired too
lohg a purging timei3 the diffuse reflectance method required too
great a dilution such that the resulting sensitivity was
inadequ&te tor qur purpose. Standard transmiscsion FTIR techniques
using pressed KBr pellets were tried and high quality spectra
were obtained in a reltatively short time, primari]y determined by
the sample preparation time . Given all the previous
considerations, this measurement technigue is probably the
optimum choice. In summary the presence of moisture in the
samples was a major problem, and the method essentially» lacked

the sensitivity to detect natural organic matter less than about

14,

The «conclusion is that the examination of c¢lay~-SOM-crganic-
pollutant complexes will require the thorough purification and
characterization of varicus humic and fulvic acids and that the

spectroscopic measurement of chemical bonds formed between
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polttutantse and the substrate—--~what ever these bonds are——will be
mandated to define the mechanism for chemical adsorpticon from
ground waters. Thie research will be a tedicue and difficult

with a ‘tow probabitity of success.

LASER RAMaAN MICROPROBE
The most recent addition to the study is the Raman Laser
Microprobe, which is ideally suited to the examination of <o0il

arganic material and some of the other sail inorganic components,

Major advantages of the Faman method are that it is
nondestructive and reguires little <sample preparation time.
Sample may be analyzed in situ. It is molecularly specific, and
sampies may include all states of matter, and thus any trpe of
molecule organic, inorganic, or biological may be identified.
Further, it doee not regquire the use of a vacuum or other type of
sampie pretreatment. One +inal advantage is that water, which is

4 major limitation of Infrared technigue, exhibits only a very

small Raman signal, and it does not matter if the sample contains

or i€ examined in water.

MaJjor limitations of the Raman method are the inherent
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weakness of the Raman effect, the weak signals being difficult to
detect and thus placing strenuous regquirements an the
spectrometer. Local heating effects caused by & builtdup of heat
in the sample from the laser radiation may exist, although
examining the sample in water or by reduced laser beam intensity
may ameliorate this problem. The weak Faman signal may be
difficult to detect when the =zampls alcto emits +flourescence.
U=ing a quenching technigue may eliminate the problem. Finally
lack nflatandard reterence spectra (because of the newness of the
analytical technigue) makKes identification of unkhowns more time

CONSUMIingG.

The Laser Raman Microprobe has been in use onlty & 1imited
time and we have not as »et been able to carry out many of the
investigations we hope to do. At this point we have made an
effort to characterize some of the standard clars, including
montmorillonite and =zeveral kKaolinites. In time, we hope to be
able to identify an adsorbed organic pollutant and fo determine
whether its substrate ie an organic or inorganic fraction of the
soil. Our immediate objective ic ta the mode of distribution of

the natural organic matter in the various soil types.
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The uttimate limits of detection, quantitation of individuxl
species present, sample =size, sample heatina and fluorescence,
and the compositional camplexity of sample are questicone whose
answers must wait for increased understanding that will come from

future =tudies,

SITE CHARACTERIZATION

To date four sites in various parts of the Continental
United States have been chosen as study areas. These are: the
former creosote waste disposal lagogn in .COHPOE, Texas, The
D‘Imperio Dump in Atlantic County, NMNew Jersey, the Apple Creek
drainage basin in Burleigh County, MNorth Dakota, and north
central Payne County, Oklahaoma.

Variousz aspects of subsurface characterization are being

ctonsidered in each area. The first two sites represent point-
source ground water poliution problems where in—depth <tudigs
over restricted areas will Be wundertaken. The third site

represents a region, where subsurface conditions on a Qgreater
areal scale will be examined. At the fourth site, a study of
macropores and their effect on the transmission of surtface

recharge to a ground water srstem is being conducted.
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SECTION 3

RECOMMENDAT I OMNS

The primary emphasic for the next phase of this reseach is
to conduct a series of experiments using the Raman Micrnprobé, as
the instrument has only been on line as of February 1984, The
Ramanor U-1000 Laser Raman Micropraobs is an instrument which
combineé the high information content characteristic of the Raman
vibrational spectra with the ability to microscopically examine
individual areas of homogeniety in  a macroscopically
heterogeneous sample. This type of instrument under specific
circumstances can be a very powerful tool in the investigation of
the fate or organic pollutants in the soil.

The Raman Microprobe does have its limitations. One of
these difficultties is one comman to all spectroscopic methods,
and it iz inn the analysis of very complex mixtures. ' /Ac is the

cace with all similar methods, a Raman spectrum of a mixture is a

zummation of all the symmetric wvibrational modes of each
component. The situation is further complicated if two or more
of the components have identical functional groups, The <came

functional groups will absorb vibrational energy at the <came

69



DRAFT ONLY

frequencies., The intencsities of these baonds is simply the
summation of the intensities of each.

There are wvarious <cottware packages which are ablie to
deconvaolute complex mixture spectra. These rely on the ability
ot a computer to recognize and identify absorption patterns and
then to subtract that pattern from the mixture spectrum. The
next pattern is then identified from the resultant spectrum, &an
operation made easier by the previous subtraction, then it too is
subtracted. This can be dene with a mixture of perhaps as many
as fifty spectra in the most advanced routines (R, Kroutil,
1993, Unfortunately all of these routines depend on caomputer
libraries of Known compounds. This means that if any of the
compounds in the mixture are not in the computer library, they
will either not be identified or mis—identified, depending aon the
routine. Further, all of these advanced routines, to date, are
tailored for infrared spectra oniy. Because of this, we feel
that it is much more promising at this time to usze the Microprobe
to determine fundamental interactions between specific organic
compounds, cations and water with specific scil components.

Clay studies: It is well kKnown that soils and clars complex
with both cationic and arganic species (Thenag, 1%74), These

adsorptive interactions in socils are the summation of the
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interactions of each component, the clarys, amorphous hydroxides,
and the soil organic matter. Of the three, the first two are the
easiest to approsch with the Raman Microprobe at this time. The
following recommendaticn iz designed to determine the extent,
lecation, and type of bonding of species adsorbed on clavs, and
later, amorphous hyvdroxides. I+ the type of bonding between a
specific clay and the specific functional group of 2 Known
organic compound can be determined, a solidly based estimate of
the adesorptive retentiveness of that clay to an organic pollutant
having that functional group should be obtainabie.

Foer this approach, the Raman Spectra of the clays, without
interlamellar species, and with specific replaced species must be
fulty characterized and compared, &s has been done in the case of
zeplites (Egerton et al. 127&),

For our model organic adsoribed species we plan to usée pyrene
to determine the bond type {Hendra et al. 1971) and a ret to be
determined nitrophencl <species, & pollutant metabolite which
should be detectabie at wvery low concentrations due to the
resonance Raman effect (Grazeelli, Snavely and BulKin, 1%81).

We have alreadr begun to characterize montmorillonite clays
for this purpocse. These «clars have been stripped of the

npaturally included cations and have been replaced with ammonium,
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calcium and sodium ians. This study will be continued with the
model organic compounds and expanded to inctude the amorphous
hrydroxide and oxide soil fractions. The etfecte of adsorbed
water will be invgstigated with each sample. Finatly, the
identity of each species will be established with the powder x-
ray instrument.

Aan expansion of the more fundamental clay study will be to
map the distribution and retention of an organic model compound
on comﬁlete]y ctiaracterized but natural clar~bearing sandstones
or completely characterized =s0il beds. The organitc model
conpound will ke chosen so as to make uce of the enhancement
gained by the rescnance Raman effect. This should allow us to
test the results of the <c¢clay study on natural, bBut well
characterized soils. We expect to do this study in conjunction

with the efforts at the RESKRL on soil column leaching.
Microorganism~Pesticide Study

A further recommendation i€ the investigation of pesticide
bioaccumultation in native scil microorganisms. It is Known that

some microorganisms such as colpidium Campylium (Delhave et al.

1279 accumulate and concentrate organic pesticides in  their
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digestive vacuocles.

Thie should &llow the aeral mapping of come pecticide types
as well as pesticide metabolites with the use of the Raman
Microprabe. The microorganisms could accumultate the pesticides
from originally unmeasurable concentrations to concentratiaons
detectabie by the microproke. This particular type of ctudy ics
admirably suited to microprobe analwsis with the aid of the high
power microscopic objective and directly without extraction.
Popu]atibns of the target organism and their pesticide up-—take
ability could not enly give an estimate of the pesticide
concentration, its location over the grnund surface, but also
could help determine the rate of the biometazbeolism of the

pesticide to some lass toxic metabolite.

Spectral Library

In conjunction with these studies we expect toaccumulate a
library of Raman Spectra of soil components , basic mineral
types, and common pollutants and their metabolites, The identity

of these standard samples will be confirmed by their powder x-ray

specira in order to insure accuracy.
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SECTION 4

METHODS DEVELOPMENT

In an earlier chapter it was shown unequivocaltly that <oil
organic matter, clay minerals and possibly amorphous hydroxides
are the primary earth materials that influence the attenuation of
organic pollutants in the subsurface environment. Considering
that one of fhe primary objectives of this research is to
establish the distribution of these materials both vertically and )
areally, it is imperative to be able to obtain aquantitative
-estimates of these <compounds in a wide number of samples.
Although methods have been reported in the literature for these
compounds none are really satisfactory because of the number of
assumptions made in the methodolaogy, or because of the specific
nature of our sampfes. For example, quantitative X-ray
d}ffraction is a viable method for simple mixtures of well
crrstalline compounds, but it becomes at best semi—quantitagiue
for multicomponent mixtures, and next to useless for amorphous or
poorly crystalline materials such as some ¢lays, ' natural organic:
matter and amorphous hydroxides., Similarly, organic matter
determinations invariably contain an arbitary factor, which will

vary from <cite to site, in addition tc showing & lack of
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sencitivity when fractions of & percent are present. The
determination aof amorphous hydroxides depends primarily on
differential solution which is compliicated by the fact that some
clars also dissolve under these conditions and if the hydroxides
become partly microcryetalline their solution characteristics
also chanaqe.

It rapidly became apparent that a considerable part of thisc
phase of our Peéearch would have to be concentrated on developing
methods applicable to the probtem in hand. Some are chemical,
octhers are instrumnental. Of the instrumnetal methods attempted
-both SEM and FTIR were investigated in some detail, but
eventually they were discarded for a variety of reasons which are
discussed below. Some x-ray diffraction was done but because of
instrumental problems (now hopefully corrected by the
manufacturer) only quafitative results were obtained. The Raman
mfcroprobe was obtained but was not opperational during the

period of this repart.

Materials:
The materials used in this study are some of the most complex
in nature, In order to begin to understand the difficulty of

determining the behavior of pollutants in contact with scoil, the
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sotl and its components must be characterized, or at least
catagorized, and, the soil components are easily catagorized into
inorganic and organic parts. The inorganic parts consist of clars,

amorphous hydroxides and oxides, and any trace elements which may be
present in the particular area.

The organic fraction, on the other hand, is composed of
literally millions of compex organic compounds generated from the
chemical and bidlogical degradation of plant and animal residues.
These compounds are Known collectively ae soil organic matter )
(S0M>, or humic subgstances,

These inorganic and organic fractions can form caomplexes with
each other, and with toxic wastes (both organic and inorganic)
and thuse they affect the transportaion, concentration and
distribution of any toxic materials in contact with them. They
are the "chromatograpﬁ“ stationary phase to the meobile phase of
the toxic materials of interest. s such, their properties are

of considerable interest.

Inorganic Fractions

1) Claye: These fine grained, crrstalline, poorly

crystalline or amorphous compounds are of particular
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importance in geochemistry due to their singular ability to
form complexes with toxic organics and with SOM. This
abiltity ie an eftfect of both compesition and surtfate area.

Depending on the type of clarys, their amounts, and the
pH of the fluid phase clays are known to have negatively
charged sites, and so canm accomodate cations, or positively
charged ions on their surfaces (Brady 1974 which can be
exchanged with other cations of greater affinity just as is
done in a taboratory cotumn with i an exchange-
chromatography. The clays are characterized in this respect
by analyzing for the cation Exchange Capacity (CEC).

In the laboratory the clay fractions in the soil are
separated by size with a settliing procedure followed by
centrifugation. This <clay <size fraction is thenm further
characterized by CEC, X-rar diffraction, Raman Spectroscopy,
and Scanning Electron Microscopy (SEM).

2) Amorphous Hydroxides: These are the oxides and hydroxides
of various common metals, with those of aluminum and iron being
the most universally found as soil constituents (Brown et. al.,
1978). They are found intermixed with the silicate clar¥s; a
good example beirg the hydroxide a&lophane which is an

amorphous combination of silica and aiuminum. These hyvdroxides
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and oxides are often insoluble coliodial materials, which 1ike
clays, accumultate negative charges, and thus exchangeable
catione on their surfaces, Little workK has been done on the
interactions of these hydroxides with clarve, som, or orQanics.
Sa, quantifying the amcunt of the hydroxides present in the
soil  is a first step towards determining their importance to
the transport and fate of organic chemicals in the subsurface.
The hydroxides are generally separated +from the other

companents by selective dissolution in dilute acids,

followed analysis using Atomic Abscorption technigues.

3y Trace Elements: These represent the smallest contribution
to the inorganic soil fractton. They are usually found in
solid golutieon in minerals or adsorbed onto various

colliaoidal particiea. They may include various toxic heavy
metals such ac lead and mercury, but more usually they are
Just trace amounts of the more common metals. They may be
determined by atomic adsorption if specific ones are being
sort, or subjected to a semi—quantitative x-ray flucrescence.

scan if a general idea of those present is requiréd.

Organic Fractions:
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The SDM or humic substances are widely distributed in soils,
natural waters, marine and Jake <sediments, peat, lignite, otl
shales, and coal (Stevenson and Goh, 1971). They have the abilityr
to act as pH buffers in the soil and are important to the
transportation and concentration of a variety of mineral substances
(Stevenson and Butler, 198%) and heavy metals <(Konhonova, 1786&).
Theze compounds'which are produced in soils range from yellowish to
black in color and have molecular weights which range from 5008 to
300,000 <(Schnitzer and Kahn, 1%78)

Humic substances are generaily divided into three groups based
on their solubitities:

1. The most soluble fraction is called fulvic acid. It is

soluble in both acid and base, and has the jowest average

moilecul ar weights,

2. Humic acid is base soluble but is not soiuble in acid.
3. Humin is inso]ublé in both acids and bases and has the
highest average molecular weight with the greater

proportion of the humic fraction of the socils most likely
being humic and fulvic acids <closely bound to the

inorganic fractions in the soil {(Stevenson and Baker,

1989 .
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The reader should note that these divisions are anly
operational. They are merely arbitrary groupings of a heterogeneous
mixture of ltiterally millions of different organic compounds having
every conceivable functional group {(Felbeck, 1[?&8). There is in
reality & continuoues gradation among these compounds from high to
low molecular weight, and from high to low soltubility, with no sharp
divisions. The humic substances also vary in composition from one
site to another.

The SOM or humic socil fractions are characterized in this study
with CEC, their mass after ashing, as elemental carbon reported as
Aeither Total Organic Carbon (TCGC) or Percent Organic Material (POM)
and by such instrumental methods as 1R, FTIR, FTIR-PAS, §SEM and

Raman Spectroscopy.

Methods lsed in this Study:

In this study we are characterizing both the bulk sample as
well as a variety of different size fractions of each sample
using both non-instrumental chemical analyses and instrumental

me thods. Each sample ic first catagorized according to its bulk
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characteristics. Chemical and itnstrumental techniques are then
used to try to determine and to perhaps quantify those parameters
which moet affect the bulk characterictics of the soil sample.
Preliminary results have been obtained for most of these methads
on samples of the major soil groups and on the North Dakeota coil
samples, .work is continuing on samples from the other study
areas,
The methods wsed in this research are discussed under

sampling techniques, non-instrumental methods and instrumental

me thaods.

Sample Collection & Preparation

VYarious methods were used in the collection of <=aoil and
sediment samples. Surface samples were colltected primarily through
the ‘scoop and bag’ method. Deeper samples were collected by
different drilting rigs depending on the area, A portable split
spoon sampler was also used with little success.

Different experiments required varying preparation techniques.
The only common method is that alil of the saﬁp}es were dried. This
was accomplished by oven and air-drying techniques.

Collection~-
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The <collection methods described belcow were site specific in
some respects, and thus they will be discussed by area.

Adpple Creek Basin, North Dakota

Surftace <csamples were collected by the “scoop and bagq’ method,.
At first a small hole was dug to define the major seoil horizons,
Shoveled eampleé were taken of the major larvere and placed in “zip-
loc” plastic bags. In particular instances, gravel pits allowed a
mare enhanced view of some soil profiles.

Samples down to two feet below land surface were collected by
sledge hammer-driven split spocon and shelby tube sampliers. It was
found that the soil columns could not be removed from the shelby
tube intact so this method was discarded. Split spoons were only
effective in the sandier sails.

Vadoce zone samples down to 15.5 feet (4.72m) were collected by
a shelby tube samplier pressed into the ground by a drilling rig.
The soils were extracted using & press. The <columns were then

wrapped in plastic to prevent contamination. The cores are 1.5 in.

(3.8cm? in diameter.

D Imperic Dump Site MNew Jercey

Twao holes were drilled wusing a mud-rotary drill rig.

Continuous split spoon samplies were collected to a depth of 45 feet
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(13.7m> in a hole down-gradient of the site and to 37 feet (000 m)
in an up-gradient hole,. The diameter of the cores coilected is 1.5
in, (3.8cm). These scsamples were preserved in mason jars, sealed
wi th wrappfng tape, and shipped by air to Oklahoma State University

in Coleman coolers.

Abandoned Creosote Lagoon, Conrce Texas

During June of 1983, numerous test borings were dutled at the
Conroe site by personnel from Robert S. Kerr Environmental Research
Laboratories. & &4—inch hollow stem auger rig was used For both
drilling and collection of split spoon samples. Sediment was
obtained for subsurface characterization work from 4 holes; one
assumed to be at the up—-gradient boundary of the lagoon, two assumed'
to be near the edge of the contaminated zone in & stdegradient
direction, and the fourth in a supposed background area. In one
hole (sidegradient?, samples were coliected continucusliy toe a depth
of 26 feet; samples from the other holes were obtained where changes
in lithology of the cediments occurred. %hree soil samples were
collected from a wooded area approximately 1000 feet off-site, using
a shovel to dig and loosen the material. All samples were packed in
mason Jjars or heavyweight plastic bags and sealed with strapping

tape immediately after collection. They were then stored in coalers
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prior to and during shipment to GSU.

Preparation

All of the <camples collected were dried before they were
analyzed. Qven drying took place at temperatures between 1746 and
212cF (80-1000cC) ., Air drying generally occured over a few weeks
period during which the samples were sheltered from falling dust.

Anatyses of the soile occurs in two parts,. Initially, bulk
properties are determined. To investigate the micro properties, the

soile are then sieved into several size fractions and re—-znalyzed.

Clay Extraction and Identification:

The crushed sample is dispersed in a ditute Calgon =salution
using an ultrascnic disaggregator, transfered to a one liter
measuring cylinder and thoroughly mixed., After settling for the
appropriate time required by Stokes law the k 2 micrometer'
fraction ie syphoned off,

# semall amount of this aqueous <cuspension is Ffiltered
through & Millipore Filter which is then glued to the x~-ray
diffractometer sample haolder. After one scan the sample is then
exposed to ethyrlene glycol and re x-rayxed, In some cases where

doubt still exists as toc the clavs present some of the clay
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suspension is filtered onto a ceramic plate, dried in an oven,
heated to S50 degrees C in a muffle furnace and x-rayed once
again.

For come samples the calcium carbonate, iron oxide and
organic matter mar be removed using the procedure of Kittrick and

Hope, 1943.

NMon-instrumental Methods:

We have adopted the classical agreonomic methods of bulk soil
characterization. These include determinations of scil type,
moisture content, clay separations and extractions, amorphous
hydroxide and oxide extractions, determinations of the amount_of SoM
present, and Finally the ability of each soil component to take up
and excthange cations. Several methods of performing each
determination availabte. A complete listing of all the techniques
is found in "Methods of Soil énalysis~-Part 2" Black, et. al.
However, ncne of these methods have been tested Ffor their
applicability to hydrogeochemical studies. This led our laboratory
to wuse the methods of Agronomic Services Lab at Oktahoma State
University as Supplied by Emeritus Professor Lester W. Reed, and the

methods described by Baker and Blocker et., al. (1979, The
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applicability of other bulk methods will be done during the +ollow

up research.

Moisture Content:

The moisture content of the scil samples were obtained by
sample dessication and weighing, and were doene at the Dept. of
Geology water lab at Oklahaoma State University.

The results for the moisture content of the major soil grouﬁs
are listed in appendix——-~— while the North Dakota core samples are
‘tisted in appendices —-———and--—--—-- . 1t can be seen that while some
scil groups such as Williams loam ¥ield a narrow range of moisture
content others show Tittlie similarity as is seen in the correiation

of moisture content with depth in the North Dakota =zamples.

The determination of the amount of organic matter in soils.

Organtc Matter in Saoils:
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TOC and POM
These two parameters are merely difterent ways of
reporting the amount of carbonaceous material present in 2 sample of
SOM. They are actually ectimates based on an assumption that +i+ty
eight percent of the SOM is organic carbon.

In ﬁddition, it was found in the literature that <since the
decomposition of the soil orqQanic matter is not 100X efficient a
factor ¢+) iz added to make up the difference. Choosing a value faor
htis +factor is based on the experimenter”s experience and also must
vary from area to area. Since the scils tested reflect different
soil orders as well as different areas, direct comparison of results

is probably not warranted. The resulte of appendix—---—- use an F

value of 1.33.

The TOC and POM measurement can be made either by 12
gravimetric combustion, &as with the plasma ash furnace, or 2) by
_oxidation-reduction reactions involving the oxidation of the SOM br.
excess dichromate ion ¥ollbwed by a titration to determine the

amount of unreacted dichromate ion left after the reaction {(Allison,

194657 .
i) The plasma ash technique
This t& a method for completely oxidizing carbonacecus

materials at a low temperature. The primary advantage of
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thie technique for this study is that the clay minerals
and amorphous hydroxides should be minimally affected due
to the lower temperatures maintained during the ashing of
the organic fraction of the soil.

Plasma ashing is an effect that cccurs when a gas at
iow pressure ts exposed to an intense radiofrequency
field, Under theee conditions the gas, oxyaen in this
case, exists as a plasma, a partially ionized mixture of
atomic as well as molecular oxygen. The atomic oxygen in
the plasma field acts as a powerful oxidizing agent at low
temperatures, The rate of oxidation is dependant on
several variables. Hollahan and Bell {1979), in a text on
plasma chemistry, state that the oxidation rate decreases
with itncreasing reactor well temperature (Figure 13> and
pressure (Figure 14). The oxidation, however, Iincreases
with increasing sample surface area {(Figure {5, rf power.
{Figuer 142, and flow rate (Figure 17},

The technique has been used for coal analyses (La
Flamme, 1%27%) as well as in the examination of clay-size
fractions of two podzelic soils (De Kimpe, Miles,
Laverdieve, La Flamme, 1%82).

In our project, this technique will also be used for
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comparison studies using FTIR, Raman, and variocus chemical
techniques on soil samples before and after the removal of
SoM by plasma  ashing. It is hoped that the organic

fraction can be characterized from the differences in the

bhefore and after spectra. It is alse proposed that plasma

2)

ashed samples could be used as controlis for the adsorption
icatherm work being done at RSKERL.
Oxidation Reduction
YV Reaction method to determine TOC and POM

This method is based on the oxidaiton of the SOM by
the dichromate ion, The amount of SOM is then determined
by titration of the dichromate ion left over after the
reaction takes place. Three titrations were tried, The
first which  used barium dipheny] sulfonate (BDS> as an
indicator and the second which wused ferrous ammonium
sulfate as an indicator proved to have d;f+icult and time-

consuming procedures and yielded erraatic results as well

sven though they are listed as standard procedures. #&
third method from the Agronomic services at Oklahoma
State University was finally used. This titration

wsed orthophenanthrolene as an indicator, proved to be

rapid and to yield reproduciblie results.
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Cation Exchange Capacity (CEC» and Exchangeablie Cation Determination

(ECD>

Clays, amcrphous hydroxides, and S0M all have the ability to
attract aﬁd adsorb soaluble cations present in the soil. These
catione “adhere’ to the negatively charged sites present on the
various seil fractions. The bonds are probably of the van der Waals
tyupe and so are not permanent, and o are "exchangeable". The
number of negatively charged sites as found by the CEC and the types
and concentrations of the actual exchangeable cations precent mar
help determine the susceptability of an organic chemical to “adhere’
to a soil particle. These procedures have only just been

implemented and preltiminary results are as yet unavailable.

Instrumental Methods

The instrumental techniques utilized in this studry have been
Atomic Absorption Spectrophotometry, for the determination of trace
elementsy; x-ray diffraction for the gqualitative and quantitative
analvsis of soil constityents; scanning electron microsceopy (SEMY to

observe the shapes and distributione of scil constituents, including
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(80M>; Fourier Transform Infrared Spectroscopy (FTIR) and Raman
Microprobe, for the characterization of soil constituents, including

buinding of som to cther soil fractions possibly.

Trace element analyses by Atomic Absorption

Atomic Absﬁrption Spectroscopy is based on the observaiton that
elements in the atomic state can absorb or emit discrete +requencié5
of 1light according to the well Xnown Planck Equation. This

"procedure is almost entirely utilized to identify metals, and has a
practical range down to ppb concentrations, after proper sample
concentration steps.

Physically the method is simple. A sampie is digested to a
liquid in a suitable-acid in order to obtain free cations. The
samplie is then sprared through a flame vaporize the cations, and.
exposed to & beam of light at one of the metale absorption or
excitation frequencies, The loss of light intensity is measured and
retated to the amount of metal present in the sample. '

In our study the trypes and amounts of trace elementé present in
each soil sample are determined by atomic absorption spectrometry
CAAD , The procedure is a straightforeward digestion of the sample

by hydrochloric acid and hydrogen peroxide and s +formed in
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Appendix————. These determinations, however, were not effective in
demonstrating any ‘trends with depth. Even duplicate samples
contained errors > 10¥, so that these results should be taken onlyr

as an estimate of the trace element concentrations of the core as a

whaole.

X~Ray Diffraction

In this study X-ray diffraction is to be used to determine the
identity and quantity of the soil components that play important
roles in the adsorption of organics in sails.

X-ray diffraction is a very powerful, but easily performed tool
for  the determination of the lattice structure of crystralline
compounds, It is not useful in the characterization of amorphous
material. The pertinent information is obtainedlby bombarding a'
crystaliine material with monbchromatic «—rayes, and obseruing'the
anglee that thege X-rars are diffracted from the sample. From
these angles, and the intensities of the diffracted rars,
information on the positions of the ionms that make wup the
crystalline suybstance can be extracted. The position of each
diffraction peak is dependent on the interatamic spacings whereas

its intensity depends primarily on the type of atoms present.
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Although the x-ray diffraction pattern cannot unrequivacally
identify each atom in a sample, each mineral configquration will
produce a characteristic diffracticon pattern, ihen a sample
diffraction pattern is compared with a list of Known diffraction
patterns,‘the identity of the sample= can be deduced.

An x=ray - diffractometer is a device whereby a small

crrstalline sampie which has been ground to a powger, ig mounted .

in a sample container. The sample will conmtain tiny crystalline
‘particles charactericstic of the gross samplte, ideally in a
complete random orientation. The random orientation of the
particles causez the incident x-ray beam to diffract in ail the
éossible angles simultaneocusly, These diffracted beams are
scanned by the instrument to produce the characteristic powder x-
ray spectrum. The identity of the samples can be determined by
cdmparing the diffraction pattern to the 1list of Known

diffraction patterns caralogued by the Joint Committee on Powder

Diffraction Standards (JCPDS) which can be done by searching

microfische fites, or by comparison by computer.

Quantitative X-Ray Diffraction Analysis

Guantitative mineratagical analyses of x—-ray diffraction

9%
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popularized by Alexander and Klug in 1948 (Hooteon et. al., 1977,
However, the need for a simple and direct determination of
mineralogical content has prompted other researchers to derive
techniques similar to Alexander and Klung’s but more practical  for
evervday research.

Powder x~r§y diffraction analysis i an excellent technique fecr
crystalline-mixture analysis, since each component of the mixtu%e
produces a characteristic pattern independent of the other. More
“importantly the intensity of each component’s pattern is
proportional to the amcount precsent, except for a correction factor
due to absaorption. Unfortunately these absorption effects prevent
us Ffrom directly comparing line intenzities of a compornent in &
mixture, with the péttern of a pure component prepared under
identical conditions, Furthermere if a mixture contains both a weak .
absorber and a strong absorber the signal due to the weak absorber
will be alternated, while the peaks of the strong absorber will be
even further enhanced over thoe of the pure uynmixed samples, even' i+
those are runm under identical conditions. Luckily, the differential
absorbtion is not random and caiculations may be made which will
predict characteristic abszorption coefficients for separate

components.

For this purpose, Hooton and Giorgetta (1277) moditied the
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early calculations, formulated by Alexander and Klung (1948), into

workable equations with easily cobtainable unknowne, {=ee appendix
for mathematical treatment) which make them useful for guantitative

Xx=ray analyrses.
Scanning Electron Microscopy —-

To date, few researchers have studied soil organic matter-
clay complexes in sediments (below the scil profile) using the
scanning electron microscope (SEM). The SEM is used primarily to
examine physical and structural properties of the samples being
studied. For organjzational purposes, this review has been
divided into two main sections., The first section deals with the
microstructure of relatively undisturbed goils, and the second
section covers extracts of sof} organic matter (S0M). To déte,
no research has been published in which soil organic matter was

4

viewed in undisturbed soil samples using the SEM.

Soils and SEM -- Numercus researcherse have studied wvaricus
aspects of soil formation, micromorpholaogy, and mineralogy using
the SEM. Becauce much of this work does not concern itself with

the examination of soil organic matter, a discussion of these
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papers will not be presented. However, a few authors have used
innovative sample preparation technigues ar examined
micromorphilogical characteristics which may be relevant to
subsurface. characterization. Summaries of these papers are
precented below,.

Gilliott (1949> has examined the fabric of <fine—grained .
clays wusing the SEM and discussed orientation of micaceous clay
minerais relative to bedding structures. @A cection analyzing the
relative merits of air-drying, freeze-drying, and critical-point-
drying of clay <oils was alsoc presented in the paper. MNo
comparisons were made of the prepared soil photomicrographs using
each of the three methods. Gitliott concludes that a gquick-
freeze followed by a freeze—-drying at less than -130 C is the
most effective method for pregerving the original soil structure
without c¢creating i1ce artifacts on the sample (this technique'has
been used extencively on biological specimens). The drawback to|
this technigque is that it is a very slow process.

Eswaran <(1971) has studied fracture surfaces of soil peds
using SEM, The soil microstructure of cambic, oxic, argillic,
and spodic horizons was examined with regard to phrsical and
minerologic characteristics. Sample preparation consisted of

cementing selected fragments directly to aluminum =stubs. The
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standard technique of ltightly coating the sample with & laver of
gold to makKe the surface ceonductive was then emplorved before
viewing. Eswaran commente that he feels the viewing of soil-thin
sections Qould vield more useful infaermation; however, the
impregnating resin would render the surface to be scanmed non-
conductive,

Eswaran and DeConinck (1%¥71) have studied clay minerai
_formation and transformation in basaltic soils., The SEM was used
to study morphological changes which characterize some clay
minerals. The results included evidence of alteration of
feldspars to Kaolinite and hallorsite and the neoformation of
amphorous iron oxides in the studied soils. Eswaran and
DeConinck concluded that =o0il microenvirenmental factors play =
gﬁeater role in these processes than climatic factors, which
function as rate modifiers afrthe transformations. Lynn and
Grossman (19702 have examined general pedological(features of two

]

s0il horizens and present micrographz of the fabric aof =&

fragipan, a sKeletan,m and an argilian. The authors observed
particle coatings and the lack of them, interparticle bridging,
and variable orientatien of clay on structural surfaces.

Magnifications of 3000X to 10,000X were employed. Samples were

prepared by mounting freshly exposed surtaces on aluminum stubs
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and coating the samples with qold in the prescribed manner.

Van Ranst, etal (1980) have studied the accumulation of clar
and organic material in various scil horizons which lead to the
formation -0$ argillians and organans (collodial-free grain
coatings consisting of amphorous organic substances associated
with aluminum and ironJ. SEM micrographs indicate that
argillians are strongly layered coatings that are seldom cracked.
_The authors proposed that argitlians are formed by the slow
deposition of layer silicates out of a dispered phase. Organans

were found to be not layvered and appeared to be composed of

discrete small bodies stacked at random,. Also, organans exhibit
a strong polygonal cracking pattern, leading to the <conclusion
that they were deposited as gel-like, organo-metaliic compounds

from which the solvation water gradually evaporated. The authors
have concluded that corganans are composed primarily of humic and
tfulvic acids due to their almost complete ex}ractabi]ity inl
MNadP207, at pH 10, Crganans are thought to have accumultated as
organo-aluminum or organo—aluminum and iron complexes, No
information is presented on sampie preparation technigues.

Stoops {19700 has studied the micromorphological
characteristics of a laterite using SEM. The paper focuses on a

description of ciay mineral structure and orientation within the
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sail. Small fragmente were chosen for viewing after examination
under a binocular microscope. The usual techniques for mounting
and coating samples were used.

Chen, Banin, and Schnitzer (1974) studied subsamples of a
zandy loam scil in which the exchangable sodium percent (ESP?
values had beén artificially altered to levelts ranging from | to
20, When examined under the SEM, thosze =pils at jow ESP values
showed clay particles aggregated between sand grains leading to
the formation of larqe pore spaces, At higher ESP wvalues the
clay 'aggregates dispersed to form networks filling pore spaces
between sand grains. Soil preparation for viewing under the SEM
‘was accomplished by obtaining saturated "cores® of the
artificially Jleached soil and freeze drying them. Small chunks
were then scratched to expose & fresh surface, and then the

samples were mounted using the standard techniques.

Soil Organic Matter and 5EM —— Several researchers <(Flarg -and
Beutelgpacher, 1951; Vesser, 1%943; Wersmuiler, {2453 Khan, 1971
Orlov  and Glebova, 1?72) have used the 3EM to nbserve the shape‘
and dimensions of humic acids. In thece studies, =sample

preparation was limited to air-drying of 3 soluticn spotted on a
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conducting surface. The resulting micrographe indicated no
definite visible structure. Schnitzer and Kodama (1%?73> undertook
the study of fulvic acid using a simular sample preparation
procedure and found that the appearance varied somewhat with a
change in pH. Spheroids, irrequiar shaped particles, and
aggregates of these ,as well as amphorous material, were visible
at different pH values, The authors concluded that fulwic acid
has a relativejy open structure in which the voids are of

variable dimenston.

Several workers have used the SEM for observation of humic and
fulvic acid particles (Schnitzer and Kodama, 1975; Chen and
schritzer, 1976, They have found that the crystallinity, shape,
dimensions and extent of aggregation of the particles is effected
by pH. These structura] phenomena can be readily observed at
magnifications well within the range of the instrument. This
study was the first in which the quick—+freeze followed by freeze-
drying method {described by Boyrde and Wood, 1%46%, for biocleogical
specimens) of sample preparation was used to examine soil organic
matter, Micrographs of fulvic acid soclutions (pH 2, 4, and &y
not subjected to this preparation process all showed thick l1avers

composed of fine particles having 1little apparent structure.
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This data agrees with that of earlier studies.

Use of the guick—freeze—freeze—dry technique allowed readyr
obeservation of the organic molecutes being studied. At tow  pH
(2-3>, fulvic acid occured as fibers and bundies of fibers,
forming & relatively open structure. Aat pR 4-7, =a finety woven
nztwork, having a sponge-likKe texture, was wisible. At pH &, a
eheet-1ike structure was predominant, and <fine, homoaeneous
qQrains became v[aible at pH 10. The effect of pH on humic acid’'s
structure was similar although its limited solubility (pH > &
caused the transitions to occur at higher values.

Chen and Schritzer republished the study described abaove in
1976 along with reszsults of additional research into the shapes
and dimensins of Ffulvic acid-metal and fulvic acid-cliay
complexes, Sciutions of Known molar concentration were prepared
in the laboratory anq gquick-freeze, freeze—dried Ffor viewing
under the SEM. Chen and Schnitzer found structural differences
in each +Fulvic acid-metal complex examined, as well as
variability in structure of any paticular complex at wvaried . pH
values.,

The SOM clay complex that Chen and Schnitzer studied was
sodium montmorillonite—-fulvic acid, The acid’s structure was

aleo found to wary with a varying pH; <¢lay flakes interconnected
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with fulvic acid fibers at pH 2.5 but apparently only adsorbed to
fulvic acid surfaces at pH 35.0. The authors concluded that
caomplexing with fulvic acid seemed to interfere with the natural
crientation of the clay minerals toward sheet-like structures.

Chen, Senesi, and Schnitzer (i%78) once again observed humic
acid and fulvic acid at varied pH values to compare the results
described above with those obtained when using =soils of variocus
composition from different regions. The authors found that the
fibrous, spongy textures were present in all of the micrographs
al though the djmensions and extent of the aqgregation of the
fibers varied with each soil examined.

Much research has been done using scanning electron microscopy
to examine clay structure and micromorphology of soils {Stoops,
19703 Eswaran, 19713 Van Ranst etal, 1980>, The emphasis has
been on the presence qf particle coatings or the lack of them,
interparticle bridging and orientation of clay on structural
surfaces., Chen and Schnitzer (1974) have examined soil organic
matter (SO0MY~clay complexes wusing Fulwic acid extracts . in

salution with sodium montmorillionite,

Current Work ~— During this phase of the subsurface
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characterization study, we we have attempted to use the SEM for

the following work:

1) ldentification of humic materials in sediments from each
study area utiltizing extraction and purification
techniques.

2> ldentification of S0OM-clay complexes by the addition of
ctars (glso from each study area) to the solutions
described above.

3) Examination of the interaction of these clays with humic
acid and fulvic acid at varied pH valyes to determine the
the type and extent of the complexing that could occur.

4 Development of & methodology by which these structures
tan be observed without treztment and disturbance of the

natural sediment fabric.
Three modes of csample preparation are currently being
considered and assessed as to their applicability for the abowe

tasks.

1 In-situ impregnation of soils and sediments with epoxy

resins followed by thin—-sectioning. This method
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preserves detailed soil structure and fabric.

2y Quick-freeze-~freeze-dry as described by Borde and Weood
(19489, This technigue has the advantage of allowing
cbservation of the structure of the humic materials.

3) Critical-point drying, in which the water content of the
specimen is successively replaced by ethanol, amyl
acetate and liquid carbon dioxide. The sampie is then
heated to slightly above 1ts critical point to allow
release of the carbon dioxide without creating artifacts

in the sample {(Anderscon, 1%31:.

"Results

Experiment 1: Soil Standards

The object of_the experiment was to determine how loose,
dry soils could be prepared for viewing under the SEM, The
problem was to find a means of affixing soil grains to aluminum
stubs since silver paint alone was not a good adhesive. The
technique chosen for the trial involved the coating of the grains

with quick-drying epoxy resin.

Procedure
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1> Epoxy mixed and dropped onto the aluminum foil
is allowed to partially set.
2) Soil grains are poured over the epoxy and allowed
to dry overnight.
3) The foil backing is removed from the hardened samples.
4) The samples are aftfixed to the aluminum stubs with
silver paint and are then coated with a 200 zngastrom

layer of gold.

Results and discussion

Presence of the epoxy prevented a clear, sharp image from
being obtained. In all four samples, the grains seemed to be
floating in a gelatinous substance making clear resclutions of

the grains impossible,

The method af resin impregnation has been used by
numerous workers for studies of in—-situ soiis. If injected into
an undisturbed sample, the resin helps to preserve physical and
textural structures which would have otherwise been altered

during transport, To tacilitate viewing, the impregnated blocks
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are thin-sectiocned so that fresh csurtaces can be scanned.

Attempting this procedure on the soil standards available te us

would not vield much usetul information becaucze in—<situ
characteristics were lost when the samples were colliected. This
same limitation exists with &all the zamples collected during the
summer of 1983. If undisturbed samples are to be used for SEM
viewing, impregnation must. be done during collection. The
usefulness of this technique to subsurface characterization is
also qustionah}e. [t is almost a= impossible to obtain  an
undisturbed sample of aquiter sediments as it is to resin

impregnated water saturated core.

Experiment 2: Great Soil Groups

The object of the experiment was to determine whether
quick—freezing <followed by lyophilization of soils would provide
an adequate method of cample preparation for SEM vwviewing. Some
workers who have wused this technique claim that it perserves

structural charactericstics.

Frocedure
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1> One gram each of soils 3, 3Sb, &, and 7a were chosen.
These represent the great soil groups.

2> Each sample was placed in & glass beaker which was
then immersed in ligquid nitrogen for 15-20 seconds.

3) The beakKers were then placed in a dessicator connected
to a lyophilizer. The samples were allowed to dry
overnight,

4) Control samples were air—dryed.

52 Both sets of samples were broken to expose a fresh
surface for viewing.

&) After coating the campiss with gold, they were wiewed

gysing the mini—SEM.

Resultes and discussian

There was no vicible difference between those samples
allowed to air-~dry and those freeze-dried. e later learned that
quick-freezing cannot bhe done directly in liquid N2 because the
heat of the soil creates a fiim of gaseous nitrogen around the
sample which insulates (it from quick—-freezing. The <csamplec

chosen were also relatively large (7.5 mm diam>, =0 that while
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organic matter complexes and might prove just as wuseful with
soil. The object of this type of procedure would be to try to
identify soil organic matter (S0M) as it occcurs in its natural
state. Howewver, the low percentage of SOM in most sediments and
the highty controlled sample preparation conditions reguired for

viewing S0M, might prevent this objective from being realized.

Experiment Z: Zoil Organic Matter

Initially, standard humic acid, markéted by the @aildrich
Chemical Company, was used in an attempt to duplicate the work
doune by Chen, Banin, and Schnitzer (12748), in which the shapes,
dimensions, and extent of aggregation of humic and fulvic acids,

extracted from various soils, were viewed under the SEM.

Procedure

12 A 1Y =solution was prepared using 1 gram of humic
acid and 100 m?! of distilled water. The natural pH
of this sclution was ~7.0. The solution was then

divided into parts A and B.
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The pH of part A was lowered with addition of
hrdrochloric acid (HC1) to ~2. Subsamples of the
solution at pH 5,4,2, and 2 were collected and stored
in test tubes.

The pH of part B was raised with addition of

sodium hydroxide (NaOH) to ~10. Subsamples were
collected at pH % and 10.

A1) subsamples were allowed to sit overnight in
preparation for quick-freezing and freeze-drying.

A1l solutions were centrifuged at 3000 rpm +or 20
minutes to see whether any fulvic acid would separate
out. Onily the sample at pH 2 showed & distinct
separation.

Crops of the supernatant of pH 2 (fulvic acid?) and the
solutions at pH 3 and 5 were spotted on glass siides.
The slides were placed in quartz crucibles which were
dipped in liguid nitrogen to quick—freeze the samples
Quick-+reezing was repeated on all samples using liquid
freon immersed in Tiquid nitrogen. The original M2
frozen zamplte were discarded.

The slides were then transfered toc a dessicator and

lyophilized overnight,
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10 All three slides retained residue which was coated with

gold and viewed under the SEM.

Resul ts and discussion

No structure similar to that reported by Cheng et al. was
visible on our samples. The residue appeared sheet-likKe with
only a few "grains® visible. 1t was determined that these drains
were sodium chloride crystals occuring as an impurity in the soil

organic matter,

The standard humic acid should not have been wused because
its arigin and purity were questionable, & decision was made to
extract the organic matter from some of our own samples to try
and obtain better results. We also realized that in Schnitzer’s
experiments, a ltow temperature (~70 C) freeze-drying process was

used; whereas, we had access solely to a standard lyophilizer.

Experiment 4: Soil Organic Matter Extracts

S0il organic matter (SOM)> was extracted from scil=z 5b
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thistosol), 7a (spodescl), JiI (Johnson Ranch), and J10 <(Johnson
Ranch) accerding to the procedure described below. The purpose
of thece extractions was twofolid: +First, the extractions were an
attempt to duplicate thew experiments of Schnitzer in which the
structure of humic and fulvic acid wae found to vary with pH, and
second, the extractions were an attempt to reassociate the.clay
fraction of each soil with its organic matter counterpart and
view any complexes that may have been formed., Due to the lack of
proper equipment, the goals of the experiment were never
realized, The following ts asummary of the extraction procedure

we used with annctaticons where we encountered problems,

Pracedure

1) & total of 100 grams of each sample was qround until
it could pass through a 100-mesh sieve.
(ten i0-gram subsamples were prepared for each sample
because of the container volume limitations. The
following steps were pertormed on each 10-gram sample)
2> The sample was treated with 40 ml of 0.1 normal
hydrochloric acid in a mechanical shaKer for 10 minutes

3) The sample was then centrifuged at 4500 rpm for &
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minutes followed by the decantation of the supernatant.
after the we decanted the supernatant, we repszated the
hydrochloric acid treatment,

The sample was then treated with 30 ml of 0.5 normal
sodium hydroxide and shaken overnight on x mechnical
shaker.

Afterwards, the cample was centrifuged at 4000 rpm for
half¥ an hour.

The supernatant (the organic matter in solution) was
then decanted and saved.

The remaining residue was placed in jars and staored.
The supernatant was then acidified to pH | to separate
the fulvic and humic acid fractions,

e then centrifuged the supernatant at 4000 rpm for
half an hour.

Then, the supernatant (liguid) fulvic ¢(?) fraction and
the residue (solid) humic fraction were separated and
stored,

The humic fraction was allowed to air-dry.

(becauze of the addition of hydrochloric acid and
sodium hydroxide, the liquid {fulvic) acid portion

contained a considerable portion of =sodium chlaoride.,
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Results

At

It was necessary to remove these ions to puri+y the
fulvic acid.

Dialvsis tubs were set up into which the extract was
placed for up to 4 days (deionized water changed twice
per day?>. Dialyzing wae considered complete when the
surrounding solution tested negative for chloride ions.
The sample volumes then had to be reduced before freeze-
dr¥ing could take place. A rotary evaporator was used
for this purpose. Becauce of equipment failure, only Sh
and 7a were evaporated sufficiently. As the volume of
the sample reduced, a precipitate formed in both csamples.
These precipitates were then millipored, and the liquid
and solid fractions saved. The solid fraction would not
redissolve in digstilled water. Samples of this material

were ruft on the FTIR,

and discussion

this time in the experimental procedure, our access to a

lyophilizer was cut off and the experiments terminated. The

extracts have been stored for future study.
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One technique of cample preparation which may help in the
elucidation of <oil organic matter — clay complexes s qguick-
treeze freeze drying. Discussed by Boyde and Woed, 194% for the
preparation of biologic specimehns, ite main advantages are the
prevention of the growth of ice-crystal artifacts and ‘ltack of
alteration of surface detail on the sample. The procedure, as
described in their article is summarized below.

1. Initialtly a vacuum chamber containing a cold stage must
be pumﬁed down at least 10 minutes pricorte sample Toading to
achieve a temperature of =40 C to ~-80 C on the cold stage.

2. During this time, the samples must be quick frozen in an
appropriate quenchant; tiquid freon is reccomended. Subseguently,
temporary storage can be provided by immersing each sample in a
shallow layer of liquid nitrogen in a flat bottomed metal boat.

3. The specimen and metal boat may then be transferred
directly to the cold stage, or i+ the samples are to be loaded
directly liquid freon must be poured over them at no-'greater than
10 second intervals,

4, The time required for freeze-~drying ic dependent upon the
mass of the sample and the capacity of the instrument being used.
However, the cold stage must be maintained at -80 C overnight,

3. The sample is then warmed to rcom temperature while still
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under vacuum. [t is then coated with gold-paliadium or carbon as

rapidly as possible after removal +rom the vacuum chamber,

This technique has been used by Chen, Banin and Schnitzer,
1?76 on so0ils in which the Exchangeable Sodium Percent had Lbeen
artificially altered. The resulting scanning electron micrographs
showed structural wvariaticns between sand grains and clay

particles at ditferent ESF values.

I+ the workK with secil organic matter (S0M) extracts is to be
continued, certain equipment must be procured. This equipment
includes the following:s

1) A centrifuge that will operate at 4000 rpm.

2> A rotary evaporator,

)} é lyophilizer for intial freeze-drying of the extracts.

4) A freeze dryer with a cold stage for final freeze-

dgrying of the organic matter before viewing.:

It is questionable whether a continuation of these
experiments is warrented at thie time. Since the primary goal of
the subsurface characterization oprogram is to examine soil
organic matter in its naturally occuring state, the viewing of

the extracts ma not »ield much useful information.
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FOURIER TRANSFORM INFRARED SPECTROMETREY - FTIR

Whereas X-ray diffraction is a result of the total crystal
structure, infrared <cpectroscopy looke at individual bonds,
making it one of the few tools available +for characterizing
amorphous constituents such as natural organic matter, amorphous

hydroxides and synthetic organic pollutants.

A recent development of infrared spectroscopy s the
availability of Fourier Transform Infrared Spectroscopy <(FTIR)
which has higher sensitivity than the older wavelength

instruments as well as having computerized data manipulation

capabilities including spectral stripping. The Tlatter is
essentially the non-chemical separation of mixtures using
difference or subtraction spectroscopy. This capability is

essential if colloidal interactions are to be identified. A major
problem in wusing this technique ie the requirement of having
available pure reference standards. Obtaining uncontaminated
reference <standards of crystalline phases is a considerable
challenge, but obtainiong uncontaminated reference samples of
amorphous phases I8 & major undertaking. This is one problem

being addressed in our current research program.
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Common FTIR instrumental configurations are simple specular
reflectance, attenuated total reflectance {(Harrick, {981, photo-
acecaustics (Rockley, 1980, Rockley et. al. 1%28f, and Krizhnan,

19813, and diffuse reflectance.

Infrared spectroscopy (IR) has provided much information
about the structural chemistry, nature, and origin of humi¢c and
fulvic écida. The major application of IR spectroscpy to humic
substances up to this time has been the identification of their
functional qroups from =gil, peat, and cocal (Ceh and Hadzi, 17546;
Moschopedis, 1942; Wagner and Stevenson, 1945S; Stevenson and Goh,
19713 Theng etal., 19&7>. These investigators however depended
for their success on the examination of a "pure" concentrate of
humic or fultvic acid obtained by x long and tedious extraction
- procedure from either s0il or water sampies. @An idea of the
difficulty involved can be gleaned from the fact that a standard
humic acid sample obtained using these proceedures is being sold

for %10 per milligram (about 1400 times the cost of gold).

Experimental Results

Foltowing the experimental plan estabiiched one year aao, we
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have examined a wide ranoge of experimental Fourier Transform
Infrared Spectrometer (FTIR) spectroscopic technijques in search
of & method Ffor examining solid particulates primarily
amorphous organic matter and clay minerals, which are relatively
free of spectroscopic artifacts and which s aleso very
sensitive. These techniques are specular reflectance, FTIR-
photoacoustic spectroscepy, FTIR diffuse reflectance and KbBr

pellet techniques. Conclusions pertaining to each technigue

follow.

The specutar reflectance is a vwery fast analyeis procedﬁre
which can give semiguantitative infermation about what components
are precsent in the =solid matrix, and which lends itself to
convenient sample preparation because the samples may be =z=tudied
in—-situ on such media as polycarbonate +Ffilters and glass
substrates, Specular reflectance has one major ‘disadvantage
which occurs when there is an intense abseorption in the syctem,
such as the Si-0 stretch at about 1000 cm-1i. Accompanying the
absorption is a dispersion effect Known as the Christiansen
effect which produces a negative feature on the blue side of the
band. As & result, intense features take on a second-derivative

tvpe appearance, band intensities are incorrect, and in some
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caszees the <spectrum may cease to be readily identifiable. An
example of this spectral artifact can be observed in figure (3.
Furthermore, note that in this spectrum of Kaolinite, the
hy¥droxy]l feature at ca. 3500 cm-1 is absent,. This absence is
probably due to a chemically induced change in the structure of
the Kaolinite and needs to be further investigated. Because the
probtems outweigh the advantacges of this technigue, it was

consideﬁed to be unsuitable for Gur present purpose.

FTIR-Photoacoustic spectroscopy (FTIR-PAS) was found to be
useful in the measurment of the solid spectra without any sample
preparation. The band intensities were reproducible, enabkling

spectral subtraction to be performed with accuracy to at least

the 1Y comtaminant lTewvel. However, the maintanance of this low
contamination lewvel is difficult without the use of a purged
csample chamber to remove water vapor as a contaminant in the

sample (and spectra). Since the rotational vapor bands of water

iie in the same region as Ketone, lactone, and organic acid
absorption in the mid-infrared, this interference can be wvery
annhoring. Subsequentty, the FTIR-PAS  is +found tao be

unsatisfactory at Jeast at this stage of development of the

technique because it takes typically 30 minutes to measure |
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spectrum with &x signal to noise ratic high enough to make
reliable observations at the 11X by weight contaminant level.
This techinique cshould be re-examined when the inherent
sensitivity of the FTIR-PAS detector has been substantially
improved. Nevertheles=z, the advantage of FTIR-PAS over zpecular
reflectance can be seen through the example spectra in figure 19
and Z0 ¢ it by specular reflectance and i by FTIR~PAZ of the
same saﬁple—-the sampie is clearly assigned as being a mixture of
mehtmorillonite, quartz, and ligquid water with traces of ocrganic
contaminants present). At though promising,-this technique lacks

the sensitivity that we require,

Diffuse reflectance (DRIFT) was used successfully to examine
a wide variety of camples. The resulting spectra were ezxsily
assigned and were representative of the true spectra of the
samples with ope exception, For the more intense® bands, the
absolute intensity would vary from sample to sample (reltative to
less intence features) by as much as 107 of the peak intensity.
Whereas the method is rapid by comparison with FTIR-PAS, it s
not satisfactory for the examination of mineral samples where any
saort of quantitative information is going to be required or where

a contaminant at less than !X needs to be cfudied in the presence
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of a strongly abesorbing contaminant making up the bulk of the
rest of the sample. Furthermore, for accurate measuremnetes and
calculation of the spectra, the total cample must be powdered to
a reproducible mesh {(true also with FTIR-PAS) and be diluted into
KC1 powder to a final sampie level of not mare than 11X by weight
{a requirement of the Kubelka~Munk diffusely reflecting
correction of the measured spectrum). Theretore, the gains in
speed of analys?s by compariscen with FTIR-PAS, +or example, are
severely reduced. Because the requirements of this project were.
to accumulate accurate measurments of what might be trace level
‘contaminants, DRIFT was pursued only as a toocl for gqualitative
evaluation of samplies. Several reference spectra of claye were

measured using the technigue.

Standard tranamis%ion FTIR techniques using pellets made by
pressing carefully around samples into pure KBr powder (0,025 by
weight) and subjecting the system to high pressure were examined.
These systems produced high quality spectra in a time primarily
determined by the sample preparation time (whjch could be as'
cshort as 15 minutes per cample in batchy.  Provided that the
samples were ground to an appropriate mesh, quantitative analysis

could be performed on the csamples. Figure 21 is the pellet
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spectrum of a commercially» availabkle sample of humic acid.
Figure 22 is the result of subtraction from the spectrum of 23K
guartz sand and 5S4 humic acid of varying amounts aof the pure
quartz sand’s spectrum. Clearly, the resultant i=s identifiable as
humic acid, indicating the feasibitity of spectral subtraction at
least down to the level of 14X by weight contaminant in paticular
cample. Given all the previocus considerations, this measurement

technique is probabiy the optimum choice.

At this stage, it should be mentioned that since variations
in component spectra can be considerable and because of linearity
problems whenever one ie examining a weakK absorber in the
pregsence of a strong absorber, it is not feasible toc obtain

guahtitative accuracy in the measurments of trace contaminants at
concentrations 1ess than 1 part per thousand without prior
concentration, This inaccuracy also holde true for RAMAN or NMR
techniques, although RAMAN measurments may be able to accomplish
the same effect as preconcentration if the beam is focused onto a
sample region Known to be high ¢(perhaps artificially so) in the
caontaminant. A conclucion is that preconcentration must be .an
essential first step towards an effective examination of the
chemical bonds formed between adsorbed material and substrate,

As part of an effort to examine ways favorahle to
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concentration, we thought that the measurement of a2 sample betore
and after low temperature plasma ashing would by difference leave
the spectrum of the residual soil organic matter <{(SOM). In
theory, this hypothesis is reasonable. In practice, we have
noticed that at least inm Kaclinite (see figure 23 before ashing
versus figure 24 after ashing) a substantial difference in the
hydroxy! region occurs with one adsorption appearing to disappear
and thé total amount of liquid water or Tattice bound water
appearing to increace, This observation has been made only once

and oabviously should be repeated in = more'thorough series of

experiments. However, the experiment does chow that plasma
ashing alters the structures of clays. This phenomenon should
also be clarified. The experiment furthermore brings into doubt

the ability to do the before versus after ashing analyvsis to
infer the residuzl component spectrum, especially if there were
alterations in the spectra of various mineral comporents in the
fingerprint region of the mid-IR spectrum as a result of the
plasma ashing process. The method should be examined prior to

making & positive decision for or zgainst the procedure as &

whale.

AN interesting observation wae made with the plasma ashing
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system. Commercial preparations of humic acid were subjected to
24 hours of ashing. While almost no weight changes were
registered (ca. 1%4), several black grey specks appeared atter the
ashing. Figure 25 shows the black crystals of humic after the
ashing while +figure 26 shows the spectrum of the agrey cspecks.
Cleartly, these grey specks are ascsociated with the clay
contaminant present and that the commercial samples contain &

significant percentage of Kaclinite and perhaps other minerals.

Figures 27-2%9 are various pellet and FTIR-PAS spectra of
fuivic acid, humic acid, and humin which give an idea of the
spectral complexity of the problem., While a commercial samplte of
humic acid will generate spectra which are always identical, as
soon as the source of the humic or fulvic acid is wvaried, the
spectrum also varies., This spectral variation indicates that the
compaound is not pure. Rather, thecse acids and residues may be
more correctiy described as homogeneous mixtures of coelluting
fractions. Spectra 30 and 31 show that the extraction is
sucessful in removing warious minerals, such ag carbonate,
present in the samples, but there is no guarantee that the simple
extraction techniques currently used in the field are anywhere

near adequate enough for the generation of single components.
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The conclusion is that the examination of clay-SOM-organic-
pollutant complexes will require the thorough purification and
characterization of warious humic and fulvic acids and that the
spectroscopic measurement of chemical bonds formed be tween
pollutante and the substrate—--what ever these bonds are--will be
mandated to define the mechanism for chemical adserption from
ground waters. This research will be a tedious and difficult
with a 1ow probability of success. At this instant in time

further persuit of FTIR techniques i not recommended.

LASER RAMAN MICRCPROBE

The most recent addition to the study is the Raman Laser
Microprobe, which is ideally suited to the examination of soil
organic material and some of the other €oil inorganic components.

The deveiopment of Raman spectroscopy has been a major
advancement in the field of instrumental analysis because the
Raman spectroscopy method provides information that has, in the
past, been unattainable with other microanalytic techniques. OQOne
aof the first of two Raman microprobes was dgvelaped at the U. 5.
NMational Bureau of Standards, was built primarily for experiments

involving particle analysis. The second Raman, developed at the
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Centre MNational De La Recherche Scientifique (Cnrs, Lille-
France), served as the prototype for the now commercially offered
Raman Laser Microprobe which iz azvailable from Instruments SA,
Inc., J-Y Optical Systems Division. This latter is the instrument
that we zagquired, Raman microprobe ¢pectroscopy> is based on
the excitation and detection of the spontanecus Raman effect.
This effect is caused by the interzctian of a laser
(monochromatic iight) with molecules of the sample, resulting in
inelastic <scattering. The appearance of scattered light at
altered frequencies is the frequency shift (displacement of the
"Raman spectrxl lines from the excitation line) and is identical
to the frequencies of molecular vibrations of the sample. Raman
spectra thus provide the identity of the molecules which scatter
the light. Solid samplies also provide information on the nature
and extent of cryatallfnity.

When incident 1light strikes sample molecules, it 1=
scattered elastically (Rarieigh) and inetastically (Raman). In
Raman scattering, the photons colliding with the sample molecules

may either lose energy (Stokes shift) or gain energy (anti-Stokes

shifty. The Stokes lines are generally studied because they are
of greater intensities than the anti-Stokes lines. The Raman
effect is very weak as evidenced by a scatter by solids which is
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typically less than 10E-7? of the incident radiation.

The incident light energy for the Raman effect is less than
the energies of excited electronic states. However, if thece
excited states occcur, . then other inelastic scattering procecsses
such as flourescence occurs over a wide portion of the Stokes
region of the Raman spectrum, which could pose a serioqus
interference problem.

The I5aA mfcroprobe couples & recearch microscope, a state-—
of-the—art Raman specrometer and a powerful argon ion laser. The
jaser is focused through the objective of the microscope, ontc
"whatever part of the sample the operator desires, with a beam

diameter or sampling area of about 1 s=quare micrometer. The

scattered light is collected back through the microscope
objective and directed into the mcnochromator of the
spectrophotometer to be detected by a sensitive, cooled

photomultiplier tube. The instrument is interfaced to a Columbia
microcomputer by which the instrument s controlled. The
microcomputer also provides spectral averaging of multiple scansg,
as well as ather spectral manipulations making this instrument an’
extemely powerful tool for the microscopic examination of small

particles such as are characteristic of soil.
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Major Advantages of the Raman Method

Raman microprobe techniques are nondestructive and
require little sample preparation time.

Sample may be analrzed in situ.

Molecular specificity——the frequency shifts are equal to
the wibrational +Frequencies of the sample molecules,
These %requencies are different for different molecules
and change with the environment of the molecules, makKing

the identificaticon of each component of a Raman spectrum

possible,

Samplies may include all states of matter. Any type of

‘molecule organic, inorqanic, or biological may be

identiftied by the Raman microprobe.

Ambient laborétory conditions may be used during the
analytical procedure. Other microprobe techniques
require use of a vacuum for sample placement.

The mapping of the surface nf the sample is possible,
allowing for identification of the different components'
of & heterogéneous sample.,

Because the vibrational bands of most molecules are well

separated, interference is Kept to a minimum.
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&. The detection limits range +rom approximataly i0
pictograms to 100 pictograms because of a good signal—-to-
nocice ratie. This l1imit may be lTowered one or twe orders
of magnitude for samples that can tolerate greater levels
of irradiation.

10. Because water exhibits only & very small Raman signal, it
does not matter if the sample contains or is examined in
water, .water as discussed earltier ie a major limitaticon

of Infrared techniques.

Mator Limitations of the Raman Method

1. The inherent weakness of the Raman effect is its low 1ight
level event. Tﬁe weak signals are difficult to detect and
place strenucous requirements on the spectrometer,

2. At this time, quantitation of sample componente is not
poscsible due to the tack of adequately developed theory of
Raman and flourescence scattering from microparticles.

3. Local heating effects caused by a buildup of heat in the
campie from the laser radiation may exist, Since many

compounds absorb over a wide spectral range, using a
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different excitation frequency may not eliminate the
problem.

4. The weak Raman signal may be difficult to detect when the
sample alsc emits +flourescence, Using & red line
excitation source or quenching techniques mxy eliminate
the problem.

5. Some solid compounds are unstable under high intensity
laser rédiaticn, inducing photeolrytic reactions which can
lead to optical breakdown.

6. LackK of standard reference spectra becausze of the newness
of the analytical technique makKes identification of

unknowns more time consuming.

The Laser Raman Micraprobe has been in use oniy a limited
time and we have not és vet been able to carry aut many of the
investigations we hope to da. At this point we have made an
effort to characterize some of the standard clars, including
montmorillonite and several Kaclinites. In time, we hope tc be
able to identify an adsorbed organic poilutant and to determine’
whe ther its substrate is an organic or inorganic fraction of the
soil. Our immediate objective is to the mode of distribution of

the natural organic matter in the various soil types.
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Raman microprobe techniques can yield information about
material characterization that has been incompleteily provided by
conventional techniques. Entirely new information may be
obtained ‘from sampling microscopic regions approximately one
micrometer in dimension, Information on the molecular nature of
the components of a sample, the distribution in the szample, and
the chemical and physical character of the matrix are the -
characteristics that may bhe explored.

The ultimate limits of detection, quantitation of individual
species present, sample size, <csample heating and +fluorescence,
and the compositional complexity of sample are questions whose

answers must wait for increased understanding that will come from

future studies.

MACROPORE EXAMINATION

To distinguish "macro®” poresz from smaller "micro" pores the
property of permeability will be utilized. The distribution of
"macro" pores throughout & given voliume may be classified with

respect to the soil moisture content,
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The <oil moisture content is measured directliy by neutron
scattering. Use of this method requires that a calibration curve
be prepared which describes the relation between neutraon counts
per minute and the soil moisture percentage. A computer program
"MUTFRGB" calculatesz the water contact valuec from the field data
using the-equation.

a

& + B xR

0 = water content

A + B Calibration curve constants

R — ratio of measured count over standard count

The number of counts per minute, corresponding to a certain

soil moisture content, are affected by the soil type. The bulk
density and chemical composition affect the count rate. High
count rates are obtained in fine textured soils as a result of
hydrogen in the lattice structure of the clay minerals, and also
in soils with high organic matter contents,

Ancther method to be emplored for characterizing the 20}

water movement will be a resistivity survey. The plots will be
ponded with a saline salutian. The potential at each depth will
be measured, Integrating the potentials over all depths will

record the s=oil water movement and its distribution with time.

Procedure:
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The site was cleared of 11 vegetation on a fairly level
square area 20 ft by 20, and subdivided into sixteen 4 +%t by 4 ft
squares, Within each square the abundance (density), diameter,
vertical depths, and length or continuity of the macropores were
measured xnd photographed over time. The site contains 8 access
tubes for recording soil moisture contents and ! centratty
focated piezométer for abtaining water quality data. & hand
auger was used for construction of the monitoring holes. Along-
the edge of the site a wooden border was constructed to a depth
"of 2 inches below the scil surface and 4 inches above. The inside
border was lined with bentonite to form & relatively impermeable
barrier 20 water could be ponded over the surface.

The site was ponded with water until a 4" depth was reached.

Water was pumped from Lake Carl Blackwell and sprinkled onte  the

site area. Water samples for the lake and the site ares were
taken for analyses and compared. Soil moisture contents were
measured an a weekly basis several months prior to the

infiltration experiment, during the infiltration experiment, and'
for a period of 48 hours after infiltration. Water samplies were
also takKen before and after infiltration to detect any changes in
quality.

Future lWork
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The experimental <cite will be monitored continuously
throughout the winter and spring to observe the effects of
precipitation and temperature on the development of macropores,
As the mean temperature gradually rises with the arrival of
Summer tﬁe formation of macropores will be siow. As  the

temperature increases and mean precipitation decreases macropore

development will reach & peak, usually by late summer or early .
fall. Prior to this  period an additional site shall be
constructed in an zanalogous manner. Infiltration experiments

will be conducted at each site prior to macropore development
fearly summer), during macropore development (mid-summer), and at
the peak of macropore development (late summer). Resistivity
surveys <hall alzo be conducted at each site for determining
water contents throughout the plot over time.

Additionally, the soil morpholeogy at each szite will be
characterized extensively as to the particle size distribution
and mineralogic content, For each mineralocgically distinct
horizon a grain size digtribution will be determined via sieve
analysis, The mineralogic content will be determined via X-ray
diffraction. The water quality before and after infiltration and

throughout the year shall be analryzed wvia atomic absorption

analy¥sic.
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SECTION S5

SITE CHARACTERIZATION

Te date four sites in various parts of +the Continental
tUnited States have been chosen as study areas. These are: the
former creosote waste disposal lagoon in Conroce, Texas, the
D’Imperio‘Dump in Atlantic County, MNew Jersey, the Apple Creek
drainage basin_ in Burleigh County, North DakKota, and north
central Parne County, OkKlahoma.

Variocus aspects of subsurface characterization zre being

considered in each area. The first two sites represent point-
source ground water poltlution problems where in-depth studies
over restricted areas will be undertaken. The third site

represents a region, where subsurface conditions on a greater
areal scale will be examined. At the fourth site, a study of
macropores and their effect on the transmission of surface

recharge to a ground water system is being conducted.

D7 IMPERIO DUMP, ATLANTIC COUNTY, NEW JERSEY

The D’'Imperio site was chosen for study for several reasons.

The nature of the contaminants (organic solvents) renders the
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problem directly applicable to our recearch. The site is located
in a relatively undeveloped area where water gquality would not be
atfected by other contaminant sources. The geologic and
hydrologic settings are relatively simplistic and, therefore,
would <serve as adequate contrale for the study of minor
constituents {i.e. clay¥s, oxide=, hydroxides) in the sediments
and theirreffect on the movement of pollutants.

An  unknown number of rears ago, many 5% gallon capacity

drums of chemical waste were dumped intoc the pit. The =ite was
subsequently covered with native s0il to conceal any signs of
waste disposal. in recent yeare, rusting drums have begun to

appear at the surface.

The property cwner has applied for and received aid from the
federal government in the form of Superfund Monies ta delineate
and remediate environmental hazards posed by the site. Work done
previaous]ly br private consultants has demonstrated that
significant ground water contamination has occurréd. At leaxst
one plume of both organic and'inorganic patlutants has migrated ~
1000 feet cff-site. Several potable wells are located within 1/2

mile of the site,

Geography
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The D‘Imperic Dump site is situated in a rural, wooded
area of Atlantic County, New Jersey approximately 7 miles west of
Atlantic City between State Route 40 and County Route 322, It

consists of a {/2-acre abandacned gravel pit (Figure 3Za).

Phreiography and Topography-—-

The Dump site is located in the @Atlantic coastal plain
phrysiographic province (Figure 32), The coastal plain in HNew
-Jersey is a region of low relief having a gentle slope to the
east and southeast, toward the aAtlantic Ocean. It is
characterized by flat to gently undulating uplands and wide flat-
bottomed valleys containing shallow streams. Small hills and

hummocks commoniy rise above the farger flat and wundulating

surtaces. Many» of the smaller geomorphic features closely
resemble thoze of shore, beach and coastal envircnments. Ther
are thought to be relics of former high-level Fliocene~

Fleistocene sea sands (G111 et al., 1%943). Surface gradients on:
the gently sloping pltain average 3-10 ¥t/ /mile. Primary surface
drainage occurs alaong the Mullica, Grext Egg HMarbher, and Maurice

rivers and associated tribugtaries. These rivers all flow east-
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southeast to south and drain intoc the Atlantic Ocean.

The coastal pltain has been subdivided by Owens and Minard
(12500 into three phresiographic sub-provinces (Figure 24)3 an
Quter Lowland along the coast where the elevations rarely exceed
S0 feet above sea Tevel, a broad Inner Upland with elevations as
great as 300 feet, and a narrow Inner Lowland along the Delaware
River having elevations of 50-100 feet. The dump site is located

near the eaeterﬁ margin of the lnaner Upland sub-province.
Soils——

In the coastal plain region, scils often control the rate
and amount of infiltration, the amount of recharge to aguiters,
and the chemical guality of ground water <(Rhodehamel, 1973).
This situation existslbecauge of the relatively flat topography
aqd highly permeable nature of the sandy sediments. In general,
the soils present are characteristic of podzolic soil deueiopment
in humid and temperate climates having mixed conifer and hardwood
forests, Free drainage, characteristic of podzols, causes the:
upland scile to become dry scon after rainfall (Rogers, 1955).

Socils of the basin are variable despite a rather uniform

qray, <sandy appearance at the surface. At though the dominant
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arain size is s€and, <cils range from fine to coarse, free-
draining sand and gravel through silt and clar (Rhodehamel,
19730, Fine textured soils are more common in the southern and

western parts of the study area; the average clay content of most

associations ranges from 10 to 30 percent. The dominant clay
mineral present is Kaolinite, though illite <sometimes occurs
(Dalton, personal communication). Clay particles originally

present at thé surface are rapidliy leached from the A& horizon
during soil development and commonly cccur as coatinges on 1arger‘
particles, or as an interstitial matrix in the B horizon below
- (Rogers, 19355). Calcium carbonate is virtually nonexicstent in
the s0ils present in the study area.

Hydraulically, the socils of the coastal plain can store and
transmit large quantities of water. Infiltration rates in the

dominantly mineral sof! heorizons range from 0.6 to 9.0 inchesshr

(Rogers, 19355 . Even in the less permeable soils, the water
storage capacity in the laver above the often present poorly
drained zone is great enough to permit infiltration of most
rainfall, Markley (1962> has determined cation exchange:

capacities for several common scils wunder both forest and
cultivated conditions. These data indicate that the cation

exchange capacity of most coastal plain scils iz low as & resylt
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~¥ rapid Free drainage, single-grained soil <structure, and
stability of the quartz parent material. In addition, podzolic

soils are acidic, with the pH of horizons ranging from 3.7 to 4.5

(more commonly 4.0-5.0)(Rhodehamel, 1973>., Cation exchange
capacity generalily decreases with increased hy»drogen iGn
concentration, therefore, it would be expected that minimal

exchange would gccur in these acid soils.
The soil sﬁrvey of a@tlantic County, New Jersey maps the soil

present at the D’Imperio site as Matawan Sandr Loam <{(Mtad,

[r)]

According to the current soil ciassification system, this soil
-belonge to the fine-loamy, <silicecus, mesic family of the Typic
Hapludult Subgroup, Order Ultisols (Table 2).

In a representative profile from a boring taken
approximately 100 feet east of the dump, the surface Tlaver is
dark gravish-brown Eandy loam &" thick. The subsurface Yaver iz
IQ" of rust colored sandy loam which grades intoe 11" of rust
colored gravelly loam. The subsoil consiets of 23" of browniszsh
pink clay loam. The substratum, to a depth of seven feet,
consiste of pinkKish brown fine sand with 1ittlie clay.

Surtace and éubsurface soil layers are extremely acid <{pH
4,5-9.8 and have a low organic matter content. Matawan sandy

loam s considered moderately well to well drained. The dense



voT1

Depth frem USDA texture Classification Liguid Limit Plasticity Permeability
surface (inches) Unified AASHTO index (inches per hour)

0-490 Sandy loam SM, SC A-2, A-4 15-25 4-5 0.6-6.0

24-60 Clay loam, sandy |[SC, CL, ML,| A-2, A-4,| 15-45 5-15 0.2-0.6

loam, clay loam SM A-6
Depth from Percentages less than 3 inches passing sieve- Available water Reaction Shrink-well
surface {inches) No. 4 No. 10 No. 40 No. 200 c:EaE;Eij(lnches pH potential
(4.7 mm) | (2.0 mm) | (0.42 mm) | (0.074 mm) P

0-40 05-100 90-100 50-90 20-40 0.10-0.18 3.6-5.0 Low
24-60 095-100 05-100 55-100 30-60 0.14-0.18 4.5-5.0 Moderate

Depth to seasonal high water table: 13-3 ft.

TABLE 2 SOIL PROPERTIES OF MATAWAN SANDY LOAM
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clay loam Javer at 2-2.5%" canmn function as a semi-permeable
barrier to downward percolation of water during winter and spring
monthe, producing a seasonally perched water table condition at

this depth,.

Vegetation——

This part'of the state consists primarily of farmlands and

forested areas. The main agricul tural crops are blueberries,
cranberries, and strawberries, which are well suited to acidic
-sandy scils. The <forest vegetation consists of oak-pine and

pine—ocak upland tree communities that are alsoc well adapted to
droughty soils. The forest is an "open—-type", where tree crowns
do not form a solid canopy. Eeneath this forest cover, woody

shrub and scrub oak communities are widespread (Rhodehamel,

1973,

Geology

e s v e v s

The formations exposed in the Atlantic Coastal Plain of MNew
Jersey are of late Cretaceous, Tertiary, and Quaternary age.

They consist of unconcsolidated to semiconsolidated deposits of

1605



DRAFT ONLY

seand, <ilt, and <¢lay, with minor quantities of qgravel. The
Cretacsous and Tertiary sediments form a wedge—-shaped prism that
lies unconformably upon Precambrian, Paleozoic and Triassic rocks
0f the Peidmont province (Figure 332. in their outcrop areas,
the Cretaceous and Tertiary formations range from 300-300 feet in
total thickness. These sediments thicken downdip (southeastward?
and are believed to be in excess of 10,000 feet at the extreme
southern tip of Mew Jersey (Gill, 1243)., Deposits of Guaternary
age, present in large areas of the coastal plain, are of variable
thickness and extent.

The entire coastal plain sequence indicates zeveral
transgressions and regressions of the sea during the period of
deposition. The zediments were deposited under relatively stable
shelf conditions and were laid down in continental, transitional,
and marine environments. The materiale comprising thece

sediments were derived primarily from highlands north and west of

the present fall tine (Figuré 34). in general, coarser sands
occur in  the outcrop areas of each formation and represent
continental, transitional, and shallow waterl or near—ﬁhore‘
depositional environments. Southeastward near the aAtlantic

coast, the Cretaceous and Tertiary near-chore deposits grade into

offshore marine deposits composed of calcareogus cliarvs, silts, and
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glauconite sands. Quartz sand decreases as thickness and percent
of glauconitic sand increase seaward,

The Cohansew Formation, a thick, areally extensive wedqge of
sandy strata of Late Tertiary age is the geologic unit present in
the shallow subsurface at the D'Imperic Site. It outcrops cauer
an area df approximately 2,350 square miles in scutheastern New
Jersey and is mantled in places by thin depositse of Quaternary
age. Its thickness ranges from 0 to greater than 230 feet as one
progarecses in &n east-scutheacterly direction toward the Atlantic
Ocean (Figure 3&).
| The 1ithology aof the Cohancey Sand is wvariable. it is
dominantly a vyellow (limonitic? quartz sand containing pebbly
sand, fine toc coarse sand, silty and clayey sand, and interbedded
clay. It contains small amounts of weathered feldspar, chert,
vein quartz and ironstone pebbles, and lenses or fragments of
carbonacecus material within beds of Kaoslinite clay <(Kummel,
1740) . Sand units range from massive bede to thin ceams
intercalated with clay units. Grave! beds are generaily less
than 1 foot thick, but may attain thicknesses og several feet inl
some areas. CLCarbonaceous clays range in thickness from stringers
toc massive beds uvpwards of 20 feet thicik, which can be continuous

over extended areas (Gill, 19437,
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Areal wariations in textural content of the Cohansey can be
seen on Figure 37. firea ! contains thick sand beds interpreted
as fluvial and deilta front deposits cantaining relatively thin
discontinuous sections of laminated clay. A thicker sequence of
more mascsive bedded clays generally occurs in #rea 2 (Rhodehame?,
19737 . Tﬁe relative textural composition of the sediments in
Area 3 has not been documented, although well logs from Cape May
County indicate a greater proportion of sand than in @Area 2
(Daltoen, personal communication?}.

The Cohansey Sand has been identified as consisting of
stream, fluviazl plain, deltaic, estuarine, lagoonal, beach and

other nearshore-marine deposits in diftferent areas and by various

avthors. In general, the Cohansey can be interpreted as a mixed
or transitional wunit  that, overall, consists of a partly
dissected ancient subdelitaic plain. The origin of the sediments

comprising the formation has also been interpreted in a number of
wa¥e. Rhodehamel (1973) believes that because the fluvial
Cohansey materials are composed primarily of quartz sand,
Kaolinitic clay, and chert, the =zediments ,haue undergone|
multticyclic erozion and redeposition and are the product of

zubaerial erosicn of older coastal plain deposits.

The sediments at the dump =ite just at and below the water
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table conzist of light colared (white-pink—-tan) fine sand with &
trace of silt. These grade into tan, dense, medium to fine sand
at a depth of 15-20 feet. A white-gray coarse to fine candy zone
underliies the site approximately 20 feet below the surtace. The
joge indicate that this unit may be up to 20 +feet thick, and
contains in places stiff, gray to pink and yellow clay stringers
and lenses. Cne borehole on =ite was advanced toc a depth of G55
feet the 1nag indicates a 10° thick clay Taver at a depth of
between 40‘ and S0°. It has not »et been determined whether this

confining zone is present over the entire site.

Hydrogeol ogy

The coastal p]a?n of Mew Jersey experiences a temperate,
hqmid ciimate and is considered to be within the humid
continental or intermediate climate zone. Climatic conditions
are characterized by temperatures ranging from 0 to 100c¢ F, and
annual precipitation of 40 to &0 inches. Average manthly»
precipitation is relatively uniform, with siightly higher walues
occurring during summer monthe due to convective thunderstorms.
Average temperatures exhibit a range of 40o to S5cF, with an

annual mean of approximately S0oF (Figure 32382, Barksdale (17430
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concludes that although pan evaporation exceeds precipitation
during summer months, thie relationship is reversed when
correction factore are applied. During the remainder of the
year, precipitation exceeds evaperation {quantitative data not
available?) as a result of the humid, temperzte climate (Rogers,

1935, and Barksdale, 1243).

Surface batepr—~=-

Two large river systems dominate the outer coastal plain  in
New Jersey., The southernmost system is composed of the Great Egg
Harbar River and associated tributaries, while the northern
system includes streams in the Mullica River drainage basin.
Both the Mullica and Great Egg Harbor Rivers can be considered
steady streams, as ground water contribution to their baceflow is
high (Means et al., 181>, However, discharges of the rivers
vary significantly during the year, with periods of lowest flow
during tate cummer. Averaqe annual surface runoff in the Pine
Barrens region ic estimated to be &4 {Rhodehamel 17703, wvet river
response to precipitation i= rapid. This 1 & result of the
relatively +flzat topography and permeable nature of the coastal

.plain sediments.
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fAverage chemical compeosition of river water forr the outer
part of the New Jersey ccoastal plain is shown below (all wvalues

in mg/l; data from Means et al.,1281):

Ca 1.05 Cl 4.72

Mg 0.57 504 o1&

Na 2.58 PO4 0.04

K 0.43 Si0z  4.32
pH = 4.51

TDS = 20.07

The total dissocived solids content of 20 mg/ i (-
substantially less than that of the world average for rivers of
103 mg/1 ‘Livingstone,1983). This is due to the high percentage
of quartz in the sediments as well ac the lack of pallution from
man’s activities. The very low pH of these coastal plain waters
is due to the presence of organic acide which are produced in

abundance during decay of Pine Barrens vegetation.

Groundwater——

Several oaof the Coastal Plain formationz centain aguifers
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capable of vyielding moderate (S0-200 gpm? to large (>200 gpm)
gquantities of water <(Figure 32, From oldest to »oungest
(ogutcropping from northwest to <=zouthwest) these are; the
permeable zones of the Raritan and Magothy Formations,' the
Engltiehtown Formation, the Wenonah Formation and Mount Laurel
Sand, the Vincentown Formation, the Kirkwood Formation, and the
Cohansey Sand {Gill, 1943). An overlying discontinuous vweneer of
QGuaternary sands and gravels can recharge these formations, but
it is rarely thick encugh to yield a usable gquantity of water.

The tMagothy~Raritan, Kirkwood and Cohansey aquifersz are the

11l

principal sources of water supply in the Coastal Plain, The
Magothy—Fari tan has been developed extensively near itz outcrap
area due to high demand in this populated regiaon. It has alseo
been tapped along the cocast where it occurs at a depth of 1,700
to 3,800 +t. The Kirkwood-Cohansey aquifers are virtyally
undeveloped and have the potential for providing a great amount
af water.

Based upon 1ts storage capacity, hydraulic conductivity andg
availability for direct recharge, the Cohansey is the most
important aquifer in the New Jercsey coastatl plain., The unit is

essentially a water table aquifer but Jow pressure artesian

cconditions exist over large areas near the base of the formaticon.

177



DRAFT ONLY

The source of wirtually all of the water contained in the aquifer
is precipitation that falle onto the coastal plain. Discharge is
not restricted to one area but occure to surface waterwars
throughout the region. The amount of water in s=torage, though
fluctyating =easonally, has remained essentially constant over
the period of record (Gill, 19353).

Logs of borings done on—site indicate that the water table

occurs at an average of eleven feet below surface. fbbreviated
aquifer tecting using monitoring wells driileéd in 1980 indicates
the hwydraulic conductivity of the water table aquifer to be in

the range of 10-3 to 10-2 cm/sec.

fadditional monitoring wells will be drilled this fall to
deltineate more accurately the shape and direction of movement of
the contaminant plume. Foliowing this phase of the site
investigation effort, geophyrsical studies and aquifer tests will
be performed to aid in the design of a decontamination system.

Water gquality af the coastal plain Fformations iz quite
variable areally and with depth; a detailed discussion of these
variations e not within the scope of this paper, However ,
certain generalizations <an be made and are reported as an
cverall statement on coastal plain water qualijity, A more

. detaiied discussion of water quality in the Cohansey Sand is
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presented as it forms the background and basis for fyture studies

at the D’Imperio Site.

Water quality in the Magothw=Raritan aquifers is generally
good to moderate, having 1low dissolved solids (<250 mgos1?
content. Heowever, high concentrations of iron and sodium and
chloride ions ¢>1000 mgsl near the coast? are common in Same
areas and render the water unzuitable for drinking purposes.
Water from Aquifers in the Rancocas Group and Kirkwood Formation
is soft low in chioride and dissclved solids content., Rancocas
water has been classified as a sodium—bicarbonate type and
Kirkwood water at calcium-bicarbonate type.

kater quality in the Cohansey is considered to be very good
for moet uses, except where high iron concentraticons and low pH
make pretreatment a necessity. Ground water in the Formation is

derived from precipitation that has infiltrated through surface

debrisz to the relatively chemically inert aquifer beiow
{Rhodehamel, 1%72). The water i=s low in dissolved sciide which
generally range from 25 to 50 mosl. Because of i1ts acidic

character, the water readily dissaclvwese iron from ofganic matter
and iron—-bearing minerals in the soil. lWater quality in the

~aquifer is contrelled to some degree by Kaolinitte lensee and
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calcareocus material precent in the sedimente. However, the ciay
content rarely exceeds 20 percent and <calcareous material
comprises 10 percent of the formation (Kummel, 1940).

Forty-two analyses of ground water from the Cohansey Sand
aquifer f(well depths Z5-200 $t) were examined in an effort to
determine the weathering characteristics of the Fformation. O+
these, 32 had a dissclved solids content of less than S0 mgsl.
Eighteen had a dizsclved solids content of less than 25 mgsl.
These tow values were present in wells up to 200 feet deep.

In general, it appears that an increase in sodium content

in the water can cometimes be correlated with increased sulfate

and decreased hicarbonate percentages, although this was not true

for a1l =zamples. A second characteristic of water +from the
Cohansey is that calcium and magnesium ions rarely exceed 13
percent of the total digsolued material. Back (1%44) indicates
that water from thiz aguifer is primarily chloride—sulfate-
bicarbonate type, Using the =znalysces provided by Back in
conjunction with others from twe additional sources, it s

concluded that water from the Cohansey is not readily classified.
The variability in water gquality at low TDS values 1= caused
by & number of factors. Inmitially, water percolates thraough the

~rapidly drained, coarse textured <soils present over much of the
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recharge area. Because of the high percentage of quartz present

in the sediment, the =so0ils do not contribute a significant

quantity of dissolved material to infiltrating water, AS
deccribed earlier, iron and bicarbonate ions are most likely
dissolved at this point. Variability in vegetative cover and
microbial activity could affect the guantities of these ions

entering the water. After passing through the coil column, water
is stored in the predominantiy quartz sand aquifer, Multicrelic
erasion and depcsition of the sediments comprising the aguifer
has weathered out most of the scluble material originally
precent. The result is ground water that appears to have the
characteristics of local rainfall (which is often acidic? coupled
with the addition of ions from minor quantities of residual
fetdepar, <clay, oF calcareous material. It is possibkle that TDS
values would be higher i+ leakKage were induced from .some of the
le=s permeable cstrata present in the Sformation,. Twe wells
completed near the top of the underlying confining bed seem to
canfirm this idea,

fpproximately twenty organic chemicals have been detected in
the water table aguifer beneath the site. 1,2 Dichlorcethane,
1,1 ©Dichlargsethane, carbon tetrachloride and toluene have each

. been found to be present in concentrations of greater than 100
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mgs 1 down-aradient of the dump. Qther contaminants xre present
at depths of up to S0 feet at a distance of 1000 feet from the
landfill srea. The surface water diecharge pcoint of the plume is
suspected to be a swampy area approximately | mile to  the
southeast although it is possible that & northwestward flow

component also exists,

CREOSQTE OUMP, COMNROE, TEXAS

An abandoned creosote facility in the town of Conroe, Texas
has been zelected for this contamination site study for two main
reasons. The first reason is that previous work on this site is
relatively extensive. Bedient (1%82) completed a study on
contaminant identification and defined the limits of plume
migration. The ogeclogy ot the region is described in detarl by
Doering 1939). Deussen (1?14 and Popkin (17712 have
interpreted the Thydrogecliogy of the area. Excellent =soil
deccriptions were found in McClinttock &t at. ¢(1%72). The second
reason i that access to the site for <cample collection and
permission to drill waa. granted by the owner to the Texas

Department of Water Resaurces (TDWRY and the United States
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Environmental Protection Agency (EPA2.

Geography

The town of Conroe lies in Montgomery County, Texas and i<
located 75 miles north of Houston (Figure 39). The crescte dump
i tgeltds lies at about 30c 207 north latitude and Péa 237 west

longi tude, {Figure 40>,

Phyziography and Topography--

Monmtgomery County is located in the West Gulf Coastal Flain
phyeiographic province. This area is the western continuation of
a2 similar plain that borders the Atlantic. The Gulf Coastal
Plain is & broad regicn which extends up tao 500 milaé inland from
the coast and slopes gently toward the Gulf of Mexico from an
interior hightand region, The topography of the coastal margins
is relatively flat, but it wields toc an undulating and broadly
dissected plain landward (Deuscsen,i?id},

The subdivisions of the Gulf Ceoastal Plain Province
generally parallel the coastltine (Figure 413, The creosote-

contaminated <cite lies in the second district in from the Gulf,
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namely the Kiszatchie Wald. This subdivision is characterized by
a transition from a scutheasterly dipping plain in the southeast

to gently rolling hille in the northwest (Deussen,1914).

Soils—~-

The two primary soil asscciations (Figure 422 1in Montgomery
County are the Conroe and the Splendora—gcy“Segno. Together
these cover nearly 50 pércent of the land surface in the county
{(McClinttock et al., 1972},

The Conroe acssociation consizts of deep sandy <soils with
lower clay layers. They exist primarily on relling terrain  and
steep cides o0f ridges. These <oils are well drained and poscess a
mild acid pH (McClinttock et al.,1%972). This association covers
the area of the crecsote dump.

Loamy and sandy soils with 1ozamy sub—horizons are
characteristic of the Splendora-Boy-Segno association. These
€0ils cover the lowlands where the topography is nearly lewvel to
gently sloping. Drainage within the association is wariable,
ranging from poarly to well drained, and the pH is mildly acidic
{McClinttock et al.,1972), Thie ascociation surrounds the Conroe

zite though it does not actually cover it.
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The scil profile (Figure 43) at the Conroe waste pit is the
mapping unit Conroe gravelly lcamy fine sand, 0 to 3 percent
=]l opes. The wupper tayer is about 25 inches deep and s &
grayish-brown, wery friable, gravelly loamy fine sand. Ironstone

concretions are prevalent and comprice nearly 30 percent of this

surficial horizon. Below this layer lies & horizon of yellowish-
brown, friablte, sandy clay loam. Red mettling occurs, implying
the existance of ferruginous material, A sandy clay forms the
sub-horizon, It is brownish-yellaow and light gray in coler, and

it ts coarse, friable, reticulated, and mottled red (McClinttock
et al., 1972).
The Following is a3 representative socil protile From the

Conrne waste site obtained through driller’s logs.

0 to &0° Light brown, fine =zand with clay aéams; gravel
and abundant iraon ngodules present

4G to 24" Red, sandy clay with tan, sand and gravel seams

84 to 128" Gray, meottled, sandy clay with ircn stains

120 te 130" Gray, mottied, <sandy to <ilty clay with iron

stringers
120 ta 214" Moist, medium—-grained, tan, clarey sand with

white and red clar nodules
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21& to 23&" Moist, medium—grained, tan, silty sand with iron
stains
336 to 420" Red, medium—grained, sand with gravel znd clay

stringers
480t to 528" Gray cltay with tan mottlingy organic material

present

Vegetation—-

Conroe lies in & timber kelt <Figure 44 which is bounded by
the Coast Prairie on the east and the Eastern Marginal Prairie on
the west (Deussen,1%14). Hardwood forests predominate in  the
lowlands. Species present are Cow Oak, Quvercup Oak, Common White
Oak, Red QOai, Texas Oak, Willow Cak, Water Oak, White Ash, Green
Ash, Sweet Pecan, Gitter Pecan, Shagburk, White H{ckory, Sweet
Gum, Black Gum, Tupelo, Cottonwocd, Sycamore, Elm, and others.
In the highlands pine forests flourish with such wvarieties as

Shert Leaf, Loblolly, and Long Leaf (Deussen,i?14),

Geology

The rocke exposed on the Gulf Coastal Plain of Texas are
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formations of a sedimentary sequence whose age ranges from late
Tertiary through Recent. The period is marked by erosional and
depo=itional episcdes, Originally this sedimentary series was
deposited horizontally, but active tectonics has wuplifted and
slightly tilted the beds towards the Gul+f. The woungest rocks
are +ound closer to the Gui+t coast while clder formations only
crop out intand. Thie is due o a greater rate of erosion intand.

Weathering of topographic highs to fairly ‘uniform levels has

created a surface approaching a plain (Metcal+,i744), The
bedrock beneath the Conroe c¢reoscte dump consists of the
Cewevville Formation. The Willis, Bently, PFontgomery and

Beaumont Formations will also be discussed, howewver, because they
comprise the Chicot aquifer which has become contaminated by the
dumping of creoscte.

The Fleictocene age Willis Formation is predominantly a red

sand though gravelly sand is also present. The Aformation is
named after the town of Willis, 10 miles north of Conroe, in
Montgomery County, Texas,. It is bounded above zand below by
uncontormable contacts. The basal unit cf.the formation is the
Willis Gravelly Sand Member. It is composed of less than 5

. Ppercent aravel, 35 percent disseminated clay, and greater than %0

percent sand, The coarse sand fraction is very friable and
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bentonite, &lone, acts as a binder. The Willie Ferruginous Sand
Member aoverlies the Gravelly Sand Member. The aravel fraction is
absent in this unit and ltimonite is the cementing agent, Clay
lenses are in greater abundance at the base of this member and
grade out at the top. The Hockltey Mound Sand Member is  the
uppermost unit of the Willis Foermation and is composed of 1Tight
celored, friable sand (Doering,i%35),

The Bentley and Mﬁntgumery Formatione of Pleistocene age

have wvery similar depocsitional hiztories and will therefore be

described together. A continued gradual subsidence of the
coastal area occured throughout the deposition of thece
formations and continues to the present time. Much of the
material deposited at this time was ferruginous, consisting of
concretionary nodules and cement. During the second phase of
this depositional cycle, streame ercded and transported much of
the previously deposited Bentley sand towards the coast, During

this pericd of entrenchment of major streams and ercsiconal-
depositional sequences, a very flat alluvial plain was built near
the coast. The deposite forming the p]ain. were predominantly
well sorted sand. Much 0# the material derived from the Bentley
 now comprises the Montgomery Formation (Metcalsf,i®40),

The depositional history of +the Beaumont Formation of
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Fleistocene age is closely retated to that of the Bentley and
Montgomery Formations. The stratigraphic division between the
Bentley and Montgomery formations ie baxsed on & change in  grain
cize. Subsequent to the cessation of the rapid eroding process
recsponsible for the depositicon of the Bentley and Montgomery,
much of the load carried by strzams was derived from Ffurther
inland as the headwaters migrated upstream. These Beaumont
sediments were finer and more calcareous than thoce previously
depocited (Metcalf,1%40:.

Besumont deposition may be divided into two periods. In the
initial stage, the streams migrated back and forth across their
zane Of intluence, building up chanrel deposite and producing
distributaries, The second stage involwed a steepening of the
gradient caused by coastward tilting which resulted in channel
degradation (Metcal+f,1940).

The Beaumont is characterized by a high clay content with
zome siit and sand. Concretions of calcium carbonate, iron
oxide, and ircn-manganese oxides =are present in the zone of
weathering (Doering,1%33).,

The Deweywville of Recent age i= composed largely of reworked
~sediments from the Beaumont. It consists of sand, silt, clay,

and some gravel., Depositional features present include point bar,
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natural levee, stream channel, and backewamp depasi te

(Doering,1935).

Hydrogeglogy

Momtgomery County has a warm humid climate. Frecipitation
averzges about 47 inches annually (Figures 45 and 44). Drouaghts
seldom occur and generally are short tived. The average annual
lake surface evaporation rate from 1%40 through 1265 was 4%.5
inches. The average annual temperature at Conroe is about 20
degrees celcius (&8 degrees fahrenheit). Temperatures below
freezing occur on the average of 22 dare per year; temperatures
greater than 380C {100coF) are unusual (Popkin,1%271). The mean
date for the first frost is November 30; the mean éate for the
last frost is March 7. The county has a growing seasch of about

242 days (Taylor, 19072,

Surface Water~-—

Two major trpee of streams prevail in the aresx (Figure 473
antecedent and conseguent. The Brazos and Trinity rivers are

antecedent streams which were formed bhefore the formation of the
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Tertiary plain, having been in existance on the Cretacecus plain
when the shoreline of the gulf was far north of its present
positicn. Smaller streame in the immediate area of Conroe (1.2,

Stewarts and Little Caney) are predominantly consequent cstreams
which developed after the formation of the Tertiary plain and
occupy the territory between the extended or antecedent drainage
(Deussen,1914),

The contamination site is bordered to the wezt by a =small
intermittent creek,

The =surface water quality is relatively wuniform, high
concentrations of sodium and chloride predominate (probably due
te oil field brine contamination? while wvariable amounte of

calcium and suifate are present (Deussen,i?14).

Groundwater—-—

Though several =zquifers exist within the Tertiary and
Guaternary rock sequences (Figure 48a), only the Chicot aquifer
i= presently threatened by the spread of crecsote. The Chicaot

(Figure 48b) is the surficial aguifer in the area,
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The Chicet aquifer consists of the Willis, Bentley and
-qutgcmery Formatione, and younger deposite, Though the Willis
cand formz the base of the Chicot in Montgomery County, the Alta
Loma sand becomes the basal unit towards the south.

Bedient (1982 tabultated +Field and lab datx concerning
permeabilities of the Chicot aquifer. Sand layers ranged between
1.0 x {0-3% cm/sec and 5,0 x 10-5 cm/sec. The  hydraulic
conductivities of the <clay Jayers average about &.0 = 10-%

cm/secC.

APPLE CREEK BASIN, NORTH DAKOTA

The study arex <(Figure 4%) was <selected for several
important reasons. An agricultural scil was desired that was

fairly loamy &nd contained a significant precentage of soil

organic matter, Access to an undisturbed site for .scil coring
was easily obtained with Milton Lindvig, Director of the
Hrdrology Divison aof the Nerth Dakota Water Commision, acting as
liaison, Freliminary field work regarding the geology, =cils,

and water resources of the area was unnecessary as the region is

well documernted in the literature (Kume et al., 1743 zand Randich
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Location Map Showing the Study Area
Within Burleigh County, North Dakota
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et al., 1746&) . & surface water control point exists near the
mouth of apple Creek where dizscharge and water gquality data is
availabie,

Much of the material presented in the sections CoOncCerning
physiography and geclogy was taken from part | of & report

entitled Geologr and Ground Water Resources of Burleigh County,

Nor th Dakoia. The treatment of these tgpics by the zuthors (Kume

and Hansen) was excellent.

Part 3 of the same report, written by Randich and Hatchett,
was used salely in the description of climate, and groundwater,
-and partially in the surface water section. Surface dizscharge
and water quality data were taken from parts 2 and 32 of the
atorementicned report on Burleigh County. The soils section was

taken primarily from Aandahl (1982 and the Soil Conservation

Service’s Soil Surwvey of Burleigh County, North Dakota.

Several of the enclosed maps were found in  the OkKlahoma
State University map room. The remaining figures were taken from

the MNorth Dakota Geological Surwey Bulletin 42.

Geograzphy

The dpple Creek basin lies primarily within the boundaries
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of Burleigh County in south central North Dakota. The drainage
area covers 1480 square mites, though S00 <=sguare miles is
probably noncontributing (Randich et ai., 1%&&). The dyrnamic
portion of the basin is confined within the ranges of 76-80 west

and the townships 137-142 north.
Ph»siography and Topography--

Apple Creek falle into two physiographic districts (Figure
-30%. Through the majority of its length, the waterway is part of
the Apple Creek Uplands Subdistrict of the Coteau Slope District.
At  the conjunction of Apple Creek and the Missouri River, the
waterway enters the Missouri River floodplain and the Missouri
River Trench (physiogrﬁphic) district. These districts are part
of the Glaciated Missouri Plateau Section of the Great Plains
Province within the Interior Plaing Major Division (Kume et al.,
1945y,

Stream eroded bedrock covered by sheet moraine ig.
characteristic of the Apple Creek Uplands subdistrict (Figurees 351
and 32). The overall hummocky topography is only disturbed by
isolated bedrock buttes, Drainage is well integrated, and the

glacial driftt is thin in the north ({10 feet) becoming mare
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vartable southward. Kames exist in the northeast, and dunes are
abundant southeast of Bismarck. Most of the present drainage
channels once carried glacial meltwater (Kume et al,, 1?8555,

The Missguri River Trench District contains & trench +floor
and dissected valley walls. Terraces are well developed and
occur at sewverzl elevations governing various flood stages.

The elevation of this regicn is greater than 2100 feet at
the headwaters of Apple Creek and grades down to 1640 feet at the
Missouri River. Local relief is generally lesse than 200 feet and
is the result of stream vallers cut into bedrock. Aapple Creek
ficws wunder a gradient of less than one degree through mest of

its course and thus meanders are well developed.

Soilg--

Aandahl (1982) divides the Apple Creek basin into. three
different soil regions. The upper basin region is composed of
argiborolls, haplcborolle and ustorthents. These are “fine—icamy
soils formed in glacial tilil on level to rolling slopes.”

The mid-basinal region contains primari&y argiboroilse, which
have an argillic horizon. The lower basin region, which includes

_the Missouri River floodplain, is composed of haplocborolls,
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TABLE 3

4 Major Soil Associations of Apple Creek Basin, North Dakota

ASS0CTIATION ORDER SLOPE DRAINAGE TEXTURE SOURCE SOM WATER
PROPERTIES ROCK CONTENT CAPACITY
Williams-Max-Zahl Mollisol  Nearly level well medium glacial moderate high
Lo steep drained till
plains
Lehr-Wabek-Manning Mollisol Nearly level excessively medium outwash moderate very low
to steep drained and plains to low
moderately
coarse
Roseglen~-Tansem-Savage Mollisol Nearly level well medium lake moderate moderate
to rolling drained plains to to
and high high
terraces
Parshall-Lihen-Flaxton Mollisol Nearly level well moderately outwash moderate moderate
to relling drained coarse plains to
and
sand
mant | ed

uplands
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argiborells, and wustipsamments. These are most often “loamy
soile formed in residuum from sandstones and shales on lewvel to
rolling staopes’ (mandahl, 1?82).

The Soil Conservation Service divided the Apple Creek basin

inte four major coil ascsociations (Takle 3, Figure S32). Man
headwater tributaries of Apple Creek flow through the Williams-—
Max~-Zah! sail association. These scile exist on nearty level to

steep slopes and are wery well drained (SCS, 1774).

Lehr—Wabek-Manning <oils exiet in the upper creek reqion
Just below the headwaters, <liopes are variable as are <soil
textures, Medium to coarse textured soils predominate, however
(8C3, 1?74).

At the Random Creek caonjunction, Roseqgien-Tansem—Savage
s0ils are prevalent, These well drained, medium textured sociis
cccur on level to elightly raolling terrain (SCS, 1974).

The lower creek region is covered by Parshall-Lihen—-Fiaxton
coils., They are well drained, moderately coarse textured, and
occur in level to rolling areas (3SCS, 1974,

During the course of the field study, an attempt was made to
sample those solids which sre most widegpread within the drainage
tbasin., The Williams series of soils are by far the most aerially

. extensive soil trpes. The Williams loam, undulating covers 20.7
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percent of the county by iteelt. Besides the Williamse series,
the second largest =zoil type covers only 3.3 percent of the

county (SCS5, 1974). Thus the Williame loam is the only

statistically significant soil type in the county.
The Williame lcam developed on nearly level alacial il
plains. Slopes generally range between 3 and & percent. These

soils have deep profiles and zre well drained.

The Joamy surface larer i3 about 4 inches thick, and it 1s
undertain by a friable,  cltay lcam of moderate permeability. The
C horizon is also a cliay loam but has a moderately slow
permeability. The water capacity of the soil is high as & result
of the high ciay fraction, and the percent organic matter is

maderate (SCS,i7/4).

Vegetation——
Mative wvegetation on the predominant Williame loam =oil
series is as follows: 13-43% western wheatgrass, 15-235 needie

and thread, {0-20X green needliegrass, S-154 blue grama S-103
prairie Junegrass, 0-30% rough Fescue, 0-20% Dblue bunch
wheatgrass, 10-204 other agrassss, 5-10¥ forbzs, and 0-5 zhrubs

_ tmandahl, 1?82).
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Principal crops on thege soils are wheat, cats, barley, flax
alfalfa, har, and corn. Some acreage is used as summer fallaow

(pandahl, 19827,

Geology

Only those formations exposed at the surftace within the
study area (Figure 54 will be discusszed under “Geology’. Clder
formations will be discussed where appraopriate, as in the section
describing the hydrogeologic properties of bedrock aguifers.
Those rocks that cutcrop in the area range in age from upper
Cretaceous to fuaternary.

The Late Cretaceocus age Fox Hills Formation is a marine

sandstone. Except for siliceous beds which contain ferruginocus
concretions, the sandstone is friable, This formétinn dips ta
the northwest. The contact between the Fox Hills and the
averlying Hell Creelkk Formation is aradational (Kume et al.,
19455,

fbove the Fox Hills Formation lies the Hell Creek Formation

of the Montana Group <Figure 93). A regressive sequence exists
between the two formaticons as the Hell Creeik is ot continental

origin. Cutcrops of the wunit are composed of sandstone,
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mudstone, siltetone, carbonaceous shale, and lignite. The
formation consists of shale, siltstone, and sandstone in the
subsurface. The wupper and lower contacts are both conformable
and gradational. & trancegressive sequence is indicated as the

averlying Cannonball Formation is a marine sequence (Kume et al.,

1945 .

The Cannonball Formation of Faleocene age is part of the
Fort Union Group. 1t is exposed throughout the mid-sectiaon of
Burleigh County and dips to the northwest. Outcrops are

composed of sandstone, siltstone, shale and lenticular limestone.
In the szsubsurface record, the Cannonball consists of claystone,
sandstone, siltstone and limestone. A regressive cequence exists
resulting in a disconfarmity which overiiee the Cannonball {(Kume
&t al., 1969).

The Tongue River Formation, also a unit with{n the Faort
dnion Group is exposed in the highlands of the headwaters
region within the =tudy area. This terrigenous deposit reflects
an alluvial plain environment. The basal sandstone member of the
Tongue River Formation contains shzxle pebbles of Cannonball
oriqin. fAbove the basal sandstone member lies interbedded
sandsetone, clavstone, <=iltestone, <chalse, limestone and lignite

C(Kume et al., 1945).
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The generalized glacial map of NMorth Dakota <(Figure 3&)
iltustrates that Apple Creek basin is covered predominantli> by
ground moraine. Terminal moraines, outwash depocsits, and glacial
lake plaine flank the eastern margin of the basin (Figures 57,
sg) . |

Earliest evidence of glaciation is represented by rocks of
the lower Wisconsin Stage of the Plesistocene Series. The remnant
of this event, cailed the MNMapolean Drift (Figure S%), is a cheet
moraine which occurs in western and central Burleigh County. This
glacier receded quickiy as evidenced by the absence of a terminal
moraine, The Mapolean Drift contains a high percentage of local
bedrock types and very littie ({254 erratics, If the gravel
fracticen is excluded, this till consists of between 2Z2-524 clay,
26-3&4 silt, and 19-51X sand ‘Kume et al., 1%&5), Petbles are
usually oriented with their long axes in a northeast—-southwest
direction which correlates with the direction of ice Fflow
(Holmes, 19417,

Clayton (1742 refered to a 25,000 wear chsinnaI periud‘
subsequent to the MNapolean glacial advance. The uniform
thickness and slight dearee of weathering of the till led Kume et

al. 11945) to suggest a lower figure, however,

The upper Wisconsin Stage Long Lake qglacial advance
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deposited terminal and ground moraines (Figure &0, and aqglacial
lake =ediments throughout eastern Burleigh County. The Long Lake
Bri+t ie an erratic intluenced deposit. The increased percentage
of errstics as compared to the eariier Napolean Drift is the
recul t 0+'a different ice flow direction. The Long bLake Drift

consists of 28-30n clay, 24-42)X silt and Z28-444 sand {(Kume et

ab., 19457,
Eclian deposite of Recent age exist primarily in southern
Burleigh County along the marginse of the Missouri River,

Altluvial, sheetwash and colluvial sediments occcur throughout the

study area, primarily in or near current channels (Kume et al.,

19850,

Hrdrogeology

Randich et al. {(i934) bect describes Burleigh County as
having a semi—arid continental climate, It is characterized by
generally low relative humidity, light rainfall (confined largely
to the warmer part of the vear) (Figure &1), abundant sunshine,
prevailing northwesterly winds, moderate snowfzall, wide diurnal
range in temperature, and pronounced seasonal extremes of

temperature (Table 4),
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North Dakota Generalized Precipitation Map
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(Data from National Weather Service-NGQAA}

Figure .61
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Climatalogical Data for Bismarck Airport, 1986

Month

January
February
March
April
May

June
July
August
September
Qctober
November
December

Precipi tation (mm)

i8
7
8

i1

27

42 .

8@
128
82
39
2

o

Table 4
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Temperature ¢ )

-12.9
-?.2
-4,8

?.3
15.6
19.0
22.2
18.7
12.4

7.6

2.2
-7.3
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Late September and mid-May mark the first and iast Ffrosts,

respectively. This vields a growing season of about 133 darvs.
Frost generally penetrates to five feet below tand surface. The
average annual precipitation is 18.3 inches and is due to

cvclonic storms. The mean annual temperature is 43cfF.

Surface Water—-—

Active surface and stream runof+ is timited to a 400 square
mile area which ie contained within the study arca. The only
city or industrial area near dGpplie Creek is EBismarck, Naorth
Dakota which derives its water reguirements +rom groundwater

aquifers rather than surface sources., The creek flowe unhindered

in that no dams or obstructions bleock its channel., A dendritic
pattern is well developed (Figure &20. As the gradient is less
than one hundred feet per mile, a meandering channel geometry

exists, About midway through its length, the East and West
Branches of Apple Creek merge. Just south oflthis conjunction
liese the McKenzie Slaugh which is ted by Random Creek to the
east. It iz =suspected by the author that Tittle interaction
be ftween the waters of the McKenzie Slough and Apple Creek occcurs.

Hay Creek is the 1ast major ftributary which feeds Apple Creek
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juet east of Bismarck. Apple Creek enters the Missourt River
fioodpiain immediately south of Bismarck.

A Stream discharge and water quality station sponsared by
the USGS . is located 2 1/2 miles upstream from the Hay Creek
conjunction. Water gquality records are available tor water rears
1974 to the curﬁent year. Steam discharge records exist for the
periods HMarch through Junme of t¥05, and October, 1945 to the
present (USGS, 1781).

The average discharge, measured gver a thirty-five year
period, is 33.8 cubic +eet per second (cfs’. The maximum
discharge on record occurred on Aprilt 18, 1950 and was 4,750 ctes.
Periods of no-flow are not uncommon during summer months of dry
years (USGS,17813.

Samples are collected pericodically by the USGS from a gaging
station located near the mouth of Apple Creek. The water quality
analyses from water year 1980 were run through a cCcomputer program
to determine probable weathering scenarios.

Al of the analyses (Table S) indicated that the
conrcentratjon of sulfate (304-2) was greater than calcium (Ca+2).
Randich et x1. (1946 explainse that S04-2 can recsult from  the
dissclution of the mineral mirabilite (Maz504) and that Ca+2 is

often exchanged for sodium (Nz+). Theee conciusions also justify
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TABLE 5

Date of Sampls NatK Qa Mg HCQ2 804 CL
18/25/79 &9 14 17 54 3& 8
11/38/7% é4é 14 28 4% q5 é
12/31/79 &6 i5 19 : 54 48 é

"1/31/88 : &2- 17 21 55 39 é
2722780 &1 28 19 . 58 35 7
3/27/86 S3 23 24 43 54 3
5/7/80 &1 20 19 48 4% 5
5/36/808 &5 18 17 49 45 é
&/27/88 4% .16 15 55 34 ?
7/36/860 74 13 13 58 33 ?

Percent meq/1 ¢of cations and anions in
Apple CreekK surface water gsamples
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the high concentration of Na in the stream,
The Apple Creell has Na-HCO2-504 type water with a fairly

wide range of TDS wvalues throughout the year.

Groundwater—-
Water wells in the fApple Creek basin produce fraom bedrock
aquifers (Table &> in addition to Quaternary wunconsolidated

-glacial deposits (Table 7)and Recent alluwial sediments.
Only the Fox Hills Sandstone is a reasonable water supply
within the Cretacenous Syetem, The DakKota Sandstone alsc vields

significant quantities of water; however, the water must be

treated to make it pﬁtable and suitable for agricultural use.
The Tertiary Srstem has two good aquifers, and, in fact, the
Tongue River Formation is a major aquifer within the area, The

Guaternary age qlacial aquifers are the best with the highest
vields and lowest TDS contents. The gradient of head is such:
that the bedrock aguifers constantiyr feed the glacial aguifers,
To understand the hydrogeology of the Quaternary age glacial
aguifers within the basin it is nectessary to examine pre-existing
drxinage <syrctems. Prior to pleicstocene modification, the

drainage system in Burleigh County was significantly different
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TABLE -6
Cretaceous System

Formation Name Depth to Aquifer Thickness Water Type TDS " Pogssible Well Discharge Other
Dakota Ss 2800-3200" 2502 Na—SO4 2400 ppm High permeabilities High Flouride

and iron
Pierre Sh 450" 1000~ Relatively impermeable

except for water from
Sd lenses and fractures

Fox Hills Ss 50-100" 300'% Na-HCO;-Cl  1500- Yeilds of 50-150 gpm underlies
Long Late
Na-—Cl—HCO3 2700 and McKenzie
) aquifers
Hell Creek F. at surface 2002 NanHCO3 500~ Relatively impermeable Water type
on
Na—HCOJ-SO4 200 residence
time
Na—HCO3—CL

Tertiary System

Cannonball F. at surface 300'% Na-HCO, 1000~ 50 gpm
Na—llCO3-—SO4 1700
Na-—SOa—HCO3
Tongue River F. at surface 215+% Na—HCOJ—SOA 500~ 20 gpm major

1900 aquifer
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thar it is at present. Apple Creek was a tributary to the palec—
Heart River which, in turn, flowed into the Cannonball River and
drained in an #2asterly direction (Figure &2).

During glaciation, the Missouri River diverged to its
present coursze (Figure &4). The Heart and Cannonball Rivers
reversed their flow direction and the Glencoe and Sooc Channeis
were cut inte the bedrock by overtlowing waters from the original
channels. The new Heart River became the lower section of fApple
- Creek and that part of the Heart River wupstream of its
conjunction with Apple Creek became the McKenzie Slough. ‘Later
mel twater flowing from progiacial Lake McKenzie deposited most of
the material (Figure 43) now comprising the Long Lake, McKenzie,
Lower Apple Creek, Glencae Channel, Soc Channel, and Bismarck
aquifers (Randich et al., 1%9&53."

The sample designaticne for the ground-water analyses firct
ti=st the number as it relates to the sample number on tahle 8.
The next <ymbol gives the age and trpe of deposit {=ee table
for Key). The date of collection follows, and the last symbol
csignifies that it is a groundwater analyzic.

Samplte numbers 2, 3 and Z4 are from the upper Cretaceous Fox
Hills Formation. fAnalyces 2 and 294 are typical of thie formation

with total dissolved solids (TD5) wvalues of between 1300 and

235



9tz

TABLE .7

Quaternary Age Glacial Aquifers

Aquifer Name Areal Depth to Thickness Lithology T(gpd/fr) 5 Total Type TDS
Extent Aquifer (ft) Storage (ppm)
(sq.mi.) (ft) (acre-ft)

Lower Apple 21 40-110 10-100 Sd&Gr 10,000 WT & 6.2)(105 Na—HCO3 <1000

Creek L-Art
Bismark 25 20-105 10105 SD&Gr 350,000 L-Art 5.Ix105 Na—Ca-—HCO3 800~
Na—HC03—504 1800
Upper Apple -
Creoek 19 at surface <20 SD&GR WT 3000 Na—HCO3--SO4 1000
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29aon. Sample #2 is a typical MNa-HCOZ-C1 twvpe water and #H24
represents a Na—-C1-HCO2 type water. Cation exchange is indicated
in both samples implying that the ratic of Si02 fo MNatk is less
than one.. Analysis #9 is atypical of the Fox Hills Formation.
The zuthor suggests that either (1) the znalysis is fraom the Hell
CEreekl Formation; or (2) the cample was collected near the contact
between the two formations and that water from the Hell Creek
Foermation is leaking into the Fox Hills Formation. Ca removal is
-indicated implying that higher concentrations of sulfate exist.
Sample numbers &, % and Z0 were collected from the Hell
Creek Formation of Upper Cretaceous age. TDS values fall in the
range of S00 to 2000 mgsi. The water chemistry is primarily the
Na—-HCQ3 type., In all cases the ratio of Si02/(Na+k) is lese than
ane ., In addition, analyses ¢ and 20 have a greater S04
concentration than Ca.
Mearly &11 of the camples from Guaternary glacial drift
indicate calcium removal. The main water type i=s Ma—-HCOZ which.
represents 82 percent of the samples. Most of the znalysee show

TES walues between 1200 and 2080 mgsl.

MaRCROPORE SITE, PAYNE COUNTY, OHLAHOMS
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Grounduater Analyees within the Apnnls Creek Basin

Form

QD
KFH
@D
KFH
KHC
KHC
Q0
Qo
QD
QAL
KHC
QD
‘ap
KFH
Qb
Qb
aD
QD
QD
GD

Qb
QD
QD
Qp
QD
Qb
QAL
QAL
QAL
QD
Qb
ab

TDS

438
1518
829
S83
728
464
1288
1392
1348

- 1840

13548
1548
1348
2335
682

1278
12886
12108
268

988

1248
1408
1419
1438
18358
eS8
832
SS9
P11
814
855
89%

QD

QAL
KHC
KFH

Na

33

é18
2494
7é

212
133
418
Seea
374
613
oee
3%a
482
2835
48

277
333
331
299
248

423
423
429
373
299
233
134
1335
133
179
222
299

ENNNOOR -

TABLE &

K

e o ().
e 1]

18

prO- N 00U VO O

OO UINGOOyU 00D 0

N O@-H o

Ca Mg
70 18
5.6 1.2
23 8.5
48 43
31 146
2.8 4.1
43 1S5
12 4.%
45 21
49 13
14 i1
43 S
S4 15
.8 &.1
79 33
1863 34
74 28
78 22
23 13
71 21
33 18
33 14
1) 23
134 58
80 26
85 27
113 3%
141 49
125 44
8S 23
=13 20
53 16
Legend

HCO

329
115
641
354
441
354
828
2460
82%
112
720

- 592

737
107
358
588
744
713
684
7364
854
814
748
882
480
687
594
672
448@
684
647
761

3 S04

94
3 2.7
112
149
72
58
312
335
340
8 492
428
700
422
2 3.7
150
486
381
353
198
202
278
482
438
514
245
235
201
248
229
151
179
148

Quaternary glacial drift
Quaternary alluvium
Cretaceocus Hell
Cretaceous Fox H

(after Randich et.al., 1966)

241

Creek
ills

()

1249

825

8.2
19
24
17
15
24

27
S1
é8
41
47
17
18
17
15
28
S.1

sil2

21
12
1.34
44
21
18
30
16
31
28
27
28
29
20
31
38
29
28
29
29
39

30
27
25
26
29
23
24.
26
2%
a9
31
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Thisg particular lacation was chosen for its gasy
accessibility, high water table and macropore development.

The main objective of this study is to develop a Field
me thod that will determine how macropores and fractures
originate, what controle their size, and how water flows through
macropores in the 3gil. It is hoped that ultimately one will be

able to assess the movement of solutes through macropores plus

-any ¢hemical interactions that may occur within the macropores.

In monitoring the size and density of the “"macro” pores over
time, it will be shown that there is a tendency of microcracks
to coalesce and form "macro " cracks, thus inferring a

preterential formation of larger ¢cracks in the direction of
abundant interlockKing microcracks. The soil moisture content
versus depth during and after infiltration events will show how
and where water flows, with time, through "macro" pores in the
sail.

The presence of cracks seems to be related to the
mineralogic content of the soil. The perc;ntage and trpee of
clays present will determine the change in the volume occupied by
a unit weight of soil. 3hrinkage has bsen shown to take place in

two stages. The first stage i=s characterized by a change in the
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vaolume of the soil mase just egqual to the volume of the water

removed as the soil dries. i the moisture content is  further
reduced depletion may be xt the expense of both capillary or film
water and of water heid in the lattice structure. The fact that

the degree of swelling differs in clay minerals suggests thxt the
shrinkKage, which accompanies the drying of soil, is related to
the charzcter of the clay component or mixture aof clay minerals
constituting the ciay fraction of the soil.,

Soil cracks can range in size from a few micraometers to
several thousand micrometers,. Brewer (5.5.8.A. 1984) classified
=oil pores aon the bacsis of size using field measurements for
large openings and microscope measurements for z=maller ones.
Fractures or pores laﬁger than 100 micrometers have been termed
“macro" pores. Those ranging in size from 30 to {00 micrometers
are “mesc" pores, and "micro" pores measure less than 20 mi;ro—

meters.

Anomalously high =soil moisture contents at depth mar be

attributed to "macro" pares. However, thinking in terms of pore
=ize zlone may be too rigid. Relatively =mall perez canm conduct
as much Tliquid as "meso" or "macro® pores when continuouys
throughout the =ocil profilte. Subsurface channeis of continuously

connected pores not wisible on the surtace may also groduce

243



DRAFT ONLY

anomalous scil moisture contents with depth.

Prior to 1940, relatively few investigators had examined
zoil—water interactions as a function of depth wusing mezxsured
vatues of hydraulic conductivity and hydraulic gradient. MNelson
et al. <(1944) began this work with a study on the redistribution
of s0il-~water, ' Following his investigation, Rose et al (19852,
Vo Bavel et al ¢1%48), and Larue et al (1%48) examined the
variabitity in hydravlic conductivity for different soils at
-depth. Beven & Germann ©1%981) discusesed the importance of macro-
pores on water flow through soils. Bouma et al. {1781 have
investigated =ail morphology with respect to preferential flow
aleng macropores and concluded that characterization of the flow
through macropores cén only be accomplished wusing tracers,
Egrlier, Nelson (19482 used the distribution gf tracers to
explain the relative effects of pore geometry, diffusion rates,

adsorption and sxchange.

Geographw

The experimental plot is located in the Enid quadrangle, Marth
Central OKlahoma, 13 miles west of the city of 3tillwater, in the

NWi74, NEI/4, sec.l0 TiI?N, RiW of the Orlando East Quadrangle.
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The <ite lies on the upper floodplains of Take ©Carl Blackwell,

city’s water supply.

Fhysicgraphy and Topography—-

The study area lies in the Central Fedbed Flains
phyiiﬁgraphic province (figure 13, Idling ptains, broad wallers
and low hills characterize the regicon, with topographic lows
being formed by non-recsistant red shales and uplands ceonsisting
of lenticular sandstone units (Curtis and Ham,1979). Continuity

of the sandstone beds over distances of several miles has created

cuesta-likKe ridges in some areas. This is especially evident in
ror- thwestern Payne County where one such ridge is ower seven
miles in ltength {(Garden,l?73). The study area has an elevation

of 950 feet above cea tevel with topographic highs and Tows

ranging from 1080 feet in the area southwest of the site to &40

feet in the area north, east and scutheast of the site. There is

=

a regional dip to the southwest of about 408 feet per mile, Lake

Carl Blackwell has an etevation of 944 feet at the spillway,

S0ils—
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The soile of the study arex are classified by Gray and
Nance (1978) as broken alluvial land consisting of a mixture of
loamy alluvial =cils that are frequently ficoded and zmall aresas
of occaésiona]ly aor rarely flooded soils. This area is

classified by the USDA Soil Conservation Service as being Fulaski

Fine Sandy Loam, a variant of the Pulaski 3oil 3eries, The
Pultaski Fine Sandy Loam is & variant of the Pulaski in that tts
cohtrol section has a fine loamy texture. Inclusions iin the

mapping unit are:

304X - simitar soils - except that the control =section
(10 to 40 inches’) iz fine silty
154 - z2ails that have a coarse-~loamy» control section

(Gray and Mance, 1278)

The Pulaski Fine Sandy Loam variant can be described as =
rapidly drained, moderately permeable scile lo&ated. on flood‘
plaine with the surface layer typically being a reddish-brown
fine sandy 1ocam, the next layer being a reddish-brown loam and
the underlying material being a reddish-brown fine =zandy lcocam znd

toam and stratified sandy loam (USDA-SCS, unpublished).

At the study =zite the soil sampies we caollected do not fall
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inte the above description but can be described as +ollows:

@ - & inches - dark reddish-brown, wvery fine sandy
clay loam

4 =~ 24 inches = dark reddi<sh-brown, clay loam

24 - 48 inches - dark reddish-brown, sandy clar

48 —-121 inches - reddish brown, clay

Vegetation——

The native vegetation consists of tall and mid grasses and
deciduous trees. Specifically the study area contains Post and
EBlackjack Gak, and #American Elm trees with gpen areaz having
Bluestem, Western Ragweed and Bermuda grasses and Ashy
Sunflowers, The study area is bounded by tree-covered ground to
the north, east and west; grassland forms the ground cover at the

=ite and extends to the south. Agricul turally the area is vsed

for pasgtureiand and small grain crops.

Geology
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The <cite ties in Quatermary =alluvium from the Holocene and
recent times. The underlying geologic structure is the
lWellington Formxtion which was formed about 170 mitlicon years ago
at the beginning of the Jurassic pericd. The formation is mostly
a fitne grained lenticular sandstone and mudstone conglomerate
with a maroon ta red-brown color, The red-brown color is readily
zpparent in mafty of the soils of the watershed and bestowe a

-murkKy coltar to the lake,.

Hydrogeol cgy

Payne county has a temperate climate characterized by
seasonal variations in bhoth temperature and .precipitation.
Temperatures vary considerabiy between winter and summer months
and occasicnally from day to day. The annual mean temperature is
41 degrees F with seasonal means ranginag betwee% 40 degrees F
during the winter months, &0 degrees F during the spring months,
81 degrees F in the summer monthe and &2 degrees F during the
fall months. The annual mean predipitation is 34 inches with
seasonal wvartations of 41 inches during the winter months, 10
inches during the epring, 11 inches in the summer to 8.5 inches

of precipitation during the +fall months. The precipitatian
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occurs primarily as iocalized showers and convective
thunderstorms of shortr duration and high intensiBty during the
spring aﬁd summer months. Regional storms of longer during
affect the region during cogler months, with thunderstorms and
sheowers alese occurring during these periods, The maximum or
potential eVvaporation is 41.48 inches measured from @april 1 thry

Oetober using a2 Class “A" NOA& evaporation pan (Myers, 1982)

Surface Water--

The study area liee in the Cimmarron River Basin and iz
drained localiy by Stillwater Creek, The major tributaries to
the Cimmarron River in this area are Stiliwater Creek to the
north, Lost Creek to the southwest, Wildhorce Creek to the =zouth,
and Clear Creek to the west, A1l of these tributaries have been
classified as intermittent streams.

LakKe Carl Blackwell is a man made lake comprising an area of
approximately 32000 acres. The lake i1s fed principally by
Stillwater creel which is fed by numerous shallow tributaries,
The drainage basin is approximately 100 =quare miles. The lake
ies the principal water supply for the City of 5Stillwater, The

storage capacity has been estimated at about 55,000 acre—+t.
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Measurements and samplec for water quality znalyrees are

taken from Stillwater creek from March of 1281 to July of the

<ame year.- Temperature, caonductivity, and total alkalinity in
Stillwater creek were slightly greatl» than in Lake Carl
ElacKwell, Temperatures range between 7.5 and 2Z8.1 degrees

celcius. The range of pH is 7.8 to 8.5 with the highest values
acccuring in May as a result of atgal blocoms. The conductivity of

the stream i< about 447 mmhos/cm.

Groundwater——

The surficial agquifer below the macropore 2ite consists of
brown ltoamy surface layers and reddish-bhrown or yellowish-red
clay Jlocam or <andy clay jocam iarers <(Howick et al.,i1®82).
Aquifers with such textures generally have hydraultic conductivity
values of approximately 10~-4 galsday/+tt2.

The averaqe depth to the water table is about +Ffive feet
at the study site.

The quality of the lake water is good in most respects,
Phosphorus or nitrogen do not produce aigal bicocoms or excessive
growth of hydrophytes. Concentrations of chltorinated hydrocarbon

pesticides {i.e. chlorophenoxy herbicides? and trace elements in
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the water and in the fich of Lake Carl Blackwell =zare generatty
below detectable levels. Bacterial counts are relatively low.
Though no chemical quality data is available precently for  the
surficial agquifer, the dynamic interaction between the lTake and

the agquifer would indicate similar water fypes,
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APRFENDIX A
QUALITY ASSURANCE

The purpose of this proposed recsearch is to evaluate =&
methodology for examining and characterizing subsurface samples
‘of =so0ils and sediments. In actuslity quality assurance criteria
will be one of the products of this research.

We are however making every effort to ensure the technical
walidity of our results. The methods we are using to do this are
tisted below.

{. Whenever possible we are acquiring standard mineral samples,
We have ocbtained standard clay minerals from "The Clar Minerals
Society" and other standard minerals from the MNational! Bureau of
Standards. bkle use these samples to calibrate our equipment and to

ensure that our sample preparation and analysis procedures are
adequate.

2. We have tried unsuccessfully to obtain a set of standard {(well
characterized? soils. A a substitute we purchased a set of soils
collected ¥rom many parts of the world and are in the process of
characterizing them by whatever procedures are available to us,

using wherever possible methods different to those we are using
for our research.

3. It must be emphasized that all analytical determinaticocns using
the FTIR and Raman spectrometers are the resuit of multiple and

not single scans, in fact they may be a composite of wup to
several thousand scans in the case of the FTIR., In addition,
replication of all =ignificant experiments are made using

different samples.

4, Chemical analyzec made by more or less conventional procedures

will all be replicated. Where possible <standards or spiked
samples will be analysed. Because of the unigue nature of the
samples being analysed quality assurance other than replication
is frequently impossible, For example, the mixing of a standard

clay or humic acid with a particular sample is impossible because
of the inmability to adeguately blend them.

5. One of the important results of our regearch will be the
establ ishment of detection 1imits for the important constituents
of a large number of compositionally diverse subsurface samples
using a wvariety of sophisticated instrumental techniques. In
addition we will be documenting during the proagress of this
research all impor-tant interferencez observed in the wvarious
znalvtical determinations.
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AFPEMDIX B
DETERMINATION OF SOIL
CATION EXCHANGE CaPaCITy
{courtesy of Lester Reed, OkKiahoma Ttate University

Eeagents:

A,

Calcium Chloride Dihydrate:
i. Weigh 147.02 aqarams of reagent grade Callz 2H20 and
disstive in de—ionized distilled water.

2. Ditute with de—ionized distilled water to two 1iters,
This i=s tN CaCl2z2 2HZ0.

Sodium Mitrate:

1. Weigh 170 grams of reagent grade MNabN0Z and dissoclve in
de—ionized distilled water,

2. Dilute with de—ionized di=tilled water to two iiters,
This iz 1N NaMNO3.

Stlver Nitrate:

1. Weigh to five places, !.&Y8% arams of reagent grad aghidz
and dissolve in de—ionized distilled water,

2. Dilute with de—-ignized diztillied water to one liter.
{cstore in an amber bottle and never store in direct
sunlight. It is preferable to store in the dark.)

3. Determine the normality of AgO2 with standard RNall,
This should be 0,01 N AgNGS,

pH 10 buffer: )
1. Dissolve 10,7 grams of reagent grade NH4LC) .in cne 1iter
of de—icnized distilled water.

2. Carefully add 1886.7 ml of concentrated reagent grade
ammonium hydroxide {approximately 13 normal) and dilute the
mixture to 2500 mi. This is a pH L0 buffer, pH should be
checked with a pH meter.

Erimchrome — Black-T Indicator Solution:
i. Dissolvwe 0.3 grams of Eriochrome—Black-T indicator with
4.9 aqgrame of hydroxylamine hydrachloride in 100 mi ot

reagent grade methancl.,

Ethylene Diamine Tetraacetic mcid Disodium-Dihrdrogen 3Sait
(EDTA):

1, Dizsclve 2 gramz of reagent grade EDTA in 700 ml of de-
ionized dizstilled water.

2. Add  0.483  grams  of reagent grade MgCl2 2HZO0  from  a
solution containing 10 milligram per milliliter, or 5 mil,
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3. Standardize EDTA soluticon against 2 25 ml portion of =

standardized calcium solution. This should be approximately
g.01 N. EDTa.

Indicator faor Mohr titration +or chloride with =ilver
nitrate:

1. lWeigh 4 grams of K2Crid4 {potaszsium chromates and dilute
to 160 ml! with distitled de~ionized water, Use 4 drops for
titration of a 10 ml sampie. It is advisable tao titrate a
Blank of 10 ml of distilled water and subtract blank reading
from sample titration. The titraticon is 4rom bright »ellaow
to a reddish turbid soclution.

Propcedure

1.

jur

~

Weigh 10 grams of soil that has been air or oven dried and
paszed through a 20 mesh sieve intc a 200 ml Erlenmever
Flask.,

Add S0 mi of IM CaCl2, stopper and shake intermittenly for 4
hours  or longer. (Preferably overnight? cconstant shaking
is unnecessary?

Filter the soil=salt mixture on 2 5.3 com EBuchner funnel
fitted with a Whatman #42, 5.5 cm filter paper. The funnel
ic Fitted into a side—arm wacuum +1ask. (The filter paper
is wetted and pressed by suction on the flask before adding
the zample> (The <ample must be added immediately or the
g0il will }leak into the suction flask?

Rinse the 200 m! Erlenmeyer flask with three rinses oFf S0 mi
ef IN CaCl2 and gentlty pour the three S0 ml portions each
through the funnel with littles or no suction. <{Note: It is
very important that the CatlZ s=clution goes through the
sampte on the Buchner funnel slowly» or even dropwise.> (The
vacuum usually needs to be turned on and then turned off and
the wacuum in the suction flask will be sufficient)

Slowly leach the sample on the Buchrois funnel with three 3Z0
ml portione each of de—ionized H20 (use wacuum constantly i+
the water goes through too slawirl.,

Piscard combined leachate of water and IN CaCl2.
Thoroughly rinse suction flask with distilled water and then
teach zoil with three washes of 30 ml each of iN MNaN03, saue

leachate. (It is imperative to leach glawly.’

Remove lsgachate from the cuction flask and dilute with water
to 200 m! in & 200 ml volumetric flask,.

Remove 10 mlt of the leachate and place in a 200 mi
Erlenmeyer flask and add 10 m! of NH4CI -~ NH4OH bBuffer,
“This 10 m]l sample = 0.5 gm’
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10, MNext add 8 to 10 drops of Erichrome-Black-T-indicator.

11. Titrate with standardized E.D.T.A. (.0100 to a bkright blue
end point, Express milliequivalents of calcium per 100
grams of saoil. Using an illuminating stir plate helps with
determination of end point.

12, Take an additicnat 10 ml/ 8 ml or ather appropriate sampie
from the MNaNO2 leachate and titrate with the (for chloride:
Mohr titration. Exprese mitliequivatents of chloride per
160 grams of soil and subtract from the milliequivalents of
calcium per 100 grams as obtained with the E.D.T.H.
titration.

Calculatinos:

1. For Calcium Determination:

ml of ELD.T.8. ¥ pocmality of ELDLT.a. x 100 = mMilli-
0.2 €10 ml sample:l eguivalent
per 108 grams

2. For Chioride Determimnaticn:

ml of Aghil x noemality of AcblsS x 100 = Milli-
2.5 (10 ml sampie) equivalent of
Chloride /100
ame
3, Cation Exchange Capacity:

Milliequivalents of CalciumsigQ ame - iminug)
milliequivalents of Chloride/100 gms = Cation Exchange
capacity (CEC) 108 gms.
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APFENDIX C
DETERMINATION OF PERCENT ORGANIC MATTER
(courtesy of Lester Reed, OUklahoma State University?

EBeacent=z:

A,

Potazssium Chromate:
1. Weigh 19,144 grams of reagent grade H2C0r2Z07 and discolue
in de—ionized distilled water.

2. Cilyte with de—itonized dietiltlied water to one liter in &
valumetric flask. Thic should be 0.4 N KZICr20G7.

Ferrous Ammonium Sulfate:
1. kWeigh 78.44 grams of reagent grade Fe {(WNH4»2(804)2 and
dicsolve in de-~icnized distiiled water.

2, Add 20 ml of H2304 and dilute with de—jicnized distilled
water to one liter in a vaolumetric ftask. This should be 2
.ZM =znlution.

Orthophenan throline:

1, Weigh 1.48% grams of o-phenanthraoline and 0,495 grams of
reagent grade FeZS504 and dissclwe in de—ionized distilled
water.

2. Ditute with de—-ionized dicstilled water to 100 ml in a
volumetric flask.

Procedure:

1.

.}

Grind socil=s to approximately &0 mesh,.

Weigh 8.5 grams of air—-dried =zcil intc a 250 mil .beaker.
Add 140 ml of 0.4M Potassium Dichromate,

Add 13 ml of concentrated H2804.

Zlowiy heat on a hot plate to 1&81oC while slowly stirring.

Femove beaker, coal and wash thermometer and the inzide of
beaker with water. :

Add 100 to 125 ml of distilled water, 2 drops oF
orthophenanthroline and titrate sucess dichromate with =
0.2N FeilNH4»Z (50472 solution. Solution should turn red at
endpoint.

Carry 10 ml of the 0,.49N K2Cr207 solution through the same
procedure except that no sail is added.
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Caloulatrinns:
i. For present organic carbon determination:
TOC = f£Blank EBeadingz=Readingl x L.0033&) x L1003 z HLIE&S

Weight of =oil

r2

For percent organic matter determination:

POM = TOC x ¢1.722
oL
FOM

{Blank Reading - Reading» x (1.154)
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APPENDIX D
DETERMINATION OF PERCEMT QRGANILC MATTER
(courtesy of the fAgronomic Services Lab,
OK1lahoma State University)

BEeagents:

M, FPaotassium Dichromate:
1, Weigh 49.04 grames of reagent grade KZCrZ07 and dissotwve
in de-jonized distilled water.
Z. Dilute with de—~icnized diztiiled water to one liter in &
volumetric flask., This should be & 1.0M sclution.

B. Barium Diphenylamine Sulfonate:
1. Heat BDS for 20 minutes at low heat in an oven and then
place in a desicator for 30 minutes.
2. Weigh 1.60 gram=s of reagent grade BDS and place in a ane
Titer volumetric flask.
3. Dilute with de—-ionized distilled water to one 1iter
azdding water at 200 ml intervals,

C. Phoephoric GAcid:
1. tee reagent grade, concentrated HIPO4.

D. Ferrous Sulfate:
i, Weigh 278.0 grams of reagent grade Fel{504) and add de-
ionized distilled water. Then add 15 ml! reagent agrade
HzZ%04 .
2. Ditute with de-ionized digstilied water in a one 11ter
volumetric flask. This should be a IN solution.

Erocedure:

1. Pour = one gram scil sample into a 250 mt Erlenmever flask.

2. Add 10 ml of K2Cr207.

2. Add 10 mi concentrated HZS04 and shake mixture.,

4. Cool for 45 minutes, then add 5 mi concentrated Phosphoric
reid and TS0 ml of de-ionized digtilled water.,

5. Add 10 drops of BDS indicator.

& Titrate to green coltor with Fe (2040,

7. Fup three blanks through the above procedure.
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Calculations:
For percent organic matter determination:

POM = 0.49 (Blankl % Blankz t+ Blapkl - Sample?

=
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Appendix E
Procedure for Exchangeable Cations in Soil
{courtesy of Lester Reed, 0OKlahoma State University)

Solutions

1. Ammonium acetate — pH 7 (Meutrall, 1 Mormal
~ bieigh ?7.08 grams of Reagent Grade ammonium acetate
~ Weighed ammonium acetate intc a 400 ml beaker and dissolve
with distilled water

— Dis=zaolve and dilute to il titer wvolumetric Flask with
distilled water

- Check solution for a pH 7 with a pH meter

*#This soclution is dangerous: care should be taken when pouring
and never mouth pipetted.

Boocedures:

1. Weigh 10 grams of 20 mesh dried =scil on a sensitive
quantitative balance

- 2. Pour weighed scoil sample into a 200250 ml Erlenmeyer

3. Measure 350 ml of Neutral (pH 72 IN ammonium acetate in a
voiumetric flask---pour intc the Ertenmeyer containing the
sgil

9. Stopper and <shakKe occasionally ¥or 4 thours (Preferably
overnight)

S. Then pour onto a 5.5 cm Buchner funnel fitted with a HZ
Whatman filter paper, (it chould be wetted and firmed on the
funnel by sucticny. Use a S0G0 m? +iltering +lask.
Momentarily pull suction

&. The ammonium acetate extracting solution should come through
the Buchner funnel doopwise, oot as a continuous stream

7. Before all of the solution has run  through the Buchper
funnel add an additional S0 ml of ammonium azcetate <colution
(measured in & wvolumetric Flask). * PFour the measured
colution into the 2Z00-250 mi Erlenmexer, rinse then pour
into the Buchrmner funnel

g8. Add two additional S0 mil portions of ammonium acetate for =z
total of 200 ml. HUse each of the 30 ml portions for rinsing
or washing the 2Z00-230 ml Erlenmever +flask.

Y. Wrnen the entire 200 ml of ammonium acetate solution has been

leached through the scil sample, rinse with distilled water
the Z00-25C ml Erlenmeyer sample flazk.
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10. Pour the leachate from the sucticon flask intc the rinsed
sample flask and e¢topper

11, Save leachszxte for clemental zanalyvsie by &.4.
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APPENDIX F
DETERMINATION OF TRACE ELEMENT COMCENTRATION
(from Baker-Blocker, =t al., 1%¥753

Eeagenisz:

A, Hyvdrochloric Acid:
1. Create a 10X HC! solution

B. Hydrogen Peroxide:
i1. ECreate a 30X H202 salution

Erocedure:

. Weigh 1 gram of coil and place in = 250 ml Pyrex beaker.

2. Add 50 mt of HCI and Z ml of HZ0Z.

3. Heat for 2 hours at S0olC.

4, Add = ml H202 and heat for 2 more hours at 80cC.

3. Add 2 ml H20Z and heat for € more hours at &80o0C aliowing
solution to boil down to 1S ml.

&, Centrifuge sample in a 50 ml centrifuge tube at 1730 rpm for
10 mirutes.

7. Decant the supernatant,

8. Rewash and centrifuge sample with HC! until there is 30 ml
of sclution,

?{ Save solution for analysis on the A.A. spectrophotometer,
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AFPENDIXY G
QUANTITATIVE X-RAY DIFFRACTION

The method we use Ffor guantitative x-ray diffraction

analrsis is the one developed hy Hooton and Gicrgetta which 1=
based on the assumpticn that all components are (dentifiable and
are to be analysed for. Thi=s method avoids the use of internal

standards, <calibration curwves, and mass absorption coefficient
me asurements.

The s-ray ditfraction trace of any sample i€ unigue to that

sampie composition theretore it should be rpossible, at least in
principte, to determine the composition from the trace =along
without adding standards. Hootaon and Giorgetta (1977) altered
Klung“s basic eguation o achieve thie gnal.

The equation is: Fio= (Ki Wiy 7 dpi. wi Wi £l

Iin = intensity of diffraction pattern of component i;

Ki = a constant depending on the nature of the component and
the gecometry of the apparatusz;

Wi = Weight fraction of component is in the sample;

pi = density of compaonent i3

4i = mass absorbiton of coefficient of component i

um = masc abeorbtion coetfficient of the whole sample,

Solving for i we have Wi = C(pi.li.um) Ki (2

In equation (2), Wi is the unknown tc be determined, pi is
Known, I[i can be measured, for any component i. The unknowns um
and Ki must be determined, Since pi and Ki are both constants

for any mineral C(in & given instrument configuration), they are
combined and represented by a single symbol.,

khen this substitution is made Hi = pisKi,
Wi = Hi.li.um 3

Assuming that Hi, a constant, can be determined for each

mineral, and that the sum of the weight fractions is equal to
1004k it is possible to determine weight fracticons of individual

components, without references to calibration, curves and mixing
£tandards.,

One disadvantage in that (Hy may have to be determined +For

some of the components in the sample. If this s the case only:
the retative amounts of the components fer which H i kKnown
can be catucliated directlyr. This problem is alleviated by =
procedure simitar to the internal standard metheod. ANy mineral
for which H is Known, and which is not alreadr in the sample,
tan be added in a Known propofrtion to act as a standard. Each
mineral can then be dtermined by comparison with the standard,

using Egn (3) as follaws:

Wi = Hi.Ili.um component 1
Ws = Me,le,um (Standard)
Dividing:
. WlAds = {HI.I ) {He, 12
or Wl = (ks , Hl.It) {Hs,1g)
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Recalculating Wil to correct for the presence of the sztandard in
the =zample:
Wl foriginal) = Wi.(i=ks)

This gives absolute weight fractions for those componentz for
which H iz Known.,

Determination of H

H ie only conctant for = mineral in an instrument with a
given configuration and with a2 consgtant Beam intensity. Howewver,
relative valuees of H for different minerals do not change, this

is why EGQ(3) must use ration of H rather than absolute values.

Bsn easy method to determine relative values of H is  to
gelect one mineral as a reference standard, assign a value to H
forr  that mineral, and determine H for all other minerals by
mixing them in Known proportion with the standard and using the
tollowing equations:

Wr = Hr.lroum ireterence standard?
Wl = HLI.Il.um <(component 1)
Dividings:
WrZll =CHr, Ir2 <H1.11>
or

HI = (Wi, Ir.He) A0 110

Wi ANMD  Wr are Known, Ir and 1! can be measured from the
diffraction trace and Hr is assigned a walue (i.e. 1), Thiszs
gives a value for H! from a single run, although an average of
multiple determinations may improve the rezults,
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