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AN EqUILIBRIlJM MODEL FOR THE PARTITIONING
OF SYNTRRTIC ORGANIC COMPODNDS:

FORMULATION  AND CALIBRATION*

Brian J. Eadie

A" equilibrium toxic organic distribution  model has been
designed. This simple model, needing only information on the con-
taminants,  water solubility, and vapor pressure, yields useful
information  on the distribution  of environmentally  persistent  orga-
nic contaminants.

The model was calibrated for total DDT in three ecosystems: a
representative  coastal regime, Lake Michigan, and a global system.
There are some discrepancies  between nude1 output and available
data; while the model calibrated well for the coastal regime and
the Lake Michigan ecosystem, it failed for the global ecosystem.
This is presumably  because of the ""eve" application of DDT and the
large biomass of terrestrial plants, which are relatively uncon-
taminated. Owing to its lcw vapor pressure, DDT has not and will
not come to a global equilibrium.

The Lake Michigan model was also run for four other organic
contaminants, which span several orders of magnitude in solubility
and vapor pressure. These will be discussed, as will sensitivity
of the model to input parameters.

1. INTRODUCTION

In August 1979, the Great Lakes Environmental  Research Laboratory
(GLERL) initiated a research program entitled "The Cycling of Toldc Organic
Substances in the Great Lakes Ecosystem." This research was partially sup-
ported by the Office of Marine Pollution Assessment (OMPA) under Section 202
of PL 92-532, which states that NOAA should initiate "a comprehensive  and
continuing  program of research with respect to the possible long-range
effects of pollution, overfishing, and man-induced  changes of c~cea"
ecosystems."

GLBRL's approach consists of a series of models designed to sinulate
ecosystems at different  scales of time and space and to improve these nude16
through research on various important processes. This report describes one
of these models.

2. MODEL DESCRIPTION

Co"cept"ally, this is a simple model that assumes that the ecosystem
under consideration  is in equilibrium with the toxic organic contaminant.

*GLBRL Contribution  No. xxx.
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It is recognized that the equilibrium assumption  is naive, but for per-
sistent organic contaminants  in well-mixed  environments, the approach does
yield worthwhile  information.

The environment or ecosystem under consideration  is divided into com-
partments, such as atmosphere, water, sediments, biota, etc. At equilib-
rium, the toxic organic contaminants' "escaping tendency" or fugacity from
each compartment is equal. Mackay (1979) clarifies the concept through the
follo"i"g analogy:

Fugacity is to mass diffusion as temperature is to heat diffusion.
Mass (or heat) always diffuses from high to low fugacity (or
temperature). Diffusion dilutions are not obvious from con-
centrations such as g no1 m (or cal mm3), but they are obvious
when expressed in atm (or "C). The insights into heat diffusion
provided by temperature can be obtained for mass by using
fugacity.

Fugacity has units of pressure and, at the very low concentrations  encoun-
tered with trace organic contaminants, it is linearly proportional  to con-
ce*trat10*. In Mackay's (1979) terms,

c = Zf,

where C = concentration  (g no1 m-3)
Z = fugacity capacity (g no1 rnv3 atm-l), and
f = fugacity (atm).

(1)

The fugacity capacity (Z) for each ecosystem compartment must be
estimated. In this work each was calculated in the following manner:

Vapor phase (atmosphere)--for  an ideal gas, fugacity is exactly equal
to partial pressure (P). At the concentrations  with which this model
deals, the vapor phase will be close to ideal. Thus, from

PV = r&T

fV = nRT,

from equation (1)

and CV = n (number of g ~1s)

Z = CV (r&T)-' = RT-' (= 40-45)

where R = 82 x 10v6 and

T = OK.



The fugacity capacity in the vapor phase is independent of compound
characteristics.

Liquid phase (water)--the ratio of contaminant vapor pressure (P) to
solubility (S) is the Henry's Law constant (II). From

H = PS-1 = C vapor (C dissolved)-1 = fCd-l,
f = HCd

and combining with equation (l), it follows that Z = 1 H-l.

Sorbed phases (particulates, sediments, etc.)--if the equilibrium par-
tition coefficient (Kp) is defined as the ratio of sorbed concentration
(pg g-l) to water concentration  (g m-3), then

C sorbed = Kp C dissolved

since

then substituting  equation (1)

Z = KpH-l.

The Kp is calculated  from the contaminant's octanol-water  partition coef-
ficient (K,,) as discussed below.

Biotic phases (plankton,  fish, benthos, etc.)--there have been several
attempts at correlating  concentration  in fish based on the contaminant's
K (Vieth s al., 1979; Chiou et&., 1977; Thomann, 1979). Mackay
(?;79) assumes that the biotic phases act as passive substrates for
sorption. Although there is considerable evidence for bioaccumulation
and biomagnification  up the food chain, this equilibrium approach (which
is based on mass, not surface area) appears to be reasonable.

Thus

z= KpH-l.

2.1 Estimation  of the Equilibrium  Partition Coefficient

KP, the equilibrium  partition coefficient is defined as follows:

3



Contaminant concentration  in

Kp =
the sorbed phase (ppm)
Contaminant concentration  in the
dissolved phase (ppm)

(2)

Karickhoff  et al. (1979) and others have shown that KP is primarily a--
function of the octanol-water  partition coefficient of the contaminant (Ku")
and the organic carbon content of the substrate. For neutral, hydrophobic
organic contaminants, this result agrees with intuition; the contaminant
preferentially  dissolves (partitions)  more favorably into those substrates
that are highest in organic carbon content. up can be described as

KP = K,, *
percent substrate organic carbon ,

100

where %, is the partition coefficient normalized to organic carbon content
(Means etg., 1979).

Life is never quite so simple; there are several other variables that
appear to affect Kp; among them are substrate surface area (Karickhoff et
al., 1979), concentration  of substrate (O'Connor and Connolly, 1980), and
the nature of the substrate organic matter. These complications  appear to
be second order, and the approximation  based on K,, (described below) will
be used in this preliminary  model.

K,, has been shown to be well correlated to the octanol-water  partition
coefficient (K,,) of the contaminant. Figure 1 illustrates two of the most
recent of these correlations  (which therefore employ the most data). The
Smith and Bomberger (1979)/Chiou et al. (1977) line was derived from their--
individual correlations  of K,, with solubility and Ku" with solubility,
respectively. These will be described in more detail below. The dashed
line was used in this model. (Log K,, = 1.05; Log K,, - 0.500.)

Kow is a relatively simple laboratory measurement, and values of K,, are
available  in the literature (Leo et&., 1971). Ku, can also be approximated
directly from the molecular structure of the compound by the "Hansch method," . .

described in Hansch (1980) and supported by numerous references. That
article, along with Tulp and Hutzinger (1978), discusses the limits of this
approach, generically termed structure-activity  relationships, and the

_ -

extension  of the technique into the estimation of toxicity. Although not
included in the current version of our model, this approach is certainly
promising  and will be pursued by our laboratory in future modeling efforts.

A third technique for estimating &, is the relationship developed
between Gw and solubility. Chiou et al. (1977) derived the relationship--

1% K,, = 5.00 - 0.670 log S,

4



"r
7-

6-

s-

4-

Y

-2 I I I I I-T-1 1
0 1 2 3 CV 6 6 7 a

Figure l.--The  relationship between h&
and the o&mot-water  partition coef-
ficient, k& F o r  Ezrickkoff  et&.,
l o g  k& =  l o g  Gw - 0 . 2 1  (7-Z =  1 . 0 0 ,  n
= 10). The Smith and Bomberger/Ckiou
et al.  line W(TS d e r i v e d  f r o m  t h e i r- -
correlations of Koc and J&J vemus
solubitity,  r e s p e c t i v e l y  (n > 3 3 ) .
Sample compounds are listed on the
a b s c i s s a  and i l lustrate  the  propert ies
of a range of  contaminants . The dashed
line was used in the model.
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where S = aqueous solubility in micromols per liter

.2 = 0 .970 ,  N = 33, log Ko, range = 1.26-6.72.

This relation is shown in figure 2, along with a relation generated  by Smith
and Bomberger (1979), which relates K,, directly with solubility. Although
statistics are not provided, the scatter of data indicates a poorer correla-
tion than was found by Chiou et al. (1977). which is to be expected since--
the nature of the substrate is no" part of the variability. Recall that the
subject models parameterization  of Koc is

&ed+++i
log S (solubility; p mol  x L-’ )

Figure 2.--The relation  between
p a r t i t i o n i n g  a n d  solubitity. F o r
chiou  g a&, 9 =  0 . 9 7 ,  n =  3 3 .
The dashed line compromise WLI~
used in the model.



log K,, = 1.05 log K,, - 0.500.

In our model, K,, is calculated  from Chiou's equation. Our calc"lations
can also be presented in terms of log Gc = f(S) as follows:

1% Ko” = 5.00 - 0.670 log S

and log K,,= = 1.05 log K,, - 0.500.

Substituting 1% K,, = 4.75 - 0.704 log S, plotted
as the dashed line in figure 2,

Kp is then calculated from K,, as

Kp = Koc
* percent substrate organic carbon

100

2.2 Biotic Phases

As mentioned earlier, 2 = KpH-1 is used for all sorbed phases including
biotic compartments. Figure 3 illustrates the problem with this approach.
The above formulation,  "sing 50 percent organic carbon (dry weight) for fish,
yields a bioconcentration  function that differs from the results of four
other syntheses of real data. The bioconcentration  factor (BCF) correla-
tions presented in figure 3 were considered, and an information item was
included in the model output indicating the concentration of contaminant in
large fish based on

log BCF = log Kp = 0.80 log K,, - 0.50,

which is approximately midway between the values obtained by Vieth et al.--
and Chiou et al.--

2.3 Benthic Organisms

Difficulty  was encountered when the passive sorption concept "as
applied to benthic organisms. The sparse environmental data indicate that
contaminant  concentrations in benthic organisms (dry weight) are approxima-
tely twice those of dry sediments. Since the organic carbon concentration
of a benthic organism is lo-40 times as high as that of the sediments,  and
the model is based on Kp, which is linearly dependent on organic carbon con-
tent, the bathos values predicted by the model are too high by an order of
magnitude. At this level of model development, the benthic organisms have
been left out, although they are considered a prime target for further
research since benthos are exposed to long-term high concentrations of con-
taminants in the surficial sediments.

7
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Figure 3.--Biocaoentration  factors  in
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experimental  data on fish (minnows
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compromise equation, approximately mid-
way between those of VSeth  and Oziou,
ms used for  calculating  bioconcentra-
tion in the model.

2.4 Calculating the Distribution  of Contaminants Within the Ecosystem

Once the Z values for each environmental compartment have been calcu-
lated, the concentration  in each compartment is calculated in the following
manner:

At equilibrium fy = f2 = fi, i = compartment, and the total mass of con-
taminant (M) equals

where

M = XiVi,

Vi = volume of the ith compartment
and from C = fZ [equation (l)],

M = XfiZiVi,



M = fiXViZi, and

fi = M(E ViZi)-l'

The terms on the right are either input (M,Vi) or calculated from inputs
[Z, = f(solubility, vapor pressure, K octanol-water)]. The mass in each
compartment is

Mi = fiZiVi

and the concentration  is

ci = fiZi.

The total mass of a contaminant in the ecosystem  (M) is rarely known;
therefore,  for an initial run, an arbitrary value may be used (e.g., 1.0).
Model output will then give relative concentrations  in each compartment, and
if data exist for any compartment, the value of M can be scaled up by

Ci(data) ,

Ci(mode1 output)

which will yield approximate concentrations  in all compartments.

2.5 Description  of an Ecosystem

As developed in the previous section, the volume (Vi) of each environ-
mental compartment needs to be input. This is not too difficult for the
large, physically distinct compartments  of atmosphere, water, and sediments
(except for estimating the mixing depths of the atmosphere and sediments),
but how does one estimate the dry weight volume of any biotic compartments?
It turns out that, although concentrations  of a contaminant are high in biota,
the mass of the contaminant in these phases is bound to be small for large
lakes and marine systems, and the model is insensitive to order-of-magnitude
errors in these compartment volumes.

Three model ecosystems were run; they are described below.
(ECOL), a 1-m'

They are
horizontal area, lOO-m-deep water body; (LKMi), an approxima-

tion of Lake Michigan; and (ECOALL), a representation  of a global ecosystem.

All volumes are calculated on a dry-weight basis, and comparative  data
should be carefully examined and corrected to a dry-weight basis.

9



2.6 Compartmentalization  of ECOL

Atmosphere  (lo-km mixed depth)

V = 1 m2 x 10,000 m = lo4 m3 .

water

V = 1 m2 x 100 m = lo2 m3 .

Sediment (2-percent organic carbon, 5-cm mixed depth)

V = 1 m2 x 5 cm x 0.5 (porosity) = 2.5 x 10m2 m3 .

Suspended matter (1.5 mg l-1, p = 1.5 g mv3, 15-percent organic carbon)

v = 1.5 x 102 m3 xly. m3 = 1 x 10-h m3 .
m3 1.5 g LO6 cm5

Biota (1 pg 1-l chlorophyll fi = 50 w C 1-l total plankton, p = 1.0 g/cm3).

v = 50-x lo2 m3 x 2.5 mg org. matter x

m mg org. carbon

1 cm3
3

103 mg
= 1.25 x 10T5 m3 .

The above values are representative of Lake Michigan or a coastal marine
ecosystem.

10



2.7 Compartmentalization  of LKMi

Lake Michigan

Surface area (5.8 x 101~ m2).

Average depth (86 m).

Atmosphere  (lo-km mixed depth)

v = 5.8 x 1014 m3.

Water

V = 5.8 x 1010 x 86 = 5 x 1012 m3.

Suspended matter (1.5 mg 1-l; p = 1.5 g cmm3, lo-percent organic carbon)

v=1.5~n5xlo12.3.1cm3x  m3 = 5 x 106 m3
1.5 'g 106 cm3

Phytoplankton  cell density = 1500 cells ml-1 (Tarapchak and Stoermer, 1976)

= 100 pg cell-l (Stoermer and Ladewski, 1978)

v = 15oo &+S x 5 x 1o18 cm3 x 100 X d2 g x 1 cm3 x m3
= 7.5 x 105 m3.

cm cell 106 cm3

Zooplankton (30 mg mm3, p = 1)

v =2!bsx 5 x lo12 ,3 xlcm3 x -gx m3 = 1.5 x IO5 m3.
m3 g 1000 mg 106 cm3

11



Forage fish (LO5 MT, p = 1 g cmm3, 40-percent organic carbon)

Ii = lo5 MT Y.+ x + x : ; z: x m3
106 cm3

= 2 x lo4 m3.

Top predators; salmonids (1.6 x lo3 MT, p = 1 g cms3)

v = 1.6 x 103  MT X*X$ x : i tz: x m3
106 cm3

x 3.2 x lo2 m3.

Sediment (5-a mixed depth, 2-percent organic carbon)

V = 5.8 x lOlo m2 x 5 cm x m
102 cm

x 1 g dry
2 g wet

r;: 1.5 x lo9 m3.

2.8 Compartmentalization  of ECOALL

Earth (Mclellan, 1968)

Surface area (land) (1.5 x 1014 m2).

Surface area (water) (3.6 x 1014 m2).

Augmented depth (3.8 x lo3 m).

Atmosphere  (lo-km depth)

V = 5.1 x 10L4 m2 x 104 m = 5.1 x 1018 ml.

Water

V = 3.6 x 10~~ m2 x 3.8 x lo3 m =: 1.4 x 1018 m3.

Suspended matter (2 pg l-1, lo-percent organic carbon)

v = 2 x cm3 m3 g

,3gx x
x 1.4 x 1018 m3 = 2.8 x lo9 m3.

lo3 mg 106 cm3

12
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Plant biomass

Aquatic (1.8 x 101~ g C; Whittaker and Likens, 1973).

V = 1.8 x 1015 g c x
2.5 g biomass x d x m3

gc g 106 cm3
= 4.5 x LO9 m3.

Terrestrial  (1.9 x 1012 MT; Woodwells&., 1971)

v = 1.9 1018 g x-x 1 cm3 m3 = 1.9 x 1012 m3.
g 106 cm3

Animal biomass

Aquatic (0.45 x 1015 g C; Whittaker and Likens, 1973).

v = 0.45 x 1015 g c x
2.5 g biomass

gc

x&cm3 m3
g 106 cm3

= 1.1 x IO9 m3.

Terrestrial (0.5 x LO9 MT; Woodwell et al., 1971).--

v x 1015 1 cm3= 0.5 m3g x7 x
106 cm3

= 5 x 108 m3.

Sediments

Aquatic (l-cm mixed depth, 50-percent dry, l-percent organic carbon).

V = 3.6 x 10L4 m2 x 0.01 m x 0.5 = 1.8 x 1012 m3.

Terrestrial (l-cm mixed depth, 2-percent organic carbon).

V = 1.5 x 1014 m2 x 0.01 m = 1.5 x 1012 m3.

3. MODEL CALIBRATION

The minimum input that the model requires is a description of the eco-
system in terms of volume and the fugacity capacity values (Z), which are

13



calculated  from solubility, vapor pressure, end temperature. For the
synthetic organic6 that are of initial interest, the solubilities are so low
(microgram per liter range) that measured values often range over an order of
magnitude. The same range exists for vapor pressures. This allows for a
small amount of "tuning" if we have reliable environmental data for one or
more of our ecosystem compartments.

Another tuning factor is the percent organic carbon of sorption sub-
strates since partitioning  is linearly related to this value. Reliable
numbers are usually available for percent organic carbon of sediments or
suspended matter, but most ecosystems are heterogeneous and an average value
needs to be estimated.

The final input variable is the total amount of contaminant in the eco-
system, a number rarely available. As mentioned earlier, this can be scaled
by first running the model with an input of 1.0 and then multiplying  this
input (for the second run) by the ratio of the contaminant concentration
(data) in any compartment to the model output for that compartment.

These calibration knobs are straightforward  and are constrained within
generally acceptable limits. Sensitivity to these calibration terms will be
discussed  in the following section, which describes model output for several
representative  compounds.

4. MODEL ANALYSIS

The most extensive model analysis has been done with total DDT (DDT plus
decomposition  products, mostly DDE and DDD), for which a reasonable amount of
environmental  data is available. The first run wes with the global system,
ECOAll. Accepted values for solubility (1.2 x 10e3 ppm) and vapor pressure
(1.6 x lo-' mm Rg) were input, alon

13
with the estimate4 value for total

world DDT production of - 2.5 x 10 g (Woodwells al., 1971). Model out-
put concentrations, shown in table 1, were close to those summarized in
Woodwell, with the notable exception of land plant data. Results from this
run indicate that DDT is stored primarily in terrestrial plants (60 percent)
and water (36 percent). The mess of DDT stored in land plants is in excess
of that estimated by Woodwell et al. (1971) by a factor of 1000. The sedi---
ment (lend) values output from the model (4.0 g mm2) are in the middle of
their agricultural soils range data (0.15-ll), but are m.xh higher then for
unsprayed  forests (0.0004-0.004), which accounts for mast of the land plant
biomass. The global ecosystem has not been uniformly exposed to DDT, and
the equilibrium assumption  leads to an inaccurate distribution pattern.
Presumably, this is because of DDT usage patterns end the compound's low
vapor pressure. The model's atmospheric  concentration (0.17 x 10m8 g mw3)
is within the data range of 0.1-10 x lop8 g mm3, but represents less than
0.1 percent of atmospheric saturation (- 3 x 10-6 g mm3).

The second model ecosystem considered was the simple l-m2 coastal
representation. A single run for DDT was made simply by scaling the DDT
mass in this system to that in the global
atmospheres (0.10 x lo5 0.51-l x lo-l9 =

system by the volume ratio of the
1.96 x 10-15), yielding 1.4 x 10e5 g

14



TABLE l.--Comparison  of model output and swmnrized  data for
t h e  global 8yStem. DDT concentrations are in ppm.

Compartment Data' Model

Atmosphere
Water
Land Plants
Aquatic Plants
Land Animals
Aquatic Animals
Land Sediment
Aquatic Sediment

l-100 x 10-9 p;
lo-Llo-l 0:81
0.1-l 0.81
1. 1.
1. 1.
0.1-10 4.0

-- 2 x 10-2

IData synthesized in Woodwell et al., 1971 order of magnitude.
2Model output DDT Mass = 2.5 ~70~ g; appendix 1.
snits of g mm2; model assumes l-cm thickness.

in the system. In this case, DDT more realistically  resides in the sedi-
ments (91 percent), for the same approximate  concentration  in the biota (l-3
PPm)* This single output is listed below; other model outputs discussed in
this report are listed in appendix 1.

The final ecosystem  calibrations and sensitivity  testing were performed
on the Lake Michigan ecosystem. Data were summarized for Lakes Michigan and
Ontario from the International  Joint Commission  (International Joint
Commission, 1977, 1978, 1980) end Sonzogni et al. (1981), and ranges are--
compared to 10 model outputs in figure 4. The variations in the 10 outputs
are described in table 2 below; for clarity only those variables that were
altered are listed.

In the initial runs, the concentrations  in the sediments were too high.
The discrepencies  were eventually reduced by lowering the percent organic
carbon in the sediments from 2 percent to 1 percent. The solubility was
increased by a factor of 10 and kept at that level for the last 5 runs
because the octanol-water  partition coefficient (calculated from the
solubility) for this solubility was closer to measured Kow (5.5-6.2).

These 10 runs also show that a two-order-of-magnitude  change in solubility
(runs l-4) or vapor pressure (runs 8-10) has very little impact on the con-
centrations  of contaminant in sediments and biota. The insensitivity  to
these 2 input variable8 is important because reported values for con-
taminants often range over a factor of 10 or more.
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TABLE Z.--Input variables for the 10 calibration and eemitivity
runs. Only changes are listed; subsequent nms used
the  last  l isted  value . Outputs are in appendix 1.

Model
Run

Solubility vapor DDT Mass
present (9)

Sed.
org. c
(%)

1 1.2 x 10-3 1.6 x 10-7 1 x 106 2.0
2 6.0 x lO-3
3 1.2 x 10-2
4 1.2 x 10-l
5 1.2 x 10-3 1.5
6 1.2 x 10-2
7 1.0
a 5 x 105
9 1.6 x 1O-8

10 1.6 x 10-6

The final model exercise was to take the calibrated Lake Michigan eco-
system (the reduction of sediment organic carbon from 2 percent to 1
percent) and to examine other organic contaminants. Unfortunately, data for
comparison are sparse.

This exercise yields two important pieces of information (shown in table
3). First, the model appears to work well for contaminants other than DDT
(runs 11 and 12), and second, the model yields useful information on the
relative distribution  of contaminants even when environmental data are not
available (runs 13 and 14).

The mirex run (#12) was a particularly  interesting exercise. Mirex is
not known to be a problem in Lake Michigan, but is known to be a contaminant
in Lake Ontario. Not having a Lake Ontario ecosystem (which is similar in
relative volume distribution  to Lake Michigan), I scaled up the estimated
mass of mirex in Ontario (688 kg; Haldrinet ets., 1978) to Michigan as
follows:

g minx = 6.88 x LO5 x A x S XTloo x c ,

17



TABLE 3.--Model  outputs for selected catmrinante.

Model Concentrations  (PPM)
run Compound Fish Plankton Sediments Water

11* Dieldrin 0.12 0.095 2.4 x lO-3 3.1 x 10-6
Data 0.2+0.2 0.14+0.10 1.8+1.2 x lO-3 3.7+2.9 x 106- - - -

127 Mi?XX 0.35 0.28 7 x 10-3 2.3 x 18
Data l.c+l.O -- 7.5+8.3 x 10-3 --- -

13t Naphthalene 552. 447. 11. 1.0

147 Benzene 24. 19. 0.5 1.0

*Contaminant  mass scaled to known approximate concentrations.

tcompartment concentrations are reported as a ratio to the water con-
centration.

where A = area ratio of Lake Michigan to Ontario = 3.03,

S = 5/3; mixed sediment thickness in model
mixed sediment used by Holdernet et&.,

P = percent of mirex in sediment (62 percent from model),

C = 3; mirex only in l/3 of Lake Ontario sediment, model
assumes equilibrium,

g nirex = 1.7 x 107 g.

This mass gave concentrations in fish and sediments in agreement with
reported data.
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5. RUNNING THE MODEL

The information necessary to run this model consists of the contam-
inants' solubility in water, its vapor pressure, and a description  of the
ecosystem. The program is interactive and will prompt the user to supply
informat-ion. We have created three procedure files for the three ecosystems
described in this report. They are shown below. Ecosystem files are LKMI,
ECOALL, and ECOL (also listed below). To generate a new procedure file,
simply create a new file, then change the LKMIs to the new file name in the
procedure  file (e.g., RUNMI).

The model is initiated by typing in (e.g.) CALL, RUNMI.
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Procedure Files Ecosystem  Files

,TOi”i’.  F:UpJ*
SET. FU13iLji11.
GET?  ;,JBI:! .
GET. TAPET=ECOl.
i<EDIT.FUGMODl.  I=‘.:,JBg:l.
REUINDyLSO.
REWINDITAPE~.
MHPICIFF.
FTNI I=FUGMODlrL=C,.
LGO.
REPLfiCE  7 THPE?=ECOl  .
REWIND,THPE6.
CLlPYr  THPEri. OUTPUT.

EOI ENC:OCINTEPED.

I’( O”I’. 3lJMNI
,GET.  F~.II?MOD,.
,:ET. :::,,B:::I.
GET?  THPE7=LKMI.
><:EDIT.F,UGt,OI1lr  I=‘;UBSl.
REWIND,LGO.
REldINDr  TRPE6.
MHPIOFF.
FTN,  I =FlUGtlCiDl  I L=O.
LIGO.
REPLHCE, TAPE?=Lr:MI.
REUIND,THPE6.
CCIPY,  THPE6,  OIJTPCIT.

EOI ENCOUNTERED.

,,.‘CIgF”i’?  Ri.ll‘llii,
SET.  F1.113lOD 1 .
GET,Il,B;l.
GETrTAPE?=ECllftLL.
~~EDITIFIJGNODI,I=~~LIB~~.
REWIND,LGO.
REWIND?  TFtPE6.
ilFtP> OFF.
FTN.  I=FUGtlODl .L=O.
LGU.
REPLHCE,THPEi=ECClHLL.
I)EIJItiD,  TftPE6.
,:nPY, THPEbr  OUTPIUT.
EnI ENCOUNTERED.

..,‘COPY,  EC01
HTMOSPHERE  (1 :., ,: M! . 1 i:WC+O-;-. ,OOE+Ol
WHTER cl00 nj . 100E+03-.2OOE+Ol
DETRITUS 1.5PPM;  5 X  . 1 OOE-03 .5OOE+Ol
RIOTA 1PPB C H L  H .125E-04  . JOOE+O2 .
;EDIt,ENTS  5CMi2X  .25OE-01  .200E+l:ll
EIII ENCOUNTERED.

GET.LKtlI
.COPY? LKMI
ATMOSPHERE<1  0 K:M, . :.:31:iE+l5-.  1[1OE+Ol
IdHTER !:86 n, .4’30E+13-.  20OE+Ul
DETRITUS 1.5PPMl OX .50OE+07 . 1 OOE+02
S E D I M E N T S  5CN; 2. ,OX,C  . 150E+lO  .2OOE+Ol
PHYTO lSOOCEL/~L  . XOE+tK .4ClOE+U2
ZOOPLHHE ~13 OG.,‘tlcI? . 150E+OC .4OUE+O2
Ft,RF,G  FIIH*:lES  MT> .2OOE+O5  .500E+O2
SHLt,ONOIDS<:l.hE3  “T> .32OE+03  .50OE+O2
CHLIBRRTION  OF LRKE MICHIGAN

ED1 ENCOUNTERED.

..XOPY 7 ECOHLL
RTMIISPHERE  (10 KH:~ . 51 !:1E+l9-.  IdOE+
WFtTER i3800  i-l> . 140E+l’-.200E+Ol
DETRITUS 2F’PB; 1 OX .28OE+lO . 1 OOE+O2
PLANTS HQUHTIC . 450E+l  0 . 4OOE+02
PLANTS LHND 19OE+l3 .4OOE+O2
HNIMRLS HQUHTIC : llOE+lO .50OE+O2
ANIMALS LAND 500EcO9  .500E+O2
SEDIMENTS HQUATIC : lHOE+l3  . l O O E + O l  .
SEDIWENST  LAND .15OE+13  .2OOE+Ol
CHLIBRATIIIN  O F  GLUBHL ECLISYSTEW  2
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If there is an ecosystem  file, the model is run as follows:
U

..KALLY KUNMI
XEDIT  :3. 1 .  ,:,O

END
FUIGMOD,  I I  ti LllCFtL  F I L E

E N T E R  T H E  C:,,MPOUND  NHME  1:20 C:HRRHCTER‘;.:~
” MIF:E:<:

E N T E R  T H E  ICOMPCIJND:~  tlOLEC:CILHR  IJEIGHT
‘? 546

E N T E R  T,,T,=tL Ne:-S ,,F ,::~t,P,,,JND  I N  :I’r’S:TEM iG::a O R  1 .  0
T z’.,Ec,

1~2 THERE  f+ FILE DE,:C:RIBI~~~<  THE ECDI’iSTEPI  : ; iEI:=l :NO=2
1

E N T E R  EC:OI:‘:~ITEM  F ILE  NCltlBER I NCltlBER  O F  I::OtlPWTMENTS
.?~ 7.8

ENTER  H T I T L E  FOR THII RIJN <::30 CHARACTER’I~‘~
;’ TE:::T

E N T E R  T H E  :I:Y.TEM  TENPERFtTURE  c:C:i
‘? 15

E N T E R  T H E  !Ct.,t,PE,UNI,‘.::  lJF,TER  X,LUBILITY iGi.‘t13i
.i .TE-,J

ENTER THE C:OtlFOUt~D:I: ‘#,PflR PRE:S:Il.I,?E  <,I” HG,,
lE+5

TE:ST

ML’LECULliR !JEIGHT =  5 4 6

SYSTEM TEMPERWURE = 1 5. 13 ,:

IWTER IOLUBILITY = . 7 lj b)E-D4 (~GIM:~:!

‘$‘HP,,R  PRE‘IIIURE = . 1 ,:,OE-05  (MM HG;,

LO,? I: 1 o::a ~:OCTRNOL-UATER  lItJEFF CIENT)  = 7.608

TOTFlL  IIF&? OF CONPOUND  I N  3’iSTEM  = .385E+OJ  MOL 5 L!c c& Mw ” 3

E~~UILIBRIUt’l  FIJGHC:IT’,’  = .5:3f)E-13  !:liTMi

HENRI’:J  C,,NSTHNT  = . 1 ,):xE-0, i:F,TM M:~~.‘M,,L.:~

:: COMPHRTWENT ‘.jOL <M’3,, c:mc IPP”:, (qfl’:s: <,,~L)

=====================================_========================================

1 HTMOSPHERE  t::l 0 KM.:, .58E+15 . 42E+D2 . .34E+ 102 . ,2E-08 .13E+O4
2 UATER 186 M:, . J’+E+,::: . ‘+?E+I:I? .&E+I:,I:, .2,:8E-08 _ ,3E+U2
3 DETRI  TLC: 1. 5PPtll wzi: . 5 IN+ I:, 7 . :I-: I:,  E + I:,  ‘3 .2lE+Oi . 8;E-,)2 . 7’3E+W
4 :SEDIMENT:::  5CM; 1 .  ~O:.inc: . 15E+l  0 . ,3!:,E+W . h2E+1)2 . :37E-,:I:j . 24E+O4
5 PH’iTO ,5,jOCEL/tlL . 75E+!:,6 . ,2E+l,j . ,2E+O, . 35E-0  1 .48E+u2
6, ZOOPLRNK i::: l:l,3..:‘M3? . , jE+l:lE. . 12E+10 . ~:5E+D,:, .35E-01 . T’5E+Ol
7 FORHG  FISHi:lE5 NT::, .),:,E+h5 _ 15E+lO .JlE-Ol . 4x-U 1 16E+Cll
8 SHL,,Ot,OIIt’~ < 1 . 6E:3 MT:, ..32E+O: . 15E+lO . 6X-,:,:3 . 43E-01 : 25E-I:,,

TOP WIJLlFlTIC  PREDHTOR . 54E-02
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I f  t h e r e  i s  n o  e c o s y s t e m  f i l e ,  t h e  m o d e l  i s  run a s  f o l l o w s :

CHLL > RIJNM  I
XEDIT  Ii. 1 . 00

END
FIJGtlUDl  I S  H LOCHL  F I L E

E N T E R  T H E  COMPOCIND  NRME i20 lCHHRHlCTERS>
? TOTRL D D T

E N T E R  T H E  ICOMPOLIND”  MCILECIJLAR  ClEIGHT
‘7 356

E N T E R  TOTAL MA:?:? OF ,IOIlP,,JND IN :WSTEM  *:G:* q R 1. 0
? 1

1:: T H E R E  A F I L E  UESCRIBING  T H E  ECOTYCTEM  7 i YEZ=l.N0=2
-72

Z’S t=,RE CRLCULHTED  RS FOLLOWS:
,)HPO,?  P,+,:;E : Z = l,‘RT
LIOCIID  PHRSE ; 2 = l..‘H
:TnREEl, q R BI!,TI,:: PHFCE  : Z = b:P,H
KP = Ki,: + % O R G A N I C  CHRBUN~‘100
~~ClC  =  1 .  05 . XLKOld - 0 . 5 0

FOR z CLH:3:~IFICATI,,N  ,  E N T E R
- 1 .  FOR  VHPOR  PHH‘IE<ATil>
- 2 .  F O R  LI!XJID PHHSE
1: ::,JRSTRRTE nP,;HNI,:  CHRB!JN  F O R  SLWBED  OH B I O T I C  PHHSE

E N T E R  F, T I T L E  FL,,? T H I S  RlJN i:30 CHHRWTERS:,
7 EXHMPLE

E N T E R  T H E  ‘YKTEM TEMFERHTIJRE  iC3
? 1 5 5

ENTER THE COMPOUND’S ldATER :XOLIJBILITY  1G:M??
? .12E-2

ENTER THE CLttlPlltJNDS ‘W,POR  PRESWRE  r:MM H6:>
‘7.1&E-6

E N T E R  T H E  NtJMBER  OF E,:iXi:STEM  ICOMP~RTMENTS

NF,ME(IN 1WOTES>  7 INFOlIN  BIJUTES:~  A R E  10 CHHRHCTERS M A X

E N T E R  CUMPFtRTtlENT  1 NHME  9 INFO J VOL ii73 I Z CLASS  r-1. ? -2. J U3C.j
? “HTMOSPHERE”  , ” <i’. 555R”:a “I lE6 7 - 1
E N T E R  ICLIMPHRT~IENT  2 t,,=,t,E , ItIF!, T V,,L’tU:b  9 Z CLHSS  C-1. I -2. , WC.>
‘? “,.&=,TER”  F ” (170 ,I)” > h.333  3 -2
E N T E R  COMPHRTnENT  3 NHME ,  I N F O  ! ?llL!M3>  ? Z CLHCS  r : - 1 .  I - 2 .  3 %OC.j
.? ‘tjED1”EN-K”  , ” (,C,l;4’-:C)”  , 4El ,  4

EWIMPLE

TOTFtL  DDT

MOLECULHR  IJE I G H T  =  356,

;‘I:ZTEM TEMPERHTIJRE  = 1 5. 0 1:

IUHTER  SDLLIBILITY  = . ,20E-0,)  CljiM:X~

!.‘HPDP  PRECSlJRE  = . 16OE-OC  i”” HG;

LOG (1 0::~ it,CT,%NOL-WTER  C:UEFFICIENT:~ = D. 05r,
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TnTfiL  MH:?T  OF C:~~IPIJLIND I N  SVITEM = .2:31E-ie MOL

En;!lJ I LIRHI IJM FIJIGHC  ITY = . .3y5E-1:2  rFtTM;

,,ENR’CS CONSTHP,T  = . ~,~‘~E-(,LJ  iHTM M:VMOL:~

1 fiT,,n:;:P”ERE  ,7.55KM::’ 1 i!E+il; . 42E+,:12 . 52E- ,:I I T?E- I:,‘?. ._ . . 15E-05
f’ ldHTEP I1 70 ,li : g::E+OJ . 16E+05 . l:::E+ilO . 2iE-i16 . :XE-05
3 :s:EnI,,ENT:I (I,;,,; &C’I . J ,:,E+i12 . 2 ,>E+,  0 _ 1 OE+!:X:: . 25E-01 . 2’8E-  ,:,2

T,,P AO,JF,TIC  PPEI!,3TOF’ .6:3E-0,
EO I ENC:LlUNTERED.

The input ecosystem  file is in temporary local storage and can be
retained by copying to a permanent file.

r,ET? LKMI
. ..~~CnPYr  LlillI
ATM,,::PHEF’E  (7.5%M> . 1 Di,E+il7-. 100E+i~l

IdATER ( , 7 !:I Iv .~:~~,E+~,J-.~OUE+O~
:TEDI~,ENT:T  6 I,:“; 4::l:, .J,)(,E+W  .JOOE+Oi

EX,WPLE
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Appendix 1 - Model Runs

The following section lists the model inputs and outputs for the runs
discussed  in this report.

Global Ecosystem Run

TUTHL DDl

MOLECIJLHE  hlEISHT = 356

I:YS:TEM TENPERRTURE  = 15.10 c

WHTEP  ‘XiLUBILITY  = .12OE-02  iSiM3>

VRPOP PYESSURE  = .16OE-06  WI HS>

LOG < 10) !:OCTHNOL-UHTEP COEFFIC:IENT:)  = 6.6.56

T O T A L  ,,RSS  OF C,,,,POUND  IN  SYSTEM = .72OE+lO 5MoL

EWILIBPIUM FUGACITY  =  .  115E-12  (HTPO

HENRYS:  c:ONSTRHT  = .625E-04  ieTm P(31MnL)

CLIMPAPTWENT \,OL ipl3> z :: CONC <PPlV MRSS <MClL>::

- - - - - - ----==-___---______________=___--___===============================---=============----

I RTPlUSPHERE  (10 KM> . j,E+,9 .42E+O2 .34E+OI) . liE-08 .25E+08
2 UATER <:38 0 0 M? .14E+19 ihE+ .:36E+O2 . -26’E-06 .26E+lO
3 DETPITUS 2PPRj 1 ox .2'8E+lI) :S?E+lCI  .2ilE-01 .2OE+OO .16E+O7  -

4 PLHNTS HQURT I C .45E+lO .zOE+ll . 14E+OO  .81E+OO . lOE+O8
5 PLHNTS LHNU .,9~+13 .2OE+ll  .r;OE+O2 .ElE+OU .43E+lO
6 HNIllHLS HWUHTIC .llE+lO  .25E+ll .43E-01  . lOE+Ol .31E+O7
7 HNIVALS LAND . 50E+O9
8 SEDIMENTS FtQURTIC .18E+13

.2!fE+,l  .2OE-01  .lOE+Ol .;E;;;

.49E+O9 14E+Ol .2OE-01
9 SEDIMENST LAND .15E+13 . 99E+O9 : 24E+01 .4OE-01 : 17E+O9

TOP HOUHTIC PPEDHTOP .22E+OO
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DDT Calibration  for the Lake Michigan Ecosystem (See Table 2).

Run 1

!CHLIERHTIllN  q F LHC’E  MICHIGW

TUTRL DDT

MLILECULHP  IJEIGHT  = :35t;

SYSTEM TEMPEPHTUKE  = 1 5 . ii, 1:

LlHTER :SOLUE:ILITY  =  . ,20E-02  IG;“C:i

VHPIIR PYE’SSURE =  . ihOE-,:,  r:,,,, H G ,

LOG cl 0:~ ~KICTRNOL-UHTER  CLIEFFICIENT:)  = 6.. 656

T O T A L  M H S S  O F  COMPOUND!  IN SYSTEM = . 10l)E+1’17  1; MOL

EWUILIRPIU,,  FUGAC:ITY  = .E.lJE-12 OiTM’:’

HENRYS C:ilNSTRNT = . $.25E-U4  i:HT” M30,OL:~

:: COf?PAPTMENT ?,DL <:“3:’ :.; CDNC: i:PPM:n MHSS <:MOL)

~~~~------------~_____________==~~~~~~~~~----------~~~~~~~~~~~~~~~~~~----------- - - - - - _ - - -

1 HTMOSPHEPE  i.10 CAM?
2 CIRTER (86 tl?
3 DETDI TU“: 1 . 5PPrll  ox
4 SEDI,,ENTS 5C”;2.UWC
5 PHYTO 1 SOOCEL.JML
6 ZOOPLANk: i 3 t:l1?/tl3)
7 FO‘RAG FISHIlES MT)
8 SHLMONflIDS  1’1. hE3 ,,T:’

.58E+15 . 42E+I)2 . l:E+l:il

. J’jE+l: . ,iI,E+lE .48E+,j,

. 50E+t:,: . J?E+lO . 15E+Ol

. 15E+10 . ‘?‘%+09 .91E+02

. 7’;E+(,t; . 2UE+l  1 . 9 1 E+O 0

. 15E+il6 .2:OE+ll . lXE+OU

. 2OE+O5 . 25E+l 1 . :X,:,E-01

. ;:)E+,:l:I-: .25E+, 1 _ 49E-133

. 9:3E-08

. :35E-(ls
llE+Ol

: 22E+,>,:,
. 43E+Ol
.43E+01
. 54E+Q,
.54E+01

.15E+05

.48E+05

. 15E+US

.SlE+OE.

.91E+04

. 1wz+04

. 3ljE+o3

.49E+01

T O P  HIQUHTIC  PREDHTOP . 12E+01
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Run 2

CIIHFARTMENT

1 AThOSFliERE <I” k:H) .SHE+15 .42E+O2 .8SE+OU .52E-138
2 UHTEP 1:86 H> .49E+l3 _ 8OE+OS  .14E+02 . 99E-OS
3 DETRI TLI5. 1.5FW,l WC .50E+Oi . E:UE+lO . 14E+01 .99E+UU
4 SEDIMENTX  SC:M:  2 .  O:rOC .lSE+lO  .lt;E+lO 83E+O2 .2OE+00
5 FHYTO lSlOC,CEL/‘,,L .7SE+O6 .32E+ll : 83E+rJO .39E+01
6 ZOOFLWK ~::3c,G/rl3j . lsE+cl6 .32E+ll .liE+00 .39E+Ol
7 FDDRG  FISHi’lES ,,T) 2OE+O5  .40E+ll  .28E-01
i: SHLROHOIDS<l.6E3  M T >  :32E+O3  .JOE+ll  .44E-03

.49E+01

. 49E+01

.85E+04

.14E+06

.14E+OS  _

.83E+U6

.83E+04

. l:E+O4

.28E+cl3  .

.44E+Ol

TOP RWAT  I C: FREDRTLIR . 14E+Ol

R u n  3

:: COMFRRTHENT VCIL m3, z ;... CONC IFFH> WHSS  (:tloLj

--------------------____________________---------------------------------------------------------____________________-------------------------------------

1 ATROS’FHERE  ii 0 KP1j . SXE+lS
2 WRTER

.42E+02
186 “j

64E+00
49E+l3

3  D E T R I T U S  1. SFFbl WC : S”E+,P
16E+06 :2lE+O2

.39E-08 .64E+04
lSE-04 .2lE+O6

4 SEDIHENT5  SCHi2. U%DC
:98E+lO .13E+Ol  :9lE+OQ

.lSE+lO  .20E+l0
5 FHYTO 1 JUOCEL/RL .7SE+136 .39E+ll

.7iE+W  . 18E+OO ::;,‘zz

6 ZIIOFLHHK <3OGel33 . lSE+I:6
.77E+OU  .36E+01  .77E+“4

7 FORHG  FISHc:lES  PIT)
.39E+ll . lSE+00 Z&E+01

.2OE+OS
. 15E+04

8 SHLIIONOID~ i:l. GE-3  P(T) . :32E+,,3
.49E+ll  .2E.E-01  :4SE+01  .26E+03
.49E+ll .4lE-03 .4SE+Ol .4lE+Ol

TOP  HQLIATIC  FREIIHTOR .14E+01

R u n  4

:: COMPARTMENT ‘.)lJL (pj3j ‘r CONC rFFMj MASS r:llOLj

__-__-__________________________________-------------------------------------_____-__________________________________-------------------------------------

1 ATMOSPHERE (10 KM>
2 WITER (86 u:i
3 D E T R I T U S  1 . 5FFMl  0:X
4 SEDIMENTS 5Cfli 2 .  U%OC
5 F H Y T O  1  S’jOCEL/ML
6 ZULlFLRNk !:‘)C,Gi’,,3)
7 FLIRRG  FISHElES  ,,Tj
8 SALRllNOIDSil.6E3 ,,T)

T O P  Ri)CIHTIC FREDHTOR

.58E+l5

. 49E+13

. 5OE+O7

. lSE+ll:t

. ?5E+O6

. 1 SE+06

. 21:,E+,:,5

.32E+,j’

.42E+O2  . 18E+OO

. 16E+O7 .57E+U2

. 19E+ll . ifjE+ljrj

. :39E+lO .42E+O2

.77E+ll .42E+00

. 7i’E+ll  .84E-01

.97E+ll .14E-01

.47E+ll .22E-03

28

. llE-Cl8

.41E-04

.5OE+00

. 1 OE+OU

. 20E+01

.20E+Ol

.2SE+Ul

.2SE+Ol

. 12E+01

.18E+04

. S7E+ 06

.7OE+O4

.42E+O6

.42E+04

.84E+U3

. 14E+03

.22E+Ol



Run 5

:: COMFHRTMENT i,‘DL r:“:x :.; C!LlNC  c:FFll;~ “HIC; c:pIoL.>

__--__-__----_--__~--~~_=~~~~~~~~~~~-----_---=____--________====================-------------

1 HTMOSFHEYE  ilO k:“) .SXE+lS .42E+02 .2?E+01 . ,2E-1)7 .20E+OS
&2’E+ljS

2 l.dATER (86 “j .49E+l3 ,&E+QS  .E.CE+Ol . 45E-135
. .-,

3 DETRITUC 1 . SFFMl OX . 50E+07 :49E+l0 . c’,jE+,>, . ,JE+Ol . cuE+05

4 zEnI”E”TC  SC:“; 1 .S’i,,: . lSE+l  I:1 . 74E+O9 38E+O2  .21E+t:lD .88E+U6

1SOOC:ELdlL .7SE+,X.  .2CIE+ll . 12E+Ol . Se;E+Ul . 12E+05
5 FHYTO
6 ZIXIPLHNK <::3#:,G,‘“:3 . lSE+UE. z,j~+,  1 . 24E+C!0 . S6,E+Ol .24E+I)J

7 F,,RRG  FISHf’lES  MT:, . JljE+I:lS .2SE+ll . 39E-01 .70E+Ul . 39E+133

8 QX”ONOIIL~  i:l .6E3 M T ? . )2E+!:,:I: .2SE+ll . 63E-0.3 .70E+l:ll . 6:3E+Ul

TOP HCJlJRTIC  FYEDHTOR . lSE+I:fl

Run 6

:: COMFHRTRENT ‘VII iM3) :: CONC iFFN> MASS (:MllL)

1 HTWUI:FHERE  (1 U KM>
2 WtTER (86 Mi
3 DETRI  TLC 1 . SFFMl OX
4 SEDIMENTS 5C”; 1 .S%Oc
5 FHYTO 1 SOOCELIML
6 ZllOFLHNk 1::05,,‘“3)
7 FORHG  FISHIIES  MT)
8 SHLMIINOIDS  c:l .6E3 MT)

T O P  RrJClHTIC  FREDRTOR

.SXE+lS  .42E+O2

. 49E+l3 . lE.E+06

. SC,E+07 .98E+lO

. lSE+lO . lSE+lCl

. 7SE+ll6 .39E+ll

. lSE+O6  .39E+ll

.2ljE+OS .49E+ll

. 32E+,:,:3 _ 49E+l  1

_-------======================--------

.79E+00  . JSE-OE: .79E+04

.2SE+rJ2 . 18E-04  .25E+06

. l&E+01 . llE+Ul lCE+ljS

.71E+02  . 17E+OU : ilE+M

.9SE+00  .4SE+01 .9SE+04

. lSE+DCJ .JSE+Ol . 19E+O4

.3X-kj1 .56E+01 .32E+03

.S,E-03 .56E+ol .51E+I:11

.18E+ol

Run 7

:: COMFHRTMENT b’OL r:“::xa ‘: CONC !:FF”:> MRSS  i”llLi

====================================_=========-------========----------------==

1 HTMOSFHERE  il 0 KM:* .s8E+lS . 42E+D2 . 1 OE+Ul . 64E-,:,s 1 DE+05
2 IJHTER i8E, “i .49E+1:3  . 16E+OE, . 3:3E+  02 .24E-04 : :3:3E+O6
3 UETRITClC 1 . 5FF”l  WC .SUE+O7 . ‘jBE+l,:l .2lE+Ol . lSE+Ul .2lE+OS
4 SEDIMENTS SC”; 1. ,:i:;O,:: .lSE+ll:l . 98E+09 . E’2E+02 . lSE+‘j,:, . 62E+O6
5 PHYTII 1 S!jKELi’“L . 75E+W . :39E+ll . 12E+01 .S9E+01  . 12E+OS
6 ZOOFLANK 1.3 OG,.‘“3j . lSE+l:ih .39E+l, . 25E+,:,C, .5’3E+O  1 . 2SE+O4
7 FORHG FIsHrlE5 “T? . 2’nE+05 .49E+ll .JlE-01 .74E+Ol  . JlE+03
:3 SRL”ONC,I?X  i l .  bE3 M T ; . :32E+t):3 .49E+ll . &E-(a.3 . 74E+01 .66E+01

T O P  HCUHTIC:  FREDHTOR . t:E+,:l 1
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Run 8

:: COMPARTMENT VOL  c:n3> 2 CIlNC IFPMj MASS ~MIIL)

-------------_--___-______________-----------_---___________________r============================================

1 HTMOSFHERE~lO Km
2 WRTER (:86  “:s
3 D E T R I T U S  1 . SPFMl  OX
4 SEDIMENTS SC”; 1 .  O::IJC
5 P H Y T O  ISOOCEL,‘WL
6 ZOOFLANK i3OG/fi3j
7 FORRG  FISH(lE5  MT>
8 SRLilllNOIDS~l.6E3 MT>

.seE+ls

.49E+l3

. JOE+07

. lSE+iU

.7SE+ 06

. lSE+O6

.2OE+OS

.32E+O3

.42E+O2

. 16E+Uh

. WE+1  0

.98E+O9

.39E+ll
39E+ll

: 49E+ll
.49E+ll

. lOE+Ol

. 33E+02

.2lE+Ol

.62E+02

.12E+Ol

. 25E+O0

.41E-01

.&E-O3

.32E-08

.12E-04

.74E+OO
74E-01

:29E+Ol
.29E+Ol
.37E+Ol
.37E+Ol

.52E+O4

.17E+O6

. lnE+OS

.3lE+O6

.62E+04

.12E+O4

.2lE+03

.33E+O,

T O P  HQUATIC  FREDHTOR . 12E+Ol

R u n  9

:: CCIMPHRTMENT VOL <m3:* z % CIINC <PPR> MHSS (“OL;>
* I”

==========================================---------=====--------==-------====

1 HTtlllSPHERE~lO  KM, .58E+15 .42E+O2 .35E+Ol .29E-08 .48E+04
2 WRTER 186 II> 49E+l3 . lhE+OS

1 .  SFFMlO::C : 5OE+O7 .98E+O9
.3OE+O2 1 lE-05 . lSE+OS

3 DETRITUS .19E+01 :67~-01 .95E+O3
4 SEDIMENTS SCtli 1. OXIC . lSE+lO .98E+08  .57E+O2 .67E-02 .28E+OS
5 FHYTCI lSOOCEL..‘ML .7SE+O6 .39E+lO 1 lE+Ol
6 zooPLwiK i306,“3> 15E+06

:2OE+05
.39E+lO : 23E+OO

.27E+OO  .57E+O3

.27E+OO  . llE+O3
7 FIIRAG FISH<lES  MT> .49E+lO .38E-01  .34E+OO  .19E+O2
8 SRLllllNLlInSIl.6E3  MT> .32E+  03 .49E+lO .6lE-03 .34E+OO  .3OE+OO

TOP  FIQURTIC PREDATOR . llE+OO

R u n  10

:: CLlMFRPT”ENT VOL (“3) z :: CONC <FFtD “ASS ~“clL>

====================================_===============~=========================

1 ATMOSFHERE~lO  KM) S8E+15 .42E+O2
:49E+13  .

1 lE+OO
2 WHTER (:86  iI> 16E+O7  :-

.32E-09 . S3E+O3
34E+02  .12E-04 .17E+O6

3 DETRITUS 1. SFFMl OX SOE+O7 .98E+ll .2lE+Ol .74E+OO  . lOE+O5
4 SEDIMENTS 5C”; 1. 0::llC : lsE+ln .98E+lO .63E+O2 .74E-01 .3lE+U6
5 PHYTO lSOOCEL0lL  . iSE+O6 .39E+l2 .13E+Ol  .3OE+Ol .63E+O4
6 ZOOFLANK ~3OG~~M3~ lsE+O6 .39E+l2

:2OE+OS  .
.2SE+OO 3OE+Ol .13!z+04

7 FIIRRG  FISH<lES  MT) 49E+l2 .42E-01 :37E+Ol  . 2lE+O3

8 SRLtlONOIDS  Il. 6E3 MT) .32E+103  .49E+l2 .67E-03 .37E+Ol .33E+Ol

TOP HQUATIC PREDHTOP .12E+Ol
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Run 1 1

C:HLIBRHTION : N E W  COMPLIUND

DIELDRIN

MOLECLILAR  WEIGHT = 377

:IYSTE”  TEMFERHTLIRE  = 1 5 . 0 c

I$HTER  ‘:OLLIBILIT’r’  = . 24 UE+ 0 0 i G~..~M.~::~

‘VHFf,R  P R E S S U R E  =  .  100E-06  r:“” HG:’

LllGil Ui ‘:OC:TRNOL-WHTER  C:OEFFICIENT:~  = 5. ,:3,

TOTRL MASS  O F  COMPDClNIl  I N  WSTEM  = . SCUE+OS  G MOL

EQLIILIBR1I.I”  FLISAOITY =  .  169E-14  ~::HT”‘:~

HENPYT  C:ONSTHNT  = . 2”:E-“6  r:HT” ,T3..,‘“l,L;s

:: CllMFHRT”ENT VOL iM3i CUNC IPP”? “HS’ <“nL:’

___________--___________==___________==----------=========~===============================

1 HTMOSPHERE  tl0 KM:* .58E+ls . 42E+,:,2 .E:3E-0, .27E-10 .41E+02
2 WRTER
3 DETRITU;  ;“’ “j

.4X+,3  .48E+“7 .80E+O2 . 31E-07 4OE+OS
c . SPPMl OX . SUE+07 . :::7E+, 1 . 63E+OO .24E-0;  : 32E+“3

4 SEDI”ENTS  SC”; 1 .  II::OC .15E+lO . :::7E+, (I . 19~+02 .~JE-02 . ‘jSE+“4
5 PHYTII lSOOCEL/“L . 7SE+O& . lSE+12 . 38E+“” . 9SE-01 . 19E+O3
C, ZOOPLHNK I: 3 ,:,!:.,‘“:3j .1SE+M . lSE+l2 . 76E-01 .9SE-Ul . :::QE+  02
7 FCIRHG  FIZ:Hi’lES MT> 2l”E+U5

: 32E+,:,:I:
. 1’3E+lZ . l::E-01 . 12E+,3l:, . e’.;E+o,

8 ‘r;*L”n,xlI  ns: i:, . 6x3 MT::, _ lPE+l2 . 2,:,E-&:: . 12E+O,> . 1 OE+OO

T O P  HCJLIHTIC  FREDHTOR . &SE-1’11
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Run 12

CALIBRATION

“IREX

MCILECLILHR  IdEIGHT =’ 546

SYSTEM TEMPERATURE = 1 5 . 0  c

WATER SOLUBILITY  = . 7,jOE-tj4  CG/‘“3>

VHFIIR PRESSIJRE  =  .  l”ljE-05 c:“” HG)

L O G  (:lO) (OCTRNOL-WHTER  COEFFICIENTZ~  = 7 . 6 0 8

TOTAL  “ A S S  O F  C O M P O U N D  I N  SYSTEM,= .31lE+OS  MOL

EQUILIBRIUM FUGHCITY = .42:+-12  <RT”~

HENRYS CONSTANT = . 103E-01  wtTM M3diOL>

:: CO”FFlRTMENT VOL (“3) z :: CLING (PP”> “HSS  <“OL>

_________-===---------======================================================

1 HTMOSPHERE  (10 K”> .s8E+ls .42E+02  .34E+O2
2 IJHTER (86 n, .49E+13 .97E+02  .66E+nO
3 DETRITUS 1. SFFMl OX .5OE+O7 .30E+U9  .2lE+Ol
4 SEDIMENTS SC”; 1. 0::llC .15E+lO .3tjE+OH  .62E+“2
5 PHYTO 15n”CEL~‘“L .75E+n6 .12E+lO  .12E+Ol
6 ZOOPLHNK GOG4l3.> lsE+O6 .25E+OO
7 FORHG  FISH<lES  MT> :2OE+O5

.12E+lO

. lSE+lO .41E-“1
EC SHL”ONOIDS~:l.6E3  MT> .32E+“3 . lSE+lO  .66E-113

.99E-08 . llE+O5

.23E-07 .20E+O3

.iOE-01  .64E+03

. i”E-(12 . 19E+ljS

.28E+on .39E+ 03

.28E+OO .77E+O2

.35E+OO .13E+02

.35E+OO  .2lE+00

T O P  Ftl3UHTIC PREDHTOR
ELI1  ENC:OU”TERED.

/

.44E-01
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R u n  13

RCIHRtiTION i N E W  COtlPOLlND

NHPHTHALEN

“CLECULHR WEIGHT = 128

SYSTEM TEMFERRTURE  = 1 5 . 0  c

WHTER  SIJLLIRILITY  = . :33,:,E+tE  <5/“.3?

VFIFOR  PRESSLIRE  = .23OE+OO  (MM HG)

LLIG~lo~ IOCTRNOL-WHTER C O E F F I C I E N T >  = 3. C:84

TOTAL ,,ASS O F  CU”+‘DUNU  I N  S Y S T E M  =  .  lOOE+Ol

EtXlILIBRIUB FLIGHCITY  = .348E-16  r:FtTM:a

HENRYS C:ONSTHNT  = . ll?E-D2 <AT”  “3i”OL)

1 HTMOSPHERE~lO  KM?
2 bJHTER I86 “:a
3 D E T R I T U S  1. SPFMl OX
4 SEDIRENTS  SCM;  l.O%iX
5 PHYTO  1 5  0  OCEL,ML
6 ZIILIFLRNK  <:3[,6/“:3)
7 FORAG  FISH(lE5  M T ?
8 SF,LP,ONOIDS<l.6E3  MT:,

.s8E+ls . 42E+O2

.49E+l3 .8SE+O3

.50E+O7 .96E+os

. lSE+lO .96E+O4

. i5E+06 .39E+O6

. lsE+O6 . ;9E+OE,

.2OE+OS  .48E+O6

.32E+03  .48E+O6

.85E+O2 . 19E-12

. 15E+<!2 .38E-11

. 1 iE- 02 .43E-09

.SOE-01 43E-10

. 1 OE-02 1 i7E-08

.2~~-03  . liE-OE:

.34E-04  .2lE-“8

. 54E-06 .2lE-“8

. 8sEtOO

. lSE+OO

. 1 iE-04

. SUE-03

. 1 OE- 04

.2OE-05

.34E-cl6

.54E-“8

I-- T O P  HQCIHTIC  FREDHTOR .31E-“8
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Run 1 4

CHLI BRAT1  ON ; NEIc COMPOUND

BENZENE

MOLECCILRR  W E I G H T  =  78

SYSTEM TEMPERATURE = 15.10 C

IdATER  SOLUBILITY  = . liXE+04 (GiM3)

VAPOR PRESSLIRE  = .988E+O2  <MM HGj

LOG<lO>  (OCTANOL-WRTER  C O E F F I C I E N T )  = 2. 080

TOTHL  “HSS OF COMFOUNn  IN S Y S T E M  = .l00E+Ol  G

EQUILIBRIUM FUGACITY = .393E-16  i:RT”)

HENRYS CONSTANT = .570E-02  (FIT” “3~MOL~

MOL

:: CO”PfiRT”ENT VOL (“3) z % CONC (FP”> “RSS <MOL>

_---------~~~____________==~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 HTMOSPHERE  Cl” KM> .58E+lS
2 WRTER (86 n> .49iz+13
3 DETRITLIS 1. SPFMl  OX . SOE+O7
4 SEDIMENTS SCM; 1. WOC . lSE+lO
5 FHYTO 1SOOCELiML . iSE+O6
6 2OOPLbV’fK (30G/M3) . lSE+Oh
7 FORRG  FISH(lE5  MT:, .20E+OS
8 SAL”ONOIDS~l.CE3  MT) .32E+O3

.42E+O2

.18E+O3

.8SE+03

.85E+O2

.34E+ “4

.34E+O4

.42E+04

.42E+O4

.97E+O2

.34E+Ol

.17E-04

. SUE-03
1 UE-04

:20E-OS
.33E-  06
.53E-08

13E-12
:54E-12
.26E-11
.26E-12
.lOE-1”
.lOE-1”
.13E-10
.13E-10

.97E+OO
34E-01

:liE-06
50E-OS

: 1 “E -06
. ZOE-07
.33E-08
.53E-10 . .

TOP  HQUATIC:  FRED~TOR .39E-10 I

.
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A p p e n d i x  2  - P r o g r a m s

P r o c e d u r e  F i l e

IGET.RC~NMI
.~.‘ClJFYr  RCINMI
[GET, FIJSMODI.
GET. :S,.,B:Xl  .
IGET.  THPFT=LK”I.
“EDIT~FCISMOlll~I=:l:CIB:~~l.
REblIND.LGO.
REUIND~TAPE6.
tlHP?UFF.
FTN. I=FUGtlODl.L=O.
LGO.
REPLWE.  THFE?=LKMI  .
RElMIND,THPE6.
COPY 7 THPE6 I OlLlTPlJT  _

EOI ENCOUNTERED.

&ET > ::,.lBS  1
/COPY,  :IL,BS 1
E
REHDP ‘ZF11t31  SFIJ150 ZIN
E

EOI ENCOUNTERED.
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Main Program

.&ET,  FUGMOD  1

.KoP’r’.  FUGtIon  1

1:
PROGRHM MOD c:INPUT.  OUTPIUT,  THFEt;, TRPES=INFlUT,  THPE7)

c
c

“HIN P R O G R A M  F O R  FUGHCITY  “OBEL  1 r:NO  DECO”POSITION:~

1: F O R  INFClRRATIUN  S E E  MRCKAYC:l979>  i E:X$:T  1 3  ?,,CT,79  ; 1 2 1 8 - 1 2 2 3
i:

COMMON .DHTW  MM,TC,SG.VP”~XLKOW,U~N~,~N~“E~F~H
CLWlMflN ./ID./  YC203  rZl20)  1 IDC2OZ~  yCM?2Oj  vPCM<21j?rCC<203 rNHMEC20)

c
no in I = 1?20
‘V (1) = IO.
ZCIj  = 0.
In(I) = 0

Ctl~I:)  : 0.
PCM(I:~ =  0 .
ICC~Ij  = I).

1 0  NHMEIIj = lj
!Z

CRLL  FiJGI
c
1:
c CALCLILRTE  T H E  FIUGHCITY
1:

DO 40 I = 1lNC
40 SUMF  =  S U R F  +  VII) . Z(I)

F  =  C/SURF
8: F = EWJILIBRIUM  FUGHCITY
c
c CALCuLmE  -&E cmPoUtinS  DIS~RIRUTION  wr EQUILIBRIUM
c

SUM” =  0 .
no sn  I = l,Nc
C,,<I> = F l Vii> . Z(I)

S O  S U M ”  = SlJMM + C”(I)
c
C CM~I~  = MHSSW7OLj  I N  EHCH  C O M P A R T M E N T  i WMtl = c
C
c ICALCULHTE  FERCENTRGE nISTRIBUTION
c

DO 60 I = 1,NC
~Ij FCM<I:i = 100. l CM~IiiSUMM

c
c CFILCIJLI~TE CUMPARTMENT  CONCENTRATIUNS
c

no 70 I = I,NC
7,) CC<Ij = CMII> * M*J  ,.‘ViIi

,:
CRLL  FlJGU

1:
“TOP
END

EUI ENCOUNTERED.
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S u b r o u t i n e s

.,.+ETI  :.:FIJlSI
. ..‘imP.‘. ‘?F, ,,\I

:SIJBROIJTINE  FUG1
COMMON  ~:nfmw “,,,.T,~~:~:,~,~~~“,xL~OI.~,,C.NC,C:NHIIEIF~H
,.~nMMO  r, ,,I,, ,,.,  ,,,(2,))  y~,y21:I:,  ~ In,;20.:,  y,;,q,:,2(~::~  .p~“c:2~  ,ccI:~I)I  I NHMEi201

,:rj”““r, .i,W./’ IlxiK, ccl I 2  I:0
5.
1: :<,JBR~,JTINE  CONTROLS  INTEW,::TI’:E  INPLIT  T O  FIJGHCITY  “OBELS

c
PRINT l * “ E N T E R  T H E  COMPOlJND  NHME (2 0 CHHRACTERS)  ”
RERII  is, 11:) CNFIME

1 1  FORMHT  ,2HlO)
PRINT  l 9 “ENTER  THE ~COMPOCINDS  MOLEcULAR hiEIGHT”
REHD  .T “bl
PRINT . . “ENTER  T,-,TAL ,,KS ,,F ,:OMPOCIND  I N  S Y S T E M  it5:~ O R  1. 11”
REHB  l .C
1: = c: i “W
PRINT +,‘-I‘:’ THERE fi FILE nE*CRIBING  THE E C O S Y S T E M  ? 5 YES=lrNO=2”

REHn l v ICHK
I F  <ICHK  .EQ.2>  GO T O  1 0 0
PRINT l .  “ENTER ECOSj’STE,,  FILE NIJMBER  , NUMBER UF COMPHRTMENTS-
PERU  l rN:NC

c
RE1.d  I Nn N
DO lo I = 1rNC

1 3  F0RfiHT~2RlO12E9.3~
10 REHB  (Nr 13:) N,Z,“E(Ij, In’Ij ,‘.i<Ij ,l:niI:l .

c
,100 C A L L  C:REHTZ

c
101 CONTINIJE

f THIS HHS DEFINEn  WE ECU’1 YSTEM  AND 1~OMPHRTMENT  PROPERTIES
c

RETURN
END

EnI ENCOUNTERED.
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./GET, ZIN
‘COPY.ZIN

SUBROUTINE CREHTZ
CUMMONl’nHTA/ Mhl. TCISG,  VPMI XLKOWI  C, NC, CNHMEIFIH
CCIMMUN/‘IO/ V?20>  ,Z*:20>  J IDI?O? ,CMi20>  rPCM(20)  rCC120)  rNfWlE(20~
COtlf’?ON .‘CK/ ICHK,COC2O)
nIilENSIUN SYSTEfl<8)

I-
: R O U T I N E  C H L C U L R T E S  Z ’ S  G FUGHCITY  CRPACITIEC
c

IFCICHK .EG!. 1) G O  T O  1 6
blRITE<5,22:*

2 2  FOR,,HT(” ”
1 “2’C H R E  C H L C U L H T E D  F,S FllLL13l.dS”z
2”5,‘RP~F’  P,,RSE ; z = 1./RT”,.’
:3”LI~UID PHHSE i r: = l/H”.,
VSORBED  O R  B I O T I C  PHHSE i Z = KP/H”/
5”KP = Km: l :. IIRGBNIC:  ,CARBciN..‘,On’~l
6�KUC = 1. 05 l XLKf☺l.,,  - ,).5(,�..,

7� �2

c

hIRITE  157  52:)
c

5 2  FOi?MATI’~FOR  Z ICLHSSIFICATION  > E N T E R ” , ’
1--i. F O R  VHPLIR  PHHSE iATR> “.,’
2”-2. F O R  LIQIJID PHHSE”/
3”‘: SlJBSTRflTE  q RGHNIC CHRBON  FOR SORBEn  OR RIDTIC PHASE”/
4” “)

16 ICIINTINIJE
P R I N T  *,-ENTER  H T I T L E  F O R  T H I S  R U N  ‘SO CHARRCTERS)’
REAQ<5?31> GYSTEM<J)  I J=1+8:~

3 1 FdRMAT  1813 10)
c

PRINT . . “ENTER THE SYSTEM TEMPERRTURE 03”
RERn  .rTC
P R I N T  +.“ENTER  T H E  COilPUUNn’S  WRTER  SOLUBILITY (Gd’l3)”
RERD .~rSG
PRINT l v “ENTER THE COMPOUNDS VRPUR PRESSURE tMi’l HG) ~
READ +,VPM

C
R G  =  Ei2.0 . IE-OE
TK = TC + 273.
RT = RIG  . TK
VPR = VPW760.
S” = SG/Mbl
H = VPH / S”
XLKlld = 5.00 - 0.67WHLUGlOcSM  * li111Oj

1:
IF<ICHK .EO. 1) IGO TO 77

c
PRINT l , “ENTER THE NUMBER OF ECOSYSTEM COMPARTWENTS”
REHn **NC
RElrlIND  7
PRINT “8

98 FURMRT  if. “NHME  < I N  QUOTES>  7 INFOCIN QUOTES) HRE 10 CHRRRCTERS MHX
1 ‘. 9 .A

IX7 41 I = lrNC . *

99 FORMRTI”ENTER  COMPHRTMENT”. 13vlY.v” N H M E  I I N F O  J VCILItl3>  I Z CLHSS
1 i-1. , -2. ? %iJC.)“)

REHD l rNHMEII:~~IDiI~rV~I~rCOII)
IFiCtliI> .GT. 0.) Z<I> = 10+~~1.05rXLKOW-0.50~~.~~~~~~~I~~H
IFICi,<I> .EQ. -1.) Zr:I) = l./RT

1l :;;W;;;1)e;Q;E92;f  ZiI) = 1./H
r2 . ._‘I

41 ClPITE<7vll>  NHME~I~~I~~~I~~~V~I~~~~~I~~

38



./GET, :SFUGO
/CDPYr  SFtUGO

:SJBROlJTINE  FUG0
CUMMON /‘I,HT,+’  Ml.,,. TC. SG, VPM,  XLK,X,l, CI NC:, CNHME,  FI H
COMMON  /I,,/ ‘u’  i20? 3 i ..L‘~za(,:sr~jJi2(,, ~,~N~~~O),P~~I~~~I,,~~~~~;,,NHME~~O~

I‘
I. SUBROIJTINE  F,,R DHTH  OIUTPIJT  FROM FUGHCITY MCIDELS
c

2 0 Cl
2 0 1

202

2 (13

2 Cl 4

2n5

c‘ 06

2 07

2 05

2 (I.3

hlRITEii..2’OO:!CNAME
IJPITE<6r2Ol>tlld
FORWIT 130X,  2H10,
FORMHT  (i/y ” MOLECULHR  WEIGHT =” 7 14, i-j
ldRITE<6,202)TC
FllRMHT <” SYSTE,, TERPERATIJRE  =“, F6.1, ” C” r/:8
,.,,RITE<6.203):~15
FUPIIHT  <” ,.JF,TER  ::,,LL,BILITY  =‘I, E l  0. 31 ” G./M32 -, .,‘L*
IJRITE(:6~204,!:PM
FOW’WT  i” ‘,,‘APO,T!  P,?E~:~,w,PE  =” , E 1 (I. :3r ” <.,I” HGj  ” 7 /:>
XLK:lJl.,, 3 fqLo,:l  0 i’iLp:u,,lj
I.IRITE a:6r  2OS:~:XL,<,,bd
FORMFfT  C” LOtG il 03 IOCTHNOL-UHTER  COEFFIC IENT)  =” t F?.  3. ..~9
WRITEC6.206:iC
FORNHT  <” T(,THL  ,,H::S OF S:DMPWNI,  I N  :SYSTE,,  =“, E l  I?. 3:. ” MOL” I ,~;s
WITE  t6. 2O:IF
FOWlFIT  0:” E,>,JILIBRIL,,,  FIJGfiCITY  =“, El,>. C:r” <HTM)  ‘-I ~:d
MRITE<6.208,H
FORllHT  r” HENAYS  CONSTHNT  =“,El10.:3>  ” r:Ftnl ,13..‘rlc!L>  ” ? xi
IJRITE (6, 209:,
,=l,R,,HT <:..,,.‘/r  ” : : COMPHRTMENT

1 ” % CON,:  iPPM:> MAS‘I  (“OLj ‘. * .j
IdRITEC6.2lU>
ICI 12 I = 1,NC

KIL CM3

12 I,,, RITEI6,211?  IrNHMEII:~rI~,I,.!,~II,~~:I?~PCMII?~C:C’I~,CM~I:~
c’,,;, FuRMHTT..========================’=======~===============~=========~,

1” ===== ================-  I i)
2 1 1  F~RWHT~I2rlX.2AiO,~~ElO.2~l~~:~

13
1:: BI,,MH6NIFICHTI,,N  ICHLCIJLI~TION

%= = 1 0.. ( 0. E: O.XLELl,$- a. 5 m ..I+
,:j‘;  = F . :<Z . ,,lJ . 5

!C CDN’.?E,?TEB  T O  D R Y  IJEIGHT  B Y  5 :<
,dRITEI6..2123  f:*:

2 1 2 FORNHT1..,‘~:~:1..“TOP  HIWHTIC PREnHTOR”r33X.ElO.2)

EUI

RETURN
END

ENCOUNTERED.

1::

45
1;

44
66

50 Tfl 44
no 4s 1 = i I Nc
IF<Co!Ij .GT.  0, Z(I:a = l(,,*il. ,)5.*‘LK~,~!-O.5(,,.. Ol.C:O;IVH
IFIC,,CI:s.EQ.-l’ Z!I, = l.i~RT
IF<‘c:,,(Ij.EW.-2.j  Z(I:l = I....~,,

PRINT 66
FDRMHT <A’:’
IJR I TE 17 7 Ii 1 .:a (S:‘:?TE,, (Jj > J=1 I E:i
PR INT  ‘31, (SYSTEM <:.J>  I J=l , 8;
PRINT 66
:iLKoI.\l = 10 .* xLk:ov
RETURN
Erin

EOI ENCCIJNTERED.
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