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AN EQUILIBRIUM MODEL FOR THE PARTITIONING
OF SYNTHETIC ORGANIC COMPOUNDg:
FORMULATION AND CALIBRATION

Brian J. Eadie

An equilibrium toxic organic distribution model has been
designed. This simple model, needing only information om 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 model 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 uneven 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 Toxic 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 ocean
ecosystems.”

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

of these models.

2. MODEL DESCRIPTION

Conceptually, this is a simple model that assumes that the ecosystem
under consideration is in equilibrium with the toxic organic contaminant.

*GLERL Contribution No. xxx.



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, blota, ete. At equilib-
rium, the toxic organic contaminants' "escaping tendency” or fugacity from
each compartment is equal. Mackay (1979) clarifies the concept through the
following 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 directions are not obvious from con-
centrations such as g mol m=3 {or ecal m_3), 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 i1s linearly proportional to con-
centration. In Mackay's (1979) terms,

¢ = 2f, (1)

where C = concentration (g mol m_3)
Z = fugacity capacity (g mol m~3 atm™l), and
f fugacity (atm).

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 = nRT
£V = DRT,
from equation (1)
%E = nRT
and CV = n (number of g mols)
Z =CV (mRT)"L! = RT™L (= 40-45)
where R = 82 x 107% and



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 (H). From

H = PS”L = ¢ vapor (C dissolved)™l = fcd~l,
f = HCd

il

and combining with equation (1), it follows that Z =1 L.

Sorbed phases (particulates, sediments, etc.)——-if the equilibrium par-
tition coefficient (Kp) is defined ag_the ratio of sorbed concentration

(ne g‘l) to water concentration (g m™ ), then

1]

K, C dissolved

C sorbed p

gince

HCd =

rh
[

HCs
Kp

then substituting equation (1)

Z = KPH‘l.

The is calculated from the contaminant’s octanol-water partition coef-
ficient (Kgy) @s discussed below.

Biotie phases (plankton, fish, benthos, etc.)-—-there have been several
attempts at correlating concentration in fish based on the contaminant's
Kow (Vieth et al., 1979; Chiou et al., 1977; Thomann, 1979). Mackay
(1979) assumes that the biotic phases act as passive substrates for
sorption. Although there is considerable evidence for bicaccumulation
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

K the equilibrium partition coefficient is defined as follows:

p’



Contaminant concentration in

K = the sorbed phase (ppm) (2)
P Contaminant concentration in the
dissolved phase (ppm)
Karickhoff et al. (1979) and others have shown that is primarily a

function of the octanol-water partition coefficient of the contaminant (Kow)
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. Kp can be described as

percent substrate organic carbon ,

= *
K Koe 100

where K,. 15 the partition coefficient normalized to organic carbon content
(Means et al., 1979).

Life is never quite so simple; there are several other variables that
appear to affect K.; 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,c has been shown to be well correlated to the octanol-water partition
coefficient (Kg,) 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 ofK,. with solubility and Kow 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 18 a relatively simple laboratory measurement, and values of K, are
available in the literature (Lec et al., 1971). K,y 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 (1%978), 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 K,, is the relationship developed
between K, and solubility. Chiou et al. (1977) derived the relationship

log Koy = 5.00 - 0.670 log S,
4
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Figure 1.--The relationship between X,,
and the cetanol-water partition coef -
ficient, %, For Karickhoff et al.,
log X,, = l0g X, - 0.21 (»% = 1,00, n
= 10}. The Smith and Bomberger/Chiou
et al. line was derived from their
correlations of X,, and K, versus
solubility, respectively (n> 33).
Sample compounds are listed on the
abscissa and illustrate the properties
of a range of contaminants. The dashed
line was used in the model.



where S = aqueous solubility in micromols per liter

r2 = 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 now part of the variability. Recall that the
subject models parameterization of K,. is

I 1 | | [
-3 -2 -1 0 1 2 3 4
log S (solubility; #molxL~")

Figure 2.--The relation between
partitioning and solubility. For
Chiou et al.,»® = 0.97, n = 33,
The dashed line compromise was
used in the model.



log Kge = 1.05 log Koy — 0.500.

In our model, Kow 1is calculated from Chiou's equation. Qur calculations
can also be presented in terms of log Ky, = £(8) as follows:

5.00 -~ 0.670 log S

log Koy

and log Koo = 1-05 log Ky - 0.500.

]

4,75 - 0.704 log S, plotted
as the dashed line in figure 2,

Substituting log Kge

Ky is then calculated from K,. as

- K % percent substrate organic carbon
% = Roc 100

2.2 Biotic Phases

As mentioned earlier, Z = K H-! is used for all sorbed phases including
biotic compartments. Figure 3 fllustrates the problem with this approach.
The above formulation, using 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 consldered, 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 was
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 10-40 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 benthos 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.



log BF Biocencentration Fa =tor

log Kow

Figure 3.--Bioeoncentration factors in
fish. The solid lines are syntheses of
experimental data on fish (minnows
t hr ough trout). The dashed tine assu-
mes equilibrium sorption as the only
factor influencing bioconcentration. A
compromise equation, approximately mid-
way between those of Vieth and Chiou,
wae used for calculating bioconcentra~
tion in the model.

2.4 Calculating the Distribution of Contaminants Within the Ecosystem

Once the Z values for each envirommental compartment have been calcu-
lated, the concentration in each compartment 1s calculated in the following
manner:

At equilibrium fy = f3 = f3, 1 = compartment, and the total mass of con-
taminant (M) equals

M= ECiVi,
where Vi = volume of the ith compartment
and from C = fZ [equation (1)],
M= Efizivi,



M = f;3V4Z4, and

£, = M(Z v4Z4)71°

The terms on the right are either input (M,Vy) or calculated from inputs
[Z21 = f(solubility, vapor pressure, K octanol-water)]. The mass in each

compartment is

My = £324V4

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

Cj(data)
C4 (model output)

which will yield approximate concentrations in all compartments.

2.5 Description of an Ecosystenm

As developed in the previous section, the volume (V) 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. They are
(ECOL), a 1-m2 horizontal area, 100-m-deep water body; (LKMi), an approxima-
tion of Lake Michigan; and (ECOALL), a representation of a glebal ecosystem.

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



2.6 Compartmentalization of ECOL

Atmosphere (10-km mixed depth)

<
]

1 m2 x 10,000 m = 10% g3 .

Water

1md x 100 m = 102 m3 .

<3
I

Sediment (2-percent organic carbon, 5-cm mixed depth)
V=1m?x5cmzx 0.5 (porosity) = 2.5 x 1072 w3 .

Suspended matter (1.5 mg 1'1, p=1Ll5g m73, 15-percent organic carbon)

vy =198 3102 p3 4L em® o3 =1x 1074 o3 .
n3 1.5 g 10% cm3

Biota (1 pg 11 chlorophyll a = 50 pg C 17l total plankton, p = 1.0 g/cm3).

C 2 3 2.5 mg org. matter
~m mg org. carbon

3

3
1 cm 5 — 2
103 mg 100 cm®

=1.25 x 1073 n3 .

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

10



2.7 Compartmentalization of LKM;

Lake Michigan

Surface area (5.8 x 1010 g2).

Average depth (86 m)}.
Atmosphere (10-km mixed depth)
v = 5.8 x 1014 p3.
Water
v =5.8 x 1010 x 86 =~ 5 x 1012 53,
Suspended matter (1.5 mg l_l; p=1.5¢g cm73, 10-percent organiec carbon)

3
o =5 x 106 p3

3
v=1.58 x5x 1012 m3 x 1 cm X
o 1.5 g 108 cm3

Phytoplankton cell density = 1500 cells ml~l (Tarapchak and Stoermer, 1976)

= 100 pg cell™? (Stoermer and Ladewski, 1978)

12 3
- cells 18 .3 _ 100 x 107" g 1 o3 m - 5 3
v 1500 *2;3— x 5 x 10+° em” x cell x cm” X IEE—:ET 7.5 x 10° m>.
Zooplankton (30 mg m™3, p = 1)
30 1 3 3
V= D8 x5 x 1012 3 & & ox £ X o = 1.5 x 103 m3.
m3 g 1000 mg 106 .p3

11



Forage fish (10° MT, p=1lg cm"3, 40-percent organic carbon)

: 5 106 g 1 cm3 1 g day m3
- ——
Vv 10° MT x W X s b4 5 wet X o6 - 7 = 2 x 104 m3.

Top predators; salmonids (1.6 x 103 MI, p=1g Cm—3)

6 3 3
- 3 10 g lem ,1gdry, m
v 1.6 x 107 MT x —m— X 2 X S—g—wet 36 o3 x 3.2 x 102 n3.

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

V=5.8x 1010 m2 x 5 cm X 2m X 1 g dry 1.5 x 109 @3,
104 cm 2 g wet

2.8 Compartmentalization of ECOQALL

Earth (Mclellan, 1968)

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

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

Augmented depth (3.8 x 103 m).
Atmosphere (10-km depth)

v = 5.1 x 1014 n2 x 104 @ = 5.1 x 1018 g3,
Water
v = 3.6 x 1014 n? x 3.8 x 103 m ® 1.4 x 1018 g3,

Suspended matter (2 g 1'1, 10-percent organic carbon)

3 3
2
v=.~%x°“ x2 8 x x 1.4 x 1018 n3 = 2.8 x 109 m3.
m g 103 mg 100 cm

12



Plant biocmass

Aquatic (1.8 x 10l3 g C; Whittaker and Likens, 1973).

3 3
2.5 g biomass 1 cm m
= 15 g g = 4, 9 .3
V=1.8x10gcCx 2 C X e X 106 ond 4.5 x 107 m”.
Terrestrial (1.9 x 1012 MT; Woodwell et al., 1971)
v=1.9 1018 g x—ylc’ ——gm3—5-= 1.9 x 1012 53,
10° cm

Animal biomass
Aquatic (0.45 x 1013 g C; Whittaker and Likens, 1973).

2.5 g biomass 1 cm3 m3
x X

gC g 10 ¢m3

V = 0.45 x 1017 g Cc x
= 1.1 x 109 nd.

Terrestrial (0.5 x 107 MT; Woodwell et al., 1971),

3
- 15 i3 m__ _ 5 x 108 3.
v 0.5 x 10 g x 2 X 106 cm3 = X m

Sediments

Aquatic (l-cm mixed depth, 50-percent dry, l-percent organic carbon).
V =3.6 x 1014 2 x 0.0l m x 0.5 = 1.8 x 1012 g3,
Terrestrial {(l-cm mixed depth, 2-percent organic carbon).

V=1.5x 104 nZ x 0.0l m = 1.5 x 1012 53,

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, and temperature. For the
synthetic organics 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” 1f we have reliable environmental data for one or
more of our ecosystem compartments.

Another tuning factor is the percent organic carbon of scorption 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 1s available. The first run was with the global systenm,
ECOAll. Accepted values for solubility (1.2 x 10~3 ppm) and vapor pressure
(1.6 x 1077 mm Hg) were input, along with the estimated value for total
world DDT production of ~ 2.5 x 1014 g (Woodwell et 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 mass 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 (land) values output from the model (4.0 g m'z) are in the middle of
their agricultural soils range data (0.15-11), but are much higher than for
unsprayed forests (0.0004-0.004), which accounts for most 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 and the compound's low
vapor pressure. The model's atmospheric concentration (0.17 x 10~8 g m"3)
is within the data range of 0.1-10 x 108 g m_s, but represents less than
0.1 percent of atmospheric saturation (~ 3 x 10~6 g m_3).

The second model ecosystem considered was the simple 1-m? coastal
representation. A single run for DDT was made simply by scaling the DDT
mass in this system to that in the global system by the volume ratio of the
atmospheres (0.10 x 10% 0.5171 x 10719 = 1.96 x 10713y, yielding 1.4 x 1072 g

14



TABLE l.-—-Comparison Of model output and swmmarized data f or
t he global system. DDT concentrations are in ppm.

Compartment Datal Model
Atmosphere 1-100 x 10~? 1.7 x 1079
Water — 6.5 x 1077
Land Plants 10~4-10"1 0.81
Aquatic Plants 0.1-1 0.81

Land Animals 1. 1.

Aquatic Animals i. 1.

Land Sediment 0.1-10 4.0
Aquatic Sediment _— 2 x 1072

lpata synthesized in Woodwell et al., 1971 order of magnitude.
2Model output DDT Mass = 2.5 x 1012 g; appendix 1.
Hnits of g m_z; 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 (1-3
ppmn). 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) and Sonzognl 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 rums
because the octanol-water partition coefficient (calculated from the
solubility) for this solubility was closer to measured K,y (5.5-6.2).

These 10 runs also show that a two—order—of-magnitude change in solubility
(runs 1-4) 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 variables is important because reported values for con-
taminants often range over a factor of 10 or more.

15
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TABLE Z.--Input variables for the 10 calibration and sensitivity
runs. Only changes are listed; subsequent runs used
the last listed value. Outputs are in appendix I.

Model Solubility Vapor DDT Mass Sed.
Run present {(g) org. C
(%)
1 1.2 x 1073 1.6 x 1077 1 x 106 2.0
2 6.0 x 1073
3 1.2 x 1072
A 1.2 x 10-1
5 1.2 x 1073 1.5
6 1.2 x 1072
7 1.0
8 5 x 100
9 1.6 x 1078
10 1.6 x 1076

The final model exercise was to take the calibrated Lake Michigan eco-
system (the reduction of sediment organie 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 envirommental 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 Ontarlo ecosystem (which is similar in
relative volume distribution to Lake Michigan), I scaled up the estimated
mass of mirex in Ontario (688 kg; Holdrinet et al., 1978) to Michigan as
follows:

g mirex = 6.88 x 107 x A xS x l%g xC ,

17



TABLE 3.~~Model outputs f or

selected contaminants.

Model Concentrations (PPM)
run Compound Fish Plankton Sediments Water
11* Dieldrin 0.12 0.095 2.4 x 1073 3.1 x 1076
Data 0.240.2  0.14+0.10  1.8+1.2 x 1073  3.7+2.9 x 106
121 Mirex 0.35 0.28 7 x 1073 2.3 x 18
Data 1.0+1.0 — 7.5+8.3 x 1073 -
13t Naphthalene 552. 447. 11. 1.0
14T Benzene 24, 19. 0.5 1.0

*Contaminant mass scaled to known approximate concentrations.

1'Compartmenl: concentrations are reported as a ratioc 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 al.,
P = percent of mirex in sediment (62 percent from model),
C = 3; mirex only in 1/3 of Lake Ontario sediment, model

This mass gave
reported data.

assumes equilibrium,

g mirex= 1.7 x 107 g

concentrations in fish and sediments in agreement with

18



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
information. 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 imitiated by typing in (e.g.) CALL, RUNMI.
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Procedure Filles

SO A R N1
SET. FUGHUOL.
GETsZuURZY .

GET. TRFET=ECO1.
HWEDITsFUGMODL I=SUB1 .
REWIMD. LiE0.

REWIHDs TRPES.

MAF . OFF,

FTHs I=FLIGMODL s L=1,
L&0.
REPLACE s TAPEF=ECOL .
FEWIMDs TAPEG.

COFYsTHFEEs OUTPUT
EOI ENCOUNTERED.

#COF T RUMMT
SETFLGMODT .
GETsZUBZ1.

BET TRFET=LKMI.
SEDIT-FUSHMODLs [=2UESL.
FEWIMD L0,

REWMIMDs TAFES.

MAF:OFF.
FTHs | =FUGMOIN s L=0.
Lizd.

REPLACE TAPEV=LKMI.
REWINDs TAFES.

COPY s TRFES, OUTPUT.
EOI ENCOUNTERED

SCOPY « RIJHALL

GET-FLGMO0 1 .

GET»ZUEZ1.

GET» TAPEV=ECORLL .

REDIT.FUGMODL s I=30LESL.

REWINDs-L0.

REWINDs TRPEG.

MARF* OFF.

FTH« I=FUGMODL s L=1].
LGU.

REPLHACE . TRPET=ECORLL.

FEWIMDs TAFES.

COPYs TRPESs QUTPUT.
EOI ENCOUNTERED.

20

Ecosystem Files

~COPYs ECOL

AHTMOSPHERE (1 G KM S100E+05—,100E+01
WHTER c100 M . 100E+D3—. 200E+01
DETRITUS 1.5PPMi 5X .1 OOE-03 .35G0E+N]
BIOTA 1PPB CHL A .12SE~04 _ 400E+02

ZEDIMENTS SCMigxC ,25CcE-01  .200E+01
EQI ENCOUNTERED

GET«LEMI
~COPYs LKMI
ATMOSFHERE <1 O KM>» CEERE+1S-.100E+401
WRTER CEE M CAPIE+13-.200E+D]
DETRITUS 1.5FPM1 0%C .SONE+07 . 1 GCE+DZ
SEDIMENTS SCMs 2. 0:0C . 1SOE+10.200E+01
FHYTO 1S0CCEL-ML . FSOE+0& (400DE+0DZ
ZO00OFPLANK (30G-M3> C1S0E+DE C40DE+NZ
FORRAE FISHOLES MT» JZ20QE+DT . S0DE+0C
SALMONOIDE C(1.6E3 MTY (320E+03 .SOCGE+DIZ
CRLIBRATION OF LAKE MICHIGAN

EDI ENCOUNTERED

S~COPY yECOALL

RTMOSPHERE (10 KM LS UEHI9~-L100E+01

WRTER caEa0n My A NE+1S-200E+ DL

DETRITUS 2PFEs: 1 0XC ~EQOE+1D 1 QOE+2

PLANTS HQUHTIC .34S0E+1 0 . 400E+02

PLANTS LHND 190E+13 4MIE+(Z

ANIMALE HQUHTIC C110E+10 .SOGE+RE

ANIMALS LAND SHOE+NS _SO0E+0Z

SEDIMENTS HGURTIC D 180E+132 . |OOE+OI
SEBIMENST LAND LAS0E+1Z L 2DAE+DL

CARLIBRATION O F 6LOBAL ECOSYSTEM 2



If there is an ecosystem file, the model is run as follows:

U
SCHALL « RUMHMI
EDIT 2.1 .00
END
FUGMODI 11 & LOCHL F I L E
ENTER THE COMPOUND MAME 20 CHARACTERZ)

T MIREX
ENTER THE COMPOUNDEI MOLECLILAR WEIGHT
El=Y 1]

ENTER TOTAL MARZZ OF COMFPOUND IN Z¥=2TEM O3 OR 1.0
T 2. 1E6

1T THERE A FILE DEZCRIEIMG THE ECOIWITEM ¥ § vYEZ=1 «NO=&

1

ENTER ECOZ%ZTEM FILE NUMBER» HNUMEER O F COMFRETMENTE

Er'i"f;l-? AT I TLEFORTHIE RLMN ¢S CHARACTERSY

-' ET\IE'FER THE Z%ZTEMTEMFERATIIRE (iCh

f E }\IST ER THE COMPOUND 3 WATER SOLUEILITY ¢5-M22

.‘EI:I%E;“THE COMFOINDE YAPOR FREZZIURE (MM Hiz:
1E+5

TES

o
—

MIREX

MOLECULAR MEIGHT = 546

SYSTEM TEMPERRATUEE = 15,00

MHTER ZOLUEILITY = .FOQE=-04 <3-MI)
YAFOR PREZIURE = . 1 OOE-DS CMM HGH

LOG¢10: cOCTAMOL-WATER COEFFI CIENTY =  7F.802

TOTAL MAZS OF cOMFOUMD | N Z¥YEITEM = | Z35E+04 MOL 485%7“ 3

EQUILIBRIUMFUSACITY = _|S3I0E-13 CATM:

HEMRYE COMZTANT = .1 0ZE-01 (RTHM M2-MOL>

= LK ot Mese =

i COMPARTMENT YOL sM3 CcOHC CcPFM»  MAZZCMOL)
1 ATMOZPHERE 1 O KM: LSERE+1S L GEE+ IS L I4E+ DS 12E-NE C1ZE+04
2 WATER CRe Mo CHRESLD CATE+OZ L BEE+N L CEE-03 . ESE+NZ
I DETRI TULS 1. S5PPtI f=C CSOE+IT LINEHRS LE1E+ O BTE=-NZ TOSE+2
4 TEDIMENTE SCMs 1 . 0x0C CISE+10 L INE+0E LBSE+0Z SVE-03 CC4E+S
5 PHYTO 1SO0CEL ML LV SE+OE C1ZE+10 C1ZE+0L F5E-01 . 42E+0Z
e ZO0OPLAME  C30B-M35 ., SE+QL CAzE+11 L 2SE+AD L ZSE-01 L SSE+D1
7 FORAS FIZHCIEDS MTs LZOE+NS S1SE+IN LAH1E-D AZE-01 16E+01
5 IRALMOMOIDZ ¢ 1 . eEZ MT LJISE+NZE . 1SE+LD CREE—-132 CARFE-01 CESE-

TOF ARUATIC PREDATOR
21
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If there is no ecosystem file, the model isrunas follows:

CHLL » UMM

WEDITZ.1 . 24

END

FucMOD1 | SARLOCALF I L E

ENTER THE COMPOUND NAME (20 CHRARACTERSS
FTTOTAL DDT

ENTER THE COMPOUNDS MOLECULAR WEIGHT
1Y )

ENTER TOTALMAZ: OF CcOMeOuUND IN S¥YSTEMOzr O R 1.0
? 1

{Z THERE R FILE DESCRIEBIMG THE ECOSYSTEM 7§ vEZ=1.HO=2
2

2% ARE CALCULATED A= FOLLOWE
VAFOR PHRZE + 2 = 1-RPT

LIGUID PHRAZE 3 2 = 1-H

zOREED U R BIOTICPHASE:Z = EP~H
KP=kKOCZ# % ORGANIC CAREOM~-1 00
kO = 1.05 . ¥LkOW -0 .50

FORZCLRZZIFICATION , ENTER

- 1 . FOR YAPOR PHAZE (AT

-2. FOR LIAUIDPHAZE

LTURSTRATE ORGANIC CAREON F O R ZORBEDOR BI1 O T I C FHAZE

ENTERRATITLE FOR THIS RUM ¢33 CHARRCTERS
7 EXAMPLE
ENTER THE ZV=TEM TEMRERATURE (L2
7155
ENTER THE COMPOUND’S WATER ZOLUBILITY (& M3
A =1 Sty
ENTER THE COMPOUNIE waFOR FRESEURE MM HGD
W 1BE-£
ENTER THE MUMEBER OF ECOXYETEM COMPARTHMENTE

MRME ¢ TN DUOTES) » INFO¢IM OGUOTESY A R E 10 CHARACTERE M A X
ENTER COMPRRTMENT 1 MAME » IMNFO » YOL (M2: » 2 CLASS ¢—1. »

7 "ATMOZPHERE" , " (7. 355EM» " 1ES » - 1
ENTER COMFARTMEMT 2 HMRME , INFO » YOLcM3d o 2 CLASE (-1.

TOUMATER" « " 01T MR s BL32ED o -2

E N T E RCOMPARTMENT 3 MARME , | N F O s %OLM2r s Z2CLAZZ ro-1 . s
T “ZEDIMEMTS" , " C1CMs4x=CH" , 4E1, 4
EXRAMPLE

TOTARL DDT

MOLECIHLAR WE IGHT = 35&

SYITEM TEMPERRTLURE = 1 5 QC

WATER ZOLUBRILITY = . 120E-02 (G -M3>

WRPOR PRESZHRE = . 1&RE-06 (MM MG

LOG 10y <OCTANOL-WATER COEFFICIEMT: = =. A5c
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TOTAL MAZZ OF COMFOUND | INETEM = Z221E-02 MOL

Eol ILIBRILMFUGHS ITY = . ISSE-132 JATH)

HEMRYZ COMZTHAMT = . BZSE-14 CATM MZ-MOL>

3t COMPRRETHENT VOL I zZ X COMCCPPMa  MASI MOL

1 ATHMDZPHERE 7. S5KHMD 1 HE+07T CAZE+E LRZE- CSAE-03 L 1SE-NT

Z WATER 170 M CERZE+ DG AGE+ IS C1ZE+ON L2 RE-05 L ERE-0S

I SEDIMENTE C1CM: 4XCh LG IE+ 02 LZNE+10 C1DE+03 LESE-11 CERE-NE
TOF AQMUATIC FPREOATOR JARE-101

EQ | ENCOUMTERED.

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

SETsLEMI

LSCOPY s LKMI

ATMOSPHERE v . S5EM? C1ONE+OT—. 1 ODE+]

WATER CLFDOM LESNE+04—, SO0E+DT

ZEDIMENTE ¢ 1OM5 4500 _A0NE+ 02 L 4n0E+D] .
E“AMPLE

b. ACKNOWLEDGMENTS

Partial funding for this work was provided by the Office of Marine
Pollution Assessment (OMPA).

23



7. REFERENCES

Chiou, C. T., Freed, V. F., Schmedding, D. W., and Kohnert, R. L. (1977):
Partition coefficient and bioaccumulation of selected organic chemicals.
Env. Sci. and Tech. 11:475-478.

Hansch, C. (1980): The role of the partition coefficient in environmental

toxicity. In: Dynamics, Exposure and Hazard Assessment of Toxic
Chemicals., R. Hague, ed., Ann Arbor Science, Ann Arbor, Michigan,
pp. 273-286.

Holdrinet, M. H., Frank, R., Thomas, R. L., and Hetling, L. J. {1978):
Mirex in the sediments of Lake Ontario. J. Great Lakes Res-4:69-74.

International Joint Commission (1977): Status report on the persistent
toxic pollutants in the Lake Ontario Basin. Great Lakes Water Qual. Bd.,
Int. Joint Comm., Windsor, Ont.

International Joint Commission (1978): Great Lakes Water Quality, Appendix
B. Int. Joint Comm., Windsor, Ont.

International Joint Commission (1980): 1980 Report on Great Lakes Water
Quality, Appendix. Int. Joint Comm., Windsor, Ont.

Karickhoff, §. W., Brown, D. S., and Scott, T. A. (1979): Sorption of
hydrephobic pollutants on natural sediments. Water Res. 13:241-248.

Leo, A., Hansch, C., and Elkins, D. (1971): Partition coefficients and
their uses. (Chem. Reviews 71:525-616.

Mackay, D. (1979): Finding Fugacity Feasible. Env.Sei.and Tech. 13:
1218-12213.

Mclellan, H. J. (1968): Elements of Physical Oceanography. Pergamon
Press., N.Y., pp. 6-151.

Means, J. C., Hassett, J. J., Wood, 5. G., and Barwart, W. L. (1979):
Sorption properties of Energy Related Pollutants and Sediments. In:

Polynuclear Aromatic Hydrocarbons, P. W. Jones and P. Leber, eds. Ann
Arbor Sci., Ann Arbor, Michigan, pp. 327-340.

0'Connor, D. J., and Connolly, J. P. (1980): The effects of concentratlon of
adsorbing solids on the partition coefficient. Water Res. 14:1517-1523.

Smith, J. H., and Bomberger, D. (1979): Unpublished data cited in Mill, T.,
1980. Data needed to predict the environmental fate of organic chemi-

cals. In: Dynamics, Exposure and Hazard Assessment of Toxic Chemicals.
R. Hague, ed., Ann Arbor Sci., Ann Arbor, Michigan, pp. 297-322.

24



Sonzogni, W. C., Simmons, M., Smith, S., and Rice, C. (1981): A critical
review of available data on organic and heavy metal contaminants in the
Great Lakes. GLEPS contribution, Great Lakes Basin Comm. Ann Arbor,
Mich.

Stoermer, E. F., and Ladewski, T. B. (1978): Phytoplankton Associations in
Lake Ontario during IFYGL. Special Rept. #6. Great Lakes Res. Div.,
Univ. of Mich.

Tarapchak, S. J., and Stoermer, E. F. (1976): Environmental status of the
Lake Michigan Region. In: Phytoplankton of Lake Michigan., ANL/ES-40.
Argonne Nat. Laboratory, Argonne, I11l. 211 pp.

Thomann, R. V. (1979): An analysis of PCB in Lake Cntaric using a size
dependent food chain model. In: Perspectives on Lake Ecosystem
Modeling, D. Scavia and A. Robertson, eds., Ann Arbor Sci., Ann Arbor,
Michigan. pp. 293-321.

Tulp, M. Th. M., and Hutzinger, Q. (1978): Some thoughts on aqueous solubi-
lities and partition coefficients of PCB, and the mathematical correla-

tion between bicaccumulation and physio—chemical properties.
Chemosphere 10:849-860.

Veith, G. D., DeFoe, D. L., and Bergstedt, B. V. (1979): Measuring and

estimating the bloconcentration factor of chemicals in fish. . Fish

Whittaker, R. H., and Likens, G. E. (1973): Carbon in the biota in Woodwell,
In: Carbon in the biosphere, G. M. and E. V. Pecan, eds., AEC Sym. Ser.
NTIS, U.S. Dept. of Commerce, Springfield, Va. 30:221-240.

Woodwell, G. M., Craig, P. P., and Johnson, H. A. (1971): DDT in the
biosphere: Where does it go? Science 174:1101-1107.

25



Appendix 1 - Model Runs

The following section lists the model inputs and outputs for the runs

discussed in this report.

Global Ecosystem Run

MOLECULAR WEIGHT = 258

SYSTEM TEMPERATURE =

TOTAL DOT

15.10 ©

WATER ZOLUBILITY = .120E-02 {G-M33

YAPOR PRESSURE =

LOG ¢ 10y (QCTAMDL-WATER COEFFICIENT: =

TOTAL MASZ0OF COMPOUND IN SYSTEM =

EQUILIBRIUM FUGRCITY =

. 160E-0DE MM HE?

&.E56

. 115E-12 CATM

HENRYS CONSTANT = .6&SE-04 CATM m3-mOLD

= COMPARTMENT

e i e e e T T e e e e

.TEOE+1D G MOL

CONC tPPM2

MASS cMOL>

B3+ o

1 ATMOSPHERE <110 KM

2 WATER <3300 M>
3 DETPITUS 2PPBi 1 0xC
4 PLHNTS RSGLIAT I C

S PLHNTS LANLD

£ AMNIMALE AQURTIL

7 ANIMALE LAND

& SEDIMENTS AQLIRTIC
9 SEDIMENST LAND

TOFP AGLATIC PREDATOR

YOL dMED i
S1E+19 .42E+02
L14E+19 . 1BE+DS
LZEE+LD .49E+]10
LA45E+1D Lo0E+1]
.19E+13 .CNE+11
J11E+1 D .2oE+11
CSNE+D9 .23E+11
L1E8E+132 L ASE+0S
LASE+LZD . QGE+09

26

L ZAE+OD

. IBE+O2
.22E~01

14E+00

. 6OE+DE
A2E-01
. 20E-01

14E+11
P 24E+01

.17E-08
.6SE-NE
L20E+ND
SB1E+0DO
-S1E+00
1DE+11
L 10E+1
.20E-01
«40E-01

.CEE+ON

. 2S5E+08
. 26E+1D
. 16E+07
L 1DE+D8
L43E+10
. Z1E+DY
. 14E+07
. 10E+09
L 1FE+GS



DDT Calibration for the Lake Michigan Ecosystem (See Table 2).

Run 1

CALIBRATION O F LAKEMICHIGAN

TOTARL DDT
MOLECULFAR WEIGHT = 256
SYSTEM TEMPERATUFRE = is.06C
WRTER ZOLUBILITY = CA1Z20E-02 CGAMEn
VARPOR PREZILURE = ClEanE-08 (MM H G,
LOGiny «OCTAMNOL-WATER COEFFICIENT: = kF.&56
TOTAL MHSS OF COMPOUND IN SYSTEM = . 1Q0E+1A7 5 MOL
EQUILIBRIUM FUSACITY = .&14E-12 (HTMI
HENRYS CONSTANT = . EZSE-04 CRTM MI-MOLS
i3 COMFPRRTMENT vOL cM3s % COMC CFPM MAZE (MOL»
1 ATMOSFHERE (1101 kKM .SEE+1D LAZE+DZ L 1SE+01 = - 1SE+DT
2 WATER CHE M CHSE+1 R C1EE+DS LSSE+DL CEASE-0S L ABE+ 0%
3 DETRITUS 1. SPPMIONT CSOE+OV CHSE+10 L 1SE+01 11E+01 C1SE+05
4 ZEDIMENTS SCMse. 0xCc L1SE+14D CATEHNG H1E+ 0 ecE+nn JH1IE+DE
S FHYTO 1S00CEL-ML .TSE+06& SNE+11 C91E+00 L4EZE+0] LITE+D4
& ZOOPLANK  (3605.-M30 C1SE+O6 ZOE+11 L 1EE+00 LAEE+01 . 18E+04
7 FORAG FISHOIES MTX LE20E+0S .CSE+11 CENE-O1 .SdE+OT CENE+DZE
S TRALMONDIDS 1. eE3 MT> CIZE+OZ CSE+1L -49E-03 .S4E+1 LASE+DL

TOP AQUATICFREDATOR J12E+GL
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Run 2

A e e s

C

ONC CPPM

MASE CMOL>

S e e e e e e e e e e o e o o i e i e e e e e e e e e e e e e J——

1 ATMOSPHERE <10 KM

2

3 DETRITUZ

CHE M)
1.5PPR10:C

WRTER

4 SEDIMENTS SCM3 2. =0
5 FHYTO 150GCEL ML
€& ZOOFPLANK  (306.-M3)

7 FORAG FIZHC1ES MT2
2 ZALMOMOIDE (1. &EZ M

TOP RAGUAT | C: PREDATOR

Run 3

RS EEE ==

COMPRRETMENT

ATMOZPHERE <1 0 KM
WATER cEe M
DETRITUS 1. SPPMIOXC
SEDIMENTS SCH: 2. 0:0C
FHYTO 130RACEL ML
ZOOPLANK  (206G-M32
FORAG FISHOIES MT)
SALMOMNOIDS ©1. 6E3 MTD

TOP AGUATIC PREDATOR

Run &

. STE+DE
. 14E+02
14E+011
S2E+02
TEIZE+0N
. IFE+DN
.22E-01
AE-0Z

- E4E+10
S1E+02
~13E+01
. rE+0E
. v rE+00
CA1SE+D0
- EEIE— l:'l
L41E-103

. SEE-08
L AGE-0S
- 2SE+QN0
. S0E+DOD
. 39E+1
L ZE+D]
L S49E+101
- 4SE+01

C14E+0L

CONC cPPM2

. S9E~8
.13E-04
CSIE+Q
18E+00
« 36E+011
. 3BE+01
L4SE+01
4DE+L

J14E+01

CONC PFM»

. SSE+ 04
- 14E+086
. 14E+05
- B3E+06
. B3E+04
.17FE+04
.CE8E+ 13
. 44E+ 11}

MAZS CMOL>

_-_____-___....____.____-..-..____-.___.,__._._____._-__..____.___-...__-...___._-...__

E4E+04
LZ1E+06
« 1ZE+0S
.TrE+06
.77E+04
CISE+04
.2BE+D03
<41E+01

MASS cMOL>

1

O OoOMMWN

ATMOSPHERE 1 1iKM»
WATER CRE M
DETRITUS 1.5FFM1 (%0
SEDIMENTS SCHMi 2. x0C
FHYTO 1S00CEL-ML
ZOOPLANK  (20G-MID
FORRG FISHEIES MT>
SRLMONOIDS <1.6E3 MT)

TOP RARUATIC PREDATOR

WO (M3 z

. S8E+1S - AZE+RE
~ASE+1 2 SOE+NT
. S0E+0V SOE+14
LASE+LD 1EE+1ID
. FOE+(G . 32E+11]

L 1SE+DE .IE+1Y
SOE+0% _ .4DE+1]

T >, I2E+NZ (40E+1]
VOL (M3 <
.SBE+1S -dCE+
49E+13 . 16E+06
SO0E+07 «9BE+10
S1SE+IG ~20E+1D
« TSE+DE . 39E+11
1SE+0E . 29E+1]

L 2NE+NS ~A49E+11
LA2E+03 L49E+1]

wOL (M

. SEE+15 L 4CE+OC
.49E+1 32 . 1EE+07F

L SOE+OV C1ISE+L]
CIDE+LD . FSE+1N
L TSE+GE FrE+11

L 1SE+0E . TPE+11
LENE+NS .S97E+11

L 22E+NE L9TE+11
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128E+0¢
. STE+OZ
. rOE+Did
ACE+O2
4CE+O0
. 34E-11
. 14E-11
“22E-03

L41E-04
» SQE+O0
C1CE+OR
.ZOE+01
.cOE+D1
CSE+G
SCSE+GT

1ZE+11

. 18E+04
LSTVE+ D6
. FOE+14
-A2E+06
-42E+04
. B4E+0Z
14E+032
.c2E+01



Run 5

COMPRHRETMENT YaL oMz e COMC FPM2 MAZS (MO
1 ATHMOSPHERE 10 KM LSEE+1S L4ZE+D2 LE0E+D1 CL12E-O7 . 2LE+0S
2 WATER CE6 M> L49E+13 L1EE+DS LEZE+101 . 4SE-15 EZE+NS
3 DETRITUS 1.SPPMI10:C CSUE+0T LA9E+LD S2OE+D1 S14E+01 CEOE+ DT
4 ZEDIMENTS SC:*; 1 .5%0C C1SE+1D . TAE+ID . SSE+OE LS1E+00 - BB+ 06
s PHYTO 1S00CEL-ML . TSE+0E .20E+11 S1ZE+ -SEE+01 - 1ZE+D5
6 ZOOPLANK  ¢Z06.M30 C1SE+ 05 SOE+11 LE4E+0D - SEE+01 - S4E+N4
T FORAG FISHC1ES MTH L ZOE+NS LE2SE+11 L ZBE-M . TOE+01 IIE+OD
& SALMONDIDSC1.8E3 MT? CIZE+0E L2SE+11 CE3E-03 .TOE+DL - 63E+I
TOF ROUATIC PRELATOR S1SE+01
Run 6
% COMFRRTMENT WOl <M3» 2 CONC iFFM>  MASS ¢MOL>
1 ATHMOZFHERE <1 0 KM CSRE+1LE . AZE+0Z . TRE+DR . 4Q9E-02 . T9E+N4
2 WATER CRA MY CASE+13 C1EE+06 .2SE+DZ . 18E-04 |, 2SE+DE
3 DETRITUZ 1.SPFMIO%C CSOE+OT LARE+1 . 16E+01 C11E+01 L 1EE+0S
4 SEDIMENTS SCM31.S%DC C1SE+10 C1SE+10 LFIE+0E . 17E+OQ LT1E+06
S5 PHYTO 1SOOCEL-ML . TSE+D& CI9E+11 LSSE+00 L4SE+I1 . SSE+04
ZOOPLANK (206 M3 . 1SE+06 .39E+11 C19E+0D LASE+01 . 19E+04
7 FORAG FISHC1ES MT) LEDE+DS CASE+11 L E2E~-01 .SEE+01 . ZEE+N3
8 SALMONOIDS <1 L&E3 MT CEZRE+UE L49E+11 LS1E-03 .S6E+01 CS1E+01
TOP ROUATIC FREDATOR - 18E+01
Run 7
2 COMPRARTMENT VOL €M % COMC CFPM»  MASS cMOLD

1 ATMOZPHERE <10 kKM>» . SEE+1S CA4ZE+NE C10E+a1 . B4E-08 10E+05
2 WATER CEE M LA9EHL3 . 16E+DE BIE+N2 .Ca4E-04 AIE+ DA
3 DETRITUS 1.SFEMI0%C . SOE+07 SEE+10 LE1E+01 {SE+01  2LE+0S
4 SEDIMENTS SC”; 1. 0%0C . 15E+10D ASE+NT GZE+0E 1SE+00 T SEE+IA
S PHYTO 1SOOCEL-ML . 7SE+0& CESE+L1 C1ZE+0 LSOE+01 . 1PE+0S
6 ZODOPLANK 13 (6-MI0 1SE+06 LEYE+11 2SE+0D LSAE+01 2SE+04
7 FORHG FISH(IESMTY ZOE+HS L43E+11 L41E-n1 CCAE+01 41E+0Z
2 SALMONDIDS il. 662 MT; . 32E+05 L4IE+11 BEE-N3 PAE+01 . EeE+D1
TOP ARUATIC FREDATOR EmEe0d
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Run 8

C10E+0)2
L 3ZE+O2
C1E+D11
-EZE+DZ
12E+m1
LESE+0D
C41E-01
-BEE-03

. FSE+01
« 30E+02
- 19E+0]
. SPE+ID2
11E+01
Hr=2C] B J U
- GEE-01
«61E-032

& COMPARTMENT VOL (M= Z
| ATMOSPHERE C10 KM . SEE+1S . 42E+DZ
2 WATER (86 M »4OE+1 3 16E+D6
3 DETRITUS 1.3PPM10%C L S0E+QT CS2E+10
4 SEDIMENTS SCcMs 1. (:0C CISE+1D CS8E+09
S PHYTOIS0ICEL-ML . roE+ 06 CE39E+T]
6 ZO0OPLANK (206.-MI: C1SE+Ns I9E+11
¥ FORAG FISH{1ES MT) - 20E+05S T49E+11
8 TALMONOIDSC1.6E3 MT> . I2E+QT Z4SE+11
TOP RGUATIC PREDARTOR
Run 9
* COMPARTHENT YOL €M3 o)
1 RTMOSPHERE (10 KM) .SBE+1D CACE+DE
2 WRTER 186 M 49E+13 16E+05
3 DETRITUS 1 CSPPM10%C ¢ SOE+OT . 9BE+09
4 SEDIMENTS 5CM# 1. 0x:0C .1S5E+10 « SEE+0E8
B PHYTO 1SGOCEL ML . TSE+0E L 39E+10
& ZOOPLANK  <SOG-M3) - 19E+06 «39E+10
7 FORRG FISHC(1ES MT> . Z0E+05 A4SE+10
8 EFALMONOIDS (1.6EZ MT> . 32E+ 03 LASE+LD
TOF RGUARTIC PREDATOR
Run 10
COMPRRTMENT WOL CM3a z
1 ATMOSPHERE (10 KM . O8E+135 «dcE+12
2 WHTER (86 M» SASE+1 3 .16E+87
3 DETRITUS 1. SFPM1CG:C SOE+0OV . S2E+11
4 SEDIMENTS ScM: 1. 0x0C C1SE+10 L IGE+1D0
S PHYTO 1500CEL-ML FoE+d& SPE+LE
6 ZDOPLANK CING-M32 « 1SE+D6 «39E+12
T FORAS FISH{1ES MT> « COE+0S CHIE+12
8 SRLMONOIDE (1. 6E3 MT)  IZE+N3 .4PE+12

TOP HQUATIC PREDRTOR
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- 11E+40D
. I4E+0OE
LE1E+01
- &ZE+OC
- 13E+01
- 2SE+1D
»42E-01
.&7E-03

CONC CPPM MASS {M[IL >
. 3cE-108 . SCE+ N4
. 12E-04 . IVE+NSE
. FAE+O0 C10E+GS
r4E-01 L 21E+N6
C9E+1 . 62E+ 04
LEQE+OL . 12E+04
. 3TE+D1 .21E+Q3
L3FE+01 « ITE+0L
C12E+01
CONC C(PFPM> MASS dMOL>
Late]
LESE~O8 L 4EE+14
L 11E-0NS . 1ISE+05S
L&FE-01 L ASE+O3
-67E-02 . CBE+NS
- CFE+DD SPE+03
.CrE+D 11E+02
« 34E+0Q ASE+OR
- 34E+0D . SOE+ 0N
CA1E+0D

CONC <PPM> “ASS (MOL>
ZEE-09 CSIE+02
A1ZE-D4 « 17E+06
C4E+OD 10E+05
. r4E-01 +31E+06
«3NE+D1 . 6IE+ 04
«SOE+OL . 1Z2E4+ 04
. 37E+01 L 21E+03
. 3ZFE+DN1 - IZE+G1
- 12E+01



Run 11

CALIBRATIOMS N E W COMPOUND

BIELDRIN

MOLECLULAR WEIGHT = 377

IVEITEM TEMPERRTURE = 15.00C

WATER SOLUBILITY = .240E+00 (G- Mzl

“YAFOR PRESSURE = . 100E—0& (MM Hiz)

LOG 1 0» (OCTANOL-WATER COEFFICIENT: = S.13t

TOTAL MRS O F CcOMPOUND | N SYSTEM = . SA0E+05 G MOk
EQUILIBRIUM FUGRCITY = . 163E-14 CRTMY

HENRYS CONSTANT = 2GFE-06 ©ATM MZ.-MOL>

COMPRRTHMENT WOL £M3 COMNC cFPMx MASS CMaL
1 ATMOZPHERE <10 KM .SSE+1S .dcE+DE L ESZE-N1 ZeTE~1D .41E+02
2 WRTER CBE M LA4FE+13 -HEBE+UT LENE+NE LI1E-DD 40E+NS
I DETRITULZ 1.SSFPPMiN:C CSHE+GY .IVE+11 CEZE+OND Lo4E-011 : ZCE+0Z
4 ZEDIMENTS SCM3 1. 9%0C JISE+LD CATE+LD . 19E+02  .24E-02 CISE+
S PHYTO 1S0GCEL -ML .TSE+ e JISE+1E CSEE+QD LRSE-01 C1S9E+ 03
& SOOFLAMNE 3 05-M3 LISE+OR L 15E+12 CTRE-01 LRSE-01 L ZEE+NE
v FORAG FIZHY1IES MTY L SNE+GT C12E+1E L1zZE-01 C12E+OD CEIE+0]
Z SALMONOI DX 01 . 6ES MT2 L IZE+OZ L1sE+LE LENE-NE CAcE+0N .1 0E+00
TOP AGUARTIC FRELATOR LBZE~-01
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Run 12

CALIBRATION
MIRE=X
MOLECULRAR WEIGHT = 54€
SYSTEM TEMPERATURE = 15.0C
WATER SOLUBILITY = . FPO0OE-94 (5-MZD
YAPOR PRESIURE = . 1O0RE-QS MM HGD
L O G (103 (OCTANDL~WATER COEFFICIENT: = 7.608

TATAL “ASS OF COMPOUND IN E¥STEM =.311E+05MOL
EQUILIBRIUM FUGHCITY = .42%E-12 (ATM:

HENRYS CONSTANT = . 1D3E-031 (ATM M3-mMOL>

COMC (PPM)

« $IE-DS
- 23E-97
. 7DE-01
» POE-G2
L28E+GG
» ZSE+ND
« ISE+UD

MRS (MOL>

11E+03
-20E+03
« B4E+D3Z
. 19E+05
.33+ 03
. FPE+D2
« 13E+02

i COMPARTMENT VOL (M3> < b

1 ATMOSPHERE (10 KM» -5BE+13 - dcE+DE . I4E+D2
2 WRTER g6 M CAIE+L S - IVEHOE . BEE+O0
3 DETRITUS 1.3PFPM1dXC D0E+GY « JDE+DS -21E+01
4 SEDIMENTS SCM# 1. u=0C +13E+10 » SOE+03 . 6ZE+ 0O
5 PHYTO 1500CEL-ML . TSE+0B «12E+110 « 12E+D1
6 ZO0PLANK  C305-M30 . 15E+06 LA1EE+1D . 25E+00
7 FORRG FISHC1ES MT) ZOE+0S . 1SE+10 .41E-01
8 SALMONOIDS C1.8E3 MT? . S2E+EZ . 1SE+10 .e0E-03

TOP WIJARTIC PRELATOR
EDI EMNCOUNTERED.

o
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Run 13

ARLIBRATION: N E W COMPOUMND

NHPHTHALEN
“CLECULHR WEIGHT = 128
SYSTEM TEMPERATLIRE = 15.0C
WATER SOLURILITY = . 230E+02 <h-M3>
VAPOR PRESSLIRE = L2INE+OD (MM M)
LOG 10y cDCTAMOL-WATER COEFFICIENT> = 3. 284
TOTAL MASS OF COMFPOUND IN SYSTEM = . 10G0E+31 5 moL
EQUILIERIUM FUGRCITY = ,Z48E-16& C(ATM>
HENRYS COMSTARHT = . t1FE-02 CATM M2-MOL2
k COMPRRTHMENT YOL M3 2 A CONC (PPM> MASS cMOL>»
I ATMOSPHERE ©10 KM? CSEE+1S . 4CE+NZ . BSE+02 L 19E-12 . BSE+ON
c WATER (& M L4IE+13 . BSE+0Z . 1SE+UZ . 22E-11 L 1SE+00
3 DETRITUS t.5PPM1II=C CSRE+DT < SRE+OS J1FE-D2 L4ZE-09 .17VE-04
4 SEDIMENTS SCM; 1. x0T C1SE+1LO . S96E+ 04 LHO0E-D1 L42E-110 . SUE-03
S PHYTO 1 5 0 HCEL ML L raE+le . ZQE+ 0B . 1 OE-02 .1TE-RNG .10E-04
& ZDOFLAMK  c3aGc-M3) C1SE+DE . SSE+E LENE-02 . IFE-oR .CDE-05
FTFORAGFISHAOIES M T ? . 20E+1}5 . RE+06 . J4E-04 .21E-08 . J4E-0E
S SALMONOIDSEC1.6EZ2 MT: L 2ZE+NZ - 4RE+OE  S4E-06 .21E-08g L S4E-1E
" TOP AQUATIC PREDATOR a1E-03
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Run 14

CALIBRATI ON iNEW COMPOUND

BENZENE
MOLECULRR WEIGHT = 7&
SYSTEM TEMPERATURE = 15.10 C
WATER SOLUBILITY = . 17SE+d4 (G- M3
VAPOR FRESSURE = .288E+dz (MM HG

LOG 10X cOCTANOL-WATER COEFFICIENT) = 2. 080
TOTAL MASE OF COMPOUMD IN SYSTEM = . 100E+01 G moL

EQUILIBRIUM FUGACITY = L.393E-1& CRTM}

HENRYS CONSTANT = .SFO0E-i2 (ATM M3-mOL»

i COMPARTMENT vYOL M3 Pt 4 CONC <FPM>  MASS (MOL>
1 ATHMDOSPHERE (10 KM .S8E+1S 42E+HDS . FPE+OZ - 1ZE-12 L S7E+00
2 WRTER (86 M CA4SE+1T . 18E+03 . 34E+01 +S4E-12 - 34E-01
3 DETRITUE 1. SFPMIONXC . SOE+O7 . 8SE+02 - 17E~-114 .2eE-11 - 17E-06
4 SEDIMENTS SCM; 1. 0x8C .15E+10 - BSE+D2 . SUE-03 .2BE-12 S0E-05
S5 PHYTO 1S00CEL ~ML L TSEHDE . 34E+ 4 « 1.J4F-04 <10E-10 :1*E-06
6 ZO00PLANK  (306-M3) . 15E+06 - 34E+04 «20E-03 .10E-10 .¢0E-07
7 FORAG FISH(1ES MTX «CDE+0QS -42E+04 . 33E-06 LA13E-10 . 32E-N8
8 SALMONOIDS <1.&E3 MT> . 3CE+0Z -42E+04 - SZE-02 .13E-10 .S3E~10

TOF AGUARTIC PREDATOR .39E-10
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Appendix 2 — Programs

Procedure File

GET« FLUMMI “RETZUREL

SCOPY s RUMMI SCOPY 2 ZUEE
GET»FUSMODL, E

GET«ZUEZL. READP =FINGT TFUGO ZIN
GETs TAFET=LEMI. E

HXEDITaFLIGMOD1 s ISZUEEL. EOI ENCOUNTERED

FEMIMD. L.

REWINIIs TRFEG.
MAF « OFF .

FTN. I=FUEMOTL =11,

Liz0.
REPLRCE » TRFEV=LKMI .
FEWIMD: TRPES.

COPY » TRFE&OUTPLT.
EOI ENCOUNTERED.
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Main Program

“GET»FLUGMOD1
<COPY s FUGMON ¢
PROGFAM MOD (IMPUT. OUTPUT, TAPE&s TAPES=INPLITs TRFE?

[ ]

MAIH PROGRAM FOR FLZACITY MODEL 1 ¢HODECOMPOSITION:

[
T F O RINFIORMARTION S E E MACKAY (19793 sES&T 1 3+0C0T-7931218-1223
[
COMMON ~DATA-Mds TCs SEs YFMs XLEDWs Cs MO s CNRME s F + H
COMMON <10~ Y (200 s 26200 « IDE200 s CMAZ0N s POM I 5 00 €200 » HRME <200
[
no 101 = 120
VorTx =0,
il = 0
Inery = 0
CMcI> = 3.
PCMIZ = 0.
CCela = 1,
1 OMAMECIY = n
= -
CALL FUSI
[
oy
T CRALCULATE THE FUGACITY
[
ZUMF = q.
DO 4G | = 1.MH0
40SUMF = SURF + W(IY.Z¢Id
F = S/2UMF
C F = EGQUILIBRILMFUGACITY
(s . ‘
C  CALCULATE THE COMPOUNMDS DISTRIBUTION AT EQUILIERIUM
0
TUMM = 0.
NO 501 = 1sHC
CMCIY = F o MoId . Z¢Id
SO SUM” =ZUMM + CHMiIx
c
CCMCIY = MASSeMOLY IN ERMH COMPARTMENT §3UMM = &
[
. 2ALCULATE FERCENTRGE DISTRIBUTION
C

DO R0 | = =N
G0 PEMCID =100, o CM{Id UMM

CALCULATE COMPRRTMENT CONCENTRATIONS

NO 70 | = 1sne
THLCDAIY = CMCI: & M YT

L R

)

CALL FUEO
STOP

END
EOT ENCOUNTERED.
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Subroutines

SRET s ZFLIST

CTTIRY « TFHIRT

ZUEROUTINE FUGT

COMMOM  ~DATR. Muls T35 YPMs SLEDW Ty M CHAME-F s H
CIAMAO M <10 < Y iS0 s 2620 s IDES 0 s SR 00 s POM (N A DT 2N« HAME (2100
COMMOM <k TOHE s 0 12 0

C
C SUBRROUTINE CONMTROLS INTERRCTIVE IMFUT T O FUSACITY MODELE
C
PRINT ¢ * “ENTER THE COMFOUNIINAME (2 0 CHRRACTERS) ™
READ (Ss 11} CHAME
11 FORMAT c2At1 07
FRIMT e 9 "ENTER THE COMPOUMDE MOLECULARWEIGHT”
READ +» Mt
PRIMT . . "ENTER TOTAL MASE OF COMPOUND IN SYSTEM @3> O R 1.07
FERD e C
o= oo Ml
FRINT #+»"1= THERE A FILE DESCRIBING THEE C O S Y STE M 71 ¥YEEZ=1sHl=g"
RERD e vIiCHE
| FeICHK LER.2XE0 T 0100
PRINT e . “ENTER ECOSYSTEM FILE MUMEER | NUMBER OF COMPARTMENTZ™
RERD e rN:NC
C
REWINDN
DO lo | = 1sHC
13 FORMAT 2R1 0. 2ES. 30
10 READ My 157 MAMECID» IDCIN V(I »20OCI0
C

100 CALL CRERTZ

D]

101 CONTINUE

© THIS HAS DEFINED THE ECOSYSTEM AND COMPRRTMENT PROPERTIES
C
RETURN
. END

EOI ENCOUNTERED.
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<BET»ZINM
SCOPYs 21N
SUBROUTINE CRERTZ
COMMON-DATH. Mids TC» S5 YPMe KLEKOW Cy NC = CHAME s F + H
COMMON-I0- ME200 s 20200 IDCZID s CME2 02 s PCM L2100 » CC (20> « NAME (202
COMMOM ATk ICHKCOM200
DIMEM=ION EYITEM R

ROUTINE CHLCULRTES Z'S sFUSACITY CRFACITIES

IF(ICHK ,ER.1> GO TO 16
WRITE (Ss22>
2 2 FORMAT (™ ".r
1"2“% HRE CHLCULHTED RS FOLLOWS ™.~
Z"YWAPOR PHRAZE 8 & = 1-RT"~
2"LIGUID PHASE § £ = 1-H"~
4"Z0RBED OR BIOTIC PHARZEFZ = KP+RH"~
SUKP = KBC e X ORGAMIC CARBOH-I0O™.-
e kKO0 = 1. 05 e HLEOW - 0.50%.~

0 ]
WRITEvSa 52:)

5 2 FORMAT ¢*FOR Z CLASSIFICATION ENTER”,’
1°~1. FOR WAPORPHRSE (ATM» "~
"-2. F O R LIRUIDPHRZE"~
A"HNEUEETRATE O RGHNIC CRREOM FOR SORBEDR OR BIDTIC PHASE"/
4" "
16 COMTINUE
PRINT #»"EMTERA TITLE FOR THIS RUN (30 CHARACTERS) "
READ (S 210 CEVETEM( U J=1+ 30
21 FORMAT c2R1 00

n

PRINT . . “ENTER THE SYSTEM TEMPERRTURE ¢Cx»*

RERTl &\, TC

PRINT # "ENTER T H E COMPOUND % WARATER SOLUBILITY (G-M3> "
FERD #+=i5

PRINT e v “ENTER THE COMPOUNDS WRPOR PRESSURE (MM HGz> "
READ #sYPM

M = SG/MW
H = VPH ~am
KLKOW = S.00 — D.670eALOG10CSM » 10000

IFCICHK JER.10 0 TO F7¥

]

PRINT e |, “ENTER THE NUMBER OF ECOSYSTEM COMPARTMEMNTE™
READR #-MC
REWIMD 7
PRINT “8
32 FORMAT <7+ "MAME < | N QUOTEEZ>» IMFOCIN QUOTES) HRE 10 CHRRRCTERS MAx
1%
DO 41 | = 1aMi
PRINT 29 « 1
9% FORMART ¢ "EMTER COMPRARTMEMT "+ I2+1Xs" N H M Es I N F O »YOL tM2>» 2 CLASE
1 c-1. , 2. » =OC.2 70
REARD #sNAME CI0 s IDCIa Y <10 -COT2
IFCCOCIY 5T, D.x Z¢Ix = 10l O0SeXLEON-0.S0 e, 21201 7H
IFaCOCIy JER. =1.2 Z4I2 1.7RT
IF<COCIy JER, —2.3 Z4ID 1.4
11 FORMRART 271 0s.2ES ., 730
41 WRITE(V»11> HAME (I » IDCIx oVl s COCTIY
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SRET s TFUGD
SCOPY s ZFUE0
ZUBROUJTIMNE FUGD
COMMON ~TRTR- ML, TC» SR WPH» SLEOW Oy NC:, CHRMESF 2 H
COMMOM <10 V208 o 2020 ID0S00 s CHEZ2 0 « PCH 200 » EC (200 s NRME 2100

I
©  SUBROUTIME FOR DATA OUTPUT FROM FUSACITY MODELS
[
WRITE <&a 2 0100 CHAME
WRITECE~2010 MW
200 FORMAT (20E2R10
201 FORMRBRT ¢ vs” MOLECULAR WEIGHT ="sTg4s.0
WRITECE.20820 TC
202 FORMAT (" SYSTEM TEMFERATURE ="+ F&.1s " 0" s/2
WMRITE CHxg 022 20
2032 FDRMAT “ WATER SOLUBILITY ="» E1 0, 3" (G/M30" 20
MRITE €& 2042 YPM
o204 FORMAT ¢* YAPOR PRESIURE =" , E10. 3s " (MM HEY 5.
=SLKDOW = ALOG1 O CLL KD
WRITE 'S5, 205 “LKOW
205 FORMATC" LG (1 03 cOCTAMOL-WARATER COEFFICIENT) ="sF7, 3. #2
MEITE (BaZ0E2
08 FORMAT ¢ TOTAL MASS OF cOMPOUND | N SYSTEM ="« E | 0, 3 " MOL" v~
WRITE (E-2072F
207 FORMAT ¢ ERQUILIERIUM FUSACITY =" E10. 2" (RTMI "4 #3
WRITE (52080 H
202 FORMAT ¢ HENRYS COMEZTANT ="-€10,3, * RTM MI-MOL> ~» 2
WRITE (&, 2092
09 FDPMRT orsa ™ 1l COMPRRTMENT WOL (p430
1" “ COMNC CPPMY MASIZ MOLY ¥ s 2
WREITE C&x2l i)
DO 12 | = 1aNC
12 W RITECE 2117 ToHAME CT s TD VT « I s 20T o PEM T 2 DT » CMOT
210 FORMAT ("==c=-=sxssccosssSos oS r S SsS S r SSr S S TS S S S SR S SRS S S SR 2SS =SS
| V" ewmrmssoessasomssTmmmsm Yy A0
211 FORMAT CIC» 1Xs2AL O S (BT, 20 1500
©
C EBEIOMAGHIFICATION CRLCULATION

HZ = 10ee 0, 208X KDOW-a. S0 <M
O = F . %2 . MW . S
- CONMYERTED TO DRY WEIGHT BY S5
WMRITE (R 2120 £X
212 FORMAT - I "TOP AGUATIC PREDATOR s 23:-E10,22
RETURN
END
EO] ENCOUNTERED.

0 TR 43
no 451 = 1«HE
IF«CO7Ts 6T, 03 201 = 1needl, ISe<LEOW-0.S0re, 0140012 - H
IFiCcO¢I» EQ, -1 T¢lx = 1.-RT
45 IFCOoIsz JER.=2,.2 Z4I» = 1.-H

44 PRINT 66

a8 FORMAT (0
WRITECF =12 CIVETEM S L d=1a 30
PRINT =1+ CENITEM C 13 J=1 , 8;

PRINT 66

ALEQW = 10 es HLEOW
RETURN

EMD

EOI EMCOUMTERED.
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