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ABSTRACT

The ability of a soil to remove wastewater phosphorus from solutions
passing through the soil matrix is primarily related to the formation of
relatively insoluble phosphate compounds of iron, aluminum, and
calcium. Based on the solubility of these compounds, an estimate can
be made of the minimum concentration of phosphorus which will be

found at equilibrium in the soil solution.

The kinetics of orthophosphorus sorption with 25 viable mineral soils
were experimentally measured under laboratory conditions. Several
kinetic models were evaluated as a means of describing phosphorus

sorption by soil. A diffusion limited Langmuir sorption model best fit

the experimental data.

This report was submitted in fulfillment of ROAP 21-ASH, Task 13 by
the Robert S. Kerr Environmental Research Laboratory of the
Environmental Protection Agency. Work was completed as of June

1975.
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SECTION 1

CONCLUSIONS

The study showed the reaction of phosphorus with mineral soils is not
instantaneous. Thus, using equilibrium isotherms will yield erroneous

conclusions as to the ability of a soil to sorb phosphorus.

The suitability of several kinetic models describing phosphorus reactions
in mineral soils was evaluated. Of the models evaluated, a diffusion-
limited process paralleling heat flow theory for the storage of heat in
spheres best describes the experimental data. Combining the kinetic
model with a mass balance equation, one should be able to accurately

predict the miscible displacement of phosphorus through mineral soils.



SECTION II

RECOMMENDATIONS

The study did not determine the effect of reducing conditions on
phosphorus reactions. When considering wastewater treatment
systems, reducing conditions may develop. Therefore, the effect

of reducing conditions on phosphorus reactions should be evaluated.

The study did not determine the actual compounds formed. None of
the simplified kinetic models perfectly fit the experimental data.
Thus, one would anticipate multiple simultaneous reactions. It
would be desirable to study the kinetics of the individual reactions

which take place simultaneously to refine the model presented.

To evaluate the design of a wastewater treatment system using the
proposed kinetic model, it will be necessary to combine the model
with a mass balance equation and develop a transport model for
phosphorus through soils. This should be undertaken immediately
and compared with laboratory column studies to determine the

validity of the transport model.

The study was limited in scope to evaluating phosphorus reactions
in mineral soils. These models should not receive blanket application
to highly organic soils without first determining their suitability for

describing phosphorus reactions in organic soils.



SECTION Il

GENERAL DISCUSSION OF PHOSPHORUS REACTIONS

In considering the soil as a possible medium for treating wastewater, the
fate of both applied and in situ phosphorus must be understood. It is
essential that the phosphorus concentration entering surface waters be
sufficiently low to avoid degradation of aquatic systems and to avoid
causing an accelerated eutrophication rate. When considering wastewater
treatment there are two facets of the overall phosphorus problem which
must be considered. First, without considering the addition of phosphorus
by wastewater application, what residual phosphorus concentration would
one anticipate in the soil solution? As considered here, the residual
phosphorus concentration includes not only the effects of natural weather-
ing but the effects of agricultural fertilization and resultant phosphorus in
the soil solution. Since the majority of phosphorus added in agricultural
fertilization is in the form of inorganic phosphorus compounds, it can be
assumed that the residual phosphorus will be controlled by the solubility
of phosphate minerals. A discussion of the residual phosphorus is handled
by developing an equilibrium phosphorus solubility model.

The second facet of the phosphorus problem is the soil's capacity to sorb
phosphorus and the kinetics of this reaction. The term "sorption" here
refers to any process, physical, chemical, or biological, which causes

phosphorus to be lost from the soil solution. It includes such processes
as adsorption, absorption, chemisorption, and precipitation by chemical

reaction. This is discussed in relation to various sorption models.



EQUILIBRIUM PHOSPHORUS SOLUBILITY MODEL

Considerable work has been conducted studying the reactions of phosphorus
in soils. Qualitatively, the fate of applied phosphorus can be visualized
through the phosphorus cycle shown in Figure 1. The phosphorus cycle
was developed due to work directed toward soil fertility where phosphorus
is not available to the plant in sufficient quantities to obtain optimum plant
growth. Another area which receives attention and has helped in develop-
ing an understanding of the phosphorus cycle is soil water interactions

of streams and lakes.

Most inorganic phosphate compounds found in soils can be classified into
three groups: (1) those containing calcium phosphates, (2) those con-
taining iron and aluminum phosphates, and (3) those combining with the
silicate materials. The relative importance of these compounds can be

roughly correlated to the pH of the soil environment. In acidic soils, iron

CROP RESIOUES IPHOSPHORUS BEARING
MANURES, WASTEWATER FOMMERCIAL ol MINERGLS
ORGANICS DESORPTION \
SOIL ORGANIC SOLUBLE _ |
MATTER PHOSPHORUS I
// /
CROP LEACHING SURFACE 2/
REMOVAL LOSSES E‘.ggsslgg SORPTION

Figure 1. Phosphorus cycle.



and aluminum phosphates control the equilibrium concentration of phos-
phorus in-the soil solution. In basic soils, calcium phosphates control
the phosphorus in solution. Several authorsl_4 give a qualitative
description of the fate of phosphates in soils versus pH where the soil
system is not saturated with respect to phosphorus. Figure 2 gives a
qualitative example of the phosphorus forms found in soils.

Blanchar and Hossner5 concluded that in natural soil systems complex
inorganic phosphate compounds would be transformed into pyrophos-
phate and orthophosphate within seven days.

Under conditions imposed by land application of municipal wastewater,
detention times for wastewater in the soil system prior to release to free
water bodies, in general, will be in excess of seven days. Thus,
developing an equilibrium model considering only orthophosphate should

adequately describe inorganic forms of phosphorus.

SOLUBLE FORMS

SORPTION BY
CALCIUM

SORPTION BY
HYDROUS OXIDES
OF IRON ALUMINUM
AND MANGANESE

RELATIVE SORPTION

SORPTION

BY SOLUBLE

Fe, Al, 8 Mn
!

4 5 6 7 8

Figure 2. Fate of applied phosphorus in soils after Buckman and Brady.z



By studying the solubility of some of the more important iron, aluminum
and caleium compounds found in soils, it is possible to estimate the residual
phosphorus concentration in soil solution under given environmental condi-
tions (i.e., pH, CO; partial pressure, etc.). Table 1 gives solubility
products of sample orthophosphate compounds, along with the acidity and
hydrolysis of phosphates and selected metal ions. The table was developed
using several different references. Different references give different
values for the equilibrium constant. In some cases more than one value is
presented for a given equilibrium constant or solubility product; thus, it
can be seen that there is some uncertainty in the degree of accuracy that

can be anticipated.

Using the data presented in Table 1, example phase diagrams (Figure 3)

are constructed. Using the phase diagrams, one can estimate equilibrium

10,000

CagOH (POy4(s)
-4 0.00IM Ca

1000

LOG MOLAR CONCENTRATION OF PHOSPHORUS

PHOSPHORUS CONCENTRATION (ug/1)

Figure 3. Phase diagram for the solubility of selected phosphate compounds.



Table 1.

SOLUBILITY EQUILIBRIA OF ORTHOPHOSPHATE COMPOUNDS
AND THE ACIDITY AND HYDROLYSIS OF PHOSPHATES AND METAL IONS

Reference Equilibrium
Number* Equilibrium Constant
67 MnHPO4(s) S Mn*2 + HPO}2 1.1 x 1013
68 A1(OH) ;H,PO,(s)  A1*3 + H,PO} + 20H" 3.15 x 10 3!
69 CasOH (PO4) s(s) % 5Ca™2 + 3P0 + OH™ 2.51 x 1026
68 Ca,H(PO,)s+3H,0(s) S 4ca™2 + HY + 3P07°® + 3H,0 1.26 x 10~V
67 FePO,»2H ;0 (strengite) S Fe*? + POT? + 2H,0 9.9 x 1029
701 Fe(OH) H2PO,(s) S Fe'? + H,PO} + 20H™ 5.50 x 10 28
-3
67 - -+ 7.1 x 10
71 H3POy > H2PO4 + H 7.58 x 1075
-8
67 e L, s 6.2 x 10
71 HoPO, > HPO,” + H 5.93 x 10 °
67 HPOL2 5 POTY 4 B 4.51 x 10715
71 N “ 3.43 x 10
67 & 71 .. +3 « - + 4.1 x 10-11
- AT + 3H,0 § AI(OH)s(s) + 3H 3 16 & 10710
67 Fe'? + 38H,0  Fe(OH)s(s) + 3H' L1 ox 10750
69 e 2 e (OH) 5(s) 1.0 x 10
67 Mn(OH), > Mn'2 + 20H" 2.0 x 10713
_ -9
71 cat? + c032 5 Caco, 5.0 x 10
_ -7
71 H' + HCOZ S H,CO, 4.0 x 10
_ i} 11
71 gt + CO32%2 5 HCOS 5 x 10
-~ _2
71 H,C05 3 Pog o+ HoO 3.4 x 10

¥The equilibrium constant was obtained from different sources. The reference
number indicates the reference in the literature where the value was obtained.

+The value presented was calculated from experimental data.



residual phosphorus concentration in the natural soil solution. Four
curves are presented in Figure 3. The first is for the solubility of
AlH,PO,(OH) ; in water. The second is for strengite (FePO,+*2H,0) in
water. The third is for the solubility of CasOH(PO,)3; in a 0.001 molar
(M) calcium solution. The fourth is for CasOH(PO,) ; in the presence of
CaCO ;. Sample calculations are given in Appendix A which demonstrate
how the figure is developed. It should be emphasized that those compounds
selected are only some of the phosphorus compounds which might be
present in soil systems. An example of a less soluble calcium phosphate
is fluorapatite [Cas(POy) 3F] and that of a more soluble calcium phosphate
is the dicalcium phosphate dihydrate (CaHPO,+2H,0) (see for example
H.E.J ensen6) . Looking at Figure 3, one would anticipate the maximum
phosphorus concentration naturally occurring in a soil water system to
be approximately 0.01 ppm and this would be found at a pH between 6 and
7. This favorably compares to the qualitative description shown in
Figure 2.

To point out some of the advantages and disadvantages of this approach,
Figure 3 is reproduced in Figure 4 with the addition of some experimental
data. The data points indicate the measured concentrations of phosphorus
found in ground and subsurface drainage water. Some of the values repre-
sent data evaluated from "normal" agricultural lands and other is data
obtained under wastewater treatment systems. Generally, the data com-
pare favorably to the phase diagram; however, there are some cases with

considerable discrepancy.

In Appendix A the phosphorus concentration was calculated based on the
solubility of CasOH (PO4) ; in the presence of CaCO;. It was assumed that
the concentration of phosphorus in solution would be controlled by the
solubility of CaCO3. The CaCO j solubility is controlled by the CO2(g)
concentration in the soil atmosphere. The partial pressure of CO,(g) in
well aerated soils ranges from 0.0003 atm to 0.01 atm. A CO;,(g) pressure
of 0.0003 atm controls the pH of the soil solution at approximately 8.7
where the solubility of CaCO ; is relatively small, thus leading to low

phosphorus concentrations. When considering wastewater treatment by
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Figure 4. Comparison of phosphorus concentrations observed under
field conditions and phase diagrams. (Legend: = and
x Aulenbach®!; @ Bouwer?®?; « Carter®? V Johnston®*.)

application of waste materials to the land, quite often the objective is to

see the maximum amount of effluent that can be treated using a minimum
amount of land surface. This tends to increase the CO, partial pressure.
In a CaCO ; system, an increase in CO, partial pressure and corresponding
decrease in O, partial pressure should increase the solubility of the CaCO;
and thereby increase the phosphorus in drainage water. In acidic soils
relying heavily on the formation of iron phosphates it is possible to reduce
the oxidation state of iron. However, there is insufficient data available

to accurately compare the solubilities of ferrous phosphates and ferric

phosphates.

It should be pointed out that soil systems are at times designed to operate

under reducing conditions where the partial pressure of CO; is relatively



high. This is done to promote denitrification and is quite successful in
removing nitrogen from the soil solution, provided there is sufficient
energy available for the microorganisms7 which perform the nitrogen

transformations.

The above mentioned reducing conditions can have detrimental as well as
beneficial effects. From a ground water point of view, it is generally
beneficial to remove nitrates prior to their introduction into the ground
water. In calcereous soils, the removal of the nitrates will be at the
expense of increasing the calecium induced into the ground water. Also,
once the calcium is removed from the profile it is no longer available for
future reaction with orthophosphates and thus reduces the profile's net
capacity to remove phosphorus from the soil solution. Thus, when con-
sidering the overall design of a wastewater treatment system, one must
consider the total impact of the project and not just how to effectively treat

one element.

Thus far organophosphates have been neglected. Neglecting the impact
of organic phosphate compounds can, however, be misleading. Table 2

gives a comparison of total to orthophosphate at several points along the

Table 2. COMPARISON OF PHOSPHATE FORM
IN WASTE TREATMENT STREAM*

Raw Primary Final

Site Reference Total Ortho Total Ortho Total Ortho

Mansfield, 72 9.0 4.1 7.0 3.4 6.4 5.1
Ohio

Indianapolis, 73 10.0 5.2 6.3 5.8 6.3 5.7
Indiana

Cleveland, 74 20.3 7.0 18.4 7.4 12.6 7.3
Ohio

Baltimore, 75 9.1 5.2 12.4 8.6 0.7 0.4
Maryland

*Units are presented as milligrams of elemental phosphorus per liter.
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treatment system of four selected treatment facilities. In raw wastewater
only about 40 percent of the phosphorus is in the form of orthophosphate
while in the final effluent approximately 70 percent of the phosphorus is
in the form of orthophosphate. The impact of the organic phosphorus

fraction on a wastewater treatment system should not be ignored.

Organic phosphates are much more mobile than inorganic phosphates
and can move rapidly through soil systems. To remove organic phos-
phates from solution using a soil system, the organic phosphate must be
physically filtered and held for sufficient time to allow decomposition of
the phosphate compound to an inorganic form. Acquaye8 presented a
discussion on the rate of mineralization of some organic phosphates

found in soils.

In addition to the organic phosphates, the other organic forms such as the
fatty acids, phenols, and natural chelates found in wastewater can likely
form mobile compounds in soils systems fixing the ions which normally
react with the phosphorus, thereby decreasing the sorption of the applied
orthophosphates. Thus, for example, measuring the total calcium in the
soil solution may suggest the phosphorus content should be much lower
than the observed concentration based solely on the equilibrium solubility
model.

PHOSPHORUS SORPTION

The above discussion of the equilibrium solubility model was limited to
estimating the concentration of phosphorus in the soil solution assuming
the soil profile was not supersaturated with respect to phosphorus. By
itself, the equilibrium model does not give a valid method of estimating
the quantity of phosphorus which can be sorbed by the soil. However,
work has been attempted in pure systems by some individuals.9 To
design a wastewater treatment system, one also needs to know the
amount of phosphorus that can be sorbed by the soil. Researchers® 2°
often relate the ability of a soil to sorb phosphorus to one of the equilib-
rium isotherms. The two equilibrium isotherms most often used for this

purpose are the Langmuir equation and Freundlich equation. The

11



Langmuir equation26 was originally developed to describe how a gas is
adsorbed on "smooth" surfaces and assumes the gas is adsorbed in a
monolayer. The Freundlich equation, often called the classical equation,
was originally an empirical equation which seemed to fit a large range of
experimental data. Later it was shown27 that this equation is equivalent
to the Langmuir equation except it includes the possibility of multilayer
sorption with each successive monolayer being sorbed at reduced bonding
energy. These isotherms can be written to relate the amount of phosphorus
sorbed by the soil per unit mass of soil to the concentration of phosphorus
in the soil solution. Note that this is a significant deviation from the
equilibrium solubility model. The equilibrium solubility model would
propose that the most insoluble compound would form first, then followed
by more soluble compounds. There is no indication of the proportions of
the compounds, thus one could not readily predict how much phosphorus

could be sorbed. The Langmuir equation can be written as

Sm BC
S=178C M
where B = constant at constant temperature

C = concentration of sorbate species, phosphorus,

in the liquid phase (mg/1)
S = concentration of the sorbate species in the solid

phase [ug sorbate (phosphorus)/g sorbent (soil)]
Sm = the maximum concentration of the sorbate species

in the solid phase [u g sorbate (phosphorus)/g

sorbent (soil)]

The Freundlich equation can be written

n

S=mC (2)

where m and n are constants at constant temperature. Several other

equilibrium isotherm equations have been proposed for sorption of

12



phosphorus by soil, such as those by Gun&u'y13 and Holford, et al.16
Thus, assuming equilibrium conditions could be attained, it would be

possible to estimate how much phosphorus could be sorbed at some
given solution concentration.

In Figure 5(a-c), experimental data along with regression functions for
a Langmuir equation and a Freundlich equation are shown. Both functions
fit the experimental data reasonably well and different authors have

discussed the pros and cons of each equation.lz’ 18, 25

There are numerous references to work relating the coefficients in the
Langmuir or Freundlich equation to the physical/chemical properties of
soils. Ahenkomh,28 Saini and MacLean,29 Williams et al. ,30 and Blanchar
and Hossner5 have developed regression equations to predict the coeffi-
cients in the sorption equations. In these studies, multiple linear

regressions were performed which give a linear weighting to different
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Figure 5b
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physical/chemical properties such as amount of clay, aluminum, iron,
etc. Similar work in this laboratory where a wide range of mineral soils
were considered was not conclusive. Depending on which physical/
chemical properties were chosen, illogical regression equations could be
obtained. Thus, it is felt that this type of "black box" approach cannot
achieve successful results for broad geographic regions where one is

limited to those properties which are commonly measured at this time.

Another approach which has been used with some success is to relate
extractable phosphorus to the solubility of some of the phosphate com-
pounds found in soil.g’ 18, 19, 31-38 This approach, as it has been
presented in the literature, is probably more adaptable to crop produc-
tion than to wastewater treatment, since in crop production the amount

of phosphorus which can be extracted by the plant is the important
parameter. However, in wastewater treatment the total amount that can
be sorbed by the soil without being toxic to the plant or be leached from
the soil profile is what should be used as a design criteria. It should be
pointed out that there is no evidence in the literature of a problem with
phosphorus toxicity. For the few cases where toxicity was reported,
generally it was found that high levels of phosphorus magnified deficiency
symptoms for other elements rather than being toxic in itself.

KINETICS OF PHOSPHORUS SORPTION

Designing a wastewater treatment system for phosphorus removal using
equilibrium isotherms will probably be adequate where applications of
wastewater of less than 5.0 cm/wk are considered. The problems arise
when considering higher application rates or how one can obtain equilib-
rium isotherms. There are numerous references indicating the sorption

10, 11, 22, 39-46 Some references indicate

reaction is not instantaneous.
the reactions are still continuing after ten years of equilibration. Figure 6
is sample data for sorption of phosphorus by a soil sample at one given
concentration. These data were derived from equilibrating 10 g of soil
with 100 ml of 0.01 M CaCl solution initially containing 40 mg/1 P, then

monitoring phosphorus concentration remaining in solution with time.

15
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Figure 6. Sample data indicating the time dependency of phosphorus
reactions.

Looking at the data using a logarithmic time base, it is easy to see there
is no indication of the reaction reaching an equilibrium value. However,
using a linear time scale it is easy to see why numerous researchers have
indicated the reaction was "essentially complete" after a few hours. When
considering a wastewater treatment system, one must consider time scales
in tens of years rather than hours. Thus, it does not appear appropriate
to consider "equilibrium" isotherms which were based on studies with a
few hours of equilibration time. In high rate systems; i.e., systems

with design flow >5.0 cm/wk, it may also be necessary to know how fast
the reaction is taking place.

This introduces a requirement to have a means of describing the kinetics
of the phosphorus reaction during the movement of phosphorus through
soil profiles. The most common approach used to describe ion movement

through soil systems uses a mass balance equation.

Considering the simplified one-dimensional case where the finite element

is oriented such that flow occurs only through two opposite faces of the

16



finite element, then the mass balance equation can be developed with
some ease. In the mass balance equation, one is attempting to calculate
how fast the solution concentration is changing at some spatial coordinate.
Intuitively, one can see four components which will cause this change in
solution concentration. First, flow will be caused by a concentration
gradient. This is a diffusion process and essentially says a natural
system will attempt to reach equilibrium and ions from a region of high
concentration will migrate to a region of low concentration. The second
term will be due to the flow of water which is carrying the ions under
consideration. In other words, if a water containing a high concentration
of ions flows into an area of low concentration, it will cause a change in
the ion concentration in the finite element being considered. The velocity
which is used in this calculation is not the velocity of the applied solution
but the velocity in the pores of the soil. This points out a third aspect:
the pore water velocity is not a constant. Water flows more easily through
the large pores than the small pores which disperses the flow. The fourth
term is a so-called sink or source term which takes into consideration the
loss or gain of an ion from or to the flow stream by such actions as sorp-
tion, plant removal, solubilization, etc. When considering a wastewater
treatment system, the flow of water is relatively high. Thus, the effect
of diffusion will be minimal and one feels justified in ignoring these
influences. This does not mean that one is justified in ignoring diffusion
under all conditions such as under normal agricultural practices. Under
normal agricultural practices, diffusion may be the significant factor for
nutrient transport to the plant root. Several researchers‘”—52 have
studied the diffusion of phosphorus in soils and its implication on plant

uptake of the mineral.

In addition to diffusion, hydrodynamic dispersion will be ignored in our

discussion. The mass balance equation can then be written as

3S

3C _ 4 BC 38
3t

3t 3x

P
+ )



where C = solution phase concentration of phosphorus (mg/1)
V = average pore-water velocity (em/hr)
x = distance from the beginning of the flow path (cm)
p = bulk density of the soil (g/cm?)
8 = fractional solution-filled-volume in the porous
media
S = solid phase concentration of phosphorus (ug/g).

In the above equation, the kinetics of sorption is directly related to the
sink or source term (3S/9t). Several sink terms have been proposed and
used to predict the movement of ions through soil systems, such as the

39, 41 Hendricks,54
57, 58

61

work by Davidson and Chang,53 Enfield et al.,
Hornsby and Davidson,55 Kay and Elrick,56 Lindstrom et al.,
Oddson et al. ,59 Skopp and Warrick,60 and van Genuchten et al.

However, very little of this work is related to the movement of phosphorus.

The majority of the models consider the sink term in differential form. A

general equation may be written for the sorption part of the sink term, as

follows:
RATE OF _ DIFFUSION IN X DRIVING
SORPTION - SOLID PHASE FORCE
39S = '
LS R {ch-s} @

where D (C, S) = the diffusion coefficient in the solid phase
as a function of the solution phase concentration
and solid phase concentration
F(C) = equilibrium concentration of phosphorus in the
solid phase, corresponding to the solution phase

concentration.
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These sink terms generally follow some previously described chemical
kinetic model such as those described by Laidler .62 Lapidus and

63

Amundson "~ used the first order kinetic equation

_Ei_tS_ = o (kC-8) 5)
where o and « are constants, to describe the response of chromographic
columns. This equation assumes the driving force is related to the
difference between what can be sorbed at some concentration (i.e., an
equilibrium isotherm) and what has already been sorbed. It further
assumes the equilibrium is a linear function and the diffusion coefficient

59

(o) is a constant. Oddson et al.”” and other workers used the same

kinetic equation to describe the movement of organic compounds in soils.

Hornsby and Dan/idson55 and others used the equation

S n
= smc-9 6
where B, m and n are constants. This equation is similar to Equation (5)
except it assumes the equilibrium isotherm can be described by the
Freundlich equation rather than a linear equation. By non-linearizing
the sorption function, they were better able to describe pesticide movement

in soils.

An empirical function which has been used by Enfield39 to describe the

kinetics of phosphorus sorption is

95

d
FXa s M

= aC
where a, b, and d are constants. Since this is an empirical equation, it is
difficult to describe what driving forces or what assumed relationships exist.

39, 40, 41

However, earlier indications suggested this model more accurately

predicts the kinetics of phosphorus sorption than Equation (5).
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Skopp and Warrickeo developed an analytical solution for Equation (3) where
they assumed sorption to be diffusion-limited. In Skopp and Warrick's
development, an integral form of the sorption term was used rather than

the differential form previously discussed. Skopp and Warrick's develop-
ment used a solution presented in Carslaw and Jaeger64 (p. 97, Equation 10)
for heat flow in flat plates. Enfield et al .41 used a similar approach for
phosphorus except they assumed the soil particle was spherical rather than
plate-like. This yields a diffusion limited model

Savg = F©) -2 r = nt i/t (®
T n=1 n
where Savg = average solid phase concentration in the soil
particle (ug "P"/g)
F(C) = function describing the amount of phosphorus
that can be sorbed at equilibrium as a function
of solution concentration (i.e., equilibrium
isotherm) (ug "P"/g)
K = diffusion coefficient
r = radius of soil particle

after a solution presented by Carslaw and J eager64 (p. 234, Equation 8).
The model further assumes the initial concentration of phosphorus in the
soil particle is zero and the concentration of the phosphorus at the surface

is constant.
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SECTION IV

EXPERIMENTAL STUDIES

RESULTS AND DISCUSSION OF EXPERIMENTAL SORPTION STUDIES

Analyses were performed on 25 mineral soil samples. These samples
were collected in Arizona, Florida, Indiana, Michigan, and Oklahoma.
The samples were given an internal letter code which was used through-
out the studies. Table 3 relates the internal code letter to the classifica-
tion of the soil samples as given by various soil surveys developed by
the USDA Soil Conservation Service in cooperation with state universities.
These samples were then analyzed for several physical and chemical
properties which are tabulated in Table 4. Appendix B is a listing of
the methodologies used in the analyses. -Samples were obtained from
eight of the ten orders in the comprehensive soil classification system.
However, data is not presented in this report for any of the Histosols.
Histosols were not included in this report for two reasons. First, this

is not a predominant order nationally. Secondly, the data that were
obtained for the Histosols or organic soils did not fit any of the sorption
models which were considered. For a discussion of soil classification,

the reader is referred to a text on the subject by Boul et :511.65

Experimental data for comparison with kinetic models was developed in
batch equilibration studies. In the initial phases of the project, analyses
were performed semi-nondestructively. An aliquot of the equilibrating
solution was analyzed periodically and a volume equal to that removed
was replaced for a continuation of the test. The procedure was later
replaced with destructive analyses which proved to be easier to evaluate
numerically. The experimental procedures are outlined in Appendix C.
The data obtained in this manner are presented tabularly in Appendix D.
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Table 3. SOIL CLASSIFICATION

Sample
code  State  Soil series Family Subgroup Order
A OK Konawa Fine-loamy, mixed, Ultic Haplustalfs  Alfisol
thermie
B OK Vernon Fine, mixed, thermic Typic Ustochrepts Inceptisol
C OK Clarita Fine, montmorillonitic, Udic Pellysterts  Vertisol
thermic
D OK Windthorst Fine, mixed, thermic Ultic Paleustalfs  Alfisol
E OK Chigley Fine, mixed, thermic Ultic Paleustalfs  Alfisol
F OK Chigley Fine, mixed, thermic Ultic Paleustalfs  Alfisol
G - - - Not classified. - - -
H AZ - - - Not classified. - - -
1 AZ Whitehouse Fine, mixed, thermic Ustollic Haplargids Aridisol
L FL Orangeburg Fine-loamy, siliceous, Typic Paleudults Ultisol
thermic
M FL Lakeland Thermic, coated Typic Quartzip-  Entisol
samnents
N AZ Mohave Fine-loamy, mixed, Typic Haplargids Aridisol
thermic
0 AZ Grabe Coarse-loamy, mixed Anthropic Entisol
(calcareous), thermic  Torrifluvents
p AZ Pima Fine-silty, mixed, Anthropic Entisol
thermic Torrifluvents
Q AZ Vinton Sandy, mixed, thermic Typic Entisol
Torrifluvents
R AZ Gothard Fine-loamy, mixed, Typic Natrargids Aridisol
thermic
S AZ Anway Fine-loamy, mixed, Typic Haplargids Aridisol
thermic
T AZ Anthony Coarse-loamy, mixed Typic Entisol
(calcareous), thermie Torrifluvents
U Mi Roscommon Mixed, frigid Molic Entisol
Au-Gres Psammaquents
v MI Roscommon Mixed, frigid Molic Entisol
Au-Gres Psammaquents
w MI Rubicon Sandy, mixed, frigid Entic Haplorthods Spodosol
X MI Rubicon Sandy, mixed, frigid Entic Haplorthods Spodosol
Y iN Maumee Sandy, mixed, mesic Typic Haplaquolls Mollisol
4 IN Maumee Sandy, mixed, mesic Typic Haplaquolls Mollisol
AA  IN Bedford Fine-silty, mixed, mesic Typic Fragiudults Ultisol
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Table 4. SELECTED PHYSICAL/CHEMICAL PROPERTIES OF STUDY SOILS

SAMPLE A B
Surface area m%/g <1. 84,
Percent clay 15. 39.
Percent silt <1. 13.
Percent sand 85. 48,
Cation exchange 2.0 32.

capacity (meq/l)
Percent organic matter 0.22 0.3
Total phosphorus (ppm) 44.6 14.7
Resin extractable 4.1 0.68
phosphorus (ppm)
Total iron (percent) 1.0 1.8
Exchangeable iron (ppm) 8.0 3.4
Total aluminum (percent) 1.0 4.8
Exchangeable aluminum <50. 340.
(ppm)
Total calcium (percent) 0.10 0.24
Exchangeable calcium 184. 1430.
(ppm)
Total magnesium (percent) 0.035 0.37
Exchangeable magnesium 20. 300.
(ppm)
Saturated pH 7.2 4.5
Electrical conductivity of 230. 420.
saturation extract (pmhos/cm)
a 4.96 18600.
35 - achsl b 2.3 2.23
d -2.4 -2.68
{i .13@~5 .43@-3
s _ ;
v T ek 9 5480. 636.
'm 25. 160,
B - pmc -8 dn .44 0.52
B 1.4@-2 1.9¢-2
1 79. 430.
DIFFUSION
MODEL <J 0.56 0.52
Feo) =1’ k/r2 3.986-6  6.31e5
(s 8l 2300.
DIFFUSION m
MODEL <B 0.32 0.43
SnJBC
F(O) = Phrge /2 6.31€-4 6.31@-5

c D
203. 155.

54. 53.

20. 16.

26. 13.

n. 53.

4.2 1.4
255. 110.

6.5 28

3.1 3.5

0.76 5.2

6.0 5.8
<50. 70.

0.92 0.46
1400. 3080.

0.73 0.56
940. 860.

7.1 4.9
450, 320.
2580. 36100.

2.29 2.30

-2.45 -2.94

.160-3 .147€-3
797. 1010.

79. 760.

0.62 0.11

1.9¢-2 4.8¢-3
390. 570,

0.54 0.36

1.e-3 1.580-4
2400. 1800.

0.34 1.9

l.e-4 1.58¢-4

25.
16.
<1.

84.
12.

0.33
166.
9.6

1.3
10.0
2.4

<50.

7.70
5580.

0.19
50.

8.0

380.

4.88
1.92
~1.05

.93e-4
1200.

1100.
0.54
6.30-4

310.
0.68
6.318-5
5000.
0.094
3.98@-5

s2.
28.
13,

59.
23.

1.4
382.
7.8

2.0

4.0

5.1
<50.

5.80
2340.

340,

8.0

410.

464.
2.23
-2.17

.24@-2
51.1

170.
0.56
4.9@-3

210.
0.62
1.3
2100.
.19
6.31€-5

<l.
<1l.
<1.

>99.
0.25

0.04
17.9
0.94

.034
2.4
<.5

<50.

0.027

12.

0.080

6.8

200.

-.0048
2.10
-.66

J13e-3
70.

12.
0.33
4.00-3

1.1
0.66
2.51@-2
10,
.12
2.51@-2
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Table 4 (continued) .

Selected Physical/Chemical Properties of Study Soils

SAMPLE
Surface area m?/g
Percent clay
Percent silt

Percent sand

Cation exchange
capacity (meg/1)

Percent organic matter
Total phosphorus (ppm)

Resin extractable
phosphorus (ppm)

Total iron (percent)
Exchangeable iron (ppm)
Total aluminum (percent)

Exchangeable aluminum
(ppm)

Total calcium (percent)

Exchangeable calcium
(ppm)

Total magnesium (percent)

Exchangeable magnesium
(ppm)

Saturated pH

Electrical conductivity of

105.
36.
24.

40.
30.

0.78
764.

18.

3.2

3.6

8.75
<50.

2.15

7020.

1.04

600.

8.0
1300.

saturation extract (umhos/cm)

a
. cb sd b
d
s i
37 - @ (x C - 8) {’(
m
25 - gmc -9 {n
8
DIFFUSION
MCDEL
F(C) =17 K
DIFFUSION
MODEL
s_BC
F(O) = 158c

Jr?

m

</t

1.88
1.87
-0.90

.40@-3

880.
0.69
5.60-4

380.

6.31@-5

5.2
3.98@-4

178.
44.
13.

43.
38.

325.

<50,

6.70

2400.

960,

7.7

550.

612000.
2.81
-3.87

.89@-2
18.

84.
0.53
1.9e-2

13.
0.47
3.98@-3
640.
0.54
3.986-3

L M
27. 4.8
18. 8.
17. 2.
65. 90.
16. 4.

2.5 0.64
150 355,
1.1 4.3
1,17 0.14
6.4 5.3
2.70 0.55
<50. <50.
0.25 0.05
142. 328.
0.053 0.020
26, 12.8
4.8 7.2
250. 260,

.87 183,

.30 2.40

-.27 -2.9

.50@-2 .18¢-3
40.3 171.
150. 22.

0.55 0.62

1.08-2 1.4@-2

1700. 26.
0.20 0.80
6.316-5 1.3
1200. 100.
0.36 0.12
3.9884 1.58@-5

N )
72. 75.
23. 26.

7 20.
70. 54.
17. 29.
0.5 1.4
220. 1320.
98. 47,
2.10 0.74
6.4 4.0
5.5 6.7
<50. <50.
0.70 3.25

1110. 6780.
0.41 1.19

200. 380.

7.7 8.4

340. 1560.
10.3 1.48
2.0 2.22
-1.98 -.97

.98e-4 .89¢-4

171. 188.

420. 2200.
0.58 0.62
2.7¢-4 7.70-5

160. 320.
0.54 0.68
6.318-5  6.31@5

1200. 5700.

13 0.07
1.0-4 3.98e-5

136.
34.
39.

27,
40.

1.5
870.

19.

3.64
2.8
7.25

<50.

6920.

400.

2050.

41.

.11e-2
129.
330.

2.3e-5
350.

2.51@-5
5900.

2.51&-5
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Table 4 (continued),.

Selected Physical/Chemical Properties of Study Soils

SAMPLE
Surface area m’/s
Percent clay
Percent silt

Percent sand

Cation exchange
capacity (meq/1)

Percent organic matter
Total phosphorus (ppm)

Resin extractable
phosphorus (ppm)

Total iron (percent)
Exchangeable iron (ppm)
Total aluminum (percent)

Exchangeable aluminum
(ppm)

Total calcium (percent)

Exchangeable calcium
(ppm)

Total magnesium (percent)

Exchangeable magnesium
(ppm)

Saturated pH

Electrical conductivity of

34,

4.4
6.5
<50,

1.8

3520.

0.77

200.

8.4

480.

saturation extract (imhos/cm)

a
38 b Sd

—i— = a C b
d
a
s _ -
3T - © (xk C-8)
m
38 _ n _
5 = BmC'-9S)4n
8
1
DIFFUSION
MODEL A
FCy =1¢7 Kyl
S
DIFFUSION m
MODEL B
s, BC
FO = 186 /et

0.56
1.93
-1.26

.41€-3
89.

59.
0.60
4.3@-3

67.
0.68
3.98@-5
1200.
0.05
3.98@-5

900,

1.5

4.2

3.5
<50.

8.4
5460.

1.9

510.

8.5

6000.

3.6
2.06
-0.86

.56@-3
470.

2600.
0.50
7.5€-4

580.
0.72
6.31e-5
8800.
0.10
3.988-5

179.
45,
42,

13,
25.

452.
61,

3.6

2.4

7.4
<58,

0.9

4710.

1.1

560.

7.6

2400,

23600,
3.1%
-3.33

.64@-2
29.

91.
0.63
1.1e-2

210.
0.70
1.3
6400.
0.12
1.58@-6

T 3)
38. 1.7
13. 4.
10. 4.
77. 92.

4.2 3.4

.27 .32
265, 37.5
72. 1.8

2.0 0.27

2.8 3

5.5 1.35

<50. <50.

0.8 0.19

1260. 950.

0.4 0.047
150. 8.
8.2 5.4

305. 100.
5.37 1490.
2.18 2.03

-2.14 ~3.86

.46@-3 .1@-3
59. 19.
48. 31.
0.54 0.30
4.9¢-3 1.4@-3
79. 68,
0.62 0.4
1.58@-5 1.8-3

1000. 460.
0.077 0.98
1.58@-5 2.51@-6

1.8
119,
1.4

0.044
25.

5.2

170.

385.

1.99
-2.51

.17@-2
10.

23,
0.53
6.4@-2

110.
0.58
1.3
1700.
0.085
6.31@-5
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Table 4 (continued).

Selected Physical/Chemical Properties of Study Soils

SAMPLE w
Surface area m’/g 6.5
Percent clay 4.
Percent silt 'S
Percent sand 92.
Cation exchange 12.

capacity (meq/1)
Percent organic matter 1.6
Total phosphorus (ppm) 216.
Resin extractable 2.6
phosphorus (ppm)
Total iron (percent) 0.68
Exchangeable iron (ppm) 3,
Total aluminum (percent) 1,30
Exchangeable aluminum <50.
(ppm)
Total calcium (percent) 0.20
Exchangeable calcium 250.
(ppm)
Total magnesium (percent) 0.094
Exchangeable magnesium 23,
(ppm)
Saturated pH 5.4
Electrical conductivity of 120.
saturation extract (ymhos/cm)
487.
a
35 . . Cb Sd b 2.02
st -2.4
d .
{i .67@-2
39S -
3T C ¢ (¢ C-8) 7.3
44.
m
%TS - B(an-S) n 0.48
4.2@-2
8
1 200.
DIFFUSION
MODEL 3 0.54
F(C) =1C7 jrr 39865
s 1600.
DIFFUSION m
MODEL B 0.13
S_BC
= 1.3
F(C) = i+BG K/rz

X Y
18.4 30
4. 4
4. 4
92. 92.
5.6 32.17
0.4 3.9
147. 731.
2.5 45.
0.67 0.98
5 10.
1.50 2.56
<50. <50.
c.18 0.33
260. 80.
0.088 0.12
6. 96.
5.5 5.1
90. 400.
107. 7.3
1.9 2.28
-2.0 ~1.63
.37¢-1 0.038
4.9 8.83
51. 24.
0.47 72
7.0@-2 5.5@-2
120, 33.
0.56 0.82
1.586-4 l1.e-3
1400. 1200.
0.12 0.026
1.58@-4 1.8-3

18.

15,

80.
23.5

2.2
270.
8.5

0.37

580.

0.13

77.

5.3
400,

280.
2.08
~2.08

.74€@-1

9.2

58.
0.50
1.3e-1

69.
0.58
2.51@-3
780.
0.17

1.3

55,
18.
81,

>1.
1.3

2.4
703.
8.9

2.0

5.18
<50,

0.25
710.

0.25

53,

5.5
100.

34.6
2.07
-1.7

.24@-1
14,

44.
0.67
3.5@-2

100.
0.66
2.51@-4
1400.
0.089
2.51@-4
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SECTION V

DISCUSSION OF RESULTS

Looking at data in tabular form, it is not too clear how to interpret the
experimental result. A logarithmic plot of sorption data for soil "S" is
presented in Figure 7. If a Freundlich or Langmuir equation, Equation (2)
or (1), respectively, were applied to the data at any one measurement time,
a reasonable correlation would be obtained. It can also be seen that with
longer equilibration times, more phosphorus is sorbed at a given equili~
brating solution concentration. Looking at Figure 7, it does not appear

reasonable to use one equilibration time to estimate the sorption capacity

—~ 1000 -
N °o
o 500— %
2 ® 5 o
0“ c'>
o [x]
é . o ;
& 100+ %,
v cxo
® v v =z |
; 50+ LR o: 3
2 v a= I3
2 52 T
v =
“ o= 302
. o= |00l
00" o .= 303
1 ] ] | 1 1
A .5 I 5 10 50 100
EQUILIBRATING CONCENTRATION (mg/l)
Figure 7. Logarithmic plot of experimental sorption data of soil

"S"™ (see Tables 3 and 4).
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of a soil for the purposes of designing a high rate wastewater treatment
system. In the following paragraphs five kinetic models described earlier
are considered and an attempt is made to evaluate which model is best

suited for describing phosphorus sorption by mineral soils.

Linear least squares analysis is best suited for describing normally
distributed data. The raw data collected were not normally distributed.
The raw data had a more or less logarithmic distribution. When a linear
regression is used with the type of data that were collected, the net
result will overweight the large values and underweight the smaller
values. With logarithmically distributed raw data, the authors feel that
it would be best to perform log transformations on the kinetic models and
data prior to performing regression analyses. This technique is useful
when there are no negative values or zeros and the kinetic function

lends itself to a log transformation.

The first function which will be considered is a first order kinetic equation,
Equation (5). Since this equation is linear, regression analyses were per-
formed without making any transformations on the raw data or function.
The function can be thought of as a sorption rate surface. This surface can
then be plotted in a manner similar to a topographic map. Plotting contours
for equal rates of sorption, the sorption rate surface can be displayed.
Figure 8 is a plot of the regression function for soil "Y" using Equation (5).
Superimposed on this surface are the experimental data from the batch
sorption data. A similar procedure is used to develop Figures 9 and 10

for Equations (6) and (7), respectively.

Looking at these figures conceptually or qualitatively it would appear that
Figure 10 best fits the experimental data, followed by Figure 9, then
Figure 8.

The first three functions are actually kinetic models in differential form.
The diffusion limited model after Carslaw and Jaeger64 is an integral form.
To perform normal curve fitting, it is necessary to differentiate the function
being fitted. - Since the diffusion limited model requires a record of previous

conditions to evaluate new conditions, it is not convenient to use standard
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Figure 8. Regression of Equation (5) to the experi-
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Figure 10. Regression of Equation (7) to the experimental data of
soil "Y." In the figure, the rate of sorption is presented
in parts per million per hour. The experimental data
points are plotted numerically with the data point located
at the decimal point of the value. (@ =7.3; b =2.28;
C=1.63)

curve fitting techniques. This would not have been a problem if it had
been possible to maintain a constant solution concentration and still

measure the amount of sorption.

Thus, to obtain regression coefficients for this model, it is necessary
to rewrite the model as a series. In other words, it was assumed the
equilibrating solution concentration could be described by a series of
step functions similar to that shown in Figure 11. Thus, the surface

concentration was described as
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F(C) = F(Cyp) 0<t<t,
F(C) = F(,) t1 <t <ty
F(C) = F(Cy to<t<ts
F(C) = F(Cn) t > t

To condense the expression, Equation (8) was rewritten as

1 -k n?2 n?t/r?
-——2- e

z
™ n=1 n

Then, the average concentration in the soil particle becomes

s&lvg = F(Cq) V(1) 0<t<t,
saVg = F(Cp) V(t) + [F(Cy) - F(Co)] V(t-ty) ty <t <ty
Savg = F(Co) V() + [F(C1) -F(Cp] V(t-tD

+ [F(C2) - F(C1)] V(t-t2) ta <t <t,
S&lvg = F(Co) V() + [F(C1) -F(Cp)] V(-1

+[F(C2) -~F(C1]IV (t-t2) +

+[F(C) - F(C Pl V (t-t) t>t

This can be written in the more condensed form as

]
Savg = F(Cp) V(1) + ifl {F(Ci) - F(Ci—l)}

- t.<t<t.+1
Vit-t) i j
j=1,2, ...
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Figure 11. Typical time series step function used in describing
the equilibrating solution concentration versus time
for a solution to the diffusion model Equation (8).

Note, as mentioned earlier, F(C) is a function which relates the solution
concentration to the equilibrium concentration which can be sorbed by the
soil. Skopp and Warrickeo assumed this to be a linear function or a con-
stant times the solution concentration. This permittéd obtaining an
analytical solution to Equation (3) using Equation (8). Preliminary
regression analyses were performed to this function using the data in
Appendix D, but the correlation between predicted concentration and
measured concentration was not good and the data is not presented in

this report. However, when it was assumed the equilibrium relationship
would follow either a Langmuir or Freundlich equation, reasonable

correlations were obtained.

Regression coefficients for all the models are listed in Table 4, along with
the physical/chemical properties of the soil. As mentioned earlier, several

27, 28, 29 have developed regression equations which correlate
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the physical/chemical properties of the soil to sorption isotherms. This
was done on soils from limited geographical areas, similar analyses were
performed using our experimental data without developing satisfactory

relationships and will not be presented.

To evaluate which model "best" fits the experimental data, it is necessary
to develop a uniform evaluation procedure. Curve fitting was performed
with some models in differential form and some in integral form. To
compare the models, the differential models were integrated assuming
that at the beginning of the sorption studies no phosphorus was on the
soil (8§ = 0). Therefore, initially it would mathematically not be possible
to desorb any phosphorus. Taking the concentration C as a constant with

respect to time, Equation (5), the first order kinetic model, yields

S = KC-[K;;} (13)
e

where t is time and S approaches kC for large t.

Similarly, integrating Equation (6) yields

n mC”
S = mC" - [——-—:J (14)
Bt
e
The empirical model Equation (7) integrates yielding the equation
A
S = [cb (1-d) a t]l‘d (15)

but S is undefined for large t.

Using the regression coefficients listed in Table 4 and the sorption models
in integral form, the projected amount of phosphorus that would be sorbed
was calculated for the measurement times as listed in Appendix D. The
equilibrating solution concentration was approximated using a step function
with concentrations measured at the sampling time and given in Appendix D.
The calculated, as well as the "measured," sorption is tabulated in

Appendix E for all of the soils analyzed.
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There are several ways that the data can be compared. One could look at

the data linearly or with a logarithmic transformation. One could look at
average correlation coefficients or one could compare the frequency a given
model will "satisfactorily fit" the experimental data. Each of these approaches
was considered and is presented here. In Table 5, linear correlation co-
efficients are presented without performing any transformations. In other

words, a linear regression analysis was performed comparing measured

Table 5. CORRELATION COEFFICIENTS FOR SORPTION MODELS

Equation No.

Soil ) (6) D (8-1) (8-2)
A 0.67 0.79 0.87 0.67 0.85
B 0.74 0.93 0.93 0.86 0.91
C 0.64 0.90 0.92 0.84 0.94
D 0.69 0.55 0.95 0.75 0.90
E 0.94 0.81 0.90 0.94 0.87
F 0.86 0.87 0.93 0.94 0.83
G 0.35 0.44 0.43 0.80 0.81
H 0.94 0.80 0.69 0.51 0.85
I 0.87 0.91 0.96 0.91 0.97
L 0.85 0.91 0.66 0.95 0.80
M 0.72 0.87 0.92 0.89 0.87
N 0.80 0.83 0.88 0.88 0.89
0] 0.91 0.72 0.59 0.94 0.85
P 0.86 0.85 0.78 0.97 0.92
Q 0.78 0.90 0.84 0.92 0.89
R 0.93 1 0.62 0.55 0.93 0.83
S 0.88 0.89 0.98 0.93 0.93
T 0.96 0.95 0.91 0.95 0.96
U 0.87 0.68 0.68 0.61 0.56
Vv 0.57 0.79 0.85 0.71 0.79
W 0.70 0.86 0.90 0.86 0.85
X 0.88 0.91 0.95 0.86 0.93
Y 0.94 0.95 0.97 0.98 0.97
yA 0.93 0.96 0.96 0.93 0.98
AA 0.94 0.95 0.97 0.97 0.98
Mean correlation
coefficient 0.81 0.83 0.84 0.86 0.88
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amount sorbed at some measurement time to the calculated amount sorbed
using one of the sorption models. This analysis gives the slope and inter-
cept of the regression curve as well as the correlation coefficient. The
correlation coefficients were used to evaluate the suitability of a given
model. In Table 5, the correlation coefficients are tabulated by equation
number. The equation number refers to the equation as it was fitted to
experimental sorption data. Equation (8-1) refers to the diffusion model
Equation (8) where the Langmuir function, Equation (1), was substituted
for F(C). Similarly in Equation (8-2), the Freundlich equation, Equation (2),
was substituted for F(C). No one model was always most accurate in fitting
the experimental data. Depending on the soil type, each of the models
indicated an ability to yield satisfactory results. However, when com-
paring the mean correlation coefficients as listed in Table 5, it would
appear that the diffusion model Equation (8), using a Freundlich isotherm

equation, best fit the experimental data.

Table 6 is similar to Table 5 except the log of the measured sorption was
correlated to the log of the calculated sorption. After performing this type

of transformation on the data, there did not appear to be a significant
difference between sorption models employing Equations (8-2), (8-1), and
(7). This transformation, however, made Equation (6) appear less satis-
factory. A graphical representation of the data in Tables 5 and 6 is presented
in Figure 12. Figure 12 permits qualitatively comparing a level of accuracy
by way of a regression coefficient, to the percentage of samples equal to or

exceeding that accuracy.

These analyses do not prove statistically which of the models evaluated is
best but do give the reader a qualitative approach to evaluating the suita-
bility of a given model. From these studies, the authors have concluded
the diffusion limited models, based on Equation (8), appear to be most
generally applicable for describing the kinetics of phosphorus sorption

by mineral soils.
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(8-2)

(8-1)
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Table 6. CORRELATION COEFFICIENTS FOR SORPTION
MODELS WITH LOG TRANSFORMATIONS

Equation No.

(7N

(6)

(5)

Soil

9

9

9

9

.8

9
0.88
0.96
0.51
0.96
0.91
0.88
0.95
0.94
0.81
0.96
0.95
0.75
0.96
0.97
0.97
0.96
0.95
0.97

0.72
0.80
0.88
0.86
0.67
0.62
0.67
0.80
0.51
0.75
0.71
0.56
0.85
0.84
0.89
0.90
0.92
0.92

¥R K X X X K K X X ¥ K K ¥ W K X K K X K F ¥ * ¥

<MOAMKMUN R REZ00rmuBDEEZXMHN

0.91

0.75

Mean correlation
coefficient

*Not evaluated.
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Figure 12. Correlation coefficient versus accumulative frequency for

the five kinetic models. The log transformed data from
Table 6 is represented by the dashed curve and linear
presentation from Table 5 is represented by the solid curve.
Function 1 is the kinetic model described by Equation (7).
Function 2 is the kinetic model described by Equation (5).
Function 3 is the kinetic model described by Equation (6).
Function 4 is the kinetic model described by Equation (8-2).
Function 5 is the kinetic model described by Equation (8-1).
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APPENDIX A

EXAMPLE CALCULATIONS FOR SOLUBILITY OF PHOSPHORUS COMPOUNDS

1.

Solubility of A1(OH) 2H PO 4 (s) in the presence of excess A1(OH) 3(s)
and H,0

_Hep
. 4 _ _ 10-30.5
Al(OH) ,H,PO 4 (s) + Al 3 + H,PO, + 20H
+ : : -
A3 + 3H,0 ¥ AL(OH) s (s) + 30" 10”0 95
A1(OH) ,H,PO,(s) + 3H,0 > H,PO, + 20H + SH' + Al(OH) 3(8) 10740
oH' + 20H” ¥ 2H,0 1028
N + -12
Al1(OH), H,PO,(s) + H,0 + H,PO, + H + A1(OH) s(s) 10

Assuming the activities of A1(OH) ;H,PO4(s), H,0, and A1(OH) ;(s)

are equal to 1

[H,PO}] [H] = 10 12

The occurrence of the different phosphate species is pH dependent.
Thus, the total phosphorus in solution (PT) is the sum of the different

ionic species. Although only significant quantities of H,PO, and HPO,?

will be found in soils, all species are included here for completeness.

Pp= [POLY + [HPO % + [H,PO,] + [H3PO,) (16)
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[H,PO7] K; K5 [H,PO3] K [H,PO,] [H']

P = + + [H,PO,] + (a7
¥ +
T LUk H*] K,
where K, is the ionization constant for H3PO, = 7.58 x 1073
K, is the ionization constant for H,POs = 5.93 x 105
13

K ; is the ionization constant for HPO,%= 3.43 x 10~

Thus, at pH 3

P_.=1.13%x10°

T M

2. Solubility of CasOH(POy) 3 in the presence of 0.001 M Ca 2 ion in

solution K
sp
CasOH(PO,) 5(s) ¥ 5Ca*2 + 3P0L3 + OH” 107996
Assuming the activity of CasOH(PO,) 3(s) is 1
[Ca™2]% [POLY® [OH] = 10726
_ [POR*I[H] [POLY[HTI? [POLI[H')?
Pp = (PO 7 + K3 * K3K2 ¥ K 3K K, (18)
Thus, at pH 6
P.=7.1x10 %M
=1

3. System equilibrium of H,0, CaCO3;, CasOH(PO,) ;3 and CO,(g)

This is a more complex system than those evaluated earlier. To simplify
the system, consider first the CaCO;(s), H20, CO,(g) system to deter-
mine the [Ca+2] concentration which, in turn, permits determining the
phosphorus in solution. In other words, the assumption is made that
just CaCO 3 controls the solubility of ca*’. Using the solubility data in

Table 1 we obtain
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e -
Poo, + Ha0 > HaCO, K=3.4x1072

[H2COs] =K Py (19)
H,CO; ¥ H® + HCO? ch=4x10_7
_ KPgq,Kig
(HCO3] = ———er— (20)
[H]
- + -~ -
HCO3; > H™ + 032 Kag =5x 10 1
| KPgq, KigKag
[CO3Y = —r (21)
CaCO,; ¥ Ca’2 + cO32 K =5x 1078
K [H]?
+ S
[Ca" 2] = 22)
KPro, Kig Ko

For the system to be at equilibrium, electro-neutrality must also exist.
Therefore,

2{Ca* 2] + [H'] = 2[CO3 + [HCOS] + [OH ] (23)

Substituting into Equation (23), one obtains

9 37

10 gt 1Y v 9.5x 1070 p 2[H+]3=9.2x10_ p

2
CcO CO»

27 33

+9.2x10 2 P2 [H'] +6.8% 10 Py [H'] (24)
To solve Equation (24), a value for either the CO2(g) pressure or pH
must be assumed. The partial pressure for CO;(g) in the atmosphere
is approximately 0.0003 Atm. In soils, one would not expect to find the
partial pressure of CO;(g) below what it is in the atmosphere. Solving
for the pH based on a CO,(g) partial pressure of 0.0003 Atm, one finds

the pH to be 8.7.
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Knowing the pH and CO2(g) pressure, it is possible to calculate from

Equation (22) the [Ca' '] concentration as 9.76 x 10°% M. This permits

calculating [PO,°%] as 1.79 x 10712 M, which is used to calculate the

total phosphorus from Equation (18) as 1.07 x 10”8 M.

System equilibrium of strengite FePO,+2H,0(s), FeOH(s) and H,0.
From Table 1

FePO,+2H,0(s) & Fe'3 + POL? + 2H,0 9.9 x 10”29
Fe'? + 3H,0 ¥ Fe(OH) s(s) + 3H" 1x 108

< -3 + -34
FePO,+2H,0(s) + H,0 ¥ PO + 3H' + Fe(OH);(s) 10

Assuming the activity of the solid compounds and H;0 to be 1, then

10734

[POLY =
Hh)?

Since the total phosphorus in solution is

P = P0O,% + HPO,? + H,PO,! + H3PO,

P at pH 3 is equal to 5.65 x 10712 M.
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APPENDIX B

METHODOLOGIES OF SOIL ANALYSIS

Reference
Parameter No. Page

Surface Area - Water Vapor Adsorption 76

Particle Size Analysis (¥ 562-567

Cation Exchange Capacity 717 899-900

Percent Organic Matter 78 105~106

Total Phosphorus 79 175-176

Resin Extractable Phosphorus 38 482-483

Total Iron ~ Atomic Adsorption Determination 77 955-956

Exchangeable Aluminum - Atomic Adsorption 77 967-968
Determination

Total Aluminum - Atomic Adsorption 77 855~956
Determination

Exchangeable Aluminum - Atomic Adsorption 71 986-987
Determination

Total Calcium - Atomic Adsorption 77 955-956
Determination

Exchangeable Calcium - Atomic Adsorption 77 894-895
Determination

Total Magnesium - Atomic Adsorption 77 955-956
Determination

Exchangeable Magnesium - Atomic Adsorption 77 894-895
Determination

Saturated pH 78 102

Electrical Conductivity 78 89-90
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APPENDIX C
PROCEDURES FOR MEASURING PHOSPHORUS SORPTION ISOTHERMS

DESTRUCTIVE PROCEDURE FOR MEASURING PHOSPHORUS ISOTHERMS
ON SOILS

Ten grams of air-dried soil were placed in a 250 milliliter flask contain-
ing 100 milliliters of a solution of 0.01M calcium chloride and a specified
phosphorus concentration. Fourteen replicates were set up for each
concentration. These were then placed on shaker tables in a constant
temperature (20° C) room. Two of the flasks for each concentration were

removed at specific time intervals for phosphorus analysis.80

The initial concentrations of phosphorus in the flasks were 1, 3, 10, 30,
and 100 milligrams per liter. The time intervals for sampling and
analyzing the different concentrations were 1, 3, 10, 30, 100, 300, and
1,000 hours.

NONDESTRUCTIVE PROCEDURE FOR MEASURING PHOSPHORUS
ISOTHERMS ON SOILS

Ten grams of air-dried soil were placed in a 250 milliliter flask contain-
ing 100 milliliters of a solution of 0.01M calcium chloride and a specified
phosphorus concentration. The flasks were then placed on shaker tables
in a constant temperature (20° C) room. At specific intervals, 10 milli-
liters of soil suspension were withdrawn and placed in 15 milliliter
centrifuge tubes and centrifuged for five minutes at 4.6 x 10° cm-sec 2.
Five milliliters of the supernate were withdrawn for phosphorus analysis. 80
This volume was replaced with five milliliters of the original solution con-
centration and the soil was hand shaken back into suspension and returned

to the original flask for continuation of the isotherm.

The initial concentrations of phosphorus in the flasks were 1, 3, 10, 30,
and 100 milligrams per liter. The time intervals for sampling and analyzing
the different concentrations were 1, 3, 10, 30, 100, 300, 1,000, and 3,000

hours.
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APPENDIX D

PHOSPHORUS SORPTION ISOTHERM DATA

This appendix is divided into two parts. Soils "A" through "U" were
analyzed "nondestructively." They are included together with a
computer program which was used to convert the raw experimental data
into the data presented in the appendix. The data presented in this
appendix was used as a basis for evaluating the kinetic models. It
should be pointed out that some smoothing was used to calculate the
rate of sorption from the experimental data. The remaining soils which
were evaluated "destructively' -are also included with their computer
program which used the same smoothing technique to evaluate the rate
of sorption. To clarify what is listed in the tabulated data, each table
follows the following format:
Column 1 - Elapsed time from the initial application of
equilibrating solution.
Column 2 - [nitial concentration at the beginning of a
time period. On the "destructively" sampled
soils this is the concentration that was measured
at the preceding time. On the "nondestructively”
analyzed soils this concentration reflects the
replacement of solution at a higher concentration.
Column 3 - The measured concentration at the time analyzed.
Column 4 - DC/DT is the rate of change in the solution con-
centration calculated from the previous columns
of data.
Column 5 - DS/DT is the calculated rate of change of
phosphorus sorbed by the soil.
Column 6 - Amount of phosphorus sorbed by the soil and
was calculated based on the initial sample weight.
Column 7 - The sum of the resin extractable phosphorus

and Column 6.
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PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 7209 7209 0000

Va2 M1l ACTUAL 16K CONFIG 16K

// FOR

#]OCS{DISKs1132 PRINTERsCARDTYPEWRITER»KEYBOARD)
#*EXTENDED PRECISION

#*LIST SOURCE PROGRAM

*¥ONE WORD INTEGERS

C PHOSPHORUS SORPTION ISOTHERM DATA CONVERSION ASSUMES 10 G SOIL SAMPLE
DIMENSION CI(10s7)sFC(10s7)9DC{L0s7])s DS(10s7)95PAD{LUNT I 9SPS(107
#) 97010}

100 FORMATI(I3)
READ(2+100)N
C N IS THE NUMBER OF SOIL SAMPLES
DO 1000 [D=1sN
110 FORMAT (A2}
READ (24+110) SN
C SN IS THE SOIL NAME
120 FORMAT (215)
READ (24+120) INsJN
C IN IS NO. OF TIMESE UN IS THE NO OF CONCENTRATIONS
130 FORMAT (5F1040)
READ(2+1301{T(1)el=14IN}
C T IS THE TIMES MEASUREMENTS TAKEN
140 FORMAT (10F743)
READ (241400 CI{1sJ)rsJ=]sIN)
C Cl IS THE INITIAL COMCENTRATIONS
DO 150 I=1»s1IN
160 FORMAT (10F7.2)
READ (241600 {FCIT1aJ)sJd=1yJUN)}
C FC ARE THE MEASURED CONCEMTRATIONS
150 CONTINUE
170 FORMAT (F10e3}
READ (2+170) REP
C REP IS THE RESIN EXTRACTABLYI PHOSPHORUS
DO 1 I=2,-IN
DC 2 J=1sJN
2 Cl{lsJ)=0e95%FC(I~19J)+D405%#CI(1sJ)
1 COMTINMNUE
DD 3 I=1,1IN
DO 4 J=1s»JN
PAD = {CH(1»0)=FClIsJ)})/2De
A=]
IF (A=1) 818+6
8 SPAD(IsJ) = PAD*10C,

SPS{I1sJ) = SPAD(IsJ)+REP
GO TO 19

9 SPAD (I4J) = SPAD(I=1sJ)+(PAD*1CD.)
SPS (IsJd)l = SPS (1=14J14(PADH*150,.)

10 CONTINUE
4 CONTINUE

3 CONTINUE
C RATE CALCULATED ON + POINT MOVING
C CURVE
DO 20 J=1sJN
[=1

SUMX=ALOG(1+0E~101+ALOG(T(1})
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PAGE 2

SUMY=CI(I2J)+FC(IvJ)
A=T1{1)
B=FC(IsJ)
SUMXY={=G9 4 1 #CI(1sJ)+(B¥ALOG(A))
SUMXZ=ALOG(1s0E=10)%%24+(ALOGIT(I))%%2,)
DEMON=2 ¢ #SUMXZ~=SUMX*#2,
RATE= (24 ¥SUMXY=SUMX#SUMY ) /DEMON
DCUIsJ)=RATE/TI(I)
SUMY=SPADI(IsJ)
SUMXY=ALOGITII) ) #SPAC(1s0)
RATE={[1{2s#SUMXY }=SUMX#*SUMY } /DEMCN
DS{I»J)=RATE/TI(I)
DO 49 I=24IN
SUMX=ALOG(T{I=1))+ALOGI(TI(I))
SUMY=Cl (I JI+FC(]sJ)
SUMXY=(ALOGIT(I=1))#CI(I+J} )+ (ALOGIT(I}) *FC(TsJ))
SUMXZ=ALOG(T(I=1))#*2++(ALOG(T{1})#*%24)
DEMON=2 ¢ ¥SUMXZ=SUMX %% 2,4
RATE={(2¢#SUMXY ) =SUMX%¥SUMY } /DEMON
DC{I»J)=RATE/T(I)
SUMY=SPAD(I=1yJ)+SPAD{ )
SUMXY=ALOG(T(I=1))1%SPAD(I=19J)+(ALOGITII))*SPADIIJ))
RATE=( (24 #SUMXY )=SUMX*5UMY ) /DEMON
DS(T1sJY=RATE/TI(I)

49 CONTINUE

50 CONTINUE
WRITE (3,200) SNsREP

200 FORMAT('1'/////14X" PHOSPHORUS SORPTION ISOTHERM'//!
* SOIL 'sA2s///' RESIN EXTRACTABLE PHOSPHORUS O
#N SOIL BEFORE SORPTION '4F541s' PPM!/'—m=m=mmm—mm=— ettt
et ———————————————— -1/}
205 FORMATI( fOTIME  INITIAL  FINAL
% DC DS SUM P SUM P'/7Xs'  CONC CORC DT
* DT SORBED  ON SOIL'/'  HRS MG /L MG/L  PPM/HR
* PPM/HR PPM PPMI /1 oo m e o e e e e e e e
Jb o s e e e s e s v/
WRITE(34205)
ICNT = 12

DO 180 J=1sJN
210 FORMATI(1X3F54092F94¢292E10e292FF42)
WRITE (352100 (TU(I)aCICIsJ)sFClTIad)sDClTIod)s DSULaJ1+SPAD(I+J)95PS
#(IsJ)lel=1yIN)
220 FORMAT (/)
WRITE(3422C)
ICNT=ICNT+INM+2

IDUM=54~1IN :
[IF(ICNT=IDUM) 222492219221
223 FORMAT ('1'////7/721X"' SOIL 'sA2s' CONTIMUED!'//)

221 IF (J=JN)224+180,180
224 WRITE(34223) SN
WRITE(3,205)
ICNT = 5
GO TO 180
222 CONTINUE
180 CONTINUE
1000 CONTINUE
CALL EXIT
END

FEATURES SUPPORTED
ONE WORD INTEGERS
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EXTENDED PRECISION
10CsS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 1344

END OF COMPILATION

// XEQ

PROGRAM
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PHOSPHORUS SORPTION [SOTHERM

SOIL

A

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFOQRE SORPTION
e e e e e e e e e e e i e e e e e e e et e e o (~———

TIME

A s S e P B e e T n, G S S o B A > oy e s G G e S W b T S WD o > W o e WD e s Ty T G i T e i WD s - Gy e T P~ T o, —rn -

1le

10,
30
100
300,
3874
1016,
3001,

ls

3.
10
30
100,
300,
387
1016,
3001.

1.

10,
30
100,
300,
387,
1016
3001,

INITIAL

ConC
MG/L

1.00
074
0475
0s62
O¢48
Oe43
0«38
Ce34
036

500
4433
4427
4413
3483
3457
3419
3408
3406

10,00
8490
8494
8e78
Bebé
7.91
7433
Te25
7425

FINAL
CONC
MG/L

Ces73
OeT74
0.60
Q0es45
040
Q¢35
0430
0¢33
0e29

4430
424
44,08
3677
3450
3410
2098
2¢96
2¢74

8s84
8489
BaT72
8436
7480
7420
7ell
710
6e67

oC
DT
PPM/HR

-0+2GE 00
-0, 13E-03
-0e12E=01
-0e¢51E=C2
~0e68E=03
~0e24E-~03
~0e76E=~03
=0488E=05
-0.21E=04

=0sl4E 01
~0,28E=Q1
-0e16E-01
-0e410E~01
~0e27E=0Q2
-0+ 14E~-=02
-0e21E=0Q2
~0s12E-03
~0410E=03

=0629E 01
=Ces29E-02
=0418E=01
-0412E=-01
~De53E=02
=0e¢21E=Q2
~0+422E-02
~0e15E=~03
-0s.17E-03

DS
DT
PPM/HR

Os11E 0O
0e¢13E-02
0.12E 00
De51E-01
0«68E-C2
Oe24E~-02
O¢76E-02
0.88E=04
Q0e21E~03

0«30E 00
0«28E 00
Os¢16E 0O
0.1CE 0O
O«e27E~C1
Oel4E=-01
0e21E-01
Del2E-02
04¢10E~-C2

0.50E 09
0e29E-01
0»18E 00
Cel2E 00
0e53E~01
Oe2l1E=~01
0s22E~C1
Oe1l5E~02
Oel7E-02

59

SUM P
SORBED
PPM

269
2¢69
44290
5490
6473
T+53
8428
B3e37
905

6498
7462
9486
13443
16.79
21454
23.65
24483
28411

11,556
1165
13.89
18413
24458
31568
33,94
35647
41,25

)
ON

441 PPM

umM P
SOIL
PPM

6476
6479
8430
10,00
10.83
11.63
12438
12447
13.15

11.08
12.02
13496
17,53
20.89
25464
27475
26.93
32421

15,66
15475
17.99
22423
28468
35.78
38406
39457
45,435



D S — . O IR . B e T A A G S S G50 D G T e G G SR G G T PP T Gy D GED P} W S v ) pup W e S WDy T P G g w— . (e S g ——

le

36
10.
30,
100.
3004
387
1016,
3001

le

3e
10,
30.
100,
300.
387,
1016
3001,

INITIAL
CONC
MG/L

40400
37463
35446
37474
36438
34430
33435
32452
33411

100400
82419
94,71
95485
95485
90450
89,07
87461
86477

SOIL

FINAL e

CONC DT

MG/L PPM/HR
3751 -0.11E£ 02
35423 =0472E 00
37663 0.17€ 0Q°C
36419 =0s47E-01
34¢00 =0,19E~01
33400 ~-043GE=~-02
32413 =0412E~=01
32475 0e23E=03
3077 ~=0s472E=03
8le26 ~0W429E 02
Q4 ety 0+37E 01
95464 O0s 7T6E=Q1
95664 =0266E=02
90400 =0448E~01
88450 ~0.60E=-02
B6496 =0421E~-01
86.08 ‘00155-02
83426 =0,10E=02

A CONTINUED

Ds
0T
PPM/HR

Q«10E 01
Oe72E 01
-0.17E 01
O«&7E 00
0+19E 00
0e¢39E-01
0«12 00
~0423E-02
0e72E-02

0+.81E O}
~-0s37E 02
~0s 76E 00

Oe66E-01

Qe48E QO

0s60E-01

0.21E QO

O0«15E~01

0+10E-01

60

SUM P
SORBED
PP

2490
48494
2732
42491
66471
79.71
9191
89465
11307

187440
64456
55475
5792

116450

13650

157465

172497

208413

SUM P

ON SOIL
PPM

29400
53404
3le42
47401
7081
83.81
96401
934,78
11717

191450
69406
59.84
62402

120,60

140460

161475

177,07

212423



RESIN

. S G G e S R agn WS G . s G . G 0 €D T B S (D Eng Gae D WD G SEN wmp Wi fep G SNS G S S . ——— . T = Gun e — G Y Fun W Sutn W e S T S e -

- o TS Vb e wme Fe i g A e = G S e GUR S e S S G G S G . . G A S . S S G Aty G W P G N S G e She G 4SS SN S Sve Gu AT G S B

1.

10.
30,
100,
300,
1007,
3004

1.

3
10
30
100,
300
1007
3004

l.

3.
10
304
100,
3004
1007,
3004

l.

3.
10.
30,
100,
300
1007,
3004,

PHOSPHORUS SORPTION ISOTHERM

SOIL

A

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

0+50
O+49
0443
0e34
0.30
0.21
Odlo
0419

1,00
De«88
0.78
0466
Oe50
Oebl
0637
0436

3,00
2461
2438
2412
950414

950614

950414
0.15

7400
6428
5693
5457
5¢40
5:27
4,459
6403

15,00
13457
1329
13.10
13414
13629
11.88
12451

FINAL
CONC
MG/L

Ce4S
O0ed3
Oe34
029
0«20
Oel?7
Qel7
Q.08

0¢88
Oe77
Q65
0e52
038
0s 34
0s33
0e20

2059
2¢35
2408
999499
999499
699499
000
0.00

625
5488
5450
5632
5¢18
Latt T
5498
4413

13450
1320
1300
13404
13420
11e72
1238
11418

DC
DT
PPM/HR

-0el4E 0O
~0418E=~01
-0e77E=02
-0el6E=-02
~0+83E=-03
~0e12E~03
-0413E-04
-0e434E=-04

-0e29E 00
=-=0e¢35E=01
~0s10E~-01
~0e42E=Q2
=0s13E=02
~0s21E=03
~0¢36E=04
~0e48E=04

-0+87E 00
~0s79E=01
=0es25E~01
0+30E 02
Os41E 0O
0«¢15E 00
=0.77E 00
=Qs45E=04

-~0420E 01
=-0«12E QO
~0s36E£=01
=0s75E=02
-0s18E=02
-0+ 24E=02

QellE=0Q2
~0+57E=03

~Q+43C Q1
=~0s+11E 0O
~0e¢24E=01
~0e16E~02

0«51E=03
=0e47E~02

0440E-03
~0+40E=03

61

DS
DT
PPM/HR

Oe&43E-D2
0+18E 00
0077E-01
0s16E-01
0+83E-02
Del2E~0Q2
Q4l13€-03
0e34E-03

0e52E~01
Oe¢35E 00
0«10E 00
0s42E-01
0s13E~-01
0e21E~02
Qe36E~=03
Qe4B8E-03

0s17E 0O
0«79E 00
0e25E 00

SUM P
SORBED
PPM

0.10
Q.70
1.84
2417
3.18
3459
3«75
4489

1.20
2436
3667
5408
6sT74
Tetl4
7+89
Ss47

4410
6,70
972

4el PPM

SUM P

ON SOIL
PPM

4420
4480
5473
6427
7428
7469
7485
8499

5430
6e45
TeT7
9,18
10.84
11454
11499
13457

8420
10.80
13.82

~0¢30E 03 =9969.,00 =9364.50
~0e4lE 01-10467049'10463039
~0el5E 01-10965+99~10961.89
O 77€ 01 —1464450 =1460440
Qe45E=03 =1463400 -1458490

0e32E 00
O«12E Q1
Cs36E OC
Oe 7T5E=01
CelB8E~O1
04 24E~0Q1
=~0ellE~01
0e57E=02

Q«65E QQ
0.11E 01
Oe24E 0O
O« 16E~01
-Oole-OZ
Oe47E~C1
-0s40E~-02
0e40E-02

T e49
1le57
1593
18e42
2064
28472
14483
33,81

14499
18.74
2164
22420
21458
3732
3236
45462

11459
15.67
20403
22452
24474
32.82
18493
37491

19410
22484
25474
26430
25468
41442
386,46
49472



PHOSPHORUS SORPTION 1SOTHERM

sofL 8

RESIN EXTRACTABLE PHOSPHORUS ON .SOIL BEFORE SORPTION Qe6 PPM

- S oy o o e e - T T o - — o T . T - . — S S T ot Gt e SN S > o SR T Gt P S D G P P e S S S v e . S gy S W n as o

TIME INITIAL FINAL 5C BS Sum P SUmM P
CONC COMC o7 DT SORBED ON SO1L

HRS MG/L MG/L PPM/HR PP /HR PP, PPM
l. 1.00 Osll =0e32E CC DJe438E CO 8s84 Seb2
3e 0el6 Celb (e20E~LCZ —~020E-01 877 Se&5
10. 0+¢20 Cell -0e86E=02 0De86FE=-T1 Se81 106469
30, O.14 0sC7 =0e21E~02 0Ve2lE-C1 l1U.51 i1l.19
102 012 0e08 =0433E-03 0e33E-C2 12.93 11.51
300 0412 0e08 =0412E=03 00e12E=D2 11.35 12.0%
387 0s13 0609 =0D6442E~03 De42E~02 11.77 12445
1000, O0.13 0016 QVe30E~04 =0e¢30E-C3 1148 12418
3010. 0420 Ce00 —-Q0e62E5~04 Je62H-03 13455 1446232
le 5400 1e56 =0415C Q1 Del4ts 01 34431 34457
3 l1e74 0e40 ~044CE 00 CealE 01 4766 4E o34
10. 063 0e26 =C43CE=-C1 0a39E CO 5le34 52.02
30, 050 0e17 —-0,98£~02 (Q+398E£-01 54458 55426
102, 0s42 0014 =0422E=02 Ce22E-01 5732 53406
300. D438 0e12 =0481F~03 Qe81F=-02 6Ce01 60469
387. 0+36 Oell =0422E~02 De25E-01 52 445 63417
1000. 0.36 Qel7 =0413E=03 (CelGE-02 54432 65402
3010, Cettl 0eN9 —0e98L=04 De98E-C2 67e5¢ 68427
l. 10400 5403 =04308E 01 Qe21F 01 49 .68 50C.30
1C. 3429 U0e91 =019 Q0 0Qsl1%€ Q1 96eG1 9Te5%
30 1136 0.53 -0.25;5"’.;1 OIZbE C 105021 105089
102. 100 0e37 =0e51E-02 Ce51E8-01 111e52 112426
300. 0e85 Qe27 =0e17E-C02 0a17E~01 117640 112408
387, 0«75 0625 =0«500E=02 0450001 122.32 122.Cé6
1000, Oe74 Je25 =0¢51E~03 0Qe51E-02 12728 127496
3010. De74 De16 =De17E~N3 04170~02 12Z2.02 133.70

62



- . . o T A (I = W fe S b S Goa e S S T L D SR G (e S SR e s L WS e T T (i A e G R S S e S e e v S (G S e e S S —

1.

10
30.
102
300,
387
1000
2010,

le

3
10,
30
102
300,
387,
1000
3010,

INITIAL
CONC
MG/L

40400
27495
21422
14,82
12445
8465
7622
6485
6s14

100.00
95417
659465
56¢45
50498
46480
43,00
38e¢44
35,49

SOIL

FINAL
CONC
MG/L

2732
20424
13,50
11,01
T+00
5450
5¢11
4436
3411

94492
68406
54,416
48440
44,00
40400
35,20
32,10
27.28

DC
DT
PPM/HR

=0.12E 02
-0+23E 01
=0+s64E 00
-Cs11E CO
=0s43E~01
=0s97E=02
-0+21E-01
~0e¢26E=-02
~0,91E~=03

-~0428E 02
=0+.82E 01
~0s125 01
=0+24E 00
-0e55E=01
=0s21E~01
=04 79E=01
~0e66E~02
=(0e24E-02

63

B CONTINUED

DS
DT
PPM/HR

0e55E 01
0e23E 02
Oeb64E 01
Q0s11E 01
Oe43E 0O
0s9T7E=-01
0e21lE 00
Qe26E~01
QeGlE~Q2

Q.22 01
0e82E 02
0s12E 02
Qe24E 01
0+55E 00
0s¢21E 00
0«79E 00
Qs66E=-01
Qe 24E-01

SUM P
SORBED
PPM

126480
20354
281422
319436
37396
405446
426461
451455
481487

50480
321694
476490
55743
627422
695422
173622
B36462
918477

SUM P
ON SOIL
PPM

12748
204462
281488
320,04
374464
406414
427429
452423
482455

51¢48
322461
477,58
558410
627490
695490
773,90
837430
915,45



PHOSPHORUS SORPTION ISOTHERM

SoIL

C

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

= O o A - - - e T T S e g e i R TR GNP G G S S D s T G G G S G (e TS S i S T A D e W G P = G s U i e S e S v S

e e iy . 0 D e A s e . S (. 4o e . S S U (ymp S S VA (D S i S S A R G N e O SR M Gt S D e g S S A e G M G St ot Y i e

10.

100,
300,
410
1015,
3025

1,

10,
30,
100,
300,
410,
1015
3025

le

3
10
30
100.
300,
410
1015,
3025,

INITIAL

CONC
MG/L

1.00
0420
0423
04,05
0.20
0.18
Oel6
0s16
0419

5.00
1.82
0.88
0e53
0456
Oet4l
038
0437
Qe&l

10400
2492
2¢84
1660
les12
0¢93
0486
CeB4
0«84

FINAL
CONC
MG/ L

Oe16
0e19
000
0.16
Oeld
Qel2
Osll
0.15
0400

le72
Oeb6
0«3C
0433
0e17
Oul4
0s12
O0sl16
Oell

2855
2¢47
lelb
0066
Oe4b
0.38
0436
0435
0.28

0C
oT
PPM/HR

~0.32E 00
-0e50E-02
~0e19E~01

D+35E=02
-D4¢57C=03
~0¢19E=03
-0+37E=03
=04+ 78E=05
-0459E~04

-0415€ 01
-0436E 00
-0448E=01
-0453E-02
~0+32E-02
-0482E=03
-0.19E-02
-04226=~03
-0488E=04

-0+31E 01
-0.135 00
-0esl4E 23
-0e28E~01
~0e¢55E~02
~0e16E=02
=Q0s39E~02
~-0e52E=~03
=0s16E=-03

64

DS
DT
PPM/HR

Ce36E 00
0¢50E~01

0419L QO

-0435E-01
0+57E~02
Je19E-02
0+37E-02
Ce78E-0Q4
0+59E~03

0s14E 01
0s36E 01
0+48E 0O
0s63E-01
0s22E-01
OeBRE-CZ
0e¢19E-C1
0e¢22€~-02
Ds88E-03

0e32E 01
0s13E 01
Oela4E 01
"e28E QO
0e55E-01
0s16E-0C1
0+439E=-01
0e52E-02
0el16E-02

SuM P
SORBED
PP

8433
8e49
10.82
Je65
10.33
10+%96
1le44
11,51
134647

32.76
44494
50475
52485
56478
56450
6204
64407
67401

T4 650
7902
35,89
105430
111.97
117.54
122455
127436
132494

645 PPM

SuM P

ON SOIL
PPM

14.83
14499
17432
16415
16.83
17446
17.94
18,01
19497

39426
5ledts
57425
59435
63428
66400
68454
70457
73451

81400

85452
1024269
111480
118447
1246404
129405
133,89
139444



TIME

D - S . .~ - — S —— A G > S Y T ) . W S g T B G S S D G s S e S P S e G = S e G D . S S G . S e ol g

ls

100
300,
410
1015,
3025,

INITIAL
CONC
MG/L

40400
23485
19467
15487
14406
11.97
9488
9463
9449

100400
70455
6371
60410
56049
53492
51455
46470
46451

SOIL C CONTINUED
FINAL DC DS
CONC oT DT

MG/L PPM/HR PPM/HR
23400 ~0412E 02 Qe73E 01
18460 ~0415E 01 04158 02
14660 =0442E 00 0Qe42E 01
1270 ~0e¢%96E~=01 0496E 00
10¢50 =0429E=01 Qe2%9E 00

8430 =DellE=D01 0Qell% 00

8404 =0e14E=01 Oel4E OC

789 =0418E=02 0Q¢18E=01

6¢79 ~0s81E=03 OQe8lE=02
69400 =0430E 02 O0413E 02
61480 =0426E 01 OQe26E 02
58400 =0447E 00 OQOo47E 01
54¢20 =0e17E OC 04172 Ol
51450 =0s4lE=01 OQe4lE 00
49400 =0sl4E=01 OQel4E 00
43490 =0459E=01 0Qe59E 00
43670 =0e32E=02 0e32E=-01
40460 =0,17E=02 O0417€=01

65

Sum P
SORBED
PPM

170,00
222450
27320
304489
340654
37729
39574
413622
440428

310.00
39750
454 460
51359
563649
61274
689424
719429
T778e44

SuM P
ON SOIL
PPM

17650
229,00
27970
311439
3474064
383679
402624
416472
466,478

316450
404,00
461410
520409
569499
619424
695474
725479
784454



PHOSPHORUS SORPTION ISQOTHERM

SolL

D

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

- e W iy o > e o W a0 i S e e o T Gbw A GO A S i S R U Gt (S G B A D A8 Gam e B S i e e S PR M e " e S T e o D e e e e e

—— e G o . s " o o S et S o G e S L s S G D TE nd e D B e e Bt e b M Wt e G O G T (e S T P . i A e (o) e . e . AP Bt S e i Pt e

1l

10
30
100,
317
410
1015,
3025

le
3,

10,
20
100
317,
410,
1015
3025

le

3,
10.
30
100,
2i7.
410
1015.
3025

INITIAL

CONC
MG/ L

100
0410
0405
005
0«18
Oelt
Os14
0612
0+19

5400
1.67
0+78
Ce51
D450
Cebld
038
0+38
Oesta

10400
4472
245
leti8
1,26
1402
0.88
Qs8a
0486

FINAL
CONC
MG/L

0405
Ce0OC
0.00
Os14
0410
0410
.07
0+¢15

AN aY
G2

les9
0s56
Ce27
Ce26
Qel7
Oela
Oel4
Ce20
0.09

4445
e 27
1403
0.81
0655
0¢40
De36
0e38
Qe29

OC
DT
PPM/HR

~0¢32E 00
~0¢30E~D]
~0e41E=02

00278-02
~0.69E=03
-0s12E=03
~0463E-C3

De21E~04
~0e59E~04

~0415E 01
=0433E Q0
~0e42E=01
~0eT75E=02
~0e27E=C2
~0.72E-03
=0.23E=-02
=0e¢195~03
~0e10E-03

=%.31F 01
=0.77E 00
~0+12E 00
~0.20£-01
~0e59E~02
=0e17E~02
=0.49E-02
~0+49E-03
=0s17E=03

66

0s
o7
PPM/HR

O0e41E 00
0«30E CO
Je4lE~Q1
~0e27E-01
Oe69E~C2
Del2E=02
0463E-02
~0e31E~03
Ce59E~03

CelS5E 01
0+33E 01
Qea2E CO
0.75E-01
0e27E~-01
Ce72E=02
04¢23E£-01
Cel9E=-0Q2
Qs10E-02

O«24E O1
Cs77E O1
0s12E 01
O+2CE 0O
0e59E~-01
0¢17E-01
Os49E~Q1
0e49E~-02
0e17E~02

SUM P
SORBED
PPM

Geb4b
1047
12.97
10406
1090
11435
12402
1173
13.68

35.03
46407
51617
53465
£6.409
59465
62.11
63494
67 b4

55et4
80699
96632
103406
110425
11648
121.68
126426
131493

2¢8 PPM

SUM P
ON SOIL
PPM

12426
13627
13477
12486
13470
14,415
14482
14453
16448

37483
48487
22497
56445
59479
62e45
644,91
56474
70624

58624
832479
99.12
105.886
113406
119.28
124448
129406
134473



TIME

T S S e S U A i S Tee Gt T TS e T " i S S e G G Bt D R Gt 2 e R e W e v G S S S S . Gk e T - S S T A S e T S e e S

100,
317,
410
1015,
3025

1.

3

10
3C.

PN
e e

317
410,
1015.
3025,

INITIAL
CCONC
mMG/L

40.00
c4e87
21434
17469
14485
12.26
10.C7

9476

Ge31

100400
78477
783
62481
58e71
53445
4G 465
45446
454,26

SOIL D

FINAL
CONC
M G /' L

24408
20436
16652
13453
10480
8e50
817
7470
601

7705

Lbela

60486
5654
51400
47400
42460
42438
354.C4

oYl
-~

07T
PPM/HR

-0+12E 02
~C+12E 01
-0+40FE 0C
~G+12E 09
~0.33E=01
-0+ 10E-01
-O.lBE"Ol
-0e22E=02
-0.C9E-03

~Ce29E 02
-0e38E 21
-0e5T7E 29
-0+19E 0O
=0+640C-01
~0417E=-01
~0.,065E~01
-0e23E~02
-0430E=C2

67

CONTINUED

DS
DT
PPM/HR

0e59E O1
0.13E 02
0.40E C1
0.128 01
Ve33C 0O
0«1CE 20
Cs1EE 00
De22E-01
Cs99E=~02

Ce97¢ 01
Ce38E 02
0e57E 01
0s19E 01
Deb4E Q0
Q0«17€ 00
0eb66E 00
0632€6-01
0430F=01

SUM P
SORBED
PPN

159420
204436
25258
294422
224475
372325
391440
412.01
445401

223440
349477
419450
48225
559439
622489
694439
725429
827.5C

SUM P
ON SOIL
PPM

162400
20715
255437
297402
337455
375415
294420
614,481
4474381

226420
35257
422429
485406
562419
626469
697419
728409
8304390



RESIN

s e Al > gy T e S ey B o e S B T - ot Rt D > (e oy T e > S N S i ey o Sy R Y kS s T oy S S o

PHOSPHORUS SORPTION ISOTHERM

SOIL

E

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

FINAL
CONC

. — T — - 000 @ T g S . -

1.

10
30
100.
295
363.
1014
3000,

le

3
10
30
100,
2954
363,
1014,
30C0.,

le

3
10,
30
100,
295
363
1014
3000,

100
Oe42
027
023
0.19
Oelb
Oe¢la
0el3
Ce23

5400
3.0¢4
2475
1,91
1453
14,20
1.C1
0496
1,01

10,00
6460
5459
helhB
3482
2¢87
1445
0469
le45

0e39
0424
CslS
0e¢l5
0el2
0¢09
0409
Del9
0.03

2494
2¢63
le74
1435
1,00
Ce80
Q.75
0.80
CetsB

6eb2
536
4419
3¢50
2450
1,00
0¢20
1,00
049

DC
oT
PPM/HR

~0+31E CO
~Ce55E~01
~0+T73E=02
~0e24E=~02
~0s60E-03
~Q0e21E~03

~0e65E~03

0e52E=04
~0461E-04

=0+15E 01
=0s12E 00
~04¢83E=01
~0.17E=01
=0e44E=02
~0e¢l2E=02
~0e34E=02
=0es15€~03
‘00166‘03

~-Ce30E 01
~0437E 0O
=0s11E 0O
=0429E~01
=~CellE=]1
-0e58E=02
~0s16E-0C1

0e29E~03
~0e¢29E~03

68

DS
DT
PPI/HR

De26E CO
Os55E 00
0« 73E~01
0e24E-01
Qe60E~-02
Qe21E~02
0+65E-02
~0e5E~03
0e61E~03

0+89E 00
0s12E 01
0«83E 0OC
Cel7E 0O
Os44E~01
0el2E-01
0e34E~-01
Qel5E~-02
Oelb6E-02

0.15€ 01
0437E 01
O.11lE O1
0.29E 00
G.11E 0O
0s58£=-Cl
Cs16E 0O
~0429E-02
0s29E-02

SUM P
SORBED
PPM

607
7488
8s77
958
10431
11400
11e¢49
1094
12495

20453
24466
34472
4033
45465
49465
5222
5379
59409

35478
48410
62418
72.0C
85425
104.00
11644
113439
122494

SUM P
ON SOIL
PPM

e S e . U G =y > T s - > s G e o B2 e, o G S S g O " T T > D e gy BT T s G S O 2D

1567
17.48
18437
19,18
19.91
20460
21409
2054
22455

30413
34,426
Lh 32
49,93
55425
59425
61.82
63439
68469

45438
57470
71.78
8160
G4 485
113,60
126404
122499
132454



o A o e T o e = e (L e s e o S e 2 £ e (e e i S (2 T e e 7 G i o e B B o o B b

1l

10.
20
100.
295,
363,
1014,
3000,

1.
3
10,
30
100,
295
363,
1014
3000.

INITIAL
CONC
ICYAR

40.00
31482
30e45
26024
19410
8465
L4aet4T
3,03
237

100400
8559
83431
T4e21
5440
26485

9e75
5097
5¢27

SOIL

FINAL
CONC
MG/L

31.39
29495
25452
18,00
700
2460
1,08
C.39
Celd

84484
82444
72486
52+00
23,00
5+00
1,02
Q.28
0,70

DC
DT
PPM/HR

-0«11E Q2
=0s56E 00
-0.40E QO
~0e¢25E 00
-0410E 0O
~-0418E-01
~0s44E-01
~0425E=C2
~0e¢68E~03

-0e29E 02
-0¢S5E 0O
~0+86E 00
~Q046TE D0
~0e26E CO
=-0468E=01
-0s11E 00
~0s54E~02
-0414E-02

£ CONTINUED

DS
DT
PPM/HR

Qe¢37E Q1
0e56E 01
0+40E 01
Ce25E 01
CelOE O1
0e¢18E 00
Oe44E 090
0e25E~01]
Oe68E=~02

Oe65E 01
0e95L 01
0e86E 01
Ce67E 01
0«26E 01
0e68E 00
CellE 01
Oe54E-01
OelaE=Q1

69

SUM P
SORBED
PPM

86410
104480
154412
23656
25756
418406
451491
478425
500455

15160
183.17
287475
509492
823492
1042442
112970
1186453
1232421

SUM P
ON SOIL
PPM

95470
114440
163472
246416
367416
427466
461451
487,85
510615

161420
19277
297435
519652
833452
1052402
1139,30
1196413
1241.81



RESIN

e B A D (e e . . T . S P8 TR S T s M e M s L e gy G P e S WD Eme e Mt M Sy S S . Y e 4 S (W . S it 8ty T A U S e S e o e S e

. s Whp T T e e s G e T e S et B0 Ve o B S P s Ukt TS e Bn ST BV e Gy S D S B S A U T s GRS Sorp s S e St e T My o e Aavg WD D o = s S G2y S G

30
100.
295,
363

1016,
3000,

le

3
10.
30
100,
295,
363,
1014,
30C0.

1,

3
10,
30
100,
295,
363,
1014.
3000,

PHOSPHORUS SORPTION ISOTHERM

SOIL

F

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/ L

100
031
0425
0.18
0el7
Oel4
0e12
Q0412
0420

5.00
3457
1s67
Ce87
0467
0s60
0,48
Ce46
054

10.CQ
Tel5
5605
3435
2468
2411
1454
1436
1632

FINAL
CONC
MG/ L

Ce27
0.21
Oel4
0+s13
0409
0408
D07
0s16
0.02

3.+50
1.49
Q465
0445
0637
025
0.23
0430
Ces1l

7.C0
4479
3,01

2430

1¢70
1,10
0S4
0.87
0465

DC
1
PPM/HR

‘Oc31E 00
~-0e29E~0Q1
-0e95E=02
‘0016E‘02
~0:65E=03
-Ce1BE=03
~0463E~D3

04¢39E=04
~0e¢57E=04

~0s14E 01
~0+63E 0QC
~Qe84E=C1
=0412E=-C1
~0e25E-02
~CellE-Q2
~0e34E£-02
~0el15E=-03
~0e13E~03

=0429E 01
~-0s71E 0O
-0el6E QO
~-0e32E=-01
~0e81lE=02
~0e31E=02
~0s79E=02
~0+¢50E=03
=0+20E=~03

70

DS
o7
PPM/HR

Ce31lE 00
0+2%E 00
0s95€~01
0e16E-01
0s65E~02
0s18E-02
Oe63E-02
~0+39E~03
De57E~03

D:65E 00
0s63E 01
0+84E QO
0.12E 0O
0¢25€-~01
CollE~Q1
0e34E-~01
0s15E~02
0+13E-02

0,13E 01
0.,71E 01
0s16E 01
0+32E 00
0e¢B8lE~01
OOBIE-OI
0s79E~01
0+50E~02
0+20E~02

suM P

SQORBED

PPM

Te21
8.19
9434
9488
1066
1le26
1174
11.33
13¢19

14499
35.78
45494
5Ce17
53e24
56076
59432
60495
6522

29499
53457
74400
84459
9444
104459
110458
11585
122462

78 PPM

SUm P

ON

SOIL
PPM

15,01
15499
17.14
17468
18446
19,06
19454
19413
20499

22479
43458
53474
57697
61406
64456
67412
68475
73602

37479
61437
81480
G239
102424
112439
118438
123465
130642



TIME

- G T s T v T G S . - — S Gt et G (e s T G S W D St G VD TP WA M San TS S G S S 4 T S GH GAS G e > G G G G G e . S S TS =

ls

3
10
30,
100,
295
363
1014
3000

l.

3
10
30.
100,
295
363
1014,
3000,

IMITIAL
CONC
MG/ L

40,00
29499
26447
23450
20405
164,25
13.87
11,33

5671

100400
€3431
78472
73407
62400
52450
43400
38468
19,51

SOIL

FINAL
CONC
MG/L

2947
25476
22464
1900
15400
12450
9483
3491
14§

82sb4
7760
T71le66
6000
5000
40400
35446
15428

4459

BC
DT
PPM/HR

~-0.11E 02
-0.12E 01
~0+31E 00
~-0e¢13E 00
=0s41E=01
~0411E~01
‘OOSBE'OI
’Oo?lE-OZ
~0s12E=02

~0e29E 02
~0417E 01
-0458E 00
-0+39E 00
-0499E=01
~0s39E=01
~0410E €O
~0422E=01
=0445E=02

71

F CONTINUED

DS
DT
PPM/HR

Os45E O1
0e¢12E 02
O0«31E 01
0e13E 01
0s41E 00
0s.11E 00
0¢53E 00
O0e71E~-01
0s12E=~01

O«76E 01
Oe¢l7E 02
0e¢58E 01
Ce39E 01
0e99E 00
0e39E 0O
O«l0E Q1
0e22E 0O
Cets5E=01

SUM P
SORBED
PPM

105430
1467+66
185498
231406
28le56
319,06
359451
433,79
476404

175460
232478
303438
434414
554414
67914
754454
988461
1137.82

SUM P
ON SOIL
PPM

113,09
155446
193478
238,486
289436
326,486
367431
441,459
483484

183440
240,58
311,18
441494
561494
686494
762634
996441
1145,.,62



RESIN

PHOSPHORUS SORPTION ISOTHERM

SOIL

G

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

FINAL
CONC
MG/ L

DC
DT
PPM/HR

0S
DT
PPM/HR

SUM P
SORBED
PPM

> - - — s s 4 ——— T T —— — . - —— Y _—— — " > . = G o o G —— — - — - 5 gy T o o> £ S e

le

10.
30.
100
300
1007,
3004,

1.

3.
10.
30.
100.
300
1007,
3004

1,

3
10,
30,
100,
300,
1007.
3004,

1.

3
10,
30,
100,
300,
1007
3004,

1

EX
10,
30,
100,
300
1007,
3004

0450
Oeb4
0652
0eb2
0e52
Oets7
Qetb
Oe4bd

1.00
098
0489
De95
098
0e94
0.86
0«89

3,00
2488
2.83
2483
2483
2.94
2.77
2492

7400
688
6461
6465
6468
6486
6452
6486

154,00
14481
14465
14435
14443
14,48
13478
14492

0e55
053
0653
0e53
Qo7
Oebb
De45
0«32

0.98
0¢89
0495
0.98
Ce94
0«86
0.89
Oe73

2488
2¢83
2¢83
2483
2494
276
2492
2482

6488
6660
6464
6467
6e86
6450
6486
6049

14,80
lée bl
14,32
14441
14446
13072
14462
14454

-0e¢14E GO
~0e53E~02
0¢12E-03
Os45E=04
~0e48E=03
'003“E‘04
«0+98E~05
~0+40E~04&4

~0428E 00
~0+27E=~01
0s45E-02
0«83E=03
~0e¢34E-03
~0¢25E=03
0¢18E=04
~0e49E~04

~0.86E 00
~0416E~01
~0+70E~03
~0.25E=03
QeB84E=03
~0.55E=-03
0s12E-03
~0e31E~04

~0+20E 01
-0¢86E~01
OelbE=~0D2
Q0s36E=03
Oel4E=02
=0s11E=02
O«27E=03
=0+11E-03

~0.43E 01
-0«51E-01
~0+28E=01
0s16E~02
Cel7E~03
~0423E~02
Cs93E-03
=0+¢11E=~03

72

=~Ce21E=01
0e53E-01
-0e12E-02
~0s45E~03
Qe&4B8E~-02
0e34E=03
0s98E~04
0e¢40E=-03

0s86E=02
Qe27E QO
~0e45E=01
~0e83E=02
0e34E-02
0e25E=02
~0e18E=03
0e49E~-03

0e52E~01
Oel6E 00
Qs 7Q0E~-02
0e25E=02
~0e¢84E-02
0e55E~02
~0e12E=02
0e31E=03

0e52E-01
0«86E 00
-0e¢l6E-D01
-~0s36E=02
=0e14E-01
0¢11E-01
~0e27E-02
0ellE~D2

0e86E=C1
O0«51E 0O
0e28E 00
=0el6E-01
=0s17E=02
0e23E-01
=0¢93E-02
0ellE=02

=049
=032
~0e34
=035
0422
0«34
0ol
1478

0420
le11
0e¢56
0+28
0¢69
1¢52
1429
2491

120
1475
184
1492
0491
2474
l.26
2430

120
4406
3485
373
2400
5467
2432
609

2400
3470
7408
6¢51
6e¢31
13498
2462
6446

214
2469
2+78
2486
1.85
3.68
2420
3e24

2el4
4499
4479
4,67
294
6e61
3426
703

2494
4464
8402
Tt
7425
14492
3456
Te40



PHOSPHORUS SORPTION ISOTHERM

SOIL

H

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

— - - A A 45 G A L S S S . ot B e SN S T GED S D G T G S L G e S G G W G D Gvn T G GER S e W G TS G Y GNR G, G G Gy G Eb S TS G G G = -

l.

104
30.
100
304
1007
3000

1.

b4
10,
30
1Q0.
304
1007,
3000,

1l

4y
10,
30
100.
304,
1007,
3000,

le.

4
10
30,
100,
304,
1007
3000+

1,

4o
10.
30
100,
304
1007,
3000,

INITIAL

CONC
MG/L

1,00
0¢60
0637
0435
0428
0433
0.28
0e24

5400
3.21
2460
2¢25
1,63
1495
ledd
0e98

10,00
7453
6416
5469
4410
5«06
3425
ls48

40400
37462
32471
28441
17473
4eT1
2479
234

100400
90435
86498
68417
51469
14454

5698
5438

FINAL
CONC
MG/L

O0s58
0e33
0e32
0625
030
Qs 24
020
0429

3e¢l2
2448
201l
le46
1,80
1¢28
077
0elb

Te&0
5496
5e47
3480
4480
2490
1404
OeB3

3750
32433
2780
16456
2486
0«84
0e36
Ced2

85485
86430
66450
49,415
10405
1.04
0e40
0.20

bC
DT
PPM/HR

~0+30E 00
—00486-01
~0e54E=02
~0e31E=02

0« 10E=03
~Q0s26E=03
=0e63E=Q4

0s15E=-04

-0+15€ 01
=-0s13E 0O
~0e54E=0Q1
~0s24E=01

O+ 13E=02
=0420E=-Q2
«-0s57E=03
~0425E~03

~042%9E 01
~0+28E 00
=0e75E~01
~0+57E=01

Oes5TE=0Q2
~0463E=Q2

~0418E=02

=0+29E=03

~0.11E 02
~0s95E 00
~0«53E 00
-0+35E 0O
~0e12E 0O
=0e¢l11E=0Q1
-0e¢20E~02
-0458E=03

~0+.29E 02
~0e¢73E 00
~0e22E 01
~0e5TE Q0
~04¢34E 00
~0e¢39E-01
=0+ 4EE=Q2
-0s15E=02

73

DS
DT
PPM/HR

0s18E 00
Oe48E 00
Ce54E~01
0e31E~01
=0e¢10E-02
0e26E-02
0e63E~03
=0e¢15E-03

0s81lE 00
0e¢13E 01
0¢54E 00
0e24E 00
~0e13E-01
OnZOE‘Ol
Qe57E~02
Oe25E£=02

Qs11E 01
0e28E 01
Qs«75E 0O
0«57E 0O
~0s57E~01
0e63E-01
0+18E=-01
0e29E=02

0«10E 01
0+95E 01
0¢53E 01
O«35E 01
O0«12E 01
Os11E 0O
0«20E~01
Q«58E~02

Os44E 01
0e¢73E 01
0es22E 02
0¢57E 01
Oe34E 01}
0e39E 00
Oe46E=01
0e¢15E-01

suM P
SORBED
PPM

4417
6483
733
8637
8425
9413
990
9440

18480
26el4
31410
39404
37441
44420
51410
59430

26400
41470
48461
6758
60668
82428
104443
114.01

25400

7795
12708
245458
394430
433407
457642
476460

101450
142407
346,492
537417
953459
1088467
1144453
1196434

1840 PPM

22417
24483
25434
26437
26425
27413
2790
2740

36480
44 elb
49409
57.04
55441
62420
659410
7730

44400
59470
66462
85458
78468
100,28
122443
132.01

43,00
95,495
145408
263458
412430
451407
475442
494 460

119450
160407
364492
555417
971459
1106467
1162453
1214434



PHOSPHORUS SORPTION [SOTHERM

SOIL

I

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

e b ek e B e A S A (o T S, B S et A (D S S A Ak e S A A SNV S0 fma SN SR (M e M S SV G GRS Sn D SIS W G S G G AR GN G S G GE G SO G Em EE

s e A e O G P ey S G T S M fan @ e M T S Ry ST TS O ) G e e A SN e e S G e G S W e wvs GUS e AN G e U S g = G S o gy

TIME INITIAL
CONC

HRS MG/L
le 1.00

be 0sl6
10 0405
30 Oels
100 0405
304 0415
1007, Oel16
3000, 0.21
le 5400

4 2:04
10, ls49
30, 107
100. 082
304 0450
1007 0e47
3000 0s61
le 10,00

4o 4428
10. 3422
30 2042
100, 1488
304 le25
1007, le13
3000 1,01
le 40,00

4a 2595
10, 22490
30 19467
100, 17423
304 14435
1007, 12.16
3000, 14416
le 100,00

Go Tdall
10, 70472
30, 63.90
100, 6274
304 56470
1007, 49647
3000 51479

FINAL
CONC
MG/L

Oell
0«00
0e¢l0
Qe0C
0s11
0sll
Oel6
005

189
1,31
0e87
0s61
0e27
0e23
D38
0e13

3498
2487
2403
lebb
0e79
0e67
Oe54
0e&7

25422
2200
18460
16404
13,00
10470
12,80

Sebl

73438
69.18
62400
6078
54643
46482
49426
49413

DC
DT
PPM/HR -

-0e32E 00
~0+29E=~01
0e54E=02
-0s43E~02
0e49E=03
-0s¢11E=03
0e65E=05
~0e46E=04

-0¢15€ 01
-0s13E 00
=0¢68E=01
~0el14E=01
=~0e46E=02
~0+80E=03
~0e69E=04
~0s14E=~03

~0e31E 01
«Qe25E 00
-0+13E 00
~0429E-01
~0e¢91E-02
~0el7E=02
=02s49E=03
=0+16E~03

-0.12E 02
=0s71E 00
~0e46E 00
-0«11E QO
=0435E=C1
=0e10E=Q1

0s52E=03
=0esl4E=02

~0e¢29E 02
~0s99E 00
=0e¢95E 00
~0s94E~01
=0469E=01
~0+29E=01
~0¢18E~03
-0e81E=03

74

Ds
DT
PPM/HR

0e«38E 00
0«29E 00
=0e¢54E=01
0043E‘01
~0449E-02
0e11E-02
«0sb65E~04
Oe46E~03

0+413E 01
0s13E 01
Q0es68E 0O
Oe¢l4E 00
Oe46E=01
O«80E=02
0e69E=-03
Oel4E~02

0¢26E O1
0+25€ 01
0s13€ O1
0¢29E 00
0¢91E-01
0el7E~01
0e49E=-02
0416€-02

Osb64E 01
Oe71E 01
Os46E 01
O«11E 01
0435E 00
O0¢10E 00
=0s52E=02
Osl4E=01

Os11E 02
0e99E 01
Cs95E 01
0+94E 00
0+69E 00
0+29E 00
0+18E-02
0+81E=02

SUM P
SORBED

PPM

8483
10e44

G494
11439
1079
1lel6
1108
12461

31.10
3845
44470
49436
54496
57468
58451
63435

60420
T4e31
86627
95495
106492
11273
118469
124410

147480
187439
230438
266468
309406
345451
339.21
386434

266420
321451
408472
439492
523403
621491
624410
650477

6¢7 PPM

SuM P
ON SOIL
PPM

15453
17414
16464
18409
1749
17486
17478
19431

37480
45415
51440
56406
6lebb
64438
65421
70605

66490
81400
92497
102465
113.62
119443
125439
130480

154450
194408
237408
273438
315476
352421
345,91
393.04

272490
328421
415441
446461
529473
628461
630480
65T e47



PHOSPHORUS SORPTION ISOTHERM

SOIL

L

RESIN EXTRACTABLE PHOSPHORUS ON SO1L BEFQORE SORPTION

. T e e e . e S0 s S e B - i S . D L TR ) M} S Pim e e D G M S g A ) ST S ) ST TR T A s e P e M WP Wt e Wy = U

- e Gfe . S G W e A G GO i ST e Gl CES G e G G A e G G G i S S S S S e G e D G S S T T G S (e St S D S G G S G S G e S G e S PR SO

le

10
30
1006,
312
1015,
3005

l.

3
10
30
100.
312
1015,
3005

1.

3
10
30
100
312.
1015.
3005

l.

3
10
30
100,
312
1015,
3005

1.

10,
30
100,
312
1015,
3005

INITIAL

CONC
MG/ L

1,00
0e35
Oels8
0.05
0e05
0+05
0405
0«05

5.00
2.51
1467
Oe54
0.38
Oe¢34
0625
033

10,00
6686
4430
1.83
0.92
0469
Deb5
0462

40,00
30450
24470
18434
13,21
8465
5489
4428

100,00
8290
T4e73
66437
55473
4870
42462
37.18

FINAL
CONC
MG/L

0e¢32
Oeld
0400
0400
0400
0400
000
0eC4

2480
1450
0+31
Oeléh
010
0400
0e¢09
0+05

6,70
4400
1+¢40
0+45
0¢20
Oel6
Oel3
0+05

30400
2390
17420
1180
7.00
4410
2041
Oe76

8240
73440
64 e60
53640
46400
39460
33488
18450

DC
DT
PPM/HR

-0.31E OO
~0s66E=01
~0s15E=~01
~Cel5E~02
~0¢41E-03
~=0e14E=03
-0e41E~04
~0e¢30E£~-05

=0415€ 01
-0e42E 00
~0s+11E 0O
-0s12E=01
=0e23E=02
~0+G7E=03
~0s13E=03
~0.88E~04

-0,30g 01
-0e86E 0O
=04 24E 0O
~0e4lE~01
-0e60E-02
~0el4E=02
-0e43E£~03
~0s17E=~03

-0s11E 02
'OOZOE Ol
=0e62E 00
~0s19E 0O
~0a51E=01
~Q0s12E-01
=0,29E~02
=0e10E=02

~0.29E 02
-0.28E£ 01
-0+84E 00
~0e¢39E 0O
~0480E~01
-0e25E~01
~0s72E~02
=0.57E~02

75

DS
DT
PPM/HR

0+2%E 0OC
CebG6E 00
C«15€E 0O
O0¢l5E~-01
Qe4lE~-Q2
0s14E-02
Qe&tlE-03
0+30E=-04

0s95E 00
0e42E O1
Os11E O1
0«12E 0O
0+23E-01
0s97E=02
0s13E~02
0.88E£-03

Qel4E O1
0s86E 01
Ce24E 01
O«4lE OO
0+60E=-01
Osl4E=-01
Qe43E-02
Qel7E=0O2

Os43E O
020E 02
De62E Ol
0s19E O1
O«51E OO
0s12E QO
0+29E=-01
OulOE“Ol

Oe78E Cl
Ce28E 02
Qe84E Q1
0e39E 01
0+80E 0O
0e¢25€E 00
Oe72E-01
0.57E-01

SUM P
SORBED
PPM

676

8¢93
10476
1126
11476
12426
12.76
12486

22400
3610
49475
5379
56462
6007
61e65
64¢52

33,00
61465
90465
104 e 44
111.72
117402
122424
12797

100.00
166.00
241404
306 e 44
368454
414404
448,89
484419

180400
275400
376430
505499
603429
694029
781469
968455

lel PPM

SUM P
ON SOIL
PPM

7486
10,03
11486
12436
12.86
1336
13486
13496

23410
37420
50485
54489
57672
61417
62¢75
65462

34,10
62475
91475
105455
112.82
118412
123434
129.07

101,10
167410
24214
30754
369 .64
415414
449,99
485429

181410
276410
377440
507409
604439
695439
782479
669465



RESIN

T S L D s T . B4 T D A S ey S S G T G 0 S WD G D P R S S T S SO R S Y W S G ) e G D W M S R S P S Y ek ke T et U e B Se B
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1

104
304
100,
312,
1015,
3005,

le

3.
104
30,
100,
3124
1015,
3005

le

3
104
30,
100,
312,
1015,
3005

1

3
10.
30,
100,
312,
1015
3005,

1,

3.
10,
30,
100,
312
1015
3005,

PHOSPHORUS SORPTION ISOTHERM

SOIL

M

EXTRACTABLE PHOSPHORUS ON SOIL BEFOQORE SORPTION

INITIAL

CONC
MG/L

100
0s77
0461
Qe4é
039
0429
0e28
0430

5400
405
3047
2462
2024
177
158
1453

10400
Te71
6486
6420
5663
4496
4436
4402

40400
35615
33454
31le64
31lel6
29455
27467
28+16

100.00
Q4,87
91464
88.88
87626
83485
8177
86468

FINAL
CONC
MG/L

0e76
060
Qelhée
0¢36
0s26
0424
0627
0613

4400
3440
2+50
2410
1e60
ls4)
1435
0¢70

Te60
6470
65400
5640
4470
4407
371
2+13

34490
33420
31420
30.70
29400
27403
27454
16440

94460
91420
8830
86460
834,00
80982
85498
73450

oC
DY
PPM/HR

-0s29E 00
~0e52E~01
-0s l4E=Q1
~0e32E=02
~0e10E=02
=0es14E=03
=0sl2E=04
=Qeb4E=D4

~0sl4E 01
=~0s19E 00
=048lE=01
~0415E=01
=0e53E-02
=0+10E=-0Q2
=0420E=03
~-0425E=03

=0+29E 01
~0.30E 00
~0471E=01
=0s24E~01
~0e77E=02
=0+25E=02
~0e54E~03
~0458E£-03

~0.11E Q2
=0459E 00
~0419E 00
~0428E~01
~0e¢17E~01
~0¢70E~02
~0e11E=03
~0e36E~C2

~0+28E 02
=0+s11E 01
*0.276 00
~0469E~01
~0+35E=~01
~0e85E~02

0+35E=~02
~0.40E~02

16

DS
DT
PPM/HR

0e10E 0O
0e52€ 00
Qel4E QQ
Ce32E-01
Qel0E~Q]
Os14E=Q2
0el2E~03
0+54E-03

0e43E 00
0¢19E 01l
Oe8lE QO
0s15E 0O
0s53E-01
0+10E-01
0+20E-02
0e25€-02

Cs10E 01
0«30E 01
0«71E 00
Ce24E QO
0s77€-01
0e25E=01
0¢54E-02
0«58£~02

0+422€ 01
0e59E 01
0e¢l19E 01
0.28E 00
0s17E 0O
0e¢70E£~01
DellE~02
0¢36£~01

0+23E 01
0ellE 02
0e27E 01
Qeb69E 00
O0¢35E 00
0«85E-01
=0435E-01
0440E=01

SUM P
SORBED
PPM

2440
4412
5491
6499
8431
8.81
8496
10473

10,00
16450
26429
31.54
38400
41459
43,99
52431

2400
34420
42485
50485
6014
69409
15466
94460

51.00
70455
93495
103,35
124,59
150,20
151.58
269,21

54,00

90469
124410
146495
18964
219494
177493
309,74

4340 PPM

67400
77420
85485
93485
103415
112409
118466
137460

94,00
113455
136495
146435
167499
193419
194458
312421

97,00
133,70
16710
189495
23264
262494
220493
352474



RESIN

Al S G =D S o T IR D W N S Gy S e oy ey . W Y o T R " g s Ghn Ges S e U G G G G BN S D S . S S b oo T R AR GO WD SR G D SN S AR T R
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le

10«
30,
99
364
1009.
3000.

le

e
10
30
99,
364
100G
3000

1.

3.
10
30
GG .
3664
1609
3000,

le

e
10
30,
99.
364
1009,
3000,

1l
3
10,
30
9G.
3644
1009.

3000

PHOSPHORUS SORPTION ISOTHERM

SOIL

N

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

1400
0e62
0eb1
050
O#45
Q0e4S
0e¢49
Qe51

5400
354
2al6
2+86
2452
2.19
153
0+80

10,00
7468
7e1l8
6673
590
4407
2667
2017

40600
35415
34430
33,19
31le&47
2988
27.08
28496

100,00
93473
92440
94490
86032
85.08
83428
91471

FINAL
CONC
MG/ L

Ceb61
0e60
Qe 7
a2
Qass6
Vet 7
0e49
027

3647
3,07
2e¢75
239
2404
l1e35
0e58
0431

Te56
7604
6656
5469
3.+76
2¢29%
1e76
109

34490
34,400
32484
31403
2935
26040
28438
17432

93040
9200
94464
85460
84430
82e40
91428
63410

BC
DT
PPM/HR

-0«30E 00
~0e¢89E=-02
~0e¢l1lE=~Q1
~Ce23E-02

0-796“04
‘00476‘04
=0+¢63E=05
=0« 72E=0Q4

~-0el4E 01
-0e14E OO
~0e34E=01
=0+ 14E=0Q1
~0es40E=-C2
-0e17E-02
~0e¢92E~03
~0el4E=~03

~0s29E 01
-0s19E ©O
=-0+51E~01
~0+31E=01
-0+18E=01
~0e37E=~02
~0+88E~03
~0e¢33E~03

-Us11E 02
=0«35E QO
~0s12E 0O
~0¢65E=01
~0418E~01
~0e73E-02

Oel2E=02
=0e35E=02

-C.28€ 02
-0«52E 00

Oe¢18E QO
-0428E 0O
-0e17E~01
=0e56E=02

O« 77E=02
~0e87E=02

7

)
DT
PPM/HR

0e¢16E OC
0«B9E~Q1
0+11E 00
0¢23E=01
-0+¢79E-03
Cet7€-03
Qe63E=-04
Qe72E-03

O0+66E 0O
Oel4E 01
Oe34E 00
Os14E 0O
0e¢40E~01
Os17E-01
0e92E-02
Oel4E=02

0+10E 01
Qel9E 01
0«51E QO
O0«31E 0O
0«18E 00
0e37E-01
0+88E=02
Qs33E~02

0e22E 01
0«35E 01
OQe«l2E Q1
Qs65E 0O
Oe¢l8E 0O
Q0+73E-01
-0e12E-01
0e¢35E=01

Oe«28€ 01
0528 01
=~0+18E Ol
0«28E 01
0«17E 00
Oe56E=01
~0s77E~-01
QDe87E-01

SUM P
SORBED
PPM

3490
4e19
560
637
6428
6450
657
8494

15430
20406
24418
28493
33472
42413
51666
5656

24640
30.82
3702
47451
68494
86478
95.94
106.76

51.00
62454
7715
98482
120.11
154493
141.93
258434

66400
83629
60489
153497
174417
201402
121.02
407418

98.0 PPM

SUM P
ON SOIL
PPM

101.90
102.19
103460
106437
104.28
104450
104457
106494

113430
118406
122418
126493
131.72
140413
149466
154456

122440
128.82
135.01
145451
166454
184478
193.94
204476

149.00
160455
175415
196482
218.11
252493
239493
356434

164,00
181429
158489
251497
272017
299402
219602
505418
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le

10,
30
G99,
364,
1009,
3000

1,

s
10
30
99
364
1009.
3000,

1.

3.
10,
30
99,4
364,
1009,
3000

1o

104
30,
99
364,
1009,
3000

1,

10,
304
99
364,
1009,
3000,

PHOSPHORUS SORPTION 1SOTHERM

SOIL

0

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

1400
0450
0.37
Qe45
0438
0445
0e34
0433

5400
2474
2429
1493
1d461
le45
1421
Tell

10400
6420
5049
GeT7
4403
3eb4
2.04
1429

40400
32421
32411
25458
15402

5485

272
2¢57

100,00
86432
93473
77467
5143
24466

6elt7
5458

FINAL
CONC
MG/L

Ce48
Oe34
Qe&2
Ce35
Qa2
031
030
023

2463
2415
1477
leg4
1426
1402
0«91
0439

6400
526
Lad9
3e472
3410
1a63
0¢84
0438

3180
31470
264483
13471
4405
0676
060
0023

85460
93440
76450
48488
20470
1455
U662
0453

DC
DT
PPM/HR

~0+30E 00
=-0s50E~-01

0s45€=02
~0e32E-02
0+38E~03
=0+30E=03
=02 43E=04
~0e31E=04

=0,15E 01
~0s+18E 00
~0e43E=01
=0+ 14E=Q1
~0429E=02
-0+91E=-03
=04+30E=03
~0s22€E=03

-0e30F 01
=0.28E 00
=0+82E~01
=0s31E=01
=0.79E=02
~0438E~02
~0s11E=02
~(0+28E=03

-0.11E 02
—0015E 00
~0+60E 00
=0436E 00
=0s92E=-01
=0410E~01
~0s20E=~02
=0.71E=03

~0.29E 02

0.21E 01
~0s14E 01
~0+87E 00
~0426E Q0
~0+48E=01
~0456E=02
-0.15€E=02

8

DS
DT
PPM/HR

Ce22E 00
0¢50E 0O
-0e45€=01
Ce32E~01
-0e38E-=02
0e30E=02
Oe43E-03
Oe31E-03

0410E 01
0s+18E 01
Oe43E 0O
Oel4E 0O
0429E~-01
0e91E=Q2
0030E-02
Q0e22E-02

0«17€ O1
0e28E 01
0e82E 00
0.31E 0O
Qs 79E~-0Q1
0¢38E~01
00115‘01
0e28E=02

0e35E
O0«15E 01
0+60E 01
Oe36E 01
0«¢92E Q0
0¢10E 00
0620E-01
0s71E=02

ol

0s62E
=0421E 02
Oe14FE 02
0.87E O1
0e26E 01
0«48E 00
0+56E-01
0.15€-01

01

SUM P

SORBED
PPM

5420
6486
6e31
Te37
6492
838
8483
9485

23470
29468
34491
39482
43432
47667
50676
57495

40600
49040
59438
69488
79022
9740
109449
118667

82400

87410
159495
278473
388445
439435
460457
483488

144400
73,19
245449
533444
840480
1071.95
113Cs48
1181407

87,00

96440
106438
116488
126422
144,40
156,49
165467

129400
134,10
206.95
325,73
435,445
486435
507457
530.88

191.00
120419
292449
580444
887480
1118,95
1177.48
1228.,07



PHOSPHORUS SORPTION ISOTHERM

SOIL P
RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION 1940 PPM

TIME INITIAL FINAL DC DS SUM P SUM P
CONC CONC DT RT SORBED ON SOIL

HRS MG/L MG/ L PPM/HR PPM/HR PPM PPM
le 1400 0e¢30 ~0431E 00 O0430E Q0 T+00 26400
3 0433 0e22 ~0e34E=01 0s34E 00 8els 27415
10 C.25 Oel8 =0463E=02 0Qe63E-01 8491 27492
30 0422 0el9 =0e84E=03 0e84E~02 9.19 28419
9%, 0423 0618 =0s45E=03 0Qe&5E=02 9473 28473
364 0.22 Delb —-0e13E=03 0el3E-02 10436 29436
1609, 0420 Oslls ~0460E=04 Oe60E~-03 10498 29498
3000 0418 Qell ~0e22E=-04 Qe22E-03 1171 30,71
1, 5400 1¢77 =06415E 01 0sl4E 01 32430 51430
3. 1493 1454 ~0411E 00 OellE 01 36421 55421
10, 1.71 1430 =0433E=01 0Qe¢33E 00 40427 59427
30 leaQ 1408 ~0412E=01 0el2E 0O 44432 63232
9%, 1428 0e¢88 =0s34E=02 Oe34E=01 48434 67434
364 1.08 071 =0e79E~03 0Qe79E-02 5210 71410
1009, 0492 Oe61 =0e30E=03 0Qe30E=02 55425 T4e25
3000 0«82 De3]l ~0e15E=032 0Qel5E=Q2 60443 79443
le 10,00 4e42 =0e31E 01 0Qe24E 01 55480 74480
3 4469 Gelbt ~0el16E 00 0Oel6E 01 61639 80.39
10 443 3662 =046TE=~01 0e67E 00 6952 88451
30 3,93 2¢97 =0s29E~01 0429E 00 7917 98,16
99 3432 2¢27 =0+88E=02 0e88E-01 8966 108466
364 2466 1473 =0e19E=02 0s19E~-01 98498 117498
1009. 2ele lell ~0.10E=02 O0s10E~Q1 109,431 128,31
3000+ 1455 0s49 =0432E=03 Qe32E-02 119496 138496
le 40400 27620 =0s12E 02 0e55E 01 128400 147400
3 27483 26040 =0e43E 00 0Qe43E 01 142439 161439
10 27408 22463 =0436E 00 0Qe36E 01 186489 205489
30, 23449 14436 =0427E 00 Qe27E Q1 278428 29728
99 15464 10622 =0445E=01 9DQs45E 00 332450 351450
364 11.70 1¢53 =0421E=01 0Qe21lE 00 434429 453429
1009. 3445 0e70 ~0e26E=02 04¢26E-01 461482 480482
30004 2466 0e28 ~Ds72E=03 0Qe72E=02 485462 504462
1, 100400 78400 =0e29E 02 0Q0s95E 01 220400 239,00
3. 79410 T1e60 =0e22E 01 0422E 02 295400 314400
10, 7301 69483 ~0e¢26E 00 0Qe26E 01 326489 345489
30, 71433 54482 =0450E 00 0¢50& 01 49208 51108
99, 57¢07 39458 -04145 00 Oel4E 01 66707 686407
364 42460 18490 ~C+5CE=01 0e50E 00 904408 92308
1009, 22495 2440 =0419E=01 Q+19E 00 1109463 1128463
3000. 7428 Ce54 =0420E=02 0420E-01 1177400 1196.,00

79



PHOSPHORUS SORPTION 1SOTHERM

SOIL

Q

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

- s Y S S A B o S ML S A S A S s D L L S SR S Y SN TS e S s e s B gy Vol e U e B B sk ca e D BT S e, o o s B s (e b A ) i oy e S e

TIME

S G G G i B ™ S S H S P S =t s . P T (s T WD S Pt Dy B P B St N e G U T T e P UL p U S D P U e G S gy W ) s s B (B v G S P S U

le

13,
3G
110,
302
1001
3013,

l.

3.
13,
39.
110.
302
1001,
3013,

l.

3
13,
39,
110,
302«
1001,
3013

3
13,
3G,

110
302
1001,
3013

1.

3
13,
39
110,
302
1001,
3013,

INITIAL

CONC
MG/L

100
0479
0.71
0456
0455
059
0452
0e45

500
4407
3471
3.36
3614
3410
2469
1.87

10.00
8e26
7.81
Te74
Teb2
6449
4652
1e84

404,00
37437
36439
35453
30450
25446
18471

753

100400
58405
93473
92640
83437
7993
70472
46,404

FINAL
CONC
MG/L

078
0s70
D54
053
0¢57
050
042
Oe45

4403
3465
3428
3.05
3400
2457
1,70
1.08

Bel?
7+70
7e¢63
T+50
6031
Le2d
led2
De67

3724
36420
35430
30400
24470
17459

5483

le75

9795
93640
92400
82450
78488
69,18
43420
58444

bC
DT
PPM/HR

~0+29E 00
~0427E~01
«0e89E=02
~04¢85E=03

Os14E-Q3
~0428E=03
~0+B4E~Q4
~04¢10E=~Q5

~0+14E 01
~0+13E 00
=0422E-01
=0,73€=02
=0.12E~02
=0s17E=02
~0+82E~03
~C0423E~03

"‘0029E 01
~0¢17E 00
=0¢97E~02
~0e5T7E~Q2
=0s11E~01
-0473E~02
~0425E~02
~0+s35E=03

-0s11E 02

“0¢35E 00

~0a57E=01
-0s12E 00
~0e50E=01
=0425E=01
=0410E=01
~0417E=02

=-0+28E 02
~0s14E Q1
=0+90E=Q1
=0+23E 00
=0+39E=01
=0e¢35E~01
=04s22E-01

0s37E=02

80

DS
DT
PPM/HR

0e95E~01
De27E 00
0«89E-01
0e85E~02
=Q0e¢14E=-02
0e28E~02
0e84E=-03
Cel10E~04

0e42E 00
Del3E 01
0622E 00
0e73E-01
0¢12E-01
Oel7E-01
De82E~02
00235'02

0.79E 00
0¢17€ 01
00976“01
Oe57E=-01
OellE 0O
Qe 73E-01
Ce25E=~01
0e35E~02

011 01
De35€ 01
0«57€ 00
0s12E 01
0¢50E 00
0s25E€ 00
0s10E 00
0¢17E~01

0«89E 00
Oel4E 02
0+%0E 0O
0+23E 01
0s39E 00
0e35E 00
0«22E 00
=0437E=01

SUM P
SORBED
PPM

2420
3ell
4481
5418
54002
5488
690
6494

9470
12,98
18435
21451
22499
28426
38413
46405

18.30
23491
25476
28425
41439
63494
G502
106472

27460
39437
50428
105462
163462
242437
371418
429408

20450
6702
84432
18332
228427
335483
611.04
487,04

32.0 PPM

SUM P
ON SOIL
PPM

34420
35,10
36481
37418
37402
37.88
38490
38494

41470
45,98
50635
53451
54,99
60426
70413
78405

50430
55491
57676
60624
73439
95.%94
127402
138472

59460
71438
82428
137462
195462
274437
403418
461406

52450

99402
116432
215432
260427
367483
643404
519,04



PHOSPHORUS SORPTION ISOTHERM

SOIL R
RESIN EXTRACTABLE PHOSPHORUS ON SOlL BEFORE SORPTION 86¢0 PPM

TIME INITIAL FINAL DC DS SUM P SUM P
CONC CONC DT DT SORBED ON SOIL

HRS MG/L MG/L PPM/HR PPM/HR PPM PPM
l, 1.00 Q0s25 ~0e431E 00 QOe32E 00 Tet9 93450
3 0e28 Oel8 =0e32E=01 0e32E 00 Be55 94455
13, 0e22 0el8 ~0e21E=02 OCe2lE-01 8496 94496
39 Oe22 0e23 O0s16E=03 =0e¢l16E~-02 8489 94489
110 026 0e26 ~0s74E=0Q4 QeT4E~Q3 8497 Q4,97
302 0429 033 0el13E=03 ~Del3E~02 8457 944,57
329 0e37 0«38 Qeb66E~=03 =0s66E~02 8.38 94438
1001 Oettl 0:+64 0s20E=03 =0e20E=02 6e11 92,11
3013, Deb6 0420 =0,13E=03 O0+13E-02 10.75 96475
l. 5400 2+08 «~04s15E 01 0.12E 01 29420 115420
3 222 1e50 ~0422E 00 0e22E 01 36e46 12246
13, 1667 0499 =0s35E~01 0«¢35E 0O 43425 129.25
39, 1+19 O0s74¢ =0,10E=-D1 Ce¢10E 00 4781 133.81
110. 0«95 Oeb54 =0627E=02 0e27E=01 50694 136¢94
302 0.85 0¢38 ~=04615E=02 O¢15E~01 55465 141,65
329 0e61 0s¢75 De47E=02 =0e¢47E-01 54431 140,31
1001. 096 0e¢59 =0432E-03 Qe32E-02 57499 143,99
3013 0.81 0el8 =0e18£~03 Oe¢18E~02 64627 150427
1. 1000 5624 =0430E O1 Q0e20€ 01 47660 133460
3 5e47 4400 =0e44E 0O Qe44E 01 6238 148437
13, 4430 2¢87 ~-0e¢75E~01 Ge75E 0O 76468 162467
3%, 3822 2¢02 =0e28E=01 O0e28E 00 88eTH 174674
110, 2¢41 le36 =0492E=02 Qe92E~01 99433 185433
302, 1079 Qe23 -O.SlE-OZ OCSIE-Ol 114495 200.95
32%. Oe¢71 16429 Qe 20E~01 ~0420E 00 109424 195,23
1001 1e72 0e65 =0e96E=03 0e96E~02 119499 205499
3013, lell Del5 =0,28E=03 0e28E=-02 129.62 215.61

81



TIME

HRS

1o

3
13,
39,
110
302
329
1001,
3013

1e

3,
13,
39
110
302
329,
1001,
3013,

INITIAL
CONC
MG/L

40600
30450
25446
18462
Tel3
3,91
2066
2694
2430

100,00
86436
75401
57623
13,31

6e84
5.98
670
54633

SOIL R CONTINUED

FINAL
CONC
MG/L

30400
24470
17450
540
2402
0s70
0499
0e32
0el3

85465
73470
54498
8e¢75
16494
1404
179
0.35
0423

0C
T
PPM/HR

=0411E 02
=-0+17E O1
=0s+41E 00
=0430E 0O
=0es44E=Q]
=0e¢10E=01
=0«59E=01
=0e23E=02
=0+65E=03

-0029E 02
=0+38E 01
=“0+10E 01
-0+11E 01
=0es99E~01
=0e¢l9E~0C1L
=0e¢l14E 00
=0+57E=02
~0.15E~02

82

0s
OT
PPM/HR

0e43E 01
0s17€E 02
Os41E 01
0+¢30E 01
Os44E 0O
0+10E 0O
0e¢59E Q0
0s¢23E=01
0e65E=02

0e62E 01
Qe38E 02
0e¢l0E Q2
Os11E 02
0¢99E 00
0«19E 00
Osl4E 01
0¢57E~01
0sl5E=01

SUM P
SORBED
PPM

100400
1568400
237464
369450
421400
453,18
469487
496410
51787

143450
270417
470452
555433
1069405
1127.08
1168498
1232457
1283450

SUM P
ON SOIL
PPM

186400
244400
323464
455489
506499
539,18
555487
582.10
603.87

229450
356417
556452
1041433
1155405
1213.08
1254498
1318457
1369450
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— — S T i Al S St S SO M > g AR O DDy A T N e S R G P St B D T Y W W s S — S o " - o > G = v 4= =

1l

3
13
39
110,
302
1001
3013

1l

3
13,
3%
110
302+
1001,
3013,

1.

13,
39
110
302
1001,
3013,

le

13,
39
110
302,
1001,
3013.

l.

3.
13
39
110
302
1001,
3013,

PHOSPHORUS SORPTION ISOTHERM

SOIL

S

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

5400
158
1.08
095
0450
0485
Q0476
0e72

10.00
4400
3427
288
2e41
1e%99
176
1e¢50

40400
24423
23.12
19457
16453
15432
13,11

9,00

100,00
7257
68488
61422
54421
50657
44 ¢4 2
33,99

FINAL
CONC
MG/L

0.21
Qel3
Oe¢ll
0el7
020
OelS
Q027
0s15

legl
0.88
0s73
0+69
Oeb4
Oe54
0s50
O+38

3469
292
251
202
1457
133
106
Qa4

23841
22424
18450
1530
14403
11470

Te37

511

71613
67425
5918
51480
47497
4150
3052
15492

DC
OT
PPM/HR

~0e32E 0O
=~Q0s36E~01
~0e29E=02

Ce20E=03
=0e10E=Q3
=0es14E=03

Oe31E=04
~0e46E~04

-0e¢15E 01
~-0s21E 0O
~0e¢18E=01
=0s60E=02
~0e23E=02
~0e¢10E=02
-0e21E=03
~0410E=03

-0e31E 01
~-0s+32E 0O
=0e40E=Q1
=~0420E=01
=0sT4E=02
~0e¢21E=~02
~0e58E=03
~0e32E-~03

-0s12E 02
-0¢60E 00
-0e24E 0O
=0499E=01
~0e21lE=0Q1
~0s+411E=0Q1
~0e47E=02
-0e411E=02

~0429E 02
~0esl16E 01
-0.50E 0O
~0s21E 0O
«0e54E=01
~0e29E=01
-OollE-OI
~0es42E=02

83

DS
DT
PPM/HR

0«34E 0O
O«36E 00
0s29E~01
*OUZOE'OZ
Qs 10E=02
Qel4E-02
=-0¢31E-03
Ce46E~03

0s15E O1
Ce21E 01
0«18E 0O
Q0«¢60E=C1
0e¢23E-01
0e¢10E-Q1
Os21E=02
Qs10E=02

0s27E 01
Q0s32€ 01
0s+40E OO
020E 00
Os74E=01
0e21E-0Q1
Q0«¢58E-02
0e32E-02

Oe72E 01
Q+60E 01
0e24E 01
0«99E 00
Oe21E 0O
0.11E 00
Qe4T7E=~QL
OollE‘Ol

0e¢12E 02
Os16E 02
0e50E 01
0.21E 01
O«54E 0O
0«29E 00
O«l11E 00
0s42E-01

SuM P
SORBED
PPM

7490
G409
965
9457
9468
10.13
Q.75
11.30

35290
42499
46447
49408
5le74
54488
57049
60491

63.10
73495
81459
90e24
98473
10534
112437
123.00

165490
185489
232417
27492
299497
336425
393465
432462

288470
341493
439401
533+22
595462
686433
82538
966412

6140 PPM

SUM P
ON SOIL
PPM

68450
70409
7066
7057
T0e68
7Tlel3
70475
7230

96450
103499
107e47
110008
ll2e74
115.88
118449
121491

124410
134495
142459
151e24
159473
166434
173437
184400

226490
246489
293417
335492
360497
397425
454 465
493 .62

349470
402493
500401
594422
656462
747433
886438
1027412



PHOSPHORUS SORPTION ISOTHERM

SolL T
RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION 7240 PPM

TIME INITIAL FINAL bC DS SUM. P SUM P
CONC CONC 0T DT SORBED ON SOIL

HRS MG/L MG/L PPM/HR PPM/HR PPM PPM
le 100 0e80 =Ce29E 00 0Oe86E-01 2400 74400
3 081 0:62 ~0457E=01 0457E 00 3.88 75488
13, 064 -0e54 ~0450E=02 0450€~01 4484 76484
3% 0456 Ce47 =0422E-02 0422E-01 5¢81 7781
110. Oe49 Oe47 =0s23E~03 (23E-02 5.08 78408
302 049 0e42 ~0e422E«03 0422E-02 6476 78476
1001, 0445 0e45 -0421E=05 0s21E-04 6479 78479
3013 Q48 0e32 ~0e47E=04 0s47E=03 8437 80437
le 5400 3¢76 =0el4E 01 0453E 00 12440 84440
3 3482 3e¢36 =0414E 00 Osl4E 01 17,02 89401
13, 34 3¢l4 =0el5E~01 O0s15E 00 20404 §2.03
39, 3423 2695 =0ab66E=02 0466E~01 22486 94486
110 3405 2480 —0a22E=0Q2 0422E-0C1 25439 97439
302 2491 2e¢53 =0e12E=~02 Cel2E-01 29414 101.14
1001, 2465 le53 =0493E~03 0493E=02 40433 112433
3013, 1.71 098 ~0421E=03 0s21E-02 47462 119462
1. 10,00 8e47 =0a29E 01 0Oeb6E 00 15430 87.30
3 8454 7991 =0e19E 00 0+19E 01 21466 93466
13. 8401 7450 =0e26E~01 C»26E 00 2680 98.81
39, 7462 6¢70 ~0e21E~01 0s+21E 00 36405 108405
110, 6486 6410 ~0a467E~02 0s67E~0D] 43,70 115,70
302 6429 4e53 =0e457E=~02 0s57E~01 61435 133,35
1001 4480 2016 =0e22E=02 0+22E-01 87479 159479
3013, 2455 le24 =0e39E~03 O0s39E-02 100,89 172489
le 40400 34478 =0e11E 02 0e22E 01 52420 12420
3 35404 34478 ~079E=01 Oe79E 00 54481 126481
13, 35,04 34014 =~Qes4TE=~01 0«47E 00 63081 135081
39. 34443 32460 =0e42E=01 Os42E 00 8214 154414
110, 32457 31416 ~0e15E~01 0.15E 00 100424 172424
302 31460 27467 =0e12E=01 O0.12E 00 139456 211456
1001, 28428 20456 =0e64E=02 0s+64E=01 216483 288483
3013 21453 20075 =0e23E~03 0423E-02 224465 296465
le 100.00 96433 =-0e28E 02 0Qe¢15E 01 36670 108470
3 96451 91480 -0el4E 01 0Qsl4E 02 83483 155,83
13. 92.+21 93410 Ca46E~01 =Jes46E OO 74493 146493
39 93444 92450 =0e22E~01 0Qs22E 00 84438 156438
110 92487 91415 ~0e152=01 OQe15E 0O 101463 173463
3202, 91459 86462 =0416E~01 O0416E 0O 151435 223435
1001, 87+28 69482 =0e614E=01 0Oel4E 00 326404 398404
3013, 71432 41490 =0+88E=02 0«88E=01 620.33 692433

84
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1.

4o
10
30
100
304
1007
3000+

le

bGo
10
30
100.
304
1007
3000

le

4
10,
30
100.
304
1007
3000,

le

4o
10«
30,
100,
304,
1007,
3000,

1l

4o
10,
30,
100,
304,
1007,
3000,

PHOSPHORUS SORPTION ISOTHERM

SOIL

U

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

100
0e¢72
0446
0435
0¢29
0424
0.21
0429

5.00
394
3.16
2491
2¢72
2¢52
2436
2404

10400
9e24
7491
TeS4
Te28
7403
669

5485

40,00
37481
37462
36439
40407
35465
35415
33,69

100400
95426
94436
97490
98495
95427
97434
89498

FINAL
CONC
MG/L

Oe71
Qelds
0632
De26
0+¢20
Qelb
026
0e¢07

3.+89
3,07
2¢81
260
239
222
l.88
1¢86

9s21
Te81
Tel2
Telé
688
652
5:64
545

37470
3750
3620
40408
35643
34490
33436
39.56

95402
94407
9780
98490
95403
97420
89446
61e04

DC
oT
PPM/HR

-0429E 00
~0e51E=01
=0e16E=01
-0e28E-02
=0s80E=03
~0e21E~03
Oe&4lE=04
~0es66E=04

=0e¢14E 01
~0¢15E 00
=0+38E=01
=0s96E~02
~0e27E=02
~0e¢87E-03
=0439E=03
~0e55E=04

=0s29E 01
-0s25E 00
~0e¢B54LE=01
~0s12E-01
~0e33E=0Q2
~0s15E=02
~0+87E=03
~0e¢12E~03

=0,11E 02
=0+456E=01
~0«15E 0O

0.11£ 0O
=038E=01
=0e¢22E=0Q2
=06 14E~02

0.17E~02

-0e28E 02
~-0+s21E 0O
0«37E 00
0«30E=01
—0e¢32E~01
0e¢56E~02
=~0e65E~02
-0s88E=02

85

DS
DT
PPM/HR

0e12E 00
Ce51E 00
0.16E 00
0e28E-01
0e80E=02
Ce21E=02
=~0e41E=03
0s66E~-03

O+48E 0O
0e15€ 01
0.38E 00
0+496E-01
0e27E~01
0.87E-02
0e39E~02
0+55E-03

0+34E 0O
0+25E 01
0+54E 00
0.12E 00
0+33E=01
0«15E-01
Oe8T7E~02
0s+12E-02

0.99E 00
0e¢56E 00
0«15E 01
=C.11E 01
0.38& 00
0e22€~-01
0s+14E-01
~0e17E~01

O«21E 01
0e21E 01
-0637E 01
-0+30E 00
0«32E 00
~0+s56E~01
0e65E-01
Q0e¢88E-01

SUM P
SORBED
PPM

2488
5¢74
Te22
8416
913
984
934
11453

11.10
19485
23442
26461
2991
32487
37462
39444

7490
22429
27429
31637
35440
40456
51.10
55612

23400
2614
40439

3649
49495
57e54
75649
16481

49480
61478
27445
17455
5680
37458
116438
405485

le8 PPM

SUM P
ON SOIL
PPM

4468
Te54
9402
9496
10.93
1l.64
1114
13433

12.90
21465
25422
28041
31,71
34467
39.42
4le24

9+70
24409
29409
33418
37420
42436
52490
56492

24,80
2Te94
42419

5.29
51475
59434
TT7429
18.61

51460
63458
2925
19435
584560
39.38
118.18
407,65



PAGE 1
// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
6000 7209 7209 0000

V2 M1l ACTUAL 16K CONFIG 16K

// FOR

#I0CS{DISK1132 PRINTERYCARDITYPEWRITERIKEYBOARD)
#EXTENDED PRECISION

#ONE WORD INTEGERS

*¥L[ST SOURCE PROGRAM

C PHOSPHORUS SORPTION ISOTHERM DATA CONVERSION ASSUMES 10 G SOIL SAMPLE
DIMENSION CI(1097)sFC(10s7)sDCLL10s7)s DST10s7)sSPADIL0»7)s5P5(10s7
*#) 9T(10)

100 FORMAT(13)
READ(2+100)N
C N IS THE NUMBER OF SOIL SAMPLES
DO 100C 1ID=1sN
110 FORMAT (A2)
READ (2+110) SN
120 FORMAT (215)
READ {(2+120) INyJIN
C IN IS NQOes OF TIVESE 1J IS THE NO OF CGNCENTRATIONS
130 FORMAT (5F10.C)
REAC{2+130)V (Tl )sI=1sIN)
C T IS THE TIMES YMEASUREMENTS TAKE!
140 FORMAT (10F7.3)
READ (291403 (CI{Y1aJ) =1y IN)
C Cl 1S THE IRNITIAL CONCENTRATIONS
DO 150 I=1sIN
160 FORMAT (10FT743)
READ (291601 {(FCIIsJdYrd=lyIN)
C EC ARE THE MEASURED COMNCEMTRATIONS
150 CONTINUE
170 FORMAT (F1043)
READ (24170) REP
C REP 1S THE RESIN EXTRACTASLE PHOSPHORUS
DO 1 1=2yIN
DO 2 J=1JUN
2 Cl(UIsJ)=FClI=14)
1 CCONTINUE
DO 3 I=1sIN
DO 4 J=1sJIN

PAD = (CI(lsJ)1=FC{TIyJ)1/10.
A=l
IF (A=1) 858,9
8 SPAC(1sJ) = PAD#10C,
SPSIi14yJ) = SPADII,J}+REP
GO 70 10
9 SPAD (IsJ) = SPADII=1sJ)+(PAD*10D,)
SPS (1»Jd) = SPS (I=1sJ)4(PAD*10D,)

10 CONTIMUE
4 CONTINUE
3 CONTINUE
C RATE CALCULATED Oit + POInT ""OVING
C CURVE
DO 50 J=1sUN
1C=0
NN=IN=-2
DO 49 I=1,4iiN

86
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IC=1C+1
SUMX=04
5UMY=00
SUMXY=0,
SUMXZ=0,
1IC = 1+2
DO 40 Il=1,11C
SUMX=ALOG(T(I1})+SUMX
SUMY=FC(I1yJ)+SUMY
SUMXY=ALOG(T(II)I*FC(IIsd)+SUMXY
SUMXZ=ALOG(T(I1))##2+SUMX2Z

40 CONTINUE
DEMON=3 ¢ #SUMXZ=SUMX 3% %2,
RATE=( (3 ¢%#SUMXY)=SUMX*SUMY ) / DEMON
IF(IC=1)42942v473

42 DC(1sJ)=RATE/T(1)

43 DC(IC+1+J)=RATE/TIIC+1)
IF{IC~IN+2)46+45444

44 WRITE(34175)

175 FORMAT(5Xs'ERROR"')

45 DCIIC+29J)=RATE/TLIC+2)

46 CONTINUE
SUMX=0,
SUMY=0,
SUMXY =0,
SUMXZ=20,
DO 41 I1=1,411C
SUMX=ALOG(T(I1))+SUMX
SUMY=SPAD(1]1sJ)+SUMY
SUMXY=ALOG(T(ILI))*SPAD(I]sJ)+SUMXY
SUMXZ=ALOG(T(I]))*#2+5UMX2

41 CONTIMUE
DEMON=3 ¢ # SUMXZ=SUMX % %2,
RATE= ( (3#SUMXY } =SUMX#SUMY ) /DEMON
IF(IC=1)4T7+67+48

47 DS{1sJ)=RATE/T{1)

48 DS{IC+19J)=RATE/T(IC+1)
IF(IC=IN+2)52951 944

51 DS(IC+24J)=RATE/TI{IC+2)

52 CONTINUE

49 CONTINUE

50 CONTINUE
WRITE (392C0) SNsREP

200 FORMAT(*1's///7/714X": PHOSPHORUS SORPTION ISOTHERM!'/ /!
* SOIL 'sA2,///' RESIN EXTRACTABLE PHOSPHORUS ¢
#N SOIL BEFORE SORPTION '4F541y! PPM!/le—-—m—mmmeee ittt bbb
Hre e e e e —— - — - ————-- LV
205 FORMATI 'O TIME INITIAL FINAL
*# DC DS SUM P SUM P1/7Xy! CONC CONC DT
* DT SORBED ON SOIL!'/! HRS MG/L MG/L PPM/HR
* PPM/HR PPM PPM! /) e e e e e e e e
e e ——- v/
WRITE(34+205)
ICNT = 12

DO 180 J=1,JUN
210 FORMAT(1XsF54032FGa292C10e292FG42}
WRITE (39210) (T(I)sCItIsJYsFCUIsJ)sBCITIaJd)y DSIIsJ)sSPAD(IsJ)ISPS
#(TsJ)sI=slsIN)
220 FORMAT (/)
WRITE(3,220)
ICNT=ICNT+IN+2

87
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[DUM=54~1N
IF(ICNT=10DUMI2229221221

223 FORMAT ('1t'/////721X' SOIL 'sA2s' CONTINUED'//).

221 1F (J=JN)224,180,180
224 WRITE(34+223) SN
WRITE{(3205)
ICNT = 5
GO TO 180
222 CONTINUE
180 CONTINUE
1000 CONTINUE
CALL EXIT
END

FEATURES SUPPORTED
ONE WORD INTEGERS
EXTENDED PRECISION
10CS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 1340 PROGRAM

END OF COMPILATION

/7 XEQ

88
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277

1l
10
30

277

le
10,
30.
277

la
10.
30
277

l.
10,
30,

277

la
10,
30
277

PHOSPHORUS SORPTION ISOTHERM

SOIL

\Y

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

1.00
O«b64
0e33
0417

5400
364
235
159

10400
TaTl
5451
4452

40400
33,90
27416
2730

100.00
85460
83440
82475

200,00
172460
164485
174400

FINAL
CONC
MG/L

Qb4
Ce33
Oel7?
0617

3e64
2435
1459
Qe sy

TeT71
5Se51
4452
227

33490
2716
2730
21640

85460
8340
82475
7305

17260
164485
174400
168410

bDC
bT
PPM/HR

~0+13E 00
~0+13E=01
=-0e13E=-02
=0e¢14E=-03

-0.89E 00
=0e¢59E=01
~0el8E~01
“00205-02

=0+s94E 00
~0s94E=01
=0+32E=01
=0+35E=02

~0.20€ 01
=0+20E 00
~0s62E=01
~0e67E=02

=0+.85E 0O
=0+85E=01
-0410E 00
=0+s11E=01

-0.16E 00
=-0.16E-01
Cs15E=~01
Oul6E=~02

89

DS
oT
PPM/HR

0e13E 01
Cs+13E 0O
Cel3E-0Q1
Oel4E-Q2

Qe59%9E 0O1
0s59E 00
0«18E 0O
0¢20E-C1

0e¢94E Ol
0e94E 00
0s32E 0O
0+35E-01

0« 2CE 02
0+20E Ol
0e62E 00
0067E’01

0+85E 01
Ce85E 00
0+10E 01
OsllE OO

Os16E 01
Oes16F 0O
-0s15E 00
~0¢l6E-01

SUM P
SORBED
PPM

3453
6¢63
8430
Be25

132454
26646
34410
45654

22490
44490
54480
7724

61.00
128440
127400
186400

- 144400
166.00
172450
269450

274400
351450
260400
319.00

SUM P
ON SOIL
PPM

4493
8403
G469
Geb4

14494
27486
35,50
46 494

2430
46430
56420
78464

62¢40
129.80
1284490
187440

145440
16740
173490
270690

275440
352.90
261440
320440
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le
10
30
121,
277

1,
10,
30,

121
277

le
10,
30
121.
277

le
10,
30,
121
277

1.
10,
30,

121.
277

1.
10,
30

121
277

PHOSPHORUS SORPTION I1S50THERM

SOIL

W

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

5:00
3437
1479
l.16
0e53

10.00
7429
4463
I,
1452

40400
33410
25435
24,10
17420

100.00
8082
78488
7725
64475

200400
170470
165450
165450
155400

FINAL
CONC
MG/L

0«55
0e26
Oel2
0408
0s09

3437
1679
lel6
0453
0420

7429
4463
be42
le52
094

33410
25435
24410
17420
15490

80482
78488
77425
64e75
54497

170470
165450
165450
155.00
164420

DC
b7
PPM/HR

-0s12E 00
=0s12E=01
~0e23E=02
-0-12E-03
“OUSZE‘OQ

-0465E 00
~0e¢65E=01
~04¢16E=01
=0¢35E=02
~0s15E=02

~0+89E 00
~0¢89E=01
=04¢42E=01
~0e13E-01
~0e58EmQ2

=0427E 01
~0427E 00
~0,11E 00
-0431E=01
=0+13E=01

=-0+10F 01
~0+10E 0O
~0s19E 0O
~0e8lE=01
~0e35E=01

-0416E 01
~0e16E 00
=-0e14E 00
-0¢10E=01
~0e4T7E=02

90

Ds
DT
PPM/HR

0.12E 01
0412E OC
0-235‘01
0s12E-02
0¢52E~03

0+65E 01
0s65E 00
Cel6E 00
0¢35E-01
0s15E-01

0+.89E 0Ol
0¢89E 00
Oe42E QO
O«¢13E 00
0+58E~01

0.27E 02
0:27E 01
O«.11E 01
0.31E 00
0s13E 00

0410E 02
0el10E 01
0.19E 01
0.81lE 00
0+35E 00

Cs16E 02
Oelb6E 01
Os14E 01
0+10E 0O
0s47E=01

SUM P
SORBED
PPM

4eh3
7440
8480
9420
9.09

16425
32402
38440
444790
47499

27410
53470
55480
84480
90455

69400
146450
159400
228400
241400

191480
211420
227450
352450
450425

293,00
345400
345400
450400
358400

71460
149410
1614690
230,60
243460

194440
213480
230410
255,10
452485

295,60
347460
347460
452460
360460
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121
277

la
10.
30
121
277

le
10.
30,
121
277

10
30
121
277

1
10.
30

121,
277

1l
10,
30,

121,
277

PHOSPHORUS SORPTION 1SOTHERM

SOIL

X

EXTRACTABLE PRHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/L

1.00
073
0e22
Oell
0el0

500
3451
1482
0.88
1,06

10,00
T+91
4e94
2498
3428

40400
31455
28419
23450
22420

100400
84470
82,10
73450
732400

200400
174455
166480
158400
159,00

FINAL
CONC
MG/L

0.73
0.22
0.11
0410
0405

351
1.82
0.88
1.06
Oe1l

Te91
4494
298
3428
Qetb

31455
28419
23450
22420
13432

84670
82410
73450
73400
55427

174455
166,80
158.00
159400
139460

DC
DT
PPM/HR

-0.19E 00
~0e¢1%E=~01
-0s15E=02
=0e17E=03
~0e78E=04

-0076E 00
-0e76E=01
~0«95E=02
~0+24E-02
-0.10E~-02

-0s14E 01
-0s14E 00
~0.20E~01
-0.81E-02
~0e35E-02

~0.22E 01
-0:22E 00
~0s¢77E=01
*0034E-01
~0.15E=01

~0+s29E 01
~0+29E 0QC
~0+11E OO
~04¢61E=01
~Je26E=01

~0s46E 01
"Oo‘}éE OO
~0+98E=01
~C0s60E~01
~Ce26E=Q1

91

DS
OT
PPM/HR

0s19E 01
0.19E 0O
Cel15E~01
Cel7E-02
Ce78E-C3

0«76E 01
0.76E 00
0«S95E-01
Oe24E-01
Ce10E~01

Osl4E 02
Ds14E 01
0e20E QO
Os.81£~01
0e35E~01

0«22 02
Ce22€ 01
Qe77E 0O
Os«34E 00
0«15E 00

Qe29E 02
0.29E 01
0s11£ O1
Oe61E 0O
Ce26E CO

0.6t 02
Qs46F 01
C«98E 0O
0«60E Q0
Q0e26E 00

SuM P
SORBED
PPM

262
7679
8.90
G000
Fe4l

14483
31.76
4120
39440
48483

20490
50660
70420
6720
95434

84450
118410
165.0C
178.0C
266480

1534090
179.00
265,00
270400
44T 425

254450
332,00
420400
410400
604 .00

25 PPM

SUm P

ON SOIL
PPM

56412
10,29
11,39
11.49
11.91

17433
34326
434,70
4190
51433

23440
53410
72+70
63470
9784

87400
120460
167450
180,50
269430

155450
181450
267450
272450
449475

257.00
334,50
422450
412459
606450
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le

104
30
100.
300.

1.
3.
10,
30,
100,
300,

1.
3
10
30.
100,
300,

PHOSPHORUS SORPTION

SOIL

Y

ISOTHERM

EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

INITIAL

CONC
MG/ L

5400
3460
3,10
2415
1455
1410

10.00
Te73
65690
4420
310
2+15

40,00
32410
30,00
2500
22400
17430

100,00
85480
8540
7700
67«00
59450

FINAL
CONC
MG/L

- - o - g Sy = S P e

080
0e71
0s61
0¢53
0e45
039

3460
3410
2¢15
1455
110
0.75

Te73
6490
4420
3¢10
2e¢15
1458

32,10
30400
25+00
2200
1730
14450

85480
85440
77400
67400
59.50
53.00

oC
DT
PPM/HR

~0.82E-01
=0.27E=01
~0.78E=02
~0+23E=02
=0s60E=03
=0¢Z20E~03

~0.63E 00
~0421E 090
~0s67E=01
~0+15E=01
=~0e34E=02
~0e11E~02

=0,15E 01
=0.51E OC
-0e¢16E 00
=04+ 29E=01
~0e66E~-02
-OJZZE-OZ

-0431E 01
-0410E 01
=0,34E 00
-0s11E 0O
«0,32E=01
~0s10E=C1

-0,38E 01
-0.12E Q1
~0+79E Q0
~0s25E 0C
-OOZOE-Cl
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DS
DT
PPM/HR

0e82E 09
De27E 00
0.78E~01
0+23E~-01
0e6CE-02
0e¢20E~02

Ce63E 01
0e21E 01
Qeb67E 00
O0«15€ 090
Oe34E-01
CellE~OQ1

O0«15E 02
Oe51E 01
Os16E 01
0«29E 00
0066E-01
0e22E-01

De31E 02
0.10E 02
Oe34E 01
OellE O1
0e32E 00
0«.10E 0O

0«38E 02
0e12E Q2
Ja79E 01
0+25E 01
0«60E CO
0.20€ 00

SuM P
SORBED
PPM

200
2490
390
4470
5450
6409

14400
1900
28450
34450
394.00
42450

22470
31.00
5800
69400
78450
84420

79400
100.00
15000
180400
22700
284499

142,00
146409
23000
330400
405400
470.00

45,0 PPM

SUM P
ON SOIL
PPM

47 400
4790
48490
49470
5Ce49
51eC9

594C0
654400
73450
79.%C
B4400
87«49

6770
76400
103400
114400
12345C
129420

124,00
145400
195400
225400
272400
259699

187400
191.00
275.00
375400
450,00
515.0C



PHOSPHORUS SORPTION ISOTHERM

SOIL

Z

RESIN EXTRACTABLE PHOSPHORUS ON SOIL BEFORE SORPTION

— - — — ——— T b — e " — T S g A S Bt Sl T~ St Ve S s s s U S o e G B Ul s e i G Ui . i v S et 0 o S s gy B

- ——n - - - R G = T e S S e T G ey T T e S e o T T T D P T = > - = - TED ED G D S = S S e e o - e e G e e

ls

10,
30
100
300,

1le
e
10
30
100
300

14

3e
10.
30,
100.
300

le
3
10,
30.
100,
300.

le
3.
10,
30,
100
300,

INITIAL

CONC
MG/L

1,00
Oetl
0432
Qel4
0s19
Osla

5400
234
1460
0490
0«54
030

10,00
6042
4450
2455
1450
0.86

40.00
2987
2700
22.00
18,50
1530

100,00
B9 as&7
80,00
7100
62450
56480

FINAL
CONC
MG/L

Oe4l
Ce32
Oe24
0.19
Oels
Das11

2e¢34
160
0.90
De54
0430
0e¢18

Eetl2
4450
2455
1450
0«86
051

29487
27.00
22409
18450
15,30
12.80

8Gea7
80.,00
71.00
62459
56480
5100

DC
oT
PPM/HR

_u.-{BE"Ol
=0424E=01
“0D456E=C2
=Cel4E-02
~0433E-03
=0411E=03

=-0+62E 0O
-Qs20E 0O
-0s46E=01
=0.85E=02
~0415E~02
~0e¢52E-03

-0,16E 01
=~0«56E 00
=-0s13E 0O
—OQZQE‘OI
~0s42E=Q2
~D¢14E-02

-0-3QE Ol
=0+.11E 01
=-04356E 00
=C+96E-01
~0424E=-01
=0.82E=02

-0.80E 01
~0+26E 01
‘0.75E 00
-0.20E €O
=0s49E=-01
=0416E=01
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DS
T
PPM/HR

Ce73E 0O
Cs24E 0O
Ce56E-01
Os14E-Q1
Qe33E~02
Os11E-0Q2

0s62E 01
Ce20E 01
Os46E 00
0«85E~01
0«.15E-01
0e¢52E~02

O«16E Q2
Ce56E 01
0«13€ 01
0«24E CO
Oe42E-01
Oel4E-01

0e¢34E 02
0.11E 02
0.36E 01
0«96E 0O
0.24E 00
0e82E=01

O«80F 02
Q+26E Q2
O0+75E 01
0.20E 01
0+4%E 00
Ds16E QC

sSum P
SORBED
PPM

5485
6.8C
7455
BelC
Be55
8488

26453
344C0
41400
44459
45495
48020

38+74
55400
74450
8500
91440
94 e84

10130
130.00
180.00
2154030
247400
27200

105430
200400
290.00
375.00
432400
490400

SUM P
ON SOIL
PPiA

14435
1530
16.05
16460
17404
17637

35,03
4245C
49450
534,09
55445
56670

L4 424
63450
83400
93450
99.90
10334

109480
13850
188450
223250
255450
280450

11380
208450
298450
382450
440450
498450



PHOSPHORUS SORPTION ISOTHERM

SOIL AA
RESIN EXTRACTABLE PHOSPHORUS ON SQIL BEFORE SORPTION 8¢9 PPM

T IME INITIAL FINAL DC DS SUM P SUM P
CONC CONC DT DT SORBED ON SOIL

HRS MG/ L MG/L PPM/HR PPM/HR PPM PPM
1, 1400 0e56 =0410E 00 0«10E 01 4636 13426
3 Oe56 Osa7 =0433E=-01 QCs33E 00 530 14,20
10, Qe&? 0633 =-0411E=01 QellE 0O 670 15.60
30 0«33 0e¢19 =0623E=02 0a232E~-01 405 16495
100. Dsl19 0e¢lb =0e¢15E=03 Del5E-02 8425 17425
300, Delb O0sl6 =0.51E~04 Qe51E-03 8439 17429
ls 5400 3411 =0452E 00 0Oe52E 01 1890 27 80
3 3e11 2¢65 =0417E 00 0.17E 01 2350 32440
10 2465 1490 =0475E=01 0e75E 0O 31600 359490
30, 190 0690 =0420E~01 0.20E 00 4100 45450
100, 090 O0s48 =0e¢26E=02 0s26E~01 45420 54409
300, Oe48 0e29 ~0.88E~03 0e88E~02 47409 55499
1, 10.00 7429 =0,11E 01 Oe11lE 02 2710 36400
3 7429 6¢50 =0437E 00 0s37E Q1 35400 432489
10. 6450 4e70 ~0e416E 0O Qel6E 01 53.00 61489
30, 4470 2475 =0s52E=01 0s52€ 00 72450 81440
100, 275 1¢10 =0s95E=02 0s95E~-01 8900 97%0
300 1,10 0456 =0s31E=02 O0e31E~01 S4 40 103429
le 40,00 32400 ~0428E 01 Os28E 02 80400 88490
3 32.00 29450 =0494E 00 0Oe94E C1 105.C0 11390
10, 29450 25450 =0441E Q0 QetlE Q1 145,00 153490
30. 2550 20,00 =0s19E 0O O0el9E 01 20000 208490
100, 20400 11480 =0s54E=01 Oe¢54E 00 282400 290490
300, 11.80 7¢50 =0,18E~01 0.18E 00 325400 333489
le 100.00 87¢14 =0s44EFE 01 Oeb4E 02 128460 13750
3 87¢14 85400 ~0414€ 01 Oel4E 02 150400 158590
10, 85,00 T77.00 =0499E 00 CGs99E 01 230.00 238490
30, 7700 62¢00 =0s40E 00 Os40E 01 38000 38850
100. 6200 49400 -041CE 00 0s10E 01 51000 518490
300 49400 39400 =Ge33E=01 0e33E 00 61000 618690
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APPENDIX E

COMPARISON OF SORPTION MODELS

In this appendix one can compare the measured amount of sorption listed
in Appendix D with the calculated amount of sorption for any of the five
kinetic models, along with the computer program used to develop the
tables. The regression coefficients used in these calculations are
tabulated in Table 4. The time and measured amount of sorption are

the same as that given in Appendix D. The remaining five columns
labeled 1 through 5 are for the five kinetic models described in the

report.

Column 1 - refers to Equation (15).
Column 2 - refers to Equation (13).
Column 3 - refers to Equation (14).

Column 4 - refers to the diffusion limited model Equation (8)
with Freundlich sorption Equation (2).

Column 5 - refers to the diffusion limited model Equation (8)
with Langmuir sorption Equation (1).

95



PAGE 1
//° JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0030 7207 7207 0000

ve 13 ACTUAL 16K <CONFIG 8K

// FOR

*#1OCS{CARDs TYPEWRITERSDISK»1132 PRINTERSKEYBOARD)

#*EXTENDED PRECISION

#ONE WORD INTEGERS

#LI1ST SOURCE PROGRAM
DIMENSION CI(106)13FCIL0+161981(10+6)452(20+81953(10+61+54(10161s
#55(1096) 1SPAD(10s6)1CAVG( 10961 +T(1C)
DIMENSION TA(11)sCAV(11,6)

500 FORMAT('1'///7//

1 SORPTION MODEL COMPARISON'//
2 v SOIL '3A24/// ' mmmmmmm e ———————
R “-t)

501 FORMAT |
4 SORPTION (PPM)'/
5 1 e e e
6===1/
7. ¢+ TIME CALCULATED")

502 FORMAT |
B ' ({HRS)  MEASURED == oo e e e e e e
Gummty
* 1 2 3 4 5¢
*/ [ PPN o o e e et B 2 . £ O o O e e 2 o o o et 7 B o o 0 e i 0 P o o B o o e
$ommemt /)

510 FORMAT (2XsF5.09F942s2Xs5F941])
820 FORMAT (/)
523 FORMAT ('1'/////21X' SOIL '3sA2s' CONTINUED'///)
100 FORMAT(I3]
READ(2+100)IN
C N IS5 THE NUMBER OF SOIL SAMPLES
DO 1000 ID=1,N
110 FORMAT(A2)
READ(2»110)5N
115 FORMAT(215)
READ(2s1151 INsJN
C . SN 1S SOIL NAME. IN=NO. OF TIMESs JN=NO. OF CONCENTRATIONS
130 FORMAT(5F1040)
READ(25130) (T(I)sI=1yIN)
C T 1§ THE TIMES MEASUREMENTS TAKEN
140 FORMAT(10F743)
READ (252401 (CI(1sd)sJ=1sJIN)
C C1 1S INITIAL CONCENTRATIONS
DO 150 I=1,IN
150 READ(2+140) (FCL15Jd)sJ=15JN)
C FC ARE MEASURED CONCENTRATIONS
DO 1 1=2,41IN
DO 1 J=1»JN
1 CHiIad)=0,95%FC{I=1sJ140,05%C[ (1)
DO 3 I=1sIN
DO 3 J=1eJN
PAD=(CI(I+J)=FC(IyJ)) /10,
IF(1~1)818+9
8 SPAD([sJ)=PAD¥100.
60 TO 10
9 SPAD(IsJ)=SPAD(I=1yJ)+(PAD*100,)
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P-AGE
10

20

35

45

40
30

55

65

60
50

75

85

80
7C

300

310

320

2

CONTINUE
CONTINUE

00 20 I=14IN

DO 20 J=1sJN
CAVGUIsUI=(CI (I sJ)+FClTosJ}) /20
READ (25130}
READI291301AyBy»D
DO 30 J=1sJIN

DO 30 I=1lyIN
S1(IsJ)=0,

DO 40 Ju=1lsl
IF(I=1135535,445

TT=T(1)

S1(IsJl= ((CAVG(IsJI#¥B)# (1l ~D)*A*TT)#%{1./(1e=D))
GC TO 40

TT=T(1})=T(JJ=-1)

SI{Is )=t (CAVS I Ta ) % xB) ¥ (1a=DI*®A®TT+S1{I=1sJ))##(1e/(1e=D})
CONTINUE

CONTINUVE

READ{(231301AyX

DO 50 J=1lsJN

DO 50 I=1sIN

S52(IsJ)=0,

DT (O JJ=1sl

IF{I=1185455465

TT=T(1)
S2(T9J)=(CAVGIT s ) ®N )= (CAVG(L»J)®X) /{EXPLAXTT) ) )

GO TO 60 o
TT=T([}=-T{JJ=1)

S2( 19 J)=(CAVGIT sy I #X)=((CAVGI{I o J I *X1=32{1=1sJ) )} /EXPLA®TT)
CONTINUE

CCMTINVE

READ(25130)1AsX»Y

DO 70 J=1lsJx

DO 70 I=1sIN

S3(1sJ)=0,

DO 20 JJ=1sl

IF(I-1)75275+85

TT=T{1}

S3{1sJ)={CAVG T s ) #raY ) #Xa { (CAVG(] s J)®#Y ) %X/ {EXP{A*TT) )}
50 TO 80

TT=T(1)=T{JJ=1)

S3({1eJ)=(CAVGIT o) #%Y ) ¥ X { ((CAVG{T o J)it®Y ) ¥X ) =S3({I=1sJ)I/EXPLAXTT)
CONTINUE

CONTINUE

READ (24130)EXsXsY

FXK=1Q0e#¥ (~EX)

P12=9.869¢

DAT? CONVERSION FOR INDEXING
TIN=]M+1

DO 300 J=1lsdti

DO 300 I=2,11IN
CAVIIsJ)=CAVARI{I=1,J)
DO 310 1=2+1IN
TA{I)=T(I=1)
TA(1)=040

DO 320 J=1sJN
CAV{1sJ)=0s

DO 90 J=1sIN

DO 90 I=2s11IN
S4{1»J1=0.
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PAGE

210

101
90

250

230
220

521
524

522
280

1000

FEATU
ONE
EXTE
I10CS

CORE
Coti

END O

/7 XE

3

DO 101 JJ=2»1

TT=TA(1)=TA{JJI=1}
CCu(CAVIJIsJ ) RaY ) #Xm ([ {CAV{JU=1sJ) #AY )X )
SUMX=0,

DO 210 N=1,10

XJd ® [1e/(N*#2, ) )REXP( (=1, ) #¥FXK*TT*PI2% (N#%2,))
SUMX=SUMX + XJ

YJ=CCH(1lem={0e6092%SUMX) )

S4{lsd) = YJ + SG4{lsd)

CONTINUE

READ (2+130) EX3»SMAX,8

FXK = 10%#*(=EX)

DO 220 J=lsJN

DO 220 I=2,11X

S5{1yJ)=0C,

DO 230 JJ=2s1

TT=TA(I)=TA(JJU-1)

CC={{CAVIJJsJI RSMAXRB) /(1a+BRCAVIJIIIIN) 1= {{CAV(II=1rJ) *SMAX*B}/
21 1e+B%#CAV{JJI=19J) )}

SUMX=0e

DO 250 N=31410

XJ = (Le/(N#¥2, I REXP( (=] o) #EXKETTHPI2% (N¥%2,))
SUMX sSUMX + XJ

YJuCC%(1e—{046092#511'X) )

S5(1sJ)= YJ +55(1:d)

CONTINUE

WRITE(3,500)5N

WRITE (3%501)

WRITE (3+502)

ICNT=16

DO 280 J=1irJN.

WRITE(39510) (T(I)sSPADIIsU)sS1IIsJ) 982010 0) 983019} eS4(1+10J)
#¥55(1+1sJ)s1=1sIN)

IRITE(34520)

ICNT=ICNT+IN+2

IDUM=54~IN

IF(ICNT=1DU"1522+5214521

IF {(J~JN)S264280,280
WRITE(34523)5N
HRITE (3,501)
WRITE(3,502)

ICNT=5
GO TO 289
CONTINVE
CONTINUE

CONT INVE

CALL EXIT

END

RES SUPPORTEC

WORD INTEGEFS
NDED PRECISION

REQUIREMENTS FOR
on 0 VARIABLES 1656 PROGRA™ 19620
F COMPILATICH

Q
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SORPTION MODEL COMPARISON

SOIL A

SORPTION (PPM)

o - . - e e s e . > T - - T o~ e T S e S B P = s Tt B A A e G G D G A e e B e B e s S

TIME CALCULATED
{HRS) MEASURED ===c==rmmroc e~ o o o e
1 2 3 4 5
le 2069 240 0.0 0«3 440 1e5
3 2469 243 0.0 0.9 367 2¢2
10 420 3.1 0.0 248 37 3.6
30. 5490 346 Ol 6e7 345 5.0
100. 6673 4eb 043 13,4 349 648
300. 7453 547 049 1643 5e4 8e2
387, 8428 4e2 l.1 15.8 548 749
1016, 8437 Te3 246 154 8e8 748
3001, 9405 10.1 Te3 1543 1442 Te7
le 6498 6 0.0 0.6 1044 443
3. 7492 Te5 0.0 1.9 1041 66
10 986 10.7 0.3 6el 1062 11s5
30. 13443 1440 0.8 15.8 1047 1845
100. 16479 1942 246 3346 1248 29.0
300, 21454 2446 Teb 4149 1840 3840
387 23465 1843 943 4163 1945 3846
1016 24483 3243 2249 4046 2949 39.8
3001. 28411 4440 63.8 39.9 4841 39.0
1. 11.56 104 0e0 0.9 15.5 5t
3 11465 1243 0.1 247 1542 B8ed
10 13.89 1747 Oeb Be5 15.5 1448
30. 18.13 2347 1.8 22,1 1645 2442
100, 24458 3340 549 4745 2040 38.7
300, 31468 4248 1646 6040 2843 5240
387, 33.94 3245 21,1 597 312 5347
1016, 35447 579 5342 5945 4843 5643
3001, 41425 7945 151.4 5847 7843 5549

99



SOIL A CONTINUED

SORPTION (PPM)

ey G s . iy i T o e it s B B W s e s T o S s e S . b e " S W o S o o T TR e P M 2 ey et e o om0

TIME CALCULATED
{HRS) MEASURED =~e=mmermm e e e e e e e e e e e s s e
1 2 3 4 5
le 24490 2742 0.2 1.7 34,3 647
3. 48494 32.0 07 5.0 3344 10.5
10. 27432 4604 246 1549 3445 1845
30. 42491 6346 7.8 4149 37.5 3044
100, 66471 8940 25e4 9045 4544 49,1
300 79.71 117.6 7343 115.8 6542 67s1
387 91.91 S0e4 9346 115.,9 7242 69.9
1016, 89465 16l.4 239.7 115.8 11246 73.8
3001. 113.07 223.0 638042 114,7 18345 1347
1. 18740 4804 0.6 245 5543 740
3 64496 5843 1.9 Ted 5449 11.0
10 55475 8846 beb 2440 5849 1944
30 5792 121.2 2042 6346 63.9 31.9
100. 116450 171.7 66456 138,.5 78.1 5147
300. 136450 22840 19441 17840 112.7 7049
387 157465 17645 248.46. 17849 125.2 7349
1016 172497 312.9 63744 17842 194,7 78.1
3001, 208413 43245 1836.4¢ 17645 31745 7841
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SORPTION MODEL COMPARISON

SOIL B8

SORPTION (PPM)

o " — . G o e e " S s . i e S Y Sy = - o Toe B i S i S - A " = > - -

T IME CALCULATED
(HRS) MEASURED ==—mommmr e e e v -
1 2 3 4 5
1l 8+84 1444 0.1 242 1849 2645
3 Be77 8.3 0.2 bael 11.7 11,1
10, 9.81 11.3 045 11.5 15.2 1349
3C. 10.51 2elt 1.l 2442 205 1646
102. 10.93 1647 3.1 4249 33.9 2548
300, 11,35 224 RBel 50.1 55.2 4149
387 11.77 18.3 10.7 5049 6201 4744
1000, 11.48 374 30+ 4 59.8 103.4 88+4
3010. 13.55 41.1 50.8 49,1 12144 91.2
le 34431 4243 0.8 55 4745 802
3. 47466 2549 - lets 1145 31.0 5047
10. 51634 21.5 2.3 23.2 28.1 387
30. 54458 2442 Gal 4448 37.3 4740
102, 5738 30e4 9.4 7249 57«9 6646
300, 60.01 3745 21.7 7749 8745 95.3
387 62649 2942 2645 71645 95.8 103.0
1000. 64632 5342 60.0 80.8 14342 15741
3010, 6759 71,2 119.3 T8.7 192.1 2072
1. 469,68 69.9 2.0 B.5 7341 10447
3 73402 5846 4e3 2047 61lel 9942
10. 96491 5442 843 4744 6Ce3 10245
Ce 105421 45.0 13.4 8ls.6 6664 107.0
102, 111.58 5245 2643 119.0 350 14367
300. 117.40 61.0 5343 118.4 13543 19344
387 122.39 4549 63.1 113,5 145.5 20443
1000. 127.28 TTe4 122.2 =~ 111l.5 20147 27645

3010. 133,02 101.0 21941 10643 261.0 34548
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SOIL B8 CONTINUED

SORPTION (PPM)

A " o 4> ot . o s > Mt o e o T e s 0 Sty e A B Gy B S e e U oy S e i T . S S G S e B M e - o o v e

CALCULATED
MEASURED ==-remmmmmm e e e e ——— e ———————
1 2 3 4 5

126480 1735 9.2 1847 15%.6 12842
203.94 17140 2243 4942 15149 14044
281422 197.1 5544 131.0 17540 18340
319436 219.2 125.3 280.9 238.8 2771
373496 26144 310.1 46048 36542 4701
405646 28347 652.1 442 ,9 50640 71646
426461 208.8 77242 417.9 53940 78146
451455 33540 141946 392.1 71646 108745
481487 411.7 230046 35448 877.5 139844

50480 33044 2646 3245 2774 13349
32194 358,3 7142 9042 285.1 14945
476490 425.9 189.3 24942 33646 199.3
557+43 51242 47342 56648 48647 310.8
627422 683.3 1379.6 1032,.1 814.9 55042
695422 85147 3519,8 1134,1 126145 89049
77322 639.4 4303 ,6 1087,.6 136443 990,43
836462 1021.2 8504.1 1020.4 1847.0 1427.6
918477 1313.,9 15134,5 960,3 236141 194249

102



SORPTION MODEL COMPARISON

sOIL ¢

e s G > S B (e G S S e e e e A s W B — - o " - - T " By o TS = s G o T GO = ke e S Sk S e e %, BT ve SO S e s W

SORPTION {(PPM}

> s T G 8 i e e T i s W e T i it e S e Gy S B P B e e e i " Tt T - o S o

TIME CALCULATED
(HRS)  MEASURED =m—mmmm e e e e e —————————
1 2 3 4 5
l! 8.33 907 000 l.O 3100 24-5
3 8e49 549 0.1 2.1 32.5 1245
1C. 10.82 59 0e2 Lok 4162 116
30 G465 746 05 Se3 6043 1643
100. 10.33 15.0 240 2241 11447 39.6
300, 10.96 1845 5.7 2444 13646 5848
410 1le44 1467 Te6 23¢4 134.7 6347
1015. 11.51 2640 1844 25,0 143,2 9342
3025 13447 2740 3447 1846 111.0 F7.0
1. 32+76 31.2 Q& 3.1 80.0 79.0
3 44494 29.C 0.7 6ol 87.1 5640
10« 50675 173 le2 1247 101.8 49.8
30, 52485 19.1 23 2345 132.0 6142
100. 56.78 2445 546 373 17645 8742
300 59450 2745 1243 3545 190.7 109.1
410 62404 2200 1547 3401 187.1 11648
1015, 64407 3745 3461 3561 19245 15847
3025, 67.01 522 8245 3445 18949 191.9
1, 74450 4742 08 4a6 112.1 100.,9
3 79402 32.9 le4 9.8 128.2 8644
10, 95.89 38.9 342 2347 18444 108.2
30, 105430 36.0 6l 43.0 22248 12847
100.- 111.97 4140 13,1 6146 27646 16946
300, 11754 49,1 2942 60.9 30446 2254C
410 122.55 39.2 372 5845 25%.1 24740
1015 127.39 6346 778 5745 295.9 321.2
3025, 13294 86e4 179.8 5543 28549 375.7
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SOIL  C CONTIMNUED

SORPTION (PPM)

" S > - T A = S " o oy = = e i Gt S D W e oy B G4 o G - S T v R P 4 - A S B s S e = o o

TIME CALCULATED
{HRS) MEASURED mom e e e e e e e e e e e
1 2 3 & 5
le 170400 13748 AN 12,5 26749 135.6
3 222450 12546 et 31,5 369.8 15442
10. 273,20 16147 2647 8446 57246 21546
30 304489 19442 8049 18743 833,1 35046
100, 340454 25247 16943 324,3 1181.3 598,42
300, 377429 30146 41844 331,9 1329.5 92849
410, 395,74 93347 535,7 310.7 1281.7 103343
1015 413422 3774 1130.7 30344 125943 139840
3025 440428 "509.C 2604 .5 289,5 121042 171147
1. 310400 26543 10.7 23,1 45645 143,2
3. 397450 275.7 2746 61e7 672.3 167.7
10. 454460 275,C 81.9 17941 111643 246443
30. 513.59 48746 227.1 42842 1733.1 399.6
100. 563449 67542 703.9 B0le& 260247 69%,3
300. 612.74 88646 197344 90649 317845 112540
410, 689424 709.2 260246 8727 3139.1 1272.2
1015, 719429 112142 568644 839,.1 305440 1744.9
3025, 778444 1549¢4 1366947 820.0 2993.3 2179.5
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SORPTION MODEL COMPARISON
SO0IL O

—————— -_-_--—__-_-----------—--——_____——-__A—__-——-—_-_—-—(———-—

SORPTION (PPM)

———————————————————————————————————————— - R T = - —

TIME CALCULATED
{HRS) MEASURED ~=—memscccn e mrc v msme e e e e e —e
1 2 3 4 5.
le - 946 1349 0.0 3.3 294 5846
3. 1047 442 0.0 845 1841 1941
10 10697 348 0e1 2540 219 16¢4
30 10406 1159 Ot T16a4 510 5661
100. 10490 1941 1.8 22946 103e4 13646
317 1135 2343 5456 47144 16245 20648
410 12.02 1748 Tel 51646 1753 21748
1015, 1173 3245 184 606.2 24341 32344
3025, 12468 3640 3849 58844 24640 28149
le 35.03 404 Qets 4e1 5667 100.8
3e 46407 2548 0.8 1144 510 10342
10 51617 23.0C 163 34,5 6343 12547
30, 53465 2541 25 9440 9246 17646
100, 56499 3146 59 25946 14845 273.1
317, 59465 377 1446 518,8 22148 388.0
410, 6211 295 1840 568e4 240e4 41640
1015. 63«94 5064 4147 658,.8 320.7 56343
3025, 6Tl 6447 10040 65762 35246 603.2
le 55e44 6444 1460 heb 7546 10%.2
3. 80499 4949 240 12.8 753 129.2
10, 9632 4649 3.9 39,1 9646 18449
30. 103.06 470 T3 10642 13761 27646
100 110425 565 1646 290.5 21347 43942
317, 116448 6542 3847 5762 31245 64047
410 121468 4845 4646 62843 23245 67748
1015, 126026 775 9544 715,1 4221 85644
3025, 131.93 10240 22142 71549 46647 94045
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SOIL D CONTINUED

SORPTION (PPM)

" " 0 >y o o e i S (e o e A Gt A S W AR n A Y S N G A M e M D Y e S o o G D = S S A T S

TIME CALCULATED

{HRS) MEASURED m=mm e m e e e e e e e e e e e e e
1 2 3 4 5

1. 159,20 15347 4oT S5¢3 129.3 11543
3 204436 14946 114 1545 14548 144,45
10. 252458 18543 31a1 4947 21649 22748
30, 294422 21641 773 139,2 339.6 37943
100, 334475 26448 20941 38646 54745 65343
317, 372435 311.9 53147 77246 81549 104149
410 391440 23343 64946 84344 870.8 114043
1015, 412401 36547 134447 95749 109847 148746
3025, 445401 45948 29811 95048 118148 167546
le 223440 278.8 13,1 549 18647 11645
3 349,77 29541 3446 175 220¢4 14647
10. 419450 37845 101.5 5646 33540 2320
30. 482426 472.8 27841 16045 5448 38842
100 559439 61846 84244 45146 91544 67248
317. 623,489 78340 240846 91640 142644 108148
410, 694439 60049 300845 100342 153849 1188,1
1015 725429 93943 6527.6 114349 1959,.5 155740
3025 82750 1208.9 1523147 114048 2144.2 176742
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SORPTION MODEL COMPARISON

SO0IL E

- o - - - - - - ——————— e - O > s e e - > o . o s o - > o -

SORPTION (PPM)

TIME CALCULATED
(HRS) MEASURED ~=wrewccecrcac e cme- - e e e - -
1 2 3 4 5
le 6407 2e1 0.0 Qa5 l4d4 17.8
3 - Te88 2¢1 Oel 1e3 10.1 9.8
10 8e77 2¢4 0.3 345 1049 940
30. - 9.58 3.1 0.7 9.1 14,9 1049
100, 10431 heb 1.9 2643 2246 15.4
295 11.00 6e2 LeT 6546 3244 2140
363 11+49 3.9 545 T7.3 33.9 217
1014, 10.94 1344 1647 191,.2 59.0 4142
3000, 12495 1849 4045 31743 71.3 5045
le 20453 1lae1 Oe& let 4742 7962
3e 24466 1l.8 1.0 349 4267 6740
10 34472 1742 248 lle4 4947 7040
30 40433 213 6e& 2943 6443 8le2
100 45465 3047 1642 8243 9447 11343
295, 49465 40645 3745 20046 13142 15142
363 52422 221 43,9 235,.5 13648 15548
1014, 53479 6449 103,9 50445 19346 22148
3000« 59409 9640 238.8 81%.2 235.1 275.8
le 35018 220 0.9 2e1 773 12668
3. 4810 2364 262 5.8 70.8 ll4e1
10. 62.18 35e4 640 172 8440 12543
30, 72,00 48e7 14,9 4643 11661 161.9
100 85425 7240 3944 133.2 17540 239.0
295¢-  1044C0 7561 8045 3005 21249 28047
363 116444 216 8643 32948 18446 23345
1014, 113.39 6262 141.0 55846 2064 24545
3000+ 122494 12240 31442 934,9 27848 34843
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SOIL € CONTINUED

SORPTION (PPM)

TIME CALCULATED
(HRS) MEASURED ~—===——mcrrmmc e r e r e e e e e o ———
1 2 3 4 5
1, 86410 8745 3.9 4e8 210.1 224 04
3 104480 1074 10.8 1346 21447 23442
10 154412 180.2 3247 43,0 2712 28440
30 236656 24143 81.9 11643 371.2 39245
100, 357456 2712 18340 30244 4774 57341
295 418406 20345 301.0 56243 47548 64044
363 451491 65349 32042 64749 42442 57064
1014, 478625 12042 42242 92644 37044 49646
3000 500655 15546 60b+4 115642 35348 48243
le 151460 21343 1043 840 401.3 26142
3 183417 27348 2940 2342 42343 27542
10. 287475 47068 90.0 T4e4 54343 34442
30 503492 64346 230.5 20344 75367 493,.5
100, 823492 750.1 53044 53844 $92.4 79649
295, 1042442 53845 86443 104640 97049 104845
363, 1129470 11843 89946 1117.1 80640 916.9
1014, 1186453 21142 106743 1428,1 615.8 803.0
3000, 1232.21 34846 149244 182844 633,.9 94943
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SORPTION MODEL COMPARISON
SOIL F

s - " - - - — - — — o . T D = et S o s P P o e P94 S G S M e 4 e v D e AR o - - v - S~ — -

SORPTION (PPM)

______________________________________ e s e v S e, > ot S o S G

TIME CALCULATED
(HRS) MEASURED == mrmecerm s e e e e e s o e - - ——
1 2 3 & 5
le Te21 Te2 040 0.6 1649 13.8
3 B41l9 4e9 0.1 lets 18.1 743
10, Ge34 59 Oe3 347 2563 Te6
30 Ge88 740 0.6 9.1 3465 Seb
100 10466 9e¢3 1.6 2249 4766 1440
295 1le26 11.1 3.1 3G.9 5262 1848
363, 1le74 Teb 3.4 4243 511l 1947
1014, 11433 1947 645 58.2 63.2 37,1
3000 13419 2347 548 51.5 S4eb 4240
le 14499 2766 0«5 149 5449 5607
3 35478 2349 l.1 4o 696 4743
10 45494 2045 2.1 1049 735 3845
30 50417 19.2 3.5 22.8 8948 39.8
100, 53424 2441 Te1 513 113.2 53.2
295 5676 2848 12.6 8641 12162 69.8
363 59632 1844 13.4 8945 114.0 7043
1014. 6095 39.6 1845 101.9 11648 10046
3000. 65422 4949 1647 93.1. 10561 11647
le 29499 4449 1.0 248 Bhel 7841
3 53457 4346 244 Tels 115.9 7641
10. 74400 4G.1 5.8 19,9 16146 8545
30. 8459 533 12.3 4741 20G.8 111i.1
100. Qb e 4b 6642 277 111.9 2718 16347
295 10459 T35 4841 18247 27740 21542
363 110458 44 e] 504 18646 25164 21344
1014. 11585 8442 56 186.8 22742 26744
3000 122462 1087 5046 172.9 20846 31447

108



SOIL F CONTINUED

SORPTION (PPM)

" o - . O - = P " —— S0 P dut G P e VP L . G e S Al b e S Sy o S A S T s S S A S e

TIME CALCULATED
{HRS)} MEASURED -w=r——-r——r-mor—romec e s m e e m e e ——————
1 2 3 4 5
le 105430 121.0 442 6e2- 20240 109.1
3% 147466 012940 110 17.0 29644 118.8
10, 185.98 17542 31.7 51,7 47864 15645
30. 23106 22045 8l.1 13648 70644 23598
100. 281456 28548 2071 34842 97246 40648
295 319406 343.5 40442 61043 1070.4 63342
363, 359451 21541 43445 63442 99942 67346
1014, 433479 32146 293.0 54644 74061 86345
3000 476404 269.8 18549 35646 46448 82447
le 175460 23848 11.1 1C.6 36746 11845
ED 232.78 27240 30.8 30.3 56547 13240
10 303.38 385.1 443 95.2 948,8 17647
30 434414 492.1 24942 25648 1425.8 27542
100, 554414 64742 65342 66346 1993.0 47940
295 67914 781.6 1262.3 117147 22077 76749
363, 754454 499.3 1399.,6 122446 2085.6 83149
1014. 588461 782.5 1383.2 1106.5 1620.4 118441
3000 1137.82 63142 62245 7015 98340 136241
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SORPTION. MODEL COMPARISON

SOIL G

- o > e > o e e, e T e = = s (- S G = e D U8 G > o S e b e T e iy o > 0o . W - —

SORPTION (PPM)

o T TR o W e e s e S W . B O O e e W S e Y S B e e W s i St v D e G S - S —— =

TIME " CALCULATE
(HRS) MEASURED ~—mem—meeccc e e - e e o e o e ————
1 2 3 4 5
le -0449 040 0.0 0.0 0e3 042
3 =032 0.0 0.C Oel 0.5 ot
100 "0034 Ce2 0.0 003 006 045
30. ~0+35 043 Oel lel 07 0.5
100. 0+22 Oets Ot 3.1 046 Qe5
300, 0434 042 1.2 645 0.6 0.5
1007, 0e46 0.9 349 Sel Oeb 0.5
3004. 1,78 lel Ge2 8.7 0.5 Qe
l. 0.20 0.0 0.0 0.0 0.5 Q.
3 1011 Oel 0.0 0.l 0.7 047
10. 0e56 02 0.0 Cets 0e¢9 0.9
30. 0.28 Ds2 0.2 1.3 1.0 1.0
100. 0+69 Oets Oe8 349 1.0 1.0
300. le52 0.8 ekt 8.1 1.0 0eS
1007 129 240 746 11.2 1.0 0.9
3004, 2491 3.5 18.9 11.2 0.9 0.8
le 1420 0.2 0.0 0.0 1.0 lel
3 le75 Ol 0.0 0.2 1.5 1e7
10 184 Dot 0e2 0.6 2.0 244
30 1.92 0.9 Oe7 1.9 2.1 245
100+ 0.91 243 245 5.6 2e2 245
3005 274 Lely Teb 11.8 2e1 245
1007. 1.26 10.0 2444 1646 2.1 2¢5
3004, 2430 192 6448 1&649 242 245
le 1420 Qeb 0.0 0.0 l.8 2.0
3 406 Ot 0.1 0e2 267 3.1
100 3085 107 006 0.8 306 402
30 3473 361 1.8 245 3.8 bk
1000 2‘00 704 600 7-4 308 ‘roq
300, 5667 13.8 179 18.7 3.8 bekly
1007. 2432 3045 5745 2240 3.8 44
3004, 6409 572 151.2 2244 3.8 448
1. 2.00 146 0.1 0.l 3.0 249
3. 3.70 le8 0.4 0.3 445 Gob
10. 7.08 Ge7 1.3 lel 6.0 6.0
30, 6451 849 3.9 3.2 6e3 643
100. 6¢31 19.8 13,0 945 bets 643
300, 13.98 3645 3840 20.1 63 Ge2
1007. 2462 8ls1 122.9 2843 6e3 643
3004 bbb 1574 23046 29.1 Ee 4 63
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SORPTION MODEL COMPARISON

SOIL H

- O D G S e s o P . T S D L S W G s G S e T A T G S e o e G S G O e e B

SORPTION (PPM)

-~ e o " e S = G G W P A = P " S A gy D o S S = L S A S S e SV T oy e Py () W S W T g

TIME CALCULATED
(HRS) MEASURED me—mreorr e e s e e e e e e e e e e e e e —— -
1 2 3 4 5
le 4e17 le5 0.1 Oeé 1947 3246
4 6483 21 0.2 le2 1745 48.48
10 7433 2¢3 0e¢5 27 19.1 6847
30 8¢37 343 1e3 649 2746 10745
1004 8625 548 369 21e2 4649 17544
3044 9¢13 Se9 11.0 594 T645 25543
1007, 990 1549 2840 14940 113,.1 289.2
30004 9440 3040 6l 289.9 161l.4 30447
le 18.80 Te7 Ce5 142 5140 3848
be 26514 1002 106 403 4906 6305
10. 31.10 12.2 3e4 946 5745 G645
30, 39.04 17.8 842 2445 7945 15744
100, 3741 31.5 23.5 727 13148 26041
304, 44420 5241 63.0 1974 20844 37849
1007, 51.10 6945 137.2 443,2 277.8 43943
3000, 59430 6340 16543 55046 263.3 390,2
1l 2600 1644 l.1 2.1 T79.4 3947
4 41.70 23.3 347 Te7 8le¢5 65.8
10. 48461 2849 8.3 1746 9645 100.8
30 67458 4443 2045 46,1 136.1 16645
100, 60468 8040 60,1 139.2 22748 276.8
304 82428 12545 15740 37045 35245 40441
1007, 104443 13144 290.1 73542 415,.,0 47242
3000 114401 108.5 31144 83642 36849 43647
le 2500 Tle4 5.0 6el 18849 40¢4
be 77495 11567 1847 23,2 21047 6743
10. 127.08 14445 4243 5442 25042 10343
30 245458 20340 10043 13746 33844 171.6
100 394430 18244 19042 30143 403,.,7 28347
304, 433407 8944 24643 46141 35149 398.3
1007 457642 9743 31242 703.8 370e4 45849
3000. 476660 14744 38849 97147 42943 458646
l. 101.50 17246 123 lle4 31747 4045
Lo 142.07 28743 4648 43.9 36044 6745
10, 346492 36043 10647 10247 42849 10347
30 537417 52049 25842 26443 58840 17244
100, 953459 53547 529.0 614,.8 T48,2 28649
304, 1088467 26442 68646 94042 64)42 414,11
1007, 1144453 194,2 77346 127245 583.,8 48542
3000e 1196434 2932 84845 1618.4 65049 486e4

112



"SORPTION MODEL COMPARISON

SOoIL I

- o an av > = - - { oo o e i e et e e i e e e e e e e o e e e e e e (=~

SORPTION (PPM)

ey Sy > . . . S e, s i . A e T G D S G G S T - G T T G G G e - — - —— T T " S G T G W -

TIME CALCULATED
{HRS) MEASURED =~———==—s—ccamc—cce=- - e - ———————— ———
1 2 3 & 5
le 8483 1562 0«0 1.1 1.9 2946
'Y 10e 44 ' 642 Oel 23 le7 1546
10, Fe94 69 Oel 4.3 242 1647
30 11439 Bab 043 945 3.1 2046
100 10479 11l.8 Oe8 1847 3.9 2641
304 11416 2041 241 28.9 540 4347
1007, 11.08 2940 249 3243 55 5243
3000 12461 3148 2e4 2849 50 4342
le 31410 4345 Ce5 3.0 Lo 8342
b 38445 3640 1.3 8.9 65 12041
10. 444,70 33,9 243 17.9 8.2 14647
30. 49436 3547 Gl 3645 10.0 169.8
1004 564496 36.1 649 54.6 9.7 14646
304 57.68 35.8 67 4947 8¢l 10646
1007 58¢51 504 Te7 53,7 B8e7 12047
3000, 63435 579 67 5061 8.2 10844
1. 60420 6545 le.1 heh 6.4 101.2
bGe 74431 55.8 247 13.3 943 163,2
10. 86427 53.8 540 2649 11.8 21541
30, 95495 57«9 99 5642 1448 27246
100 106492 604 165 B&s9 14.8 26743
304, 11273 62e1 17.1 823 12.7 21845
1007. 118.69 T4e0Q 15,0 T6e5 11,9 19944
3000 124410 8545 1343 Tle7? 11.3 18341
1l 147.80 159¢4 52 10.0 13.3 12141
LT 187439 16743 164 3445 2242 22541
10 230438 1774 35,0 7549 3046 327.0
30. 266468 20843 8l.7 17442 41 04 47104
100. 309.06 24448 170.,0 30647 4641 56346
304 345.51 27346 21644 320e4 4246 55745
1007, 33%9.21 35240 22447 320.1 4245 557.3
3000 386434 42201 21244 310.7 41le4 55342
le 266420 28043 13.8 16.8 21.1 12543
4o 32151 3154 4745 60e7 370 23640
10 408472 347.0 10742 137.8 524 345,.,7
30« 4394592 428¢7 2727 33146 7440 50443
100 523.03 53449 63542 62240 871 613,0
304 62191 6204 8834 6791 83.0 61748
1007 624010 77842 88846 66364 8142 61648
3000, 650477 97662 90843 67142 82.0 617.3
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SORPTION MODEL COMPARISON

SOIL t

- A = 2 S P S G s = i = e e = . ok T Sk T P T U M ST e et VT D P W P S s e e b TR A e S s e e ey S T B S gy

SORPTION (PPM)

e s " - S o b e A e e e (e s S e T P I S B e U i s T o e A

TIME CALCULATED
(HRS} MEASURED ~e===m—mecm—memr oo mem e~ —- s e e
1 2 3 4 5
1. 6s76 0.9 Del 1.1 $3.3 1840
3 8493 240 0.2 245 87,0 1346
10. 1076 3.9 De3 540 $7¢7 10.8
30, 1126 6e7 Oe4 Te7 12243 647
100, 11476 1544 0e5 1347 205.9 742
312, 12.26 38.4 0.8 19,0 33940 9.2
1015, 1276 B744 1.0 197 54044 1046
3005, 12486 221,9 1.8 2762 8202 19.1
le 22400 le4 Oe7 3.1 133,.0 5447
3. 36410 3.1 1.6 Teb 134.,0 6348
10. 49475 645 249 17.2 155,9 7145
30. 53479 11.6 440 2642 20344 5843
100, 56462 2548 5.6 4940 326.5 61.9
312, 6007 5544 645 5640 505.5 6246
1015, 61465 13640 648 5647 79645 6961
3005. 64452 31344 748 6Ce8 1107.8 7842
1. 33.00 l1e7 ld6 Ge 7 15449 7043
3. 61465 348 348 12.2 160.2 9249
10. 30465 Bel Tab 294 191.6 128.3
30 104444 1449 11.3 53,3 25645 13440
100, 111.72 315 14,6 8l¢5 39047 13046
312, 117.02 6840 1642 92.2 606.1 14042
1015. 122424 16448 1547 894 94240 14742
3005, 127497 35745 1345 8244 124442 1297
1, 100.00 2e¢5 7.0 1045 20644 8648
3, 166400 543 17.8 2846 22046 12543
10, 241.04 124 462 8067 28246 21340
30, 306444 2548 99.6 18649 418.2 34042
100, 368454 59,8 19045 36243 682.4 52941
312, 414604 12646 233.9 40941 104149 69740
1015, 448489 28640 169.3 32842 152544 71647
3005, 484419 573.8 - 101.7 24946 1877.9 5714
1, 180400 3.1 18,2 17.8 249.8 9140
3. 275400 647 49,4 50,1 27242 133.1
10, 376630 1642 14443 15143 358.0 231.0
30, 505496 3540 36042 38261 54647 382.0
100. 603.29 8640 85942 84542 933.1 63244
312 654429 19641 1486044 116143 151346 G2649
1015, 781+69 475.8 153940 1113.1 2351.,5 110644
3005. 968455 99840 112240 93447 30174 106141
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SORPTIO# MODEL COMPARISON.
SOIL M

O > e s BT e 2 e s, e G G e S . Y - s S D G o g e S D e i M T n D i . D B . e o = T o G o W B o —

SORPTION {(PPM)

- - o~ —
- - s - - . " 8 e " S = o —— . o = " ——

TIME CALCULATED
{HRS} MEASURED =—*==eememr e rmc e o - - -
1 2 3 4 5
le 2-%0 49 0.0 Qe2 245 6.0
3 401\2 540 0.0 0e7 34 4,9
10. 5491 569 0.1 2.0 540 543
30 699 6e7 Qe Geb 646 4ot
100, 8431 840 1.1 8e6 Be4 5.7
312 8+81 9e5 248 97 9.0 81
1015 8496 13.¢ 841 Ge9 9e3 13.7
3005, 1073 l4e7 1649 845 Teb 175
1. 10.00 1345 0.1 07 942 2240
3 16.50 1443 0e3 241 1343 29.1
10, 26429 17.3 1.0 .G 1949 19.2
30 31¢54 1945 24 13,6 2667 2046
100 38400 2347 645 2547 3448 2840
312 41459 2840 16e4 29.1 370 4140
1015 43499 3643 4443 2749 3543 8445
3005 52431 400 88e4 2345 2843 8146
le 24400 2044 02 lel 1547 32.2
3 34420 2145 0T 342 2247 3041
10 42485 2766 240 Sets 3642 3le4
30 50.85 33,9 546 2341 5346 3746
100« 60.14 4346 1646 4647 7546 5548
312 69406 533 44 o G c.8 85.0 8748
1015, 7566 6746 12146 52e2 7944 13945
3005 94460 TheT 24344 4441 63.9 18442
ls 51400 4946 1.1 248 50,3 5142
3 70455 5640 3.2 842 T7e7 5240
10 93.+95 T4e6 10.2 2542 13042 5741
30 10335 954 2943 E443 20343 71.5
100, 124.99 12846 93432 137.5 30643 112.3
312 150,20 l64ets 271490 172.8 367 ¢4 1891
1015, 151.58 22001 79949 172.1 3696 32240
3005 269,21 251.8 170662 15047 311.4 48146
1. 54400 A% .2 249 5.2 107.9 5746
3 9069 C3eb 87 15.1 17149 59.3
10. 124410 139.8 2840 47.1 293.7 65}6
30 146495 180.1 8l.8 121. 46349 8245
100 18564 24346 263.1 261.8 70363 130.,3
312, 219.54 31648 780.4 334,49 86246 22146
1015, 177493 43544 239245 342.8 89%.2 380.2
3CC5. 30974 552.3 579544 333,1 86645 59346



SORPTION MODEL COMPARISON

SOIL N

- o o i o o e = s A e e e —— - —— — ——— — - Ty o o P Y o o T . S Mt e ke ave Gn SoAO B

TIME CALCULATED
(HRS) MEASURED ~——==—mmmme e m e r e e e e e e
1 2 3 4 5
l. 309q 247 040 040 840 Te0
3. 4019 249 0.0 0s2 70 646
10 560 bel 0.0 0.8 6.9 Be7
30, 6e37 542 0s2 2¢2 Tel 1244
994 6428 Te8 0¢7 Tel Se4 2140
364, 650 1245 248 2546 1646 3747
1009, 6e57 1762 748 861 2741 5546
3000, 8494 2147 18e¢4 14047 4043 5747
le 1530 8s3 040 Ce2 196 2643
3 2006 849 Osl 0.7 174 2646
10. 24418 1245 Qa5 262 1761 3672
30 28493 165 led 6ol 18¢1 S4e7
99 33472 227 4.0 1845 2246 8640
364, 4213 30.1 1146 576 34e4 12443 -
1009, 51466 287 220 1177 44 40 12108
3000, 56¢56 2762 3449 193.0 521 8340
la 24440 1345 Oel 0e3 2940 3945
3. 3082 1562 043 lel 2648 4340
10 3702 221 le2 345 2740 6049
30 47651 2943 3.2 1040 28.8 9540
99, 68494 3746 848 2942 3441 145.5
364, 86478 Li e b 2245 83.9 4840 196,9
1009, 95494 4742 44 04 17740 6449 21945
3000. 106476 5640 8549 335,3 8942 20840
1, 51400 3548 046 0.9 63.6 6145
3. 62654 4249 1.7 246 61«8 7146
10. 77615 6440 547 847 6346 10442
30 98.82 88e4 16¢4 2546 6967 16946
3G 120.11 12942 51l.4 8143 90.9 29344
364 15493 19247 1734 27646 15046 50640
1009, 14193 25741 453,.2 69345 24140 72641
3000. 258434 33244 107443 148543 36243 B8T4ets
1. 6600 6748 1.6 le6 10642 6846
3 83429 B3e3 47 GeT 10543 808
10, 60.89 12744 1546 1567 11046 118.2
30. 153497 1770 4548 46 ek 1218 19345
9%, 174417 25842 14348 147.8 15846 33647
364, 201.02 40046 50763 51248 27042 58849
1009, 121.02 55541 1390.4 1330.0 L4444 8511
3000, 407418 T4766 349043 295249 68948 105746
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SORPTION MODEL COMPARISON
SOIL O

———————————————— (e e et a— e e e m ———————— e ———————
SORPTION (PPM)

TIME CALCULATED
{HRS) MEASURED ==--—rmmomrcrrrrrc e e e ———
1 2 3 4 5
1l 5420 l1e2 0e0 Oel 1545 1643
3 6486 leg 040 Qa3 1242 1045
10. 6¢31 20 0.0 1.0 1547 1244
30 Te37 3.1 0e2 29 2445 18,1
9GS, 6692 56 Oeb Ge5 4248 3le4
364, 8438 10.2 243 3349 T442 S4eb
1009. 8.83 13,2 545 8540 100.2 T2e4
3000, 9485 2040 1343 21642 12446 9243
le 23470 Te7 0«0 0e¢3 474 4 659
3 29468 Te3 0.l 0.9 4040 5?03
10 34491 1046 0.3 248 4748 5740
30, 39482 l4.5 0+9 Teb 6646 7261
99 43432 2246 246 2240 10445 10843
364, 47667 3745 7.9 7243 16744 1§909
1009. 5076 4967 1846 179.6 22644 22841
3000 57.95 5947 3846 4167 24644 24541
l. 40400 1749 0.1 06 T84 11942
3. 49440 1840 Oe3 le6 7140 10345
10 59.38 2846 0e9 448 8745 11743
30 69.88 4046 243 1341 124,1 154,43
9G . 7922 6243 bat 3847 193.4 23446
364 97e40 8349 17¢4 1171 27843 32848
1009. 109+4%9 7041 31.5 24543 29647 33046
3000, 118.67 6743 5240 49048 27346 289s2
le 82400 9743 0e6 le5 2178 23745
3 87.10 12148 le6 beb 22646 248.0
10 159495 2016 5.0 1349 28345 2978
30 278473 22643 11.5 3543 36042 38843
99 388445 18842 2244 8243 41245 49146
3644 439435 11344 3644 17349 38l.%9: 46249
1009 460657 82s1 5148 31145 354.C 40949
3000 483488 11647 8642 65342 38244 44842
le 144400 28348 1e5 248 415« 4 28747
3 73419 38946 445 8e3 45643 30%.4
10. 245449 6918 1445 2649 59249 38le7
30 533e¢44 84401 3546 Tle2 78648 53840
S9. 840480 84061 76.9 178.4 9871 833,0
364 1071.95 53242 132.5 393.9 95247 1063.1
1009 1130448 192.9 16243 60845 67240 81348
3000, 1181.07 28743 229 ¢4 114745 66649 88744



SORPTION MODEL COMPARISON
SOIL P

- ——— — — . — s T i = o S e T S S R Gt S D e . N WD W 0 S e s e T G S A S A e 8 Phe M S W Tun e R G S 0

SORPTION (PPM)

e 2 o8 T v = . - = S G S e e A e A S A S W S S G A e 00 N ke M e S A e S e S e AP S e A S e

TIME CALCULATED
{HRS} MEASURED sommeccam e c e e e e e m e e e amc e
1 2 3 4 5
1l 700 348 040 Oe5 1446 1467
3 8el4 26 Oel 1.2 843 6e9
10‘0 8491 32 0e3 343 842 685
30, 9.19 4ok 0.9 9.0 1067 8eb
99, 9473 6¢8 248 2646 17.7 1347
364, 10436 10e4 8e¢3 70.3 3047 2343
1009, 10498 13,41 1543 10443 4465 33,0
3000, 1171 1743 1844 104,2 6046 4343
1le 32430 1648 Oet 1e5 4945 64¢8
3. 36421 1241 0e9 366 3242 3942
10, 40027 1649 264 10.3 3440 4046
30 44032 2147 640 271 4146 4844
99, 4834 2944 1547 7349 6lets 6944
364, 52410 4140 41.0 18143 9841 10649
100%. 55425 4946 7064 2587 137.1 14447
3000 60e43 57.8 7342 23548 16944 16845
le 55480 33,0 140 204 8646 11345
3. 61e39 277 242 6el 644l 8644¢9
10 69652 4045 62 1842 6949 9244
30. 79617 5262 1548 4846 8548 11247
99 89466 6845 4140 131.3 12445 16l.1
3644 98498 908 1023 312.8 19147 24149
1009, 109431 967 15649 41246 24542 29843
3000, 119.96 97,1 13446 335.1 26942 30446
1. 128400 129.9 GaT 642 27046 23745
3. 142439 138.8 12.4 1741 24348 23346
10. 186489 20443 3649 5341 26742 26442
30 278428 23646 8942 137.3 30649 32649
9SG, 332450 26648 20446 342,1 39746 46640
364 434429 24242 36848 65440 46640 59642
1009, 461e82 12041 31745 543,9 36744 45847
3000 485462 13445 20445 41749 37547 45046
le 220400 3089 1246 11e2 556¢0 29147
3 255400 34444 33,9 31.4 518.9 2994
10 3266489 52243 10443 96,1 58242 345,9
30 492408 69040 279,11 273, 729.9 46145
99, 667.07 861et Tl4a4 729.1 102844 73643
364 904408 94846 1536.8 157247 139141 121240
1009s 1109463 59949 158649 152748 127443 139443
3000s 1177400 32042 62547 75640 8866 1079.7
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SORPTION MODEL COMPARISON

SOIL Q@

e > - " . P - iy e T+ P e WD G o S S e G e A e G D s S S

le

110,
302
1001,
3013,

le

3
13
3G
110,
302
1001
3013

le

3
13
39
110,
302+
1001
3013,

le

3
13,
39
110
302
1001
3013,

SORPTION

(PPM)

e ooy iy = et ot B G S G o e s o T p T > Wy e S s D G U oy i e S i ST L e Y S e S e G S G S G T e e T

2020

341

481
5418
502
5488
6490
6054

9470
13.98
18435
21451
22499
28426
38413
46405

18430
23,91
25476
28425
41639
63494
98402
106472

274060
39437
50428
105462
163462
4237
371418
429406

20450
67402
84432
183,32
228427
335483
611404
48704

1.0

3.0

743

9.0
1747
2647
3845
4748
5142
394

251
3249
654
9264
12445
15643
17144
119.4

5641
Tt a2
14743
21346
31245
45145
63545
54243

CHEUNOQOO
[ ] [ ] [ ] [ ] [ ] - . L]

O ~NNOWO O

N -

led
440
1741
4748
116.9
2531
462,1
434,7

3.6
1045
44,43

12644
329.%
80742
186943
343049

119

CALCULATED

65
15.8
3060
3745
3647

175
17.3
227
3bels
5341
729
84eb
7167

4648
4849
6445
93.5
13745
18843
22048
17648

8847

93.8
123.2
18le8
28241
42549
59947
81343

12.8
12.2
k542
2147
3349
5046
6846
7143

21.8
2146
2842
4247
6547
8846
9542
6848

4640
4849
6449
9645
147.8
213,.3
268,1
21043

5841
62e4
8342
12640
202,.1
317.1
498,1
70843



SORPTION MODEL COMPARISON

SOIL R

o . s > " > o T . s S D L s W S et e Mt - A e g i Y o = L e . B 4 e S o S A = b s o 4o g

SORPTION (PPM)

o " > o " B e e a0 e e S T e A S G B (A o B o S " S > e e oo At o " o = e o

TIME CALCULATED
{HRS) MEASURED ~m—cmmmer e m e e e e e e et e e e e
1 2 3 4 5
le Te&S le6 0.1 1e5 2446 30,1
3, 8455 1,5 0.2 3e4 l4.4 13,4
13 8496 2¢1 0.8 1241 1849 1545
3% 889 345 243 35.8 31.8 2542
110. 897 646 7.0 103.2 5647 46562
302, 8457 13.5 2145 285.7 100.8 Bbe G
329, 8438 740 23,9 312.1 10946 96,43
1001, 6611 4640 9540 94042 23243 23149
3013, 10.75 6643 16842 154041 28942 29961
le 29420 1142 049 346 B549 13440
3. 36446 849 1.9 849 6246 BG.0
13 43,25 13.7 Seds 3143 7347 9142
3G 47.81 1641 11,9 8041 9544 10843
110 50+94 2149 2640 19643 13448 14547
302 55465 284 5342 445,1 17840 18546
329 54431 12.5 57.2 479,3 187.7 196,.,8
1001. 5799 7040 15442 1198.4 31744 34944
3013 64427 78.2 209+ 4 169949 33043 36140
le 47460 2643 2.0 563 149.2 22147
3 62438 2345 Gol 13.8 121 e4 18042
13, 76468 39.9 1348 5045 14844 20047
39. 88.74 4744 3145 130.8 19642 24943
110 99433 564 6448 309.4 25640 31747
302 114465 4B.6 10647 61845 2727 31945
329 10924 18.6 112.1 65843 27941 32645
1001 119,.,9¢ 111.5 252.0 1519,5 43947 528,7
3013, 129462 101.7 28348 195143 400656 46948
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SOIL R CONTINUED

SORPTION (PPM)

. e G L 8 s o e D i B D T2 (P e T . s S - s 0 D T e N o e Gy e S s T 4 s U " - - —

TIME CALCULATED
(HRS) MEASURED ==—=scccmrrm e e e
1 2 3 4 5
le 100.00 14245 9.2 11.5 44743 39847
3 158400 160.0 2347 3149 42649 40742
13, 237.64 28740 7949 121.7 533,6 50544
39 36990 25247 16044 293e4 610.9 64547
110, 42100 149.9 237.9 56646 56542 67441
302, 453,18 11949 32443 102045 541,1 67C.0
329 469487 3540 332e4 107046 52848 65246
1001 496410 15849 469.1 196245 607.1 76842
3013, 51787 20745 53942 266948 63440 83043
ls 143450 41949 24 44 1847 502.8 46248
3 27017 51843 665 5346 915.4 49243
13. 47052 97647 23647 20948 117762 64349
39 955433 77165 457.4 494,41 128246 88846
110, 106905 26443 57343 84048 95044 92344
302 1127.08 21548 70941 142043 85748 9778
32Gs 1168498 7664 72549 149447 86645 999.1
1001, 1232457 37243 101844 283646 1046,1 1351,7
3013 1283.50 51742 121540 400742 114143 1619.0
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SORPTION MODEL COMPARISON

SOIL S

- — o+ o — e 1 i S P T e D T - A = e T e e S - A - —— o -

SORPTION (PPM)

- = - e B e~ S A At S S i A = > G T > > - .~ - - — > =

TIME : CALCULATED
{HRS) MEASURED =~===—mmo—mrercceow- —————— e s e e ————
1 2 3 &4 5
le T+9C 9.9 Oal 0.7 1547 24 ¢4
"3 S+09 5S¢0 0.1 1.4 13.9 840
13, 9465 640 04 440 2042 6i3
39, 9457 82 1,1 1043 33.0 Te5
110, 9468 1241 248 2249 54,40 1041
302 10413 1549 5.3 33,3 6%9.6 13.3
1001, Ge75 2440 7e3 3843 8Qe4 2442
3013, 11.30 28e7 &e7 3642 7545 3843
le 35490 3344 Qe5 20 5066 100.1
3 42499 19.6 1.0 442 4945 4548
13. 464647 22.8 2.6 1247 7246 3644
39, 49.08 2643 5.8 2945 103.9 34,46
110. S1e74 318 11.9 5544 14048 364
302, 54488 37+3 17.8 7046 15946 41,8
1001. 57e49 4648 1844 68els 15249 6047
3013. 60.91 S4els 1642 6340 139.7 3140
l. 63.10 5841 1,2 3¢3 8640 16242
3 7395 Gle5 245 Teb 9649 106.2
13. 8ls59 5248 TsS 2543 15846 9449
3G9, G0e24 584 1743 58.8 22244 8746
110 98473 6344 32.1 10361 27747 8343
302 10534 £Ge9 4344 12245 29348 9047
1001, 112,37 8347 4049 113,0 26743 12548
3013, 12300 Blsb 2842 89.5 20643 15%46
le 165.90 1773 548 8e7 251.7 28441
3 185489 16640 1443 2249 34642 26542
13 23217 2222 5048 84e7 61846 26147
39, 274492 24346 120.6 20047 8774 258.9
110, 299.97 279.2 23844 36647 1144,.,3 27542
302, 336425 32142 34649 45648 1269.5 32G.3
1001, 393465 35349 29746 394,41 1070.5 47045
3013, 43262 34445 20446 211e6 82447 670.8
le 288470 36542 1548 164 S04.4 32666
3. 34193 370.0 4104 4448 7371 32144
13, 439401 50344 153,49 17044 135143 323.,7
39 533422 57342 38145 41545 ‘198245 33246
110. 56562 6717 78342 77842 264943 36441
302 686433 78346 117345 987.0 2989.2 44746
1001 825438 909.2 1087.6 892,2 265346 685.9
3013. 966012 91343 78l.7 72540 210741 1083.2
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SORPTION MODEL COMPARISON.

SOIL 7T
SORPTION (PPM)
TIME CALCULATED
(HRS) MEASURED = mmmmme e e
1 2 3 & 5
1. 2400 2e2 Oe0 0.0 [ 3e6
3 3.88 25 0.0 0.0 3e7 3+ C
13 484 3.6 Qa2 042 3.8 29
39, 581 Lol Q45 Qb Go7 345
110 6408 58 les le7 549 a9
302‘ 6476 Te7 36 bGe 10.8 706
1001. 679 1le4 10.0 1242 18.3 12.8
3013 8437 1447 18.3 2249 27«1 18+2
1. 12.40 68 Qel C«0 11.2 1463
3e 1702 Tets Ce3 Qal 10.2 12,7
13, 20404 11.7 la2 D5 11.2 13.7
39. 22‘86 1502 303 107 14-2 1703
110 25439 2041 8.7 445 210 2542
302 2914 263 2146 1145 324 38e4
1001. 40433 33.1 497 28.65 L5846 5447
3013, L7462 34,1 6747 4641 5¢.8 6Ce8
l, 15430 1145 0e2 040 1748 2346
3e 21e66 13.2 Ceb Qe2 17.1 227
12. 2680 21e2 247 0.9 19.1 2544
3G, 36405 272 Te7 246 24,0 31.9
110. 43470 349 19.8 740 3446 4548
302« 61035 4243 4561 1741 5065 6642
1001, 87479 470 892 3945 6842 85.3
3013. 100.89 4362 102.9 5742 7642 85.6
l. 52420 30.3 1.0 Cel 4243 4241
3 5481 3661 245 Ot 42C 47« 8
13 6381 5%¢9 1242 2+C 4842 4G 43
39. 82.14 794 3546 6.0 623 6443
110, 10024 106.1 95.2 16.5 G256 6.8
302, 139.56 13749 235.0C 4149 14246 15245
1001, 216483 182240 5666 107.,9 22161 249e1
3013 224465 23045 9775 19645 318e4 373.0
l. 36470 59.3 2.6 0.2 771 5041
3 83483 T71.9 Te7 0.8 7746 51406
13 T4693 11847 3248 3¢5 8843 5%e¢4
3G 84438 16144 CSTe6 10.5 117.0 7842
110. 101463 22046 26849 29.C 17762 116.9
302, 15135 29642 65046 7540 280.1 19C+6
1001, 326404 40946 177541 20042 45261 32448
3013 620433 45649 2719.9 34047 59642 48Ee8
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SORPTION MODEL COMPARISON

SOIL U
SORPTION (PPM)
TIME CALCULATED
{HRS! MEASURED ~-—=mrmm e m e e e e e e e e e e e e e e
1 2 3 4 5
ls 2488 58 0.0 C.0 648 11,7
4a 574 6e2 0.0 0.1 112 Sets
10 Te22 6al 040 0.2 15.0 7.2
30 8a1l6 70 0e0 0.9 2146 et
100, 9el3 8e3 060 267 30.5 bed
304, Qe84 9e¢5 0+1 68 3561 Teb
1007, 9434 1341 Oels 1541 3841 13,8
3000. 11453 1447 0.9 1845 2448 16,9
1. 11.10 1146 0.0 0.0 13.1 2046
[ 19485 13,1 0.0 Ce2 2248 2Cel
10 23e42 1642 0.0 05 329 1946
30, 26461 1746 Csl 147 5140 2Ca2
100, 29491 2240 045 Set 7646 2341
304 32487 2646 let 14,0 9343 31.0
1007, 37462 328 440 2945 9l.¢ 5045
3000, 39446 39.3 1040 3743 8848 8240C
le 7490 160 040 0.0 1749 2342
4 22429 1941 0.0 0.3 3243 2242
1C. 27426 2140 Oel 0.8 4747 23.3
30 31437 2645 Oed 243 7542 2443
100. 35449 3348 l1e3 Te3 114.8 2842
304 40456 413 3.9 19,1 141.9 3Bas4
1007 51410 512 1146 4005 14067 5348
3000, 55412 6143 2849 Sled 13640 iC544
1ls 23400 2847 0.0 041 31e3 2541
Gs 26414 3545 Ce2 Ce5 5842 2562
10, Ce39 4046 247 le2 8846 2546
30 3449 5248 2el 347 lag o4 27+C
100 49495 68.0 Tel 12.2 22348 314
304 57454 82.3 2045 3le4 27446 4249
1007, T5e49 104.9 5343 67.8 27945 72.C
3000, 16481 13347 17746 89.8 23740 12Ce6
l. 49480 42,1 Os1 0.1 4542 2545
G 61e78 5242 0¢7 Cs6 3542 2247
10 2Te45 6045 1.8 1.6 12945 26.1
30, 17455 T84t 5¢5 540 21047 2744,
100, 56480 100.8 1843 15,9 32544 32.C
304 37.58 12542 549 4243 4097 4347
1007. 116.38 159,5 17146 91,5 4176 7244
3000 405485 183049 399.8 112,0 383.4 12244
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// JO8

LOG DRIVE CART SPEC CART AVAIL  PHY DRIVE
00090 7207 7207 0000

ve2 "l0 ACTUAL 1éxX CONFIG 8K

/7 FOR

#JOCS(CARD» 1132 PRIMTER )

#EXTEADED PRECISION

*CME WORD INTEGERS

*L1ST SOURCE PROGRAM
DIMEMSION CI(1096)3sFCl110356)951(1036)35201096)153(1016)11,54(10,6)
#S5(1096)sSPAD(10+61sCAVGI10,6)sT(20)
DIMENSION TA(11)9CAVILYs8)

500 FORMAT('Yt///7/7

1 ' SORPTICI! WODEL CCHPARISON'//
2 SOIL ' 9A2s/// t—mmm e e
B e e e e ")

501 FORMAT (
4 ! SORTTICN (PP Y/
) 1 e e e e e e e e e e et e s o e
6m=="'/
7 YOTIE CALCULATZO!)

502 FORMAT |
8 ' (HRS)  NMEASURED == e e e e e
S=mmty
* ! 1 2 3 4 5
¥* / 1 o 90 e e s e e o s A S e A s S P Gy AT e e A e B TS s o > ot G U — s =~ = -
Hmmmt /)

510 TORMAT (2X9F5409F94292X957941)
520 FORVAT (/)
523 FORMAT ('1'////7/72YX"' SOIL 'yA2s' CONTINUED'///)
100 FORMATI(I3)
REAC(251001 N
C N OIS THE NUNMSBER OF SOIL SAMPLIS
DC 1000 ID=14N
11C FORI'ATI(A2)
READ(2s110) 8N
115 FORMATI2IS)
READ(2Z2+115) INsJIN
C St 1S SOIL NAME, IN=xM0e OF TIMESs JM=10. OF COMCINTRATIONS
130 FORMATIS5F10.2)
REAC(25120){(T(I)sl=1s1M)
C T IS THE TIMES “EASUREMCEMTS TAKENR
143 FORMAT(10F743)
REAC(25140) (CI{Llad)sd=1sJM)
C Cl 18 INITIAL CORCENTRATIONS
D0 150 I=1,IN
150 READ(29140Y{FC{TIvd)su=1sJ0)
C FC ARE MEASURCC CONCEMTRATIONS
DO 1 I=2s1I#
DO 1 J=1sJN
1 CItIs l=FClI=-1yJ)
00 3 I=1HINM
DO 3 J=1IN
PAD=({CI{1syJ)=FC({1sJ})/10
[IF{I-118+8,9
2 SPAD(1sJ)=PAR®100.
GC TC 1¢C
9 SPAD{1+J)=SPAD{I=1s0)+(PAD®1CD,.)
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PAGE 2

10 CONTINUE
CONT INUE
DO 20 I=14IN
DO 20 J=1sJN
20 CAVGIIsd)=(CI (I v JI+FC{LJ)) /2,
READ{24130)
READ(23130)A3BsD
DO 30 J=13JN
DO 30 1=1,IN
S1(15J)=0,
DO 40 JJu=1,1
IF(1-1)35335445
35 TT=T(1)
S1{IsJ)= {{CAVGII »I)H#BI# (), =DI#ARTTIR®[],/(1.-D))
GO TO 40
45 TT=T(1)=T(JJI=1)
SLI(IsJ)={{CAVGII »J ) #%#B)#(1.=D)¥A*TT+S1(I=1sJ) )% {1e/{1s=C})
40 CONTINUE
30 CONTINVE
READ(2s1301A X
DC 50 J=1»JN
DC 5C I=1,IN
Sz(IOJ)=00
20 60 JJ=1s1
IF{I-1)155+55365
56 TT=T(])
S2{1sJ)=(CAVGIT » I #X) =L {CAVGI I s ) %X/ (EXPLAXTT)))
GO TO 60
65 TT=T(1}=T{JJ=1)
S211sJ)={CAVOIT» DI #X )= {CAVGIT s I #X)=52(1=1y )} /EXP(AXTT)
60 CONTIfUE
50 COMTINUE
READ(25130)A»XyY
DO 70 J=1sJN
D0 70 I=14IN
SB(I’J):O.
D0 8C JJ=141
IF(1-1)175475,%5
75 TT=T{(1)
S3(T4J)=LCAVG(T » ) ##Y ) #Xm { {CAVGIT s J)H#Y ) %X/ (EXP(ARTT) )
50 TO 89
85 TT=T{1)=J(JJ=1)
S3{IsJ)=(CAVC{I s JI#%Y ) #X=( ( (CAUGIT s J)#2Y ) #X)=S2([=1>J))/SXP(axTT)
82 CONTINUE
79 CONTIVE
READ (251301EX 97 ,Y
FXK=10e %% (—EX)
P12=9.8696
C DATE COMVERSIQOY FOR I0DEvItg
1lr=IN+1
CC 300 J=lsJ
DC 300 I1=2,11%
352 CAVII9J)=CAVC(I~1sd)
D0 216 I=211%
310 TA(IY=T(I=-1)
TAT1)=0,0
D0 220 J=ladn
3:’\1 CAV(I’J)=C'
DO SC J=1,J"
DG 90 I=z.11.

SL6{1sdl=l.

w
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PAGE

101
30

521
524

522
280
1000

FEATU
ONE
EXTE
10CsS

CORE

COMM

END O

// RE

3

CO 101 JJd=2,!
TT=TALT)-TA(JJ-1)
CC={CAVIJI s d)raY X ((CAVIJII=1sJ) BHY ) 8Y

SUMX=D,
S0 210 N=1410
A = (Le/INKRZ2 ) JHEXP{ (=) f )¥EYK*¥TTHPI2H (MEH2,))

SUMX=SUMX + XJ

YJ=CC#{1a~(046092%SUX))

S4llsd) = YJ + S4(1,J)

CONTIKUE

READ (25137) EX9SVAY,P

FXK = 10#%(=EX)

DO 220 Jzl,JM

DO 22C . 1=2,11n

S5(1sd)=Ce

D0 230 JJ=2»1

TT=TALI)=TA(QI=1)

CC=lUCAVIII I REVAXHR ) /{1 +3%8CAVIJI s ) ) )= (CAV{JJ=1 s JIRSMAXH®B) /
2(14+B*CAV(JJ=14J)))

SUMX=0e

DO 250 N=1,10

XJ = (La/(M#¥2, ) )RENP( (=], ) #EXKHTTHPI2H (N#%2, 1)
SUMX =SUMX + XJ

YJ=CCH{1a=(0e5092%SUMX))

> S5 (lsdl= Y #5514 J]

CCNTINUE
HRITE(3,500)8N

HRITE {355C1)

WRITE (3,502)
ICnT=16

DO 280 J=1sJN
WRITE(Z4S51CHITIIT+SPAS T3 ) sS1 0o J)s8205J) 9830130188401 414UY,
#SS5([+1eJd)sl=1s104)
WRITE(3,520)
JONT=ICNT+HIN+2

IOV '=54~1"
IF(ICHT=IDUINI52295019521
IF (J=J™)5244280y23C
WRITE(3,522)8N

WRITE (3,501
WRITE(39502)

ICNT=5

3D TC 280

CONTINUVE

CONTINMUE

CONTINUE

CALL EXIT

END

RES SUPPQORTED

WORD INTEGERS
DEC PRECISION

REQUIREMENTS FOR
ON 0 VARIABLES 1956 PRCGRAM 1856
F COMPILATION

Q
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SORPTION MODEL COMPARISON

SOoIL vV

. - " — " T — o " " W o P Y o O A S e S A P S T T s (e S - e s e S vt (e B Wy o e e e G e i

SORPTION (PPM)

. - T o o o A R o e oy S Ay o T L S e o M T S e G i P e b B G B GO = o e Ry e e - —

TIME CALCULATED
{HRS) MEASURED =mrecccamccccmc e mrr e n e e Intaiateinded et -
1 2 3 4 5
l, 3453 649 0.0 1.2 10e4 b6
10. 6¢63 97 0.0 Teb 227 6e2
30 8430 844 0.1 10,1 2645 549
277« 8e25 13.8 0.7 90 3843 10,41
le 13454 178 060 3.0 27 ¢4 272
10, 26646 2741 0.5 19.7 6445 31.3
30 34410 2649 1.1 2942 8446 37.C
277 45454 3748 442 2342 10746 56e1
1. 2290 2648 D¢l 445 4145 4245
10. 44490 4245 1l 29.9 101.8 5542
30 54480 4546 2¢7 4743 14340 T442
2774 T77+24 7449 13.4 4349 21547 153,.,2
le 61+00 6043 Qe Geb 95.1 7648
10, 128440 10142 562 670 24646 110.4
277 186400 22849 2.8 12449 672.9 45244
1, 144400 10147 1.5 157 162.3 8949
10. 166400 1804 1443 11445 443.9 134.,0
30. 172450 224+ 3 4146 20446 708.8 20%.9
277 269450 44246 29444 23143 13219 58149
le 274400 151490 3.1 2247 24342 9543
190, 3514590 2670 2847 165.3 663.1 142,7
30. 260.0C 33640 Bhoets 29840 106946 22440
277 319.00 £91.3 €41.6G 35049 208446 62664
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SORPTION MODEL COMPARISON

SOIL W

- > o > T e = Gl = . = = — T T D A = = s e S Bt A D TS B > . T M s S G W s S NP (s S > o S S . G P = = A G O

SORPTION (PPM}

s s o W . =, = " . - — - — - - T e . A " vy b e S o~ -

TIME CALCULATED
{HRS) MEASURED =mme—cr e e e e — e - -
1 2 3 4 5
1l L4e43 Teb 0.0 leb 10.1 15486
1C. T¢40 SeG 0e2 10e1 Se7 2547
30 8480 Te9 De3 1546 1041 228
121 G¢20 8e5 0.5 1445 1346 1848
277 909 940 0«5 1345 17.9 1746
le 16425 2047 0e2 345 2542 6041
10, 32402 2946 le2 2443 2643 12549
30 3840 2649 2ol 40486 30.0 140.1
121. 44470 30.1 Gel 4045 42¢5 13847
277 47499 214 34l 271 4347 7945
1l 27410 31.8 Osts 540 37,3 G042
10. 53470 4847 209 3641 4142 21646
30 55480 5243 6e7 67e2 533 30247
121. 84480 6346 1345 7440 82.0 375.0
277 90455 4442 1045 4Be6 8349 23542
1. 69.00 7540 1.7 10.1 8la3 14049
10. 146450 12543 14,1 769 S7.C 38947
30 159.00 14345 35.0 14948 1319 60843
121. 228400 201l e4 8748 187.3 22845 95347
277 241400 2069 10942 1652 30341 105647
l, 191.80 12845 bGeb 1547 13246 15742
10. 211.20 22748 3842 12441 16647 44843
3Ce 227450 28442 104.9 25640 24241 7216
12t 352450 41945 29346 32846 44046 117642
277 450425 LGh4 42 386.5 31347 &£0040 136442
1. 263400 19646 Se0 2261 1954 163.8
10 345400 35445 803 17742 249,.1 46948
30, 345400 [ 221.7 36649 363.1 75743
121, 450400 68045 55445 500e2 680.8 124341
277 358400 76545 38545 50242 96540 146640
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SORPTION MODEL COMPARISON

SOIL X

- A S o . oy s S L = e S T o S . o T~ - S Sy W M (U Sk B A b D B D e T G Gy D s W iy e S S e o e S e S M S o

SORPTION (PPM)

—————— .t = " . A W T i S s e S iy e D . S >, A M S = i " - T o 4 A e

TIME CALCULATED
{HRS) MEASURED ~e=eccccrrmmcn e e m e e e e e e ——————— -
1 2 3 4 5
le 2462 6e2 0.1 362 Te2 86
10, 7479 84§ 0«7 18e5 10e5 1042
30 8450 6¢0 0«7 2140 109 7e9
121 §.00 Tt 0e¢5 1746 1449 Beb
277 Se4l Teh 0.3 1544 17.8 847
le 14483 17«1 07 648 1745 3048
10 31e76 2645 bGal 41e4s 274 4449
300 ‘#1020 22-5 Sels 5404 3306 484
121 39440 3042 447 50+ 2 506 6445
277 48483 2643 248 397 5640 6242
1. 2090 274 1.5 946 2646 4762
10 50460 4662 10.0 6242 4446 79.9
30 70420 b ek 1449 88.7 5947 10445
121 67420 6344 1543 8741 9640 16245
277 95434 5448 Sel 68e4 10646 16642
le 84450 6549 643 1845 5749 7349
10 118410 12244 46490 12745 105490 14245
30. 165400 14547 88.1 20846 16349 23148
121, 178.00 22344 11161 22149 28742 42248
277 266480 22749 8740 16741 359.3 55944
1. 153.00 120.3 l6e4 2849 9845 8346
10, 179.00 23445 12745 20640 18642 16544
30, 265400 292.9 26041 34842 301.3 275e4
121. 270400 46T 62 35545 383,86 54749 51548 -
277 44Te25 51441 3144 36045 72464 71649
le 254450 18842 3343 4043 14604 8743
10 332.00 36%.2 26047 288e4 278.0 17345
30. 420.00 46648 54065 49144 4544 ) 28948
121 410,00 76148 76865 55164 84148 54544
277 604.00 B7TeS 731e6 53642 115141 76542
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SORPTION MODEL COMPARISON

SCIL Y

SORPTION (PPM)

- > o S D e G e By 490 S . i, e Bty G O S T Gt S D . Py M S LS Wt T e G e s U T . G S s S G T o -

TIME CALCULATED
{HRS) MEASURED ===rmecemrmr e crc e mrm e c cc e e e e - ———
1 2 3 4 5
1l 2400 248 0.2 1.1 3.2 29
3 290 3¢2 0a7 3.1 Le? 4ol
10, 3490 Leb 1.9 Te8 Te3 bl
30 4670 5.9 345 1342 1046 B89
100, 550 8ot be2 1443 l4e4 11.9
300, 609 10.6 347 12.8 15.8 12.7
ls 14400 1048 1.6 3.6 1146 12.8
3 19400 1le4 3.4 9e2 1661 17.5
10, 28450 1409 840 21leb 2343 2447
30, 34450 l6e4 1244 32.1 2849 2945
100 39400 1947 117 2G4 3347 3247
300 42450 2166 8e1 2246 307 2841
1l 22¢70 203 245 6.l 210 2349
3 31.00 2245 Te& 16,0 30e3 3445
10 58400 2845 1761 37e2 4343 4848
30 69400 295 251 5340 51e2 562
100, 78450 3547 2343 4841 5942 6249
300 8420 3546 164 375 5446 5543
le 79.00 6848 11.8 16,9 6645 619
3 100400 7867 3140 Gh4e 8 9847 9541
10, 150.,00 11440 8045 1139 15649 15549
30 180400 14843 14841 193.3 223.8 22949
100 227400 20445 1717 20446 29942 31841
300 254499 25347 14044 17548 3129 34345
le 142.00 15643 3045 3345 14446 9045
3 146400 18945 8346 9146 2244 14544
10 230400 29145 23145 24441 37646 25049
30 330400 39145 44647 42943 55545 39043
100 405,00 56344 55046 47443 17447 57846
300 470400 75847 49667 43648 87648 69245
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SCRPTION MCDEL COMPARISCN

SOIL

SORPTION (PPM)

TIME CALCULATED
{MRS) MEASURED —==memcerm s s r e m e e e et e e e e e m e
1 2 3 4 5
le 5485 Tel Qe 5.9 a2 8¢9
3e 6480 5¢7 Oe8 1246 1142 Sel
10. Te55 Te2 1.5 2365 1549 11.9
30. 8410 8e5 1e% 267 207 1448
100. 8455 1046 le5 2347 2345 17«5
300 8488 1245 l.1 2047 2045 1645
1le 26453 2le¢6 24 1345 2346 314%
3. 34400 17.8 445 2941 2946 3744
1Q. 41.00 196 Te3 504 3845 4642
30, 44459 19.¢C Ge7 4943 4340 4841
10Q. 46495 1%2.9 3.9 3747 41e0 4449
300, 48420 1942 242 2845 3043 316
le 35474 372 Se3 2042 37406 4844
3. 55400 3543 11.5 4646 5241 6840
10. 74450 39.5 19.5 83.8 6945 Q447
3Cs 85400 382 18.9 8246 78.1 108.4
100 Gle40 3%.8 13.% 6340 Thatl 109.3
300, S4e84 3849 6e3 4B.0 5545 247
le 1014390 SBe % 2245 5167 87«1 Tlel
3. 130.00 10748 5547 103.¢C 13245 113.7
10 180400 1464 12443 21249 20547 19442
30 2154Q0 181l.¢ 17241 2574 28343 3Cle?
100, 24700 24Ce 8 15545 23844 34Ca 8 448.5
30Q. 272400 298.7 129.2 21746 219.8 534,42
le 105430 194.Q 62e1 6848 15544 78e3
3a 20000 22544 160.8 17542 24762 12747
10, 250400 31341 37646 37146 39643 22245
30 375400 4C541 560.C 46842 56148 35547
100. 43200 56440 54848 44746 70543 S4T7e0
300, 490.00 T40es 485,8 L25,8 695.8 681,45
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SORPTION MODEL COMPARISON

SOIL AA

SORPTION (PPM}

________________________________________ cmm—m———————————
TIME CALCULATED.
(HRS) MEASURED =w——rerccmcm e rernmenran e cacnccca- ——————————
1 2 3 4 5
l. 4e36 060 1.6 063 37.3 243
3 5430 0+0 1.0 Qa9 2842 245
10, 670 040 O+8 269 2348 3e5
30 8405 00 0.5 Tel 17.9 443
100 8435 040 0e3 127 13,9 53
300, 8439 0s+0 0e3 1349 13.0 Te0
le 18490 0.0 8e3 0e3 11244 5e1
3 23450 040 549 09 8943 643
10, 31400 040 447 249 7643 9.8
30. 41.00 040 2.8 Tel 55.1 1346
100, 45420 00 let 1267 3443 1547
300 4709 040 Oe7 13.9 2342 15.8
1. 27410 0s0 17.8 0«3 18645 5.9
3 35,00 0.0 1442 0e9 160.4 748
10 53.00 0.0 11.5- 249 139.5 127
30 72450 0.0 Te? Tel 10641 1945
100 8900 040 349 127 68¢2 2649
300, G440 0+0 1.7 13,9 3848 272
le 80.00 00 7445 0e3 48564 YN
3 105400 0.0 6346 Qa9 436.8 9.1
10.. 145400 0.0 5649 249 40543 1542
30 200400 Ce0 4740 Tal 35649 2543
100, .282400 Ce0 32.9 1247 28047 4241
300 325400 0.0 19.% 13.9 20049 61as2
1, 128460 00 19346 Ce3 92046 649
3 15000 00 1781 09 87Ce5 Fe3
10, 230400 0.C 16746 29 835.8 1547
30. 380400 Ce0 143.8 Tl 75443 26¢4
100 51000 0.0 114.8 1247 64848 4448
300« 61000 040 91.0 13,9 55543 679
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