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1.0 SUMMARY

Mass balance modeling of 18 chemicals that are representative of Level I substances
identified under the Great Lakes Binational Toxics Strategy and targeted for virtual
elimination from the Great Lakes has been carried out using a suite of models. The goals
of this work are to assess the potential of each substance for transport from local and
distant sources and subsequent deposition to the surface of the Great Lakes, and to make
estimates of the contribution to total atmospheric loading attributable to emissions at
different locations in North America and globally. Models are applied to analyze the
efficiency of long-range transport and deposition of Level I substances to the Great Lakes
(the Great Lakes transfer efficiency, GLTE). The GLTE is the percentage of chemical
released to air in a source region that is expected to be deposited from the atmosphere to

the surface waters of the Great Lakes.

Modeling at the North American and global scale is carried out using two models based
on the Berkeley-Trent (BETR) contaminant fate modeling framework: BETR North
America and BETR Global. Model-based assessments of Great Lakes transfer efficiency
are used to group the substances according to the spatial scale of emission likely to
impact the Lakes: (1) Local or regional scale substances: Dieldrin, Aldrin and
benzo[a]pyrene, (2) Continental scale: chlordane, 2,3,7,8-tetrachlordibenzodioxin, p,p-
DDT, toxaphene, octachlorostyrene and mirex, (3) Hemispheric scale: PCBs, (4) Global

scale: hexachlorobenzene and a-HCH.

Using available emissions estimates and the models, the contribution of emissions of
Level I substances in different regions of North America and globally to the total
atmospheric loading to the Lakes has been estimated. These estimates are subject to
large uncertainties, most notably because of uncertainties in emission scenarios,
degradation rates of the substances in environmental media. However, model
uncertainties due to simplified descriptions of exchange processes between
environmental media and environmental conditions also contribute to overall uncertainty

in the assessment. Mass balance calculations are presented for seven PCB congeners and

il



toxaphene at the North American spatial scale and for the PCBs and a-HCH at the global
scale. Comparison of cumulative historical emissions scenarios with estimated emissions
in the year 2000 indicates that relative contributions from sources outside North America
are increasing as sources are curtailed in the United States and Canada. In particular,
Eastern Europe appears to be becoming a relatively more important source to the Lakes.
However, under all emission scenarios considered, the majority of PCB deposition to the

Lakes from the atmosphere is attributable to sources in North America.

The mass balance models presented in this report provide a quantitative framework for
assembling the best available information about properties, sources, partitioning,
degradation, transport, and the ultimate fate of persistent organic substances. The
uncertainties associated with these assessments are believed to be dominated by
uncertainties in emission estimates and environmental degradation rates for the Level I
substances and further research should be focused on better characterization of emissions
and studies of degradation reactions in various environmental media. Given these
uncertainties in the overall mass balance calculations, further model-based studies should
concentrate on assessing the influence of more refined descriptions of fate and transport
processes within the existing model frameworks, and not on increasing the spatial and
temporal resolution of the existing models. Once our understanding of the basic
mechanisms resulting in deposition to the Lakes has improved sufficiently, research

should focus on spatial and temporal scaling issues.
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2.0 INTRODUCTION

Under the Great Lakes Binational Toxics Strategy ()" the United States and Canada have

agreed to take steps to virtually eliminate persistent toxic substances from the Great
Lakes environment. A set of 12 chemicals or chemical groups (the “Level 1 substances”)
were selected for immediate action, and significant emission reductions within the Great
Lakes Basin have been achieved for many of these substances. As local sources are
identified and eliminated the contribution of contaminant loadings to the Great Lakes
system from distant sources by atmospheric transport and deposition may become the

controlling factor determining of reduction rates of contaminants in the Lakes.

This report describes the application of mass balance contaminant fate models to improve
our current understanding of the relative contributions of local and distant sources of
Level 1 substances to the Great Lakes. The Level I substances include polychlorinated
biphenyls (PCBs), dioxins and furans, hexachlorobenzene (HCB), benzo(a)pyrene
(B[a]P), octachlorostyrene (OCS), chlordane, aldrin/dieldrin, DDT, mirex, toxaphene,
mercury, and alkyl lead. The models used in this study are based on the Berkeley-Trent

(BETR) contaminant fate modeling framework (2), and have been developed by
g

researchers at the Lawrence Berkeley National Laboratory, Berkeley, California and

Trent University, Peterborough, Ontario, Canada.

The models are most appropriate for describing long-term partitioning, fate, and transport
of organic chemicals; therefore alkyl lead and mercury were not modeled in this study.
The ten organic substances listed as Level I substances were modeled as well as o.-
hexachlorocyclohexane, a “Level Il substance” for which there is an available global-
scale emissions inventory. The models are applied to characterize the combined
atmospheric transport and deposition efficiency of these substances and, where possible,
to estimate the contribution of sources in different regions of North America and the

world to atmospheric loadings to the Great Lakes.



The general goal of this research is to systematically assess the long-range transport
potential of the Level I substances with a particular focus on transport and deposition to
the Great Lakes. The assessment strategy is made up of four stages, as shown in Table

2.1.

Table 2.1. Four-stage assessment strategy for assessing long-range transport potential
and depositional efficiency to the Great Lakes for Level I substances.

Compilation of physico-chemical properties and degradation rates

Stage 1 ) ) .
in environmental media
Modeling of long-range transport potential and transport
Stage 2 efficiency to the Great Lakes over continental and global scales
for generic emissions scenarios
Compilation of emissions estimates and observed environmental
Stage 3 )
concentrations
S A Assessment of regional contributions to atmospheric loading to
tage

the Great Lakes over continental and global scales

The assessment strategy was designed to sequentially build up information about the
long-range transport potential for the Level I substances, from general information about
physico-chemical properties (Stage 1) to generic indicators of long-range transport
potential and transport and depositional efficiency to the Great Lakes (Stage 2) and
finally provide comprehensive estimates of the contribution of emissions in different

locations to atmospheric deposition rates to the Lakes (Stage 4).

At the outset of this project we anticipated that completing all four stages of the
assessment strategy would be possible for only a subset of the Level I substances. We
expected the availability of emission estimates required for Stage 3 and Stage 4 to be a
limiting factor. From a survey of available literature we have assembled emissions
information for seven PCB congeners, and a-HCH on a global scale, and for the PCB
congeners and toxaphene on a continental scale. For the other Level I substances we

have completed Stages 1 and 2, and these model results can be combined with emission



information as it comes available to estimate regional contributions to atmospheric
loadings to the Lakes. This can be achieved without re-running the models since the
equations describing transport and deposition are linear. Therefore the model results for
the generic emission scenario can be scaled by the proportion of total emissions in each
region to deduce the fraction of loading attributable to emissions in each region when

data become available.

This report is organized into seven sections and two appendices.

Section 1 is a condensed summary of the study results and recommendations for future

research.

This is Section 2, an introduction to the project and a guide to the information presented

in the project report.

Section 3 provides background information about the Berkeley-Trent North American
Contaminant Fate Model (BETR North America) and the Berkeley-Trent Global
Contaminant Fate Model (BETR Global).

Section 4 presents results from Stage 1 and 2 of the assessment process for all of the
Level I substances, including physico-chemical properties and degradation half-lives,
generic modeling of transport potential and transport and deposition efficiency, and
results of Great Lakes Transfer Efficiency calculations on North American and global

scales.

Section 5 summarizes emissions inventories at the North American scale for seven PCB
congeners and toxaphene, and at the global scale for the PCBs and a-HCH. Modeled
concentrations of PCBs in air obtained from the BETR Global model are compared with
data from eleven long-term monitoring stations in the Northern Hemisphere, including
the International Atmospheric Deposition Network (IADN), which is located in the Great

Lakes Basin.



Section 6 combines information from the generic modeling and emissions estimates to
calculate the fraction of total loading from the atmosphere that is attributable to sources

in different regions of North America and the world.

Section 7 presents overall conclusions from the study, and suggests avenues for future
research to further improve our ability to identify sources of atmospherically derived
persistent pollutants in the Lakes, and to more accurately quantify the relative

contributions of these sources to total loadings.



3.0 MODELING TOOLS

This section provides background information about the Berkeley-Trent North American
Contaminant Fate Model (BETR North America) and the Berkeley-Trent Global
Contaminant Fate Model (BETR Global).

3.1 The BETR North America Model

A detailed description of the BETR model framework and environmental

parameterization for North America is provided by MacLeod et al. ) and Woodfine et al.

®) " The BETR model describes contaminant partitioning and fate in the environment
using mass balance equations based on the fugacity concept. General background on the
application of fugacity-based models to environmental problems can be found in the text

by Mackay (4), and a review of the application of models of this type in fate and exposure

assessments is provided by McKone and MacLeod ©)

The BETR North America model describes the North American environment as 24
ecological regions, as illustrated in Figure 3.1.1. Within each region, contaminant fate is
described using a 7-compartment fugacity model including a vertically segmented
atmosphere, vegetation, soil, freshwater, freshwater sediments, and coastal ocean/sea
water. Contaminants can be transported between adjacent regions of the model in the

atmosphere and in flowing rivers and by near-shore ocean currents.



1 Yukon River-Aleutian

2 Mackenzie River

3 Arctic Archipelago

4 Ungava-Goose Bay

5 Fraser & Skeena Rivers

6 Saskatchewan River

7 James Bay Sheild

8 Gulf of St. Lawrence

9 Columbia River

10 Missouri & Cheyenne Rivers
11 Mississippi-Ozark

12 Great Lakes Basin

13 Appalachian-Atlantic Coast
14 Ohio River-Alegheny

15 Blue Ridge-Everglades

16 Sierra Nevada-Pacific Coast
17 Colorado River

18 Arkansas River-High Plains
19 Mississippi Delta

20 Rio Grande

21 Baja California

22 Sierra Madre Del Sud

23 Sierra Madre Oriental

24 Yucatan Peninsula

Figure 3.1.1. Regional segmentation of the BETR North America model.

Each of the BETR North America regions is parameterized to represent local
environmental conditions, including hydrology, meteorology, and physical attributes.
This requires the specification of more than 70 individual input parameters for each
region. Geographic Information System (GIS) software has been used in combination
with geo-referenced data sets from a variety sources to efficiently and accurately

parameterize the North American environment in the model.

In the BETR North America model, the environment within each region is described as a
connected system of seven discrete, homogeneous compartments. Figure 3.1.2 illustrates

the seven compartment regional environment of the BETR model framework.
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Figure 3.1.2. Contaminant fate and transport processes considered in each region of the
BETR North America model. E values represent primary emissions to each compartment
and D values indicate fate and transport processes available to the substance in each

compartment.

Individual regional environments are connected in the BETR framework by inter-regional
flows of air in the upper and lower atmosphere, and of fresh and coastal water. These
inter-regional linkages are illustrated in Figure 3.1.2 and are specified in the model as
five matrices of volumetric flow rates that describe movement of air or water in both
directions across all regional boundaries. In total, the North American model requires
compilation of five volumetric flow rate matrices: two for the atmosphere (upper and
lower), one for freshwater exchange, one for freshwater flowing into coastal waters of an
adjacent region and one for the exchange of coastal water. To satisfy the conditions of
long-term steady state in each region the volumetric inflow rate of air, freshwater, and

coastal water are balanced by an equal outflow rate.



Seven equations describe contaminant fate in each region, and therefore a total of 168
mass balance equations make up the 24-region linked model for North America. This
system of seven equations and the seven unknown fugacities have been solved
analytically using linear algebra, and by matrix algebra using a Gauss elimination
algorithm. The BETR North America model can also be applied to describe the time
course of contaminant concentrations in the linked set of regions by expressing the mass

balance equations as a set of seven differential equations.

3.2 The BETR Global Model

The BETR-Global model is based on the same Berkeley-Trent contaminant fate modeling
framework as the BETR North America Model, and many of the equations used to
describe contaminant fate in BETR-Global are identical to those in BETR North
America. However, the BETR Global model incorporates several refinements to the
general structure to allow more flexibility and to describe the global environment in more
detail and with higher temporal resolution. Previous applications of the BETR model
framework use a single set of parameters to describe the long-term average transfer rates
of air and water between the regions within the model domain. As a result, temporal
resolution has been limited to describing trends in contaminant concentrations that take
place over several years. The BETR Global model uses a monthly time scale to specify
atmospheric conditions and other selected parameters, and a 15° by 15° grid coverage of
the globe, resulting in 288 multimedia regions (Figure 3.2.1). Compared to previous
multimedia models based on the BETR framework this approach significantly increases

both spatial and temporal resolution.
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Figure 3.2.1. Regional segmentation of the BETR Global model showing numerical

naming scheme for individual regions.

A complete description of the BETR Global model and its development can be found in

MacLeod et al. (6).

3.3 Metrics of Long-range Transport Potential

Potential for long-range transport in the environment is recognized as an important
indicator of environmental hazard for chemical substances. The Long Range Transport
Potential (LRTP) can be characterized using model calculations; however several
alternative models and modeling approaches are being used for this purpose. As a result,
several different metrics for LRTP have been suggested in the literature. A key
distinction is between (1) “transport-oriented” metrics that describe the potential for
transport in air and/or water with simultaneous exchange with the surface media, and (2)
“target-oriented” metrics, describing the percentage of emitted substance that migrates to

surface media in selected target regions as a consequence of transport in air and/or water

and subsequent deposition (" Great Lakes Transfer Efficiency is a “target-oriented”



LRTP metric. We have also examined LRTP of the Level I substances using the

“transport-oriented” metric CTD.

3.3.1 Characteristic Travel Distance (CTD)

The Characteristic Travel Distance (CTD, (km)) is a transport-oriented long-range

transport potential metric defined as the distance from a point source at which the

concentration has decreased to 1/e (= 37%) of the initial value ®.
c(CTD)=¢c, /e

1.®

Beyer et a showed that in a single region steady-state model the CTD in the mobile

media air or water could be approximated as the product of the overall persistence (Pov,
hours), the fraction of chemical partitioning to the mobile medium (¢, dimensionless) and

an assumed velocity of the mobile media (v, km h™).
CTD = POV q) V.

CTD can therefore be calculated from the results provided by any multimedia model

which estimates Poy and ¢.

For the present purposes, we conduct CTD calculations using ChemSCORER (10), which

is based on the generic Level III model developed by Mackay @ While it is possible to

calculate CTD from the output of the BETR model, we have instead applied
ChemSCORER since it provides an independent second model for comparison. CTDs
calculated by a generic Level III model and by BETR were observed to be highly
correlated in initial investigations using a set of hypothetical chemical property
combinations. The ChemSCORER software also provides an informative generic hazard

profile for each substance, including comparative scores for Persistence (Poy),

10



Bioaccumulation potential (B), and LRTP. Results from ChemSCORER for the Level |

substances are included in Appendix A.

3.3.2 Great Lakes Transfer Efficiency (GLTE)

Great Lakes Transfer Efficiency is a target oriented long-range transport potential metric
using the fresh water in the Great Lakes Basin as the target ecosystem D 1t is defined
as the ratio of the deposition mass flux from air to water in the Great Lakes Basin to the
emission mass flux in a source region (Figure 3.3.2.1). GLTE can be calculated for
simple emission scenarios (i.e., emissions individually to air, water, or soil in a single

source region) or for combined emission to several media in several regions.

GLTE =_Rate of atmospheric deposition to the Great Lakes (kg/y)
Emission rate to the atmosphere in the source region (kg/y)

X 100%

%

s N

Receptor Region
(Great Lakes Basin)

Source Region
(eg, Mississippi Delta)

Figure 3.3.2.1. Conceptual illustration of the Great Lakes Transfer Efficiency calculated
for transport from the Mississippi River Delta Region using BETR North America.

Conceptually, the Great Lakes transfer efficiency represents the percentage of chemical

released to air in a source region that is expected to be deposited from the atmosphere to

11



the surface waters of the Great Lakes. The GLTE is a convenient LRTP metric for the
BETR North America model since the regional segmentation is partially based on
watershed boundaries. Thus there is a model region that explicitly represents the Great
Lakes Basin watershed, and it is a simple matter to calculate the depositional flux to

water in this region.

In the BETR Global model the Great Lakes straddle the boundary between two model
regions. Therefore GLTE calculations are made by combining the mass flux to
freshwater in these two regions in the numerator. Because it is not based on watershed
boundaries, GLTE calculated by the BETR Global model includes deposition to surface
water outside of the Great Lakes Basin. Based only on freshwater areas in the two
model’s target regions, GLTE calculated using the BETR Global model is expected to be
a factor of 2.4 higher than that calculated using BETR North America.

12



4.0 MODELING RESULTS

In this section, we provide results from Stage 1 and 2 of the assessment process for all of
the Level I substances, including physico-chemical properties and degradation half-lives,
generic modeling of transport potential and transport and deposition efficiency, and
results of Great Lakes Transfer Efficiency calculations on North American and global

scales.

4.1 Physicochemical Properties of Level I Substances

Chemical properties required as inputs for the multimedia models include molecular
mass, equilibrium partition coefficients between air, water and octanol, and estimates of
degradation half lives in air, water, soil, and sediments. The BETR North America and
BETR Global models describe contaminant fate in realistic environmental systems with
different conditions, for example, temperature, soil, water, etcetera. Enthalpies of phase
change that describe the temperature dependence of the partition coefficients between air,
water, and octanol are therefore also required as inputs to the models. In addition, the
BETR Global model applies generic corrections to estimated media-specific degradation
half-lives to account for reduced degradability in colder environments. These correction
factors are the same for all chemicals considered in this study, and they result in roughly
doubling the degradation rate constants in all media for a temperature increase of 10°
above the reference temperature of 25°C. In Stage 1 of the assessment procedure for the
Level I substances we conducted a literature search to select appropriate values for these

properties for use in the modeling exercises.

Accurate measurement of partitioning properties is challenging, particularly for semi-
volatile organic chemicals that may have properties at or near the limits of analytical

(12)

techniques. Pontolillo and Eganhouse * ~’, who recently reviewed data for DDT and

DDE on aqueous solubility and octanol-water partition coefficients, report high

variability in reported values, and reporting errors. These findings raised questions about

13



available data quality for these chemical properties. They recommended improvement of
measurement and reporting techniques in order to increase data reliability of reported
physicochemical properties of hydrophobic organic compounds. An important
contribution in this regard was made by Cole and Mackay ) who suggested partitioning
data be evaluated for consistency using thermodynamic relationships linking the
solubilities in air, water, and octanol and the three corresponding partition coefficients—
air/water, octanol/water, and octanol/air. This “three solubility” approach can be extended
to interpret data on the temperature dependence of partitioning properties since the
relationships between the three solubilities and the three partition coefficients are valid at
any temperature. The temperature dependence of solubilities and partition coefficients
can be expressed in terms of energies of phase transition (AU), and the AU values must

conform to similar constraints as the partition coefficients 19

Table 4.1.1 presents values for partitioning properties of the Level I substances gathered
from our literature search and used in the modeling described in this report. Whenever
possible we have used data that have been harmonized to conform to thermodynamic
constraints using the three solubility adjustment procedure recommended by Beyer et al.

(% This ensures that no incompatible data for individual property measurements of a

given substance are used in the assessment.

Also listed in Table 4.1.1 are estimated degradation half-lives for the Level I substances
in environmental media. These half-life estimates encompass all possible transformation
reactions that might alter the chemical structure of the substance, including reaction with
hydroxyl radicals in the gas phase, hydrolysis, photolysis and biodegradation, for
example by microbes. Unfortunately, these data are highly uncertain and quality
assurance procedures akin to the three solubility approach that was applied to the
partitioning properties are not available. Uncertainties associated with these estimated
degradation half lives are estimated to be approximately an order of magnitude, and
contribute significantly to the overall uncertainty in the model assessments. Uncertainties

in the overall assessment process are discussed in detail in Section 7.0.
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An initial screening of the Level I substances for potential for long-range transport and

deposition to the Great Lakes is possible at this stage using the graphical method derived
from results from the BETR North America model ', Figure 4.1.1 shows the position

of each of the Level I substances in the Kow/Kaw partitioning space with the five regions
of dominant fate and transport processes identified by MacLeod and Mackay. This
preliminary analysis illustrates that the majority of the Level I substances have
partitioning properties that make transport and deposition to the Lakes possible, provided

the substances are sufficiently persistent in the atmosphere.

4.2 Generic Modeling of Persistence and Long-range Transport Potential of
Level I Substances

Generic modeling of Poy and LRTP is possible using the data gathered on
physicochemical properties and degradation half lives. Generic assessments are useful
for building an understanding of how the environmental hazards posed by substances
varies with their inherent physicochemical properties. Assessments of this type are
useful and informative and they do not require estimates of actual emission rates or
emission patterns. They can be used to rank or score chemicals based on intrinsic
environmental hazard. Generic assessments also provide a valuable reference point and
information about the likely behavior of substances. These generic assessments can be
compared against results of more detailed site-specific and emission scenario-specific

modeling.

Table 4.2.1 provides model results from ChemSCORER for overall persistence and
characteristic travel distance of each of the Level I substances, and Great Lakes Transfer
Efficiencies calculated from BETR North America and BETR Global. The GLTE values
presented here are for emissions to air in Region 16 (Sierra Nevada Pacific Coast) in the
BETR North America model, and for emissions to air in Eastern China (Region 92) in the
BETR Global model. These emission scenarios were selected as representative of

continental and global-scale transport, respectively, to the Great Lakes target region.

18



61

(eulyo uisises) ze uoIBaY Ul JIe J8MO| O] SUOISSIWS 4o} 319 [8qolD Y139
(1se0) oloed-BpRASN BIISIS) 9| UOIBaY Ul JIB JaMO| 0] SUOISSILLS JO) 3|9 BoLSWY YLON Y139
“(IW3Y 109G WBYD/S|OPOL/OWSD/BI NJUBIY MMM//:dRY) LO"Leleg HIHODISWAYD ||| [9AST WOl pajenojes LD Pue Aod

0v00 1ro 0061 919 0061 882¢ 882¢ G86 GIEl XolN
1100000 GL00 092 092 0¢ 0g¢ 0¢e /81 Ll aualAd[e]ozuaq
6¥0°0 €20 o8ve 0901 98ve 508 112 S08 16 9ua1415010|Y28100
6200 9/00 96201 96201 Gell z0¢ge zo0ge Il 8891 auaydexo|
€900 ZLo 0zee ozee ZivL 2282 1201 zz8e Sl/ l1ag-add
860 98’1 6.8¢1 6.8¢1 Lzecl ziz 961 zle 622 auexayojoAoolojyoexay-n
6,00 ZLo olee oLee 1261 Z9v6 29v6 ¥90¢ v/ aaol-g2'e'e
0100 €900 916¢ 916¢ £66 1192 1201 1192 102 saueplojyo ejo ]
G50 ¥S'1 086971 Lyl 086971 £ZYs8 £Z¥S8 06¥Y Geee (8OH) auazuasgoiojyoexay
500000000000  2Z00000°0 czel czel 65 yidn’ (X yA2N! I uuply
£10000 £200°0 vl 1zl z0¢ 9001 9001 06. Ly uuplelg
GL'0 9L'0 ¥812 ¥812 168 10€€ 10€¢€ 10€€ ¥8z¢ 08l 90d
610 £¢'0 GL/2 8822 GL/2 10€¢ 10€¢€ £0¢¢ 9¢z¢e €61 90d
810 120 zze A4 9/81 10€€ 10€¢€ G0¢ge 86Z¢ 8¢l 90d
10 10 z¢62 Love ze62 90¢¢ 90¢e 88z¢ Ly0€ 8Ll g0d
810 96'0 £608 2082 £608 ¥0¢¢ y0ce 145> €152 L0l 90d
610 GG'L zzisl 1£9¢ zzisl £62¢ £62¢ 0892 Ge6l 26 90d
LLo vZ'L 156 09¢¢ 1£€6 T4 ¥sze LSS 919 8z 90d

(%) 3119 (%) 3L1o (wy) aLo J81e/M Iy (sAep) rnod S FEYCYY] iy owEN

leqolo ¥139 VN ¥139 wnwixep u (wy) @Lo whnuwixep 103 suoissiwe 104 (sAep) rod

"(AouQ1011J9 Jojsues) Saye 181D — F1 1D ‘[Opoul BOLIdWY YMHON YILHT — VN L4 ‘QourisIp [9ALI) O1ISLIOJoRIRYD — (1))

'SQduB)SqNS [ [9AT a3 JO [enudjod jxodsuen a3uel-3uo] pue (A0) 20ud)sisIad [[BIOAO 10 S)NSAI FUIOPOW JLIdUAL) “['7'§ d[qeL



The Organization for Economic Cooperation and Development (OECD) has recently
sponsored an expert group of model developers, who made recommendations for
applying multimedia models to identify persistent organic pollutants (POPs) in screening
assessments "'”). One of the recommendations of this working group was that plots of

overall persistence versus long-range transport potential are a useful tool for interpreting
model results and prioritizing chemicals. In such a plot, potential POP-like substances
with high Poy and high LRTP lie in the upper right portion of the plot. Figure 4.2.1
shows a plot of Poy versus characteristic transport distance (CTD) in air calculated by

ChemSCORER. Reference lines provided for travel distances are taken from Beyer et al
® who suggested CTD cut-offs of 700 km and 2000 km between high, medium and low

travel distances.

100000000

10000000 |

1000000

100000 1

10000

Characteristic Travel Distance in Air (CTD), Km

© 188 2000 Km
T T di

1000 1 : : : C1g0 700 Km
E E Dn E
100 1 : : :
3 s! _ A 2!
. . < o.
= 3 "¢ S
10 i : :

1 10 100 1000 10000 100000

Maximum Overall Persistence (Pov), days

Figure 4.2.1. Hazard identification plot for the Level I substances using characteristic
travel distance as the metric of long-range transport potential. The diagonal line
represents CTD of volatile substances that partition entirely to air, and is the maximum

limit of transport distance in air for a given overall persistence. Substances that are
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conventional persistent organic pollutants (POPs) combine high long-range travel
potential with high overall persistence. 28 — PCB 28, 52 - PCB 52, 101 — PCB 101, 118
—PCB 118, 138 — PCB 138, 153 — PCB 153, 180 — PCB 180, Dn — Dieldrin, A — Aldrin,
H — HCB, C — total Chlordanes, di —2,3,7,8-TCDD, o — a-HCH, D — p,p-DDT, T —

toxaphene, O — octachlorostyrene, B — benzo[a]pyrene, M — Mirex.

Figure 4.2.1 confirms that the majority of the Level I substances are expected to behave
like conventional POPs in the environment, i.e., they have high persistence and potential
for long-range transport. Exceptions are Dieldrin, Aldrin and Benzo(a)pyrene, which are
persistent, but exhibit relatively low LRTP compared to other Level I substances. It is
notable that a-HCH has remarkably high LRTP, especially considering its relatively low
Pov. This is attributable to its resistance to degradation in air and partitioning properties

that favor distribution to all available environmental media.

Great Lakes-specific Poy vs. LRTP plots of this type from BETR North America and
BETR Global are shown in Figures 4.2.2 and 4.2.3. These results are broadly consistent
with those from ChemSCORER using CTD as the metric of LRTP. On the continental
scale, low, and middle-range chlorination level PCBs (28, 52 and 101) are more
efficiently transported and deposited to the Great Lakes than higher chlorination level
congeners (138, 153 and 180). However, on the Global scale the GLTE of the lighter
congeners is comparable to that of the higher chlorinated congeners. This shift in the
relative LRTP of the PCB congeners may be due to the higher proportion of water in the
global model, which enhances the diffusive deposition rates for lighter congeners more

than heavier congeners. Hexachlorobenzene and a-HCH exhibit the highest GLTE over

both continental and global scales.
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Figure 4.2.2. Hazard identification plot for the Level I substances using Great Lakes
transfer efficiency calculated by BETR North America as the metric of long-range
transport potential, assuming emissions to air in Region 16 (Sierra Nevada Pacific Coast).
28 —PCB 28, 52—-PCB 52, 101 - PCB 101, 118 —PCB 118, 138 — PCB 138, 153 - PCB
153, 180 — PCB 180, Dn — Dieldrin, A — Aldrin, H — HCB, C — total Chlordanes, di —
2,3,7,8-TCDD, a — a-HCH, D — p,p-DDT, T — toxaphene, O — octachlorostyrene, B —
benzo[a]pyrene, M — Mirex.
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Figure 4.2.3. Hazard identification plot for the Level I substances using Great Lakes
transfer efficiency calculated by BETR Global as the metric of long-range transport
potential, assuming emissions to air in Region 92 (East China Coast). 28 — PCB 28, 52 —
PCB 52, 101 - PCB 101, 118 - PCB 118, 138 — PCB 138, 153 - PCB 153, 180 — PCB
180, Dn — Dieldrin, A — Aldrin, H — HCB, C — total Chlordanes, di —2,3,7,8-TCDD, o —
a-HCH, D — p,p-DDT, T — toxaphene, O — octachlorostyrene, B — benzo[a]pyrene, M —

Mirex.

4.3 Great Lakes Transfer Efficiency of Level I Substances from within North
America

For each of the individual chemicals selected to represent the Level I substances, Figures
4.3.1 —4.3.18 present Great Lakes transfer efficiency for emissions to air in each region
of the BETR North America Model. Color shading using a semi-logarithmic scale
relative to the maximum calculated GLTE is provided to aid visual interpretation of the

figures.
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PCB 28

Great Lakes Transfer
Efficiency (%)

Figure 4.3.1. Great Lakes Transfer Efficiency of PCB 28 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 52

Great Lakes Transfer
Efficiency (%)

Figure 4.3.2. Great Lakes Transfer Efficiency of PCB 52 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 101

Great Lakes Transfer
Efficiency (%)

Figure 4.3.3. Great Lakes Transfer Efficiency of PCB 101 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 118

Great Lakes Transfer
Efficiency (%)

Figure 4.3.4. Great Lakes Transfer Efficiency of PCB 118 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 138

Great Lakes Transfer
Efficiency (%)

Figure 4.3.5. Great Lakes Transfer Efficiency of PCB 138 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 153

Great Lakes Transfer
Efficiency (%)

Figure 4.3.6. Great Lakes Transfer Efficiency of PCB 153 for emissions to air in each of
the 24 regions of the BETR North America model.
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PCB 180

Great Lakes Transfer
Efficiency (%)

Figure 4.3.7. Great Lakes Transfer Efficiency of PCB 180 for emissions to air in each of
the 24 regions of the BETR North America model.
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Dieldrin

Great Lakes Transfer
Efficiency (%)

Figure 4.3.8. Great Lakes Transfer Efficiency of Dieldrin for emissions to air in each of

the 24 regions of the BETR North America model.
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Aldrin

Great Lakes Transfer
Efficiency (%)

Figure 4.3.9. Great Lakes Transfer Efficiency of Aldrin for emissions to air in each of

the 24 regions of the BETR North America model.
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HCB

Great Lakes Transfer
Efficiency (%)

Figure 4.3.10. Great Lakes Transfer Efficiency of hexachlorobenzene (HCB) for

emissions to air in each of the 24 regions of the BETR North America model.
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Chlordane

Great Lakes Transfer
Efficiency (%)

Figure 4.3.11. Great Lakes Transfer Efficiency of total chlordanes for emissions to air in

each of the 24 regions of the BETR North America model.
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2,3,7,8-TCDD

Great Lakes Transfer
Efficiency (%)

Figure 4.3.12. Great Lakes Transfer Efficiency of 2,3,7,8-tetrachlorodibenzodioxin for
emissions to air in each of the 24 regions of the BETR North America model.
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o-HCH

Great Lakes Transfer
Efficiency (%)

Figure 4.3.13. Great Lakes Transfer Efficiency of a-hexachlorocyclohexane (a-HCH)

for emissions to air in each of the 24 regions of the BETR North America model.
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p,p' - DDT

Great Lakes Transfer
Efficiency (%)

Figure 4.3.14. Great Lakes Transfer Efficiency of p,p’-DDT for emissions to air in each
of the 24 regions of the BETR North America model.
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Toxaphene

Great Lakes Transfer
Efficiency (%)

Figure 4.3.15. Great Lakes Transfer Efficiency of toxaphene for emissions to air in each

of the 24 regions of the BETR North America model.
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OCS

Great Lakes Transfer
Efficiency (%)

Figure 4.3.16. Great Lakes Transfer Efficiency of octachlorostyrene (OCS) for emissions
to air in each of the 24 regions of the BETR North America model.
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Bla]P

Great Lakes Transfer
Efficiency (%)

Figure 4.3.17. Great Lakes Transfer Efficiency of benzo[a]pyrene (B[a]P) for emissions
to air in each of the 24 regions of the BETR North America model.
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Mirex

Great Lakes Transfer
Efficiency (%)

Figure 4.3.18. Great Lakes Transfer Efficiency of Mirex for emissions to air in each of

the 24 regions of the BETR North America model.

The model results shown in Figures 4.3.1 — 4.3.18 build upon the generic model results
illustrated by the hazard identification plots, in particular Figure 4.2.2. Great Lakes
transfer efficiencies for Aldrin, Dieldrin and B[a]P decline relatively sharply with
increasing distance of the source region from the Great Lakes basin. The less chlorinated
PCBs are more efficiently transported and deposited over continental scales than the

higher chlorinated congeners.
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It is interesting to compare HCB and PCB 28. These two substances have similar GLTE
from regions on the west coast of North America to the Great Lakes, but the transfer
efficiency for PCB 28 emitted to air in the Great Lakes Basin region is approximately a
factor of 2 higher than that for HCB. The decline in GLTE with distance for HCB is
more gradual than for any other substance. These results suggest that HCB is transported
over large distances, but is not particularly well suited to deposition into the Great Lakes

system, when compared to PCB 28.

In contrast, a-HCH has the highest transfer efficiency for emissions in the Great Lakes
Basin, as a consequence of its partitioning properties (see Figure 4.1.1). Although it is
less persistent than many of the other Level I substances, it also demonstrates a relatively

shallow decline in transfer efficiency with increasing distance from the target region.

4.4 Global Great Lakes Transfer Efficiency of Level I Substances

Figures 4.4.1 — 4.4.18 present Great Lakes transfer efficiency for each of the Level I
substances for emissions to air in each region of the BETR Global Model. Color shading

and scaling of GLTE is consistent for all figures to allow direct visual comparisons.

42



1974

‘[opow [eqO[D Y LA Y} JO SUoI3a1 g8 Sy} JO YoBd Ul Ik 0} SUOISSIWD 10J 87 gDd JO AOUIonyy J9Jsuei] soye] 1edln) ‘['4'{ oIngig

%001 %01 %L %10 %100 %1000 >

%9°LE %9L°€ %9L€0 %91€0°0 %91€00°0

‘0 0000 000 000

00’0 000 000 000 000 000 000 00O 000 000 000 00O )0
000 000 oo.o\.mw.n.mﬂ....noo.o.oo.o 00’0 000 000 000 OO0

00’

000 000

00'0:-000

000 000 000 000 000 00O

000, 0000 000 000 00°0/ 000 000 “00°0  00°0 000 00°0 00°0 000 000

0’0 LO'0O 000 000 000 000

000 LOO LOO 000

00 LO'0 00°0 000

L00 LO0 LOO LOO OO L00

100 100 LOO

00 LO0 LO

€00 <00

¢0'0 ¢00

200 200 200

Sw

¥0°0 .mo.o S0°0 - SO™X00

EAR IR %] 0.0 600 600 60°@ Q0508
e TR

0L'0 600 mo.o. 60 dﬂwod. 80TY0T 800 800 800 800=H

(96) AoUBID1Y)7 J9jsueI] S e 1eDID) WN mUn_



144

‘[opow [eqO[D Y. LA Y} JO SUoI3a1 g8 9y} JO YoBd Ul Ik 0} SUOISSIWD 10J 7S gDd JO AoUudIonyy J9Jsuei] soxe] 1edln) “7'4'{ oIngig

%001 %01 %L %L°0 %L0°0 %1000 >

%9°LE %9L°€ %9L€0 %91€0°0 %91€00°0

0’0 100 100 00 LO0'0 100

00 100 100

100 LO0 LOO

00 100 LOO

100 100
¢0'0 ¢00 ¢00 ¢00 ¢00 ¢00 ¢00

€00 €00 €00 ¢0'0 ¢00 ¢00 ¢00

L0'0. LO0 LO0O LOO LOO LOO LOO L0°'0 L0'0 LO'0 LO0 LOO LOO LOO 100 LOO~[

- .
% €00 ,20Q ¢00 €00 €00 €00 €00 €00 ¢O00 €00 €00
900 S00 ¥00 Y00 Y00 ¥00 ¥0°0

-~

0L'0 800 200 900 Z00 100

S00 SO0

800 800

€10

(4208 NRNR PXAE & 740

R

_or.o—or.o SL0 ¥L0 vr.o.mro €10k monl‘omvvo “vLO|YLOfELO YL O] 6L°0)S¢E _‘_._\mo 7170 ©No omo—w 0= Nro

;‘

i : 3
..ﬂ! cl'opeiogerofzcLo N_‘o!Nro 08 Cl OmclO=21 0 ®ro—NNo-.vm.o.,.vm.o 9z ojlco

(%) AouaID1y)q J9)suel] SO¥eT 1eaiD Nm mUn_

o lfill



Sv

‘[opow [eqO[D) Y LA Y} JO SUoI3a1 887 Sy} JO YOBd Ul IIe 0} SUOISSIWD 10J [(0] Dd JO AOUSI0yJH I9JSueI], ST J8aID) "¢ §'f dIn3Iq

%001 %01 %L %L°0 %100 %1000 >

%9'LE %9L°€ %9LE0 %91€0°0 %91€00°0

000 000 000 000 000 000 000 00O

100

-L00 100 LOO 0’0 LO0O LO0 LOO 100

L0'0. LO0O LOO LOO LOO LOO LOO L0°0 100 LO'0 LO0 LO0 LOO LOO 100 100« O¥& LO0 LO0O LOO LOO LOO LOO LOO

% 200 ) ’ ’ ‘0 ¢0°0 ¢00 ‘0 200 ¢00 ¢00 ¢0’0 200 ¢00 ¢00 ¢00 ¢o0 ¢oo0

¥0'0 ¥0°0 ¥00 ¥00 €00 €00 €00 €00 €00

-

/00 900 £0'0 900 SO0 900 900

L0 oro LL'OFLLO

!E. hvowor mro.mro €L'0§ .oswvo
“ ~ _I' A
.E _‘No_ “w_.o 810 N_‘orm_\ - y - ! . . . . ’ : . mN.oEvNo

(A28 NAN0R KA

- .-\Il_ll

- S
.. vro!mro (AN RAN N KA N NFOE LLofLtofLiofLl0szLo oro—NNo #GE055€0 NNO XA .Eoro

(%) AousId1Yy7 J9jsuel] sy e 1ealD — O F mu&



%

‘[opowr [eqO[D Y LA Y} JO SUoI3a1 887 Sy} JO YOBd Ul IIe 0} SUOISSIWD 10J 81 Dd JO AOUSIOYJH I9JSUBI], ST 181D “'f'f dIn3I

%001 %01 %L %L°0 %100 %1000 >

%9°LE %9L°€ %9L€0 %91€0°0 %91€00°0

000 000 000 000 00'0 000 000

"00'0 000 000 000 000 000

000-00T 000 000

1L0°0. LO'0O LOO LOO LOO LOO LOO 10’0 L0'0 LO'0 LO0 LOO LOO LOO 100 LOO~LO¥% LO0 LO0 LOO LOO LOO LOO LOO

¢00 100 LOO LOO LOO LOO LOO

%.% 100 ) ' ’ ‘0 100 100 ’ ’ _.o.o 0’0 100 100

Pmoo ¢0'0 <200

:OO
-ﬁ.: 800 800

Aﬂovo

€0°'0 2¢0°0 200 200 200 c00

90'0 G0'0 ¥0'0 ¥0'0 Y00 ¥00

D0 €00 €00 €00 mo%

500 500 SO0 e

80°0

G00 +v0°0

600 600 600

910 orosmro

6€01620)1SC08220

= ;iLII

B ' =
..ﬂ! siolvioreroleoyelo . zvofziolzioterolerol siodveotecoicofszolszo EE 810

(01340

o
M
o

(%) AoUa1d1y)7 J9jsuel] sdyeT 1eaID n_



Ly

‘[opout [eqO[D Y LAF Y} JO SU0I3a1 87 Ay} JO OB UI ITe 0) SUOISSIWO I0J 8¢ gDd JO AOUSIONJH JOJSuel], Soye JBaID) "G f'f 9In31,]

%001 %01 %L %L°0 %100 %1000 >

%9'LE %9L°€ %9LE0 %91€0°0 %91€00°0

00’0 000 000 000 000 00C 00GC 000 OO0 00O

100

-L00 100 LOO 0’0 LO0O LO0 LOO 100

0% LO0 LO0 LOO LOO LOO LOO LOO

¢0’0 ¢00 LOO LOO LOO OO 00

L0'0. LO0O LOO LOO LOO LOO LOO L0°0 100 LO'0 LO0 LO0 LOO LOO 100 LOO~

Iy .
% L0°0 ) : ¢00 ¢00 LOO LOO : 100 ¢0°0 ¢00
€00 €00 ¢ €00 €00 200 200 c0'0 ﬂo..o

-

900 900 90'0 S00 SO0 SO0 SO0

AR 600

6E€0|620)1SC0RECO

- .-\Il_ll

- = = 2 >
.H Nrogmro SLOp¥L O ¥L 0 wro!mro €L0RCl OpEl C_€EL0 wvo—mmo 200480 mwo ¥2'0 EEQFO

(%) AousId1Yy7 J9jsuel] sy e 1ealD wm F mu&



174

‘[opout [eqO[D Y LAF 2y} JO SUoI3a1 87 Ay} JO OB UI IIe 0) SUOISSIWO I0J €G] gDd JO AOUdIolJH J9Jsuel], soye Jedln) ‘9'f't 9In31,]

%001 %01 %L %L°0 %100 %1000 >

%9'LE %9L°€ %9LE0 %91€0°0 %91€00°0

0’0 100 LOO LOO LOO LOO LOO LOO LOO LOO LOO LOO

100:-407T

100 LO0 0’0 LO0O LO0 LOO 100

L0'0. LO0O LOO LOO LOO LOO LOO L0°0 100 LO'0 LO0 LO0 LOO LOO 100 100« O¥™& LO0 LO'0O LOO LOO LOO LOO LOO

¢0'0 200

¢0'0 ¢00 200 ¢0'0 200 ¢00 ¢00 LO0 o0 200

¥0'0 ¥0°0 #0'0 €00 €00 €00 €00 €00

00 400

¢LogLLo

O¥'0J0E0F9C0RECO

S -

S0 NNO FNO—ONO =610

X

& ~ od‘“"“;\‘
1
.Hhrogmro SLOp¥L O ¥L 0 mro!mro €EL0RELOEL O L0 wvo—mwo fecogseofoeo ¢NOEE®FO

(%) AousId1Yy7 J9jsuel] sy e 1ealD mm F mu&



6v

‘[opout [eqO[D Y LAF 2y} JO SU0I3a1 87 Ay} JO OB UI I8 0) SUOISSIWO 10J 0] FDd JO AOUSIONJH JOJSuel], Soye JedID) /'t 9In31,]

%001 %01 %L %10 %100 %1000 >

%9°LE %9L°€ %9LE0 %91€0°0 %91€00°0

000 000 000 000 000 000 000 00O

000-00T 00°0 000 000 000 000

10’0 OO LO0O LOO OO0 LOO LOO

10’0 LO0 LO0O LOO OO0 LOO LOO

L0'0. LO0O LOO LOO LOO LOO LOO L0°0 100 LO'0 LO0 LO0 LOO LOO 100 LOO~

100 LO0

0’0 LO0 LOO _‘o.o 100 LO0

Pmoo
. yiﬁ.: 900 900

20 %
_ .._.
i 1-'.,‘7
o 2] S A 0

€00 PoOg; p &6 700 ¥0'0 00 +0°0
O

['Ll‘ ‘l ; — L

:
0coj6L0p8L089L°0 mro S1°0 m_.o vL'0ivi o m_.o“N_. ore o0 E- LL'ofee s i ‘0§S€09¢0pr€ECOrLCO

»A-\.
_N_‘.o—\._‘.o 91'0,GL'0GL0 E vr.ommv.o o

HBE GLOFSLOpVPL O VLOpELOfE 10§2L012L0jel 0 EL0 wvo—mmo 200480 omo ¥2'0 -En

100

100

0’0 ¢0°0 200 200 ¢0'0 200

200 200 LO0 LOO LOO c00

~

700 €00 G0'0 ¥0'0 €00 €00 €00 €00

100 ..wo.o wo.o.wo..« JOPAS 80, £0°0 20 0L°'0 80°0 Z00 00 Z00 40O

i A ¥

(%) AouaId1y)7 J9jsuel] soyeT 1eaI Ow F m UQ



0s

‘[opowr [eqo[D) Y LAH Y} JO SUOIZaI 87 AU} JO YOBd UI I8 0} SUOISSIW JOJ ULIP[II(] JO AQUIIOYJH JOJSUBIL], ST JBaID) {4 dIn3Iq

%001 %01 %L %10 %L00 %1000 >

[ [N I N I R R

%9°LE %9L°€ %9L€°0 %91€0°0 %91€00°0

000 000 000 000 00O OO0 000 000 00O OO0 000 000 000 000 000 007Q
00°0--000 000 000 '00°0 000 000 000 000 000

00°0. 000 00°0 000 000 000 000 "00°0 000 000 000 000 000 000 000 000~005% 000 000 000 000 000 000 000

&

00’0 000 000 000 000 000 000

oo.ooo.ooo.ooo.ooo.ooo.ooo.ooo.ooo.o
00°0 000 Q0 n Vooo 00'0 000 00'0 00°0 000 000 000 000 000

00'0 000 00 000 00°0 000 ’ ’ ‘0> Q0°0 000 000 000 000 000 000

000 ﬁdvs 000 0 000 000 000 000
000 A.ﬂ\ooo 000 000 So 00°0  00°0 000 000

\A.

00’0 000 o.g O\ho

.00°0 000 cO Q0’0 000 00°0 000

[ W cl
1Pt ﬂ o
ool oat | o S 44. o o= .
06°Q. pef0 | 0BG 6+ 000 000 000 000 oo .‘-: 00 .ﬂ.n. 000 000 00@£800 [E4 — Ll . 000
00:0.Q0°0 000 000 000 000 0Q 0-40:0 008 .«a..aek 00 000508 0 - TG0 00 ; TS 000

[ = AT — %
00 000 000 000 000 ooo ood 00T 000 000 000 000 000 €00 ¢0°0 LO0O LoOo

(%) A>ua1d1)3 J9jsuel] sa¥eT 1eDID) Ul —U _ ol D




IS

‘[opow [eqo[D Y LA Y} JO SUOI3AT 87 AU} JO YOBd Ul IIe 0} SUOISSIWD JOJ ULIP[Y JO AOUSIOIIJH JOJSUBL], SOET JBAID) “G'H'H INS1

%001 %01 %L %10 %L00 %1000 >

[ [N I N I R R

%9°LE %9L°€ %9L€°0 %91€0°0 %91€00°0

000 000 000 000 000 OO0 OO0 00O OO0 OO0 000 000 00°0/ 000 000 007

=

'00°0 000 000 000 000 000

000 000

00°0:00T

00°0. 0000 000 000 000 000 000 "00°0  00'0 000 000 000 000 000 000 00'0~00% 00'0 00°0 00°0 000 000 000 000

00'0 000 000 000 00O OO0 000 000 000 00Q 000 000 000 000 000 000 000

00'0 000 00 000 000 00°0 00°0 000 000 000

~

00°0 000 ' ’ "‘0» 0p'0 00°0 000 000 000 000 000

00'05,00°0%00°0 ' 00°0 ’ ‘0 000 000 QO

000 000 000

ﬁHJ.e 000 00 009, 08 000 000 000 000 000
Aﬂ\ooo 000 000 00 02 pe0 Q0 00°0 00°0  00°0 000
-~.o 00'0..00'0 000 000 4 : ‘0000 000 000 000
é_ a,ﬂ

..Am._.n. 000
oo. 000 000 000 000 000 0Q'6. v,u.n u.“ o oooﬂw%.

ooo ooo oooooo ooo oﬂ ood 00T™000 000 000 000 000

000 000 oo.o.ooﬁ 00 0°@ 00, ‘000
. o i

000 00°0 00°0 | 00°05,66°D

00'0 000 00if

(%) AdUaID1)3 Jajsuel] saye 1ealn Ul U_<



(43

‘[opowr [eqorH
M.LAE Y3 JO SuoI3ar 87 AU} JO Yord Ul Ik 0} SUOISSIW J0J dUIZUIGOIO[YOBXY JO AJUIIOYJH I9JSUBI], ST 1BAID) (] ' 9In31

%001 %01 %L %L°0 %100 %1000 >

%9°'LE %9L°€ %9L€0 %91€0°0 %91€00°0

orofeofssofssofsso[swolswolssolssolswolswo[swo[swo] wolamolesoliaolen

GLoySL Ol 0avt’ : - . OgvlOgvlOf¥PLOfSLO ‘071GL0 Hmro SL'0J9L0

610610810 . . . . ‘0p8L0 EEE 610 . 1'086L°0:-6L0 ,m_‘.o

¢c04¢co : . . . ‘0fcc0jccofecofvco)eco

O

620820 -.NN 0 —QN 0182¢0 . : ' \ . . : : : ‘04920

)
¥
o

€0 EYE0 vmo.mmo mmo : S€0 mm0m| _vmo ¥€0 L€0

Zvo

- - -Lll1 vl
ev'ojeEro MVO‘MVO 770 . : F.VO-O.VO O.VO‘OVO_O
; 5

(")
o
—
<
(@]

2s’o

—
©
o
o
i
o

wl ohogo|uv mv.o_wiw._ula_l|_|

9v°0 95°0 16908880980 850
.mvo_wvo“w (O VAN A0

o
©
o

19°0
‘LLIPI ”.Mdl

;
1G°0 omo 670 ®vo 87°018¥°0 wvonmvo._mvommvo ‘06¥°014G9 3 ; : ‘0§CcL0§290K8€E90

P

_ﬁuo SIA0 R0} RAQE RAQCN KA AR, mvo 1SP°0 @vowmv “8¥'0f8y 08y ‘08950 mmo.wr e ¥/8°0 moo mm.o_mm.o.mm.o

Y

970 E 0 E CrOofLyopLyOofLvo N¢.o E €00 | v0 iz 0= SY 0, LSO —mmo Nno 1620290650 EE 810

(%) AoudYT Jojsuel] S¥eT 1eDID 2U2ZUoq010|YdexaH




€S

‘[opow
[qO[D Y LAH 23 JO SuoI3aI g8 Y} JO OB UI 1B 0) SUOISSIWD J0J UBPIO[YD JO AJUIIOYJH IOJSUBI], SO 1BAID) “[]'H'H I3

%001 %01 %L %10 %100 %1000 >

[ [ I N

%9°LE %91°€ %9L€0 %91€0°0 %91€00°0

000 000 000

000 000 000 OO0 000 000

000

'00°0 000 000

000 000

00'0. 00°0 000 000 000 000 000 "00'0 000 000 000 000 000 000 000 000~ & 000 000 000 000000 000 000

8, &
gﬂ 000,00, 000 _00°0 000 000 000 000 000 000 000 000 000 000 00Q 000 000 000 000 000 000 000

00'05,00°0%00°0 ‘0_00°0 000 000 000 QO 00'0 000 000 000 00°0 000 000 000 000

DE6: ooo 00°0 000 000

000 Aoo.o 000 - oo mw ) -3@ 00, -00°0

i

000

-

40'Q. 10 o cb Q

[405¢

”‘vo... 00 ¥00 €00 €00 200 ZQ@ @
.w’.unuv.Ou e Au% ~
900 moo S00 Y00 ¥00 &Jv mod €0T =200 200 Nmowo 200 200~

(%) £oua1D1Y3 13Jsuel SNeT] 1831 Souepio|yo |e1o|




143

‘[opow [eqO[D Y. LHH auyi
JO suor3a1 87 9y} JO YOBd Ul IIe 0) SUOISSIWD IO UIXOIPOZUIQIPOIO[YILII)-8°/ ‘€ 7 JO AOUSIONJH JOJSuRL], SOye] 18dID) 71 ' 9InT1]
%001 %01 %L %L°0 %L0'0 %1000 >
[ [ I [ N
%9'LE %9L'E %ILED %ILEOD  %ILEOOD

000 000 000 000 000 000 000 000 000 000 000 000

000-007T 00°0 000 '00°0 000 000 000 000 000
000 000 000 OO0 000 000 000

000 000 000 000 000 000 000

00°0. 0000 00°0 000 000 000 000 ‘000 000 000 000 000 00'0 00°0 000 00 O

000 000 000 000 000 000 000 00O 000 000 000

000 000 000 )o0Q 6070
sy

000 oG e . 00°0 000 000 000 Op

000 000 00'0 000 000 000 000000 000

§ 00'0 000 L0'0 00°0 000 000 000 000

¢00 ¢00 LOO LOO LOO LOO

v0'0 ¥00 v00 +0°0

ool

_ = , lll - "‘im
—mw.o ¢LlojLLo rv.oﬂor.o ‘0 B0:9=180 1y L 98080 ’ 3 PLORIE 07 94 "pe0 mm.o-NN.o v.o—mr.ou.vv.o

_ : T & . - "!Mlnﬂld“‘“-‘\ﬂl\u
.‘ﬂﬂ rAN0} :.OE 0L T ™00 600 600 800 80 6—=5 : : : : :

addD1-8'L'e’T

(96) AoUB1D1YJ3 J9jsueI] SI¥ET 1RAID



99

[opoW [BqOIH Y. LHY
oy} JO SUOIAI 87 AU} JO YOBA UL I8 0} SUOISSIWO JOJ dUBXAYO[IAI0IO[YOBXIY-0 JO AQUSIONJH JOJSURI] SOeT 181D "¢t o3I

%001 %01 %L %10 %100 %1000 >

%9°LE %9L°€ %9LE0 %91€0°0 %91€00°0

| ~ =

91'0y910 08Pl ) - : - : : . ‘olotofotojoroflziobziofsiofsiolslolsLo EE
¥2 0} ¥2'0 . . . . . ‘0p€2C0 ‘0p€c0p€Cco . . ‘0¥C0_vCc0i¥C0 EE ¥2 0 v20
0€'0j0€0|LEORCED : . . ’ ! E LE0 . E

8¢€'0 Nmoqhmo—mmo : . : ‘0fLe0)se0)ve0 E

91°0 ‘0j9v0sSvroye _ S¥'0

€5°0 _‘mo_omo 05°0 «

*" L

\ ¥9°0 _ €S ﬁ-un_lmm (0] _ €5°0)¥S0

7S

890 J€9°0809°0

Q._i ] A R R N B e

LP'OJ8E0NLEOROE O LEOE wmo or0:ivokzro v 0|0 jer 0 ! ] . 2% = s . Nvo_ Y0 = mvo

T =5
. 0] ©MOEmMO PEOPVPEONSGEOFSEOROE 0] LEO NMO S OBt 0 =820 . C O-_\GO €9'0GS 080 EE (0)7400)

AV SIEIRIEPETIEI RN =8 BEEY ) _I_ U _I_ -0




9¢

‘[opow
[2QO[D Y.LAL Y} JO SUOI3a1 g8 Y3 JO YoBd Ul JIk 0} SUOISSTW I0J (- .d-d JO AOUSIOIIJH IOJSURI] SO 181D ‘{[ H'{ 231

%001 %01 %1 %10 %100 %L000 >

%9°'LE %9L°€ %9L€0 %91€0°0 %91€00°0

‘0 000 000 OO0

000 000 000 000 00O OO0 OO0 OO0 000 000 000

7| 00’0 '000 000 000 OO0 OO0 00O

000 : 00U 600, 08:0-0Q:0- 00:0~060 06:6—00:8--00'0 000 000 00 000 00°0
00°0. 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000~00 000 000 000 000 000 000 000

00’0 000 000 000 00O OO0 00O

8
% 000 * ‘0 000 000 000 000 000 000

00'0 000 000 000 000 000 000

00’0000 ’ ’ ' ‘0 000 000

L00 L0'0 000 000 000 000

000 (0540} 50856, 000 000 000
0’0 LO0 LO0 10O

700 v0°0 ¥0'0 +00

ol -
60/6 N\,h,.\LY.o.o 400 90
7

e

s

Q0.

> .n-‘w.-
. 0F0-600 6

0T ™00 800 8

(%) Aoua1d1y)q J9jsuel] sayeT 1eaID |_|ﬁ“_ﬁ“_|_ﬁ\|Q



LS

‘[opow
[qO[D Y. LAH 2y} JO SUOIZaI §]Z A3 JO OB UI IIE 0} SUOISSIW 0] dudydexo) Jo Aouaronyy J9Jsuel] soxeT 1edln) ‘G ' dIn3Iq

%001 %01 %L %10 %L00 %1000 >

DT T T T T ]

%9°LE %9L°€ %9L€°0 %91€0°0 %91€00°0

000 000 000 000 OO0 00O 000 000 000

00'0:-007T 00°0 000 '00°0 000 000 000 000 000

00°0. 0000 000 000 000 000 000 "00°0  00'0 000 000 000 000 000 000 000~ & 000 000 000 000 000 000 000

00'0 000 000 000

000 000 000 000 000 00Q 000 000 000 000 000 000 000

000 000 000 000 000 000 00°0 00°0 000 000 000

000 000 PO'0 000 000 00'0 000 000 000 000 000

iﬁﬂ.@ ooo L00 L0U¢L0Q /0 LO0 LO0 LOO LOO LOO 000

100 100 10O - Sﬁ ;.@. LOP, 000

¢0'0 ¢00 200 No 0Op €00 €00 200 200

Q00 900 900 900

(90,0 90'0_S00_$0'0 Y00 €00 £QG4LQ0 (EO-PEETD \“\, 00 mooﬂ&m. y : 6 ¢ 7890 LozoleL 0 ML o)y riac
e~ T |uy.r, Qn% . :
00 100 900 900 SO0 mmmd- ¥00 YOT™P0D €00 mMoWo €00 €003

(%) AdUaID1)3 Jajsuel] saye 1ealn oUo F_ Q mXO|_|




8¢

‘[opowr [eqorH
M.LAd 2Yp JO suoI3ar 87 Ay} JO YOord Ul JIe 0) SUOISSIWD J0J UIIAISOIO[YIL)O0 JO AOUIIIIIJH JOJSUBL], SAET JBAID) ‘9] ' 2InJ1
%001 %01 %L %10 %100 %1000 >
%9'LE %9L°€ %9LED %9LE00 %91£00°0

000 000 000

00°0 000

000 000

000 000

000 000 000

00°0-00T
00'0. 00°0 000 000 000 000 000 "00'0  00°0 000 000 000 000 000 000 00'0~ 0053 00'0 00°0 00°0 000 000 000 000

000 000 000 OO0 000 000 000

(A
n&m 000 ) 000 000 000 OO0 OOO 000 000 000 000 OO0 00O

p 000 000 000 000 000 000 000

-

L0'0 00°0 000 000 000 000

00°0 000 QO

00°0 000

¢00 100 LOO LOO LOO LOO

¥00 ¥00 ¥00 #00

by -

600 800 w.%.. .w‘wvr.\\.mo.o 700 v0
=P

0L'0 600

N_..o_

=
800 No..o 00 200 oo.o« oﬂw.modl G0TE00 SO0 E 600 800
(90 AoUBDY3 Jajsue] ST eI aualA1sio|yoedo

- o
2 11 rozolezolsiololo
n !




6S

‘[opow
[8QO[D Y.LAL Y} JO Suor3dar g8 Y3 JO YoBd Ul IIe 0} SUOISSTW J0J dudIAd[e]0Zuaq JO AOUDIOIJH JOJSURI], SO 181D /[ 't'{ 231

%001 %01 %L %10 %100 %1000 >

%9°LE %91°€ %9L€0 %91€0°0 %91€00°0

000 000 000 000 OO0 00O 000 000 000 OO0

00'0 000 000 000Q

| =

'00°0 000 000 000 000 000

000

00'0:-007T 00'0 000 oo.o\.V 3

000, 0000 000 000 000 000 000 ‘00'0 000 000 000 000/ 000 000 00'0 00°0~00% 000 000 000 000 000 000 000

8,
h&ﬂ 000 ) ‘0 0000 000 000 000 000 000 OO0 OO0 000 000 000 00’0 000 000 000 000 000 000

00'05,00°0%00°0 000 _00°0 ' 00°0  00°0 ' 00°0 ' QO 00'0 000 00 000 000 00°0 000 000 000 000

-

00'0 000 ’ ’ ‘0» 0p'0 00°0 000 000 000 000 000

0-{,00° g DG, 000 00 ] 372% :
‘v tegpe . f
f. .@oo.o 00°0 000 Oo.o....wM.m\.. (0]0

080406070610 00'0-.000 000 00°0 F#OO LO' "0 Q0°0 | 00°0 ' 00°0 000

C Y3 5
»“Wv\. s
L .M%\W\vr m._..%

L. A ‘s.!w‘r.w .Am.% 000 000

00 . . . . . B0Q. HeRaciane _.ﬂ,,.n,._ﬂm..‘o.o
e s SRR
Lt i e .

=P

000 000 00°0 000 000 000~ 000 00T™GT 000 060 000

000 000

000 000 oo.o.ooﬁ 0}

00®, -00°0 00'0 000 000 000 000

00°0 000 000 oo..o..b 13 000 000 00°0 000

(9) AoUB1D1Y47 J9jsuUeI] SD¥ET] 1D h_ _”B”_ m



"Topoul [eqO[D Y LAE Y} JO SUOTIIAT 88T

%001

%01

09

o} JO OB UI JIE 0} SUOISSIW? JOJ

%L

%

L0

%100

%L000 >

%9°'LE

%9L°€

%9L€0

%91€0°0

%91€00°0

XQITJA JO AOUQIoJH JJSURI] SONeT 8dIn) Q]

by 231

00°0 000

00°0:007T

00'0. 0000 000 000

00'0500°0%00°0 ' 00°0

s B

100 100 - LOf

€00 €00 €00 €0°0p

000 000

000 000

000 -

000

000

~

000 000

000 000

00°0 000

000 000

00°0 000

000

000

000

000

000

(96) AoUB1D1)7 J9jsueI] S e 1edID)

000

000 000
o‘o.o
000 000
000 000
000 o,o.o
00

0 000

000

000

000

000

000

000

000

000 000
000 000
000 oo.m
000 000




As was the case for the results from the North American Model, the maps of GLTE from
each region of the BETR Global model are best interpreted with reference to the generic
results, which are provided in see Figure 4.2.3. Dieldrin, Aldrin, and B[a]P show very
rapid declines in GLTE with distance from the target region. Atmospheric deposition of
these three Level I substances is likely dominated by local and regional sources.
Chlordane, 2,3,7,8-TCDD, DDT, toxaphene, OCS, and Mirex all have GLTE from within
North America that are within a factor of about 30 of transfer efficiencies for releases in
the target region itself, but lower efficiencies for emissions from outside North America.
These substances can therefore be classified as having potential for continental scale
transport and deposition to the Great Lakes. The seven PCB congeners show GLTE from
locations in the Northern Hemisphere that are within approximately a factor of 30 of
transfer efficiencies for local emissions, but transfer from the Southern Hemisphere is
less efficient. HCB and a-HCH are transported and deposited to the Lakes from any
emission location in the world with efficiencies that are within a factor of 30 to 60 of
efficiencies for local releases. Thus, our model results indicate that these pollutants are

subject to global-scale transport and redistribution.

5.0 EMISSION ESTIMATES

In this section, we summarize emissions inventories at the North American scale for
seven PCB congeners and toxaphene, and at the global scale for our full set of PCBs and
a-HCH. Modeled concentrations of PCBs in air obtained from the BETR Global model
are compared with data from nine long-term monitoring stations in the Northern
Hemisphere, including the International Atmospheric Deposition Network (IADN),

which is located in the Great Lakes Basin.

5.1 North American Emissions of PCBs and Toxaphene

PCB emission estimates to air for Canada, the United States, and Mexico have been made

by Breivik et al. (617 for individual congeners as part of their global emissions

)

inventory. Breivik et al. (16,17 report large uncertainties in these estimates. In order to
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convey these uncertainties they provide three emissions scenarios (maximum, default, and
minimum) to reflect the range of possible emissions that are consistent with their analysis.
The range of emissions estimates between the minimum and maximum scenarios spans

more than two orders of magnitude.

In order to estimate emissions in each BETR region, we apportioned the country-specific

L 9% into the regions of the BETR North

emissions estimates made by Breivik et a
America model based on geographically referenced global population distribution using
data provided by Environment Canada {18, Figures 5.1.1 — 5.1.7 show the proportion of

total emissions in the default emission scenario allotted to each BETR North America

region using this methodology.

Emissions estimates for toxaphene in North America appropriate for use in BETR North
America have been made previously by MacLeod et al. 1% and are shown in Figure

5.1.8.
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PCB 28
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Figure 5.1.1. Estimated percentage of cumulative emissions of PCB 28 to air in North

America occurring in each region of the BETR North America model.
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PCB 52
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Figure 5.1.2. Estimated percentage of cumulative emissions of PCB 52 to air in North

America occurring in each region of the BETR North America model.
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PCB 101
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Figure 5.1.3. Estimated percentage of cumulative emissions of PCB 101 to air in North

America occurring in each region of the BETR North America model.
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PCB 118
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Figure 5.1.4. Estimated percentage of cumulative emissions of PCB 118 to air in North

America occurring in each region of the BETR North America model.
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PCB 138
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Figure 5.1.5. Estimated percentage of cumulative emissions of PCB 138 to air in North

America occurring in each region of the BETR North America model.
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PCB 153

g
S

Figure 5.1.6. Estimated percentage of cumulative emissions of PCB 153 to air in North

America occurring in each region of the BETR North America model.
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PCB 180
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Figure 5.1.7. Estimated percentage of cumulative emissions of PCB 180 to air in North

America occurring in each region of the BETR North America model.
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Toxaphene

NI Estimated Emission Pattern
(% of total emissions to air)

Figure 5.1.8. Estimated percentage of cumulative emissions of toxaphene to air in North

America occurring in each region of the BETR North America model.
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5.2 Global Emissions of PCBs and a.-Hexachlorocyclohexane (a-HCH)

Breivik and al. "*'” have compiled global estimates of emissions to air for individual
PCB congeners on a country by country basis between 1930 and 2000. As emissions
input for the BETR Global model, we have apportioned these emissions into individual
model regions based on population distribution exploiting the geographically referenced
population data available from Environment Canada (% As discussed above, there are

three emission scenarios (maximum, default, and minimum) that reflect the uncertainty
range of the emissions estimates. In Figures 5.1.1 — 5.1.14, we present emissions data
from the default scenario in two ways: (1) as the fraction of cumulative emissions
between 1930 and 2000 that occurred in each model region, and (2) as the fraction of

emissions in the year 2000 in each region.

In reviewing these figures, we note that the proportion of global PCB emissions taking
place in close proximity to the Great Lakes was much lower in 2000 than over the entire
use-history of PCBs. The geographic profile of PCB emissions in 2000 has shifted much
more toward Eastern Europe and Asia, and away from North America and Western
Europe. This pattern reflects the aggressive emission reduction programs that have been

pursued in Canada, the United States and Western European countries.
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5.3 Global-scale Modeling of PCB Concentrations in Air

We evaluate the performance of the BETR Global model as a descriptor of
chemical fate by comparing model results with measured concentrations of persistent
contaminants at eleven locations in the global environment. A complete description of

our work on development and evaluation of the BETR Global model can be found in the
paper by MacLeod et al. ©) We focus here on the model results for the PCB congeners.

We gathered reported measurements of atmospheric PCB concentrations from eleven
long-term monitoring sites located in seven different model regions, including data from
the International Atmospheric Deposition Network in the Great Lakes region (See Table
5.3.1 for details). We calculated the corresponding atmospheric concentrations of the

PCB congeners with the model by simulating a 70-year period using each of the three

emissions scenarios proposed by Breivik et al. (617 for the period 1930 - 2000.

Figures 5.3.1 — 5.3.3 compare modeled and measured concentrations of the seven
selected PCB congeners in air at the eleven monitoring sites for the two emission
scenarios. The diagonal lines are provided for comparison, representing perfect
agreement between the model and measurements, agreement within a factor of 3.16
(=10"%), and agreement within a factor of 10. Correlation coefficients between observed
and modeled concentrations are statistically significant under all three emission
scenarios. Inspection of these figures indicates that concentrations are dramatically
under-predicted using the “minimum” emission scenario, slightly under-predicted using
the “default” emission scenario, and slightly over-predicted by the “maximum” scenario.
When we use the “maximum” scenario, 60% of the 479 modeled concentrations are
within a factor of 3.16 of the measured concentration and 96% are within a factor of 10.
Therefore the residual error that represents the difference between modeled and measured
concentrations has a 96% confidence interval of + 1 order of magnitude. This means that
96% of the measured concentration data is within and order of magnitude or less of the

corresponding modeled concentration. From this we conclude that agreement between
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modeled and measured PCB concentrations in air is satisfactory. This exercise
demonstrates that the model is providing a verifiable description of PCB concentrations

in the atmosphere of the Northern Hemisphere.

In the global scale modeling of PCBs, the most important aspect of the emissions profile
is the geographical distribution of emissions to air, and the relationship between
emissions of the different congeners, and not the absolute amount emitted. Recognizing
our goals, we have selected the “default” emission scenario as most appropriate for use in
our model assessments since it produces modeled concentrations with slopes between
modeled and measured data closest to unity. The “default” emissions scenario therefore
produces model results that are most representative of the temporal, spatial, and
congener-to-congener variability in air concentrations that are observed at long-term

monitoring stations.
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Figure 5.3.1. Comparison of yearly averaged measured and modeled atmospheric PCB
congener concentrations for the “minimum” emission scenario reported by Breivik et al.

16,17 o . :
(1617 Measurement data are from eleven long-term monitoring stations located in seven

different model regions.
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Figure 5.3.2. Comparison of yearly averaged measured and modeled atmospheric PCB
congener concentrations for the “default” emission scenario reported by Breivik et al.

16,17 . . :
(1617 Measurement data are from eleven long-term monitoring stations located in seven

different model regions.
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Figure 5.3.3. Comparison of yearly averaged measured and modeled atmospheric PCB

congener concentrations for the “maximum” emission scenario reported by Breivik et al.

16,17 . . :
(1617 Measurement data are from eleven long-term monitoring stations located in seven

different model regions.
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6.0 REGIONAL CONTRIBUTIONS TO ATMOSPERIC LOADINGS OF
LEVEL I SUBSTANCES

In this section we combine information from the generic modeling and emissions
estimates to calculate the fraction of total loading from the atmosphere that is attributable

to sources in different regions of North America and the world.

6.1 North American Contributions to Loadings of PCBs and Toxaphene

Using the Great Lakes Transfer Efficiencies presented in Section 4.0 and the North
American-scale emissions estimates in Section 5.0, we derive here the relative
contribution from different regions of North America to atmospheric deposition of PCBs
and toxaphene to the Great Lakes water shed. We provide results of this analysis in

Figures 6.1.1 — 6.1.8.
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Figure 6.1.1. Fraction of atmospheric loading of PCB 28 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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PCB 52
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Figure 6.1.2. Fraction of atmospheric loading of PCB 52 to the Great Lakes attributable

to emissions in each region of the BETR North America model.

95



PCB 101
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Figure 6.1.3. Fraction of atmospheric loading of PCB 101 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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PCB 118
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Figure 6.1.4. Fraction of atmospheric loading of PCB 118 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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PCB 138
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Figure 6.1.5. Fraction of atmospheric loading of PCB 138 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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PCB 153
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Figure 6.1.6. Fraction of atmospheric loading of PCB 153 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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PCB 180
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Figure 6.1.7. Fraction of atmospheric loading of PCB 180 to the Great Lakes attributable

to emissions in each region of the BETR North America model.
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Figure 6.1.8. Fraction of atmospheric loading of toxaphene to the Great Lakes

attributable to emissions in each region of the BETR North America model.
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As can be seen from Figures Figures 6.1.1 — 6.1.7, the majority of PCB deposition from
the atmosphere to the Lakes for all of the congeners examined is due to emissions within
the Great Lakes Basin. Moreover, the relative contribution of local sources increases
with increasing chlorination level, and ranges from 53% for PCB 28 and PCB 52 to 72%
for PCB 180.

In interpreting these results it is important to consider issues that impact their reliability.
First of all, we note that our estimates of contributions to Great Lakes loadings reflect the
cumulative emissions of PCBs to the atmosphere over the entire use history of these
compounds. Because of data limitations associated with applying the country-specific

| (16.17)

global-scale emissions estimates of Breivik et a at the North American scale, we

have not examined the relative contributions to loadings at the end of the emission
scenario in the North American model. The emissions inventory only provides an
estimate of total emissions in the United States, Canada and Mexico, and these emissions
are then apportioned based on population density. Therefore we lack spatially resolved
information on the relative rate of PCB emission reductions in different parts of North
America. A spatially resolved emissions inventory for North America that included
information about the relative rates of emission reductions in different parts of the

continent would be required to perform such an analysis.

As discussed in detail by MacLeod et al."” the contribution of local sources of

toxaphene to atmospheric deposition to the Lakes due to emissions in North America is
approximately 30%. Differences between the results for toxaphene in Figure 6.1.8 and
those presented by MacLeod et al. are due to different assumptions about emission
patterns. MacLeod and Mackay assumed 70% emissions to soil, 25% to air, and 5% to
surface water to represent typical usage of toxaphene, while this study assumes 100%
emissions to air to focus on atmospheric transport and deposition explicitly, and to allow

direct comparison between toxaphene and the PCB congeners.
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6.2 Global Contributions to Loadings of PCBs and a-HCH

We use the BETR Global model and the data and methods described in Sections 3
through 5 to derive the relative contribution from different global regions to atmospheric
loading of the PCB congeners and a-HCH. We present the results of these analyses in
Figures 6.2.1 — 6.2.15. The results for the PCB congeners reflect an emission scenario

representing the cumulative emissions from 1930 — 2000 under the Breivik et al. (16.17)

“default” emission scenario, and for emissions representative of the pattern in 2000 under

the “default” scenario.
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In the case of the global-scale assessment for year 2000 releases, we find that the
modeled contributions to atmospheric deposition to the Great Lakes for the PCB
congeners shift from local sources toward more distant contributions. When cumulative
(1930-2000) emissions are considered, local sources tend to dominate overall loading to
the Great Lakes. But under the year 2000 scenario, there is a shift toward a larger
influence of sources in Asia and particularly Eastern Europe to Great Lakes loading.
Because the GLTE from all locations is identical under both emission scenarios, this shift
is directly attributable to the more rapid rate of emission reductions in the United States

and Canada relative to Asia and Eastern Europe.

As an example of the shift to distant sources of PCB deposition to the Great Lakes, we
consider PCB 52. When we consider cumulative emissions between 1930 and 2000,
greater than 70% of atmospheric loadings of PCB 52 to surface water in model regions
including the Great Lakes are attributable to sources in close proximity to the Lakes, and
sources in North America account for 90% of loadings. Under the year 2000 emission
scenario the contribution of local sources of PCB 52 is less than 50%, the North
American contribution is less than 70 %, and the bulk of the balance is made up of

contributions from sources in Eastern Europe.
Atmospheric loadings of a.-HCH to the Great Lakes are mostly attributable to emissions

in Asia, consistent with very low usage in North America and efficient transport over the

global scale.
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7.0 CONCLUSIONS AND RECOMENDATIONS

In this section, we present overall conclusions from the study and suggest avenues for
future research. We recommend actions to further improve our ability to identify sources
of atmospherically derived persistent pollutants in the Great Lakes and to more accurately

quantify the relative contributions of these sources to total loadings.

7.1 Conclusions

The first component of our assessment as reported here was to demonstrate a screening-
level analysis to evaluate Level I substances for persistence and long-range transport
potential. We selected all the organic chemicals among the Level I substances as
identified in the Great Lakes Binational Toxics Strategy. Using a suite of mass balance
contaminant fate models, we evaluated these chemicals for both persistence and potential
for long-range transport and deposition to the Great Lakes. We compiled
physicochemical properties and carried out generic modeling for 18 individual chemicals
representing the Level I substances. Based on a screening analysis of partitioning
properties alone, all of the substances examined demonstrated the potential for
continental-scale transport and deposition to the Lakes provided they are sufficiently
persistent. Modeling of Characteristic Travel Distance and Great Lakes Transfer
Efficiency using generic emission scenarios indicated that the majority of the substances
were sufficiently persistent to undergo significant continental, hemispheric or global-

scale transport to the Great Lakes.

Generic transport and deposition efficiency modeling of the Level I substances over
continental and global scales allowed us to categorize them according to the likely spatial
scale of emissions that could significantly impact the Great Lakes. Our results are as

follows:

(1) Local or regional scale: Dieldrin, Aldrin, benzo[a]pyrene
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(2) Continental scale: Chlordane, 2,3,7,8-TCDD, p,p’-DDT, toxaphene,
octachlorostyrene, mirex

(3) Hemispheric scale: PCBs

(4) Global scale: hexachlorobenzene, a-HCH.

In order to calculate total atmospheric loading to the Lakes, we used available emissions
estimates and the contribution of Level I substance emissions in different regions of
North America and the world. The estimates of regional contributions to atmospheric
loading are subject to large uncertainties most notably because of uncertainties in
emission scenarios. There are also uncertainties attributable to chemical property inputs
and to conceptual assumptions of multimedia fate models. Examples are the assumption
that partitioning among environmental media is fast relative to inter-regional transfer and
uncertainty in the empirical relationships between partition coefficients and
environmental partitioning used in the model. However, these conceptual restrictions
have been evaluated in a number of model evaluation studies and shown not be
significant limitations on model performance. A more important source of uncertainty in
these assessments is the limited quality, quantity, and relevance of data available on rates
of chemical transformation in environmental media among the large and diverse
landscapes considered in the BETR model applications. But in spite of the key
uncertainties contributed by emissions and reaction rate uncertainties, based on available
emissions estimates for seven PCB congeners we have assembled mass budgets for the
period 1930 to 2000 that exhibit satisfactory agreement with observed atmospheric
concentrations in the late 1990s at long term monitoring stations in the Northern
Hemisphere. The uncertainty in the comparison between modeled and observed
concentrations demonstrates the extent of our overall understanding of the sources and

long-term fate and transport of PCBs in the global environment.

Calculated loadings attributable to different regions under emissions scenarios
representing total historical PCB emissions and emissions in the year 2000 suggest that
more rapid reductions of emissions in the United States and Canada relative to other parts

of the world are shifting atmospheric deposition of PCBs to more distant sources.
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However, as of the year 2000 the majority of PCBs deposited to the Lakes can still be
attributed to sources to the atmosphere within the Great Lakes Basin and neighboring
regions in North America. Therefore, our analysis suggests efforts aimed at further
reductions in atmospheric loading to the Lakes should still be focused primarily on
identifying and eliminating sources of PCBs within the Great Lakes Basin and

neighboring regions.

We offer a hypothetical example to illustrate how model results can be used to support
management decisions and to allocate resources. Consider an EPA official with a fixed
allocation of funds to spend on eliminating emissions of PCBs to the atmosphere with the
goal of maximizing cost-effectiveness in reducing atmospheric loading to the Great
Lakes. Inspection of Figures 4.4.1 —4.4.7 indicates that on average one kilogram of PCB
emitted to air in the immediate vicinity of the Great Lakes will result in approximately 60
times as much atmospheric loading to the Lakes as one kilogram emitted in China, and
approximately 100 times as much loading as one kilogram emitted in Eastern Europe.
Therefore, to be cost effective, 60 — 100 times greater emission reduction per dollar spent
would be required in China or Eastern Europe, relative to possible emission reductions in

the Great Lakes region.

7.2 Recommendations

The model results presented here for PCBs and toxaphene at the North American spatial
scale and for PCBs and a-HCH at the global scale provide a quantitative synthesis of
current knowledge about the sources, transport, and ultimate fate of these persistent
pollutants. Compiling these mass balances is a challenging task because information
from a variety of sources must be gathered and harmonized into a coherent picture. We
found that mass balances for many of the Level I substances could not be assembled
because of a lack of quantitative information on emissions. This limitation confirms the
need for further work on developing emission inventories. This effort should be made a
priority to improve understanding of source-receptor relationships for all the Level 1

substances. We did, however, discover that even without information from emission
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estimates it is possible to learn a great deal from the generic modeling evaluations of
persistence and long-range transport, and to gain insight into the important processes

controlling transport and deposition of persistent substances.

With regard to uncertainties, we have not conducted a systematic uncertainty analysis of
the assessments, however considering both model uncertainty and input uncertainty it is
apparent that the key contributors to uncertainties in model calculations for the Level I
substances derive from incomplete emissions data and from unreliable chemical
properties data —primarily transformation rates. Further refinements to the models to
introduce more detailed descriptions of environmental conditions or higher spatial

. . .. 6 ..
resolution will not reduce these uncertainties . Only more accurate emissions

inventories and additional studies to characterize the partitioning properties and
degradability of the Level I substances in various environmental media will reduce this
fundamental uncertainty. Uncertainties in physico-chemical properties are likely highest
for octachlorostyrene, for which estimated values where used because no measured
property values could be found. Once emissions and degradability uncertainties are
reduced, the next phase in reducing overall model uncertainties will be addressing spatial
and temporal heterogeneity in land-surface properties, degradation mechanisms and

atmospheric transport.

In considering future model development work to build on the assessments presented
here, we recommend additional modeling exercises to examine the importance of fate and
transport processes that are not described in the current model, and continued work to
improve the reliability of the empirical equations used in the model. For example, the
models do not treat chemical fate processes associated with snow and ice, which
dominate the landscape for a significant portion of the year, and the current version of
BETR Global includes a highly simplified description of the circulation of ocean water.
Additional model-based studies of fate and transport processes will help to refine the
existing models and eventually contribute to reducing uncertainties in the overall

assessments.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB28

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA PCB28
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than CHRCZ of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than EREZM of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB28

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium \Amter
partitioning of the chemical. Many Sediment 1966
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
97%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is greater than the
generally accepted cut-off between
bioaccumulative and non-bioaccumulative
substances of 5000. In the absence of
rapid metabolism by organisms, this
substance is expected to bioaccumulate.

Details of Level | calculation for: EPA PCB28

Equilibrium Chemical Distribution

Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %

Air 4.03E-04 3.00E-11 7.72E-09 6.51E-06 772 0.772
Water 6.19E-02 4.60E-09 1.18E-06 1.18E-06 237 0.237
Soil 5.62E+02 4.17E-05 1.08E-02 4.48E-03 96768 96.768
Sediment 1.12E+03 8.35E-05 2.15E-02 8.96E-03 2150 2.150
Suspended Sediment  3.51E+03 2.61E-04 6.72E-02 4.48E-02 67 0.067
Biota (Fish) 1.43E+03 1.06E-04 2.73E-02 2.73E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 257.54 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 5.66 Air 1.04E-01
Aqueous Solubility 15.94 g/m~3 Log Kaw -2.19 Water 1.59E+01
Log Kow 5.664 Log Koa 7.85 Octanol 7.35E+06

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB28 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g
controlling influence on the overall rate Iy
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this 7
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction 1;
residence time calculated for this 13 | Water &
substance can be measured in years, 14 | water Octanol Octanol
and is comparable to that of -15 e | —
pentachlorobenzene (2 years). Reactive 4 3210 1 2 3 4 5 6 7 8 9 10
and advective residence times are
comparable, indicating the substance Log Kow
may be mobile to other regions.
Removal Pathways Media of Reaction Mediaf; Advection
Reaction Sediment 1%
22% 1% Water
Soil
Advection 55%
78% Water Air
0% 96%
Overall Residence Time: 407 days 1.12 years
Reaction Residence Time: 1870 days 5.12 years
Advection Residence Time: 521 days 1.43 years

Details of Level Il calculation for: EPA PCB28

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 550 5.08E+07 4.03E+08 9.51E+01 7.55E+02 84.983
Water 17000 5.05E+05 1.24E+07 9.44E-01 2.32E+01 2.410
Soil 55000 6.37E+07 0 1.19E+02 0 11.921
Sediment 55000 1.42E+06 2.25E+06 2.65E+00 4.21E+00 0.685
Total 1.16E+08 4.18E+08 2.18E+02 7.82E+02 100.000

Reaction + Advection 5.35E+08 1000
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB28

Steady State Distribution
Air
4%

Persistence
(hours) 14788.8

Emissions to air

partition Sediment \ater (days) 616.2
significantly to 8% (years) 1.7
soil and
sediment. Soil

57% Air
81%

Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).

Emission to Water

Steady State Distribution Reactive Removal .
Persistence
Emissions to AWater gl (hours) 37221.4
water partition 198% 149 (days) 1550.9

(years) 4.2
Air
50%

significantly to Segg;ﬂent
sediment and
may migrate to
soil. Sediment 7%
82% Water

Persistence of water emissions is comparable4°f’o that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil _ Waiter Water (hours) 78088.8
remain Sediment0% Sediment 2990 (days) 3253.7
predominantly in (years) 8.9
the soil
compartment.
Soil Soil
99% 97%
Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).
Emission to All 3 Steady State Distribution Reactive Removal .
Air Persistence
2% Sediment (hours) 27848.6
Water 16%
sediment (days) 1160.4
45% (years) 3.2
Soil Soil
5206 2% Air
Water 64%
2%
Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).
Details of Level Ill calculation for: EPA PCB28
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 6.48E+05 1.71E+05 8.34E+06 5.63E+06 1.48E+07
Water 0 1000 0 4.05E+05 9.33E+05 5.20E+06 3.07E+07 3.72E+07
Soil 0 0 1000 1.26E+04 1.33E+04 7.76E+07 4.36E+05 7.81E+07
All 3 600 300 100 5.12E+05 3.84E+05 1.43E+07 1.26E+07 2.78E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 817 7 105 71 1000
Water 0 1000 0 510 38 66 387 1000
Soil 0 0 1000 16 1 978 5 1000

Al 3 600 300 100 645 16 181 159 1000
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ChemSCORER BetalOl - Transport Model Results

EPA PCB28

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
4988

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
9337

Emission to water - Characteristic Travel Distance in Water

Water (km)
3360

Emission to soil - Effective Travel Distance

Air (km)
0

Water (km)
383

Under equilibrium partitioning
conditions, this chemical is likely to
be transported most effectively in
air.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB28

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

1470 ng/L BMF from sediment
1.47E-3 UV
111 82
2.34 ’ 3.02
0.49 0.64

g

op Iankton

—~~ Benthos—

Sediment 6951 ngit

6.95E-3 ug/g 96
1.00
Overall Bioaccumulation Factor, Lake Trout / Water : 214341

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB52

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA PCB52
This chemical ...
is more PERSISTENT (P) than CYACZN of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than AL Z of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than EEEZM of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB52

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium VWditer
partitioning of the chemical. Many Sediment @%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

bioaccumulative substances of 5000. In
the absence of metabolism by organisms,
this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB52
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 1.13E-11 3.31E-09 2.79E-06 331 0.331
Water 8.27E-02 2.32E-09 6.78E-07 6.78E-07 136 0.136
Soll 1.32E+03 3.70E-05 1.08E-02 4.50E-03 97298 97.298
Sediment 2.64E+03 7.40E-05 2.16E-02 9.01E-03 2162 2.162
Suspended Sediment  8.23E+03 2.31E-04 6.76E-02 4.50E-02 68 0.068
Biota (Fish) 3.35E+03 9.41E-05 2.75E-02 2.75E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 291.99 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 5.91 Air 1.18E-01
Aqueous Solubility 24.13365746 g/m~3 Log Kaw -2.31 Water 2.41E+01
Log Kow 5.9085 Log Koa 8.22 Octanol 1.95E+07

Melting Point -999 deg C




Page 3 of 6

ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB52 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 2
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12 -
substance is greater than five years, -13 1 Water &
and is comparable to that of 1‘5‘ 1 Water Octanol Octanol

hexachlorobenzene (7.6 years).

Reactive and advective residence times 4321012345678 910

are comparable, indicating the Log Kow
substance may be subject to long range
transport.
Removal Pathways Media of Reaction Media.f Advection
Reaction Se‘gf;,em Al water

28% 10%  Qop Water

Advection
72%

Soil Air
88% 95%
Overall Residence Time: 854 days 2.34 years
Reaction Residence Time: 2998 days 8.21 years
Advection Residence Time: 1194 days 3.27 years
Details of Level Il calculation for: EPA PCB52

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 1700 1.64E+07 4.03E+08 2.77E+01 6.78E+02 70.612
Water 55000 2.08E+05 1.65E+07 3.50E-01 2.78E+01 2.815
Soil 55000 1.49E+08 0 2.51E+02 0 25.128
Sediment 55000 3.32E+06 5.27E+06 5.58E+00 8.86E+00 1.445
Total 1.69E+08 4.25E+08 2.85E+02 7.15E+02 100.000

Reaction + Advection 5.95E+08 1000
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB52

Steady State Distribution Reactive Removal .
Air Persistence

. . 29
Emissions to air ’ Sediment (hours) 46439.1

partition Segg"e”‘ Lo 21% A (days) 1935.0

. %

predominantly to ’ 43% (years) 5.3

soil and

sediment. Soil )

61% Soil Water
36% 0%

Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).

Emission to Water

Steady State Distribution Reactive Removal Persistence
Emissions to Aifater soil Alr (hours) 64323.0
water partition 12% 20% 20% oo (days) 2680.1
significantly to 1% 7.3
sediment and Gears) .
may migrate to Sedimen f;'/[,

soil. Sediment 63%
7%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil  Waiter Wter (hours) 79037.8
remain Sediment0% Sediment @% (days) 3293.2
predominantly in (years) 9.0
the soil
compartment.
Soil Soil
99% 99%
Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).
Emission to All 3 Steady State Distribution Reactive Removal )
Air Persistence

1% (hours) 55064.1
Water Sediment Air (days) 2294.3
Sediment 31% 32%
45% (years) 6.3
Soil
53% ater

Soil 1%
36%

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB52
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.05E+06 3.35E+05 2.85E+07 1.65E+07 4.64E+07
Water 0 1000 0 4.80E+05 1.01E+06 1.30E+07 4.98E+07 6.43E+07
Soil 0 0 1000 1.04E+04 1.21E+04 7.84E+07 5.98E+05 7.90E+07
All 3 600 300 100 7.75E+05 5.05E+05 2.89E+07 2.49E+07 5.51E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 428 4 360 208 1000
Water 0 1000 0 196 13 164 627 1000
Soil 0 0 1000 4 0 988 8 1000

Al 3 600 300 100 316 6 364 314 1000
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ChemSCORER BetalOl - Transport Model Results

EPA PCB52

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
3430

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
15122

Emission to water - Characteristic Travel Distance in Water

Water (km)
3637

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB52

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

1642 ng/L BMF from sediment
1.64E-3 UV
260 231
2.80 4 4.35
0.59 0.91

g

op Iankton

—~~ Benthos—

Sedlment 7811 ngi

7.81E-3 ug/g 190
1.00
Overall Bioaccumulation Factor, Lake Trout / Water : 504001

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB101

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA PCB101
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than L O7 of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 78 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB101

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

107987 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB101
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 3.14E-12 1.03E-09 8.66E-07 103 0.103
Water 1.00E-01 7.82E-10 2.55E-07 2.55E-07 51 0.051
Soll 4.26E+03 3.32E-05 1.08E-02 4.52E-03 97604 97.604
Sediment 8.53E+03 6.64E-05 2.17E-02 9.04E-03 2169 2.169
Suspended Sediment  2.66E+04 2.08E-04 6.78E-02 4.52E-02 68 0.068
Biota (Fish) 1.08E+04 8.44E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 326.43 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.33 Air 1.32E-01
Aqueous Solubility 32.74501782 g/m~3 Log Kaw -2.40 Water 3.27E+01
Log Kow 6.3344 Log Koa 8.73 Octanol 7.07E+07

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB101

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than five years,
and is comparable to that of
hexachlorobenzene (7.6 years).
Reactive and advective residence times
are comparable, indicating the
substance may be subject to long range
transport.

Removal Pathways

Advection
46%

54%

Reaction

Log Kaw

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10
11
12 |
13
14 |

-15

= NDNWhH oo N
! L L

1 Air &
1 Water
\
Water &
Water Octanol

Octanol

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Media of Reaction

Sediment

Aiwater
3% 0%

Soil

95%

Log Kow

Megdia.Qf Advection

4%

Water

Air
91%

Overall Residence Time: 1722 days 4,72 years
Reaction Residence Time: 3206 days 8.78 years
Advection Residence Time: 3718 days 10.19 years
Details of Level Il calculation for: EPA PCB101
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 1700 1.64E+07 4.03E+08 1.73E+01 4.24E+02 44,128
Water 55000 2.53E+05 2.01E+07 2.66E-01 2.11E+01 2.135
Soil 55000 4.83E+08 0 5.08E+02 0 50.816
Sediment 55000 1.07E+07 1.71E+07 1.13E+01 1.79E+01 2.922
Total 5.11E+08 4 .41E+08 5.37E+02 4.63E+02 100.000
Reaction + Advection 9.51E+08 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB101

Steady State Distribution Reactive Removal .
Air Persistence
1% )
Emissions to air Sediment Wot Sediment A (hours) 61744.9
partition 26% Ser 20% B% (days) 2572.7
. w
predominantly to oi;?r (years) 7.0
soil and
sediment.

Soil
73%

Soil
57%

Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).

Emission to Water

Steady State Distribution Reactive Removal .
Persistence
EmissionS_ to Wa‘ter Soil Air Water o (hours) 75545.0
water partition 280 13% 5% 1% 120, (days) 3147.7
significantly to
sediment and (years) 8.6
may migrate to
soil. Sediment Sediment
86% 82%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil seai 0% " (hours) 79302.2
remain camer Sed'memM (days) 3304.3
predominantly in (years) 9.1
the soil
compartment.
Soil Soil
99% 99%
Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).
Emission to All 3 Steady State Distribution Reactive Removal )
Air Persistence

1 A (hoursy  67640.7
Seciment — Sediment 1% Vot (days) ~ 2818.4
43% 7% (years) 7.7
Soil
55%

Soil
48%

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB101
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 5.62E+05 1.92E+05 4.50E+07 1.60E+07 6.17E+07
Water 0 1000 0 1.22E+05 7.78E+05 9.75E+06 6.49E+07 7.55E+07
Soil 0 0 1000 2.00E+03 7.15E+03 7.87E+07 5.96E+05 7.93E+07
All 3 600 300 100 3.74E+05 3.49E+05 3.78E+07 2.91E+07 6.76E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 229 2 567 202 1000
Water 0 1000 0 50 10 123 818 1000
Soil 0 0 1000 1 0 992 8 1000

Al 3 600 300 100 152 4 476 367 1000




Page 5 of 6

ChemSCORER BetalOl - Transport Model Results

EPA PCB101

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
1137

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
8093

Emission to water - Characteristic Travel Distance in Water

Water (km)
2802

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB101

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

717 ng/L BMF from sediment
7.17E-4 UV
379 464
3.49 ’ 7.49
0.73 1.57

g

op Iankton

—~~ Benthos—

Sediment 3427 ngn

3.43E-3 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 2016652

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB118

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA PCB118
This chemical ...
is more PERSISTENT (P) than CISICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than IS of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 65 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB118

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil

98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

243484 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB118
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 7.38E-13 2.41E-10 2.03E-07 24 0.024
Water 1.90E-01 3.47E-10 1.13E-07 1.13E-07 23 0.023
Soll 1.82E+04 3.33E-05 1.09E-02 4.52E-03 97709 97.709
Sediment 3.64E+04 6.65E-05 2.17E-02 9.05E-03 2171 2.171
Suspended Sediment  1.14E+05 2.08E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 4.62E+04 8.45E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 326.43 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.69 Air 1.32E-01
Aqueous Solubility 61.95055924 g/m~3 Log Kaw -2.67 Water 6.20E+01
Log Kow 6.6875 Log Koa 9.36 Octanol 3.02E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB118

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than five years,
and is comparable to that of
hexachlorobenzene (7.6 years).
Reactive and advective residence times
are comparable, indicating the
substance may be subject to long range
transport.

Removal Pathways

Advection
19%

Reaction
81%

Log Kaw

Media of Reaction

Winter
Sediment 1086

10

©
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© oo ~NO O WN-O0
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-10
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14 |

-15

= NDNWhH oo N
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1 Air &
1 Water ><
‘
Water &
Water Octanol Octanol

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Log Kow

Media of Advection

Sediment

0,
Water 14%

7%

] Air
Soil 79%

97%

Overall Residence Time: 2645 days 7.25 years
Reaction Residence Time: 3284 days 9.00 years
Advection Residence Time: 13577 days 37.20 years
Details of Level Il calculation for: EPA PCB118
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 1700 1.64E+07 4.03E+08 6.23E+00 1.53E+02 15.908
Water 55000 4.78E+05 3.80E+07 1.81E-01 1.44E+01 1.456
Soil 55000 2.06E+09 0 7.81E+02 0 78.143
Sediment 55000 4 58E+07 7.28E+07 1.74E+01 2.76E+01 4.493
Total 2.13E+09 5.14E+08 8.05E+02 1.95E+02 100.000
Reaction + Advection 2.64E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB118

Steady State Distribution Reactive Removal .
Air Persistence
Emissions to air Sediment 0% Sediment Air Water (hours) 72980.4
partition 16% Lo 15% 8% 0% (days) 3040.9
predominantly to (years) 8.3
soil and
sediment.
Soil Soil
84% 7%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emnssnons_ to WaiterSoil Witesoil (hours) 78918.9
water partition % 5% 19%0 5% (days) 3288.3
significantly to 9.0
sediment and (years) :
may migrate to
soil. Sediment Sediment
94% 93%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Sed,men‘y‘;‘:’ Waier (hours)
. I i
remain Sediment0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 99%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Persistence
79358.6
3306.6
9.1

Emission to All 3

Steady State Distribution Reactive Removal
Air Air
0%
Water .
Sediment Sedimen

39% 37%
Soil
61%

5% (hours)
t Water (days)
(years)

Soil

58%

Persistence
75399.8
3141.7
8.6

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB118
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 2.04E+05 1.11E+05 6.07E+07 1.20E+07 7.30E+07
Water 0 1000 0 1.42E+04 6.83E+05 4.24E+06 7.40E+07 7.89E+07
Soil 0 0 1000 2.05E+02 5.71E+03 7.87E+07 6.18E+05 7.94E+07
All 3 600 300 100 1.26E+05 2.72E+05 4.55E+07 2.95E+07 7.54E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 83 1 764 151 1000
Water 0 1000 0 6 9 53 932 1000
Soil 0 0 1000 0 0 992 8 1000
All 3 600 300 100 52 3 574 371 1000
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ChemSCORER BetalOl - Transport Model Results

EPA PCB118

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
273

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
2932

Emission to water - Characteristic Travel Distance in Water

Water (km)
2461

Emission to soil - Effective Travel Distance

Air (km)
0

Water (km)
64

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB118

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Concentration (ug/q)
ut
Water ake Tro BMF from water
321 ng/L BMF from sediment
3.21E-4 UV

420 , 620

3.84 : cul , 9.91

0.80 2.07
576 ,

4.61
0.96

g

oplankto

n

78
1.00

—~~ Benthos—

Sedlment 1537 ngn.

1.54E-3 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 5537523

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB138

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA PCB138
This chemical ...
is more PERSISTENT (P) than CISICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 53 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB138

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

819917 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB138
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 3.35E-13 1.21E-10 1.02E-07 12 0.012
Water 1.12E-01 9.32E-11 3.37E-08 3.37E-08 7 0.007
Soll 3.63E+04 3.01E-05 1.09E-02 4.52E-03 97736 97.736
Sediment 7.26E+04 6.02E-05 2.17E-02 9.05E-03 2172 2.172
Suspended Sediment  2.27E+05 1.88E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 9.22E+04 7.65E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 360.88 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 7.21 Air 1.46E-01
Aqueous Solubility 40.5805548 g/m~3 Log Kaw -2.44 Water 4.06E+01
Log Kow 7.2148 Log Koa 9.66 Octanol 6.65E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB138

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than five years,
and is comparable to that of
hexachlorobenzene (7.6 years).
Reactive and advective residence times
are comparable, indicating the
substance may be subject to long range
transport.

Log Kaw

Removal Pathways

Advection
12%

Reaction
88%

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10
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12 |
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14 |
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Media of Reaction
Waiter
Sediment 0%

= NDNWhH oo N
! L L

1 Air &
1 Water ><
‘
Water &
Water Octanol Octanol

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Log Kow

Media of Advection

Sediment
25%

Air
Soil 71%

98%

Overall Residence Time: 2911 days 7.98 years
Reaction Residence Time: 3306 days 9.06 years
Advection Residence Time: 24382 days 66.80 years
Details of Level Il calculation for: EPA PCB138
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 5500 5.08E+06 4.03E+08 1.06E+00 8.43E+01 8.541
Water 55000 2.83E+05 2.25E+07 5.92E-02 4.70E+00 0.476
Soil 55000 4.12E+09 0 8.60E+02 0 86.037
Sediment 55000 9.14E+07 1.45E+08 1.91E+01 3.03E+01 4.947
Total 4.21E+09 5.71E+08 8.81E+02 1.19E+02 100.000
Reaction + Advection 4.78E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB138

Steady State Distribution Reactive Removal .
Air Air Persistence

Emissions to air Sediment 0% Sediment 2% (hours) 78192.8
partition 13% et 13% Water (days) 3258.0

predominantly to (years) 8.9

soil and
sediment.
Soil Soil
87% 85%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emissions to Wit6oil Wit8oil (hours) 79326.9
L . 0

water partition a9B% a9%% (days) 3305.3

significantly to 9.1

sediment and (years) :
may migrate to
soil. Sediment Sediment
96% 96%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Sed,men‘y‘;‘:’ Waier (hours)
. I i
remain Sediment0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 99%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Persistence
79364.5
3306.9
9.1

Emission t0 All 3 g0a4y state Distribution Reactive Removal

Air Air

0% 1% (hours)
. Water
Sediment Sediment \Water (days)
37% 9
37% (years)
Soil Soil
6.

3% 62%

Persistence
78650.2
3277.1
9.0

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB138
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.30E+05 8.11E+04 6.75E+07 1.05E+07 7.82E+07
Water 0 1000 0 4.24E+03 5.89E+05 2.19E+06 7.65E+07 7.93E+07
Soil 0 0 1000 5.97E+01 4.73E+03 7.87E+07 6.14E+05 7.94E+07
All 3 600 300 100 7.94E+04 2.26E+05 4.90E+07 2.93E+07 7.87E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 16 1 850 133 1000
Water 0 1000 0 1 7 28 964 1000
Soil 0 0 1000 0 0 992 8 1000
All 3 600 300 100 10 3 617 370 1000
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ChemSCORER BetalOl - Transport Model Results
EPA PCB138

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Under equilibrium partitioning

Air (km) conditions, this chemical is likely to
138 be transported by both air and
water.
TaPL 111 - Mode of entry assessments

Emission to air - Characteristic Travel Distance in Air

Characteristic Travel Distance in air
is moderate, and is comparable to
Air (km) that of DDT (830 km). This
1876 chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Emission to water - Characteristic Travel Distance in Water

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emission to soil - Effective Travel Distance

Emissions directly to soil are not
expected to partition significantly to
Air (km) air or water, and are not likely to be
0 subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB138

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

95 ng/iL BMF from sediment
9.49E-5 UV
432 717
3.97 ’ 11.52
0.83 2.40

g

op Iankton

—~~ Benthos—

Sediment 455 ngiL

4 55E-4 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 20147458

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB153

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA PCB153
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than CYACZM of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 55 9% of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB153

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

bioaccumulative substances of 5000. In
the absence of metabolism by organisms,
this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB153
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 5.55E-13 2.00E-10 1.69E-07 20 0.020
Water 1.49E-01 2.05E-10 7.42E-08 7.42E-08 15 0.015
Soll 2.19E+04 3.01E-05 1.09E-02 4.52E-03 97720 97.720
Sediment 4.37E+04 6.02E-05 2.17E-02 9.05E-03 2172 2.172
Suspended Sediment  1.37E+05 1.88E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 5.56E+04 7.64E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 360.88 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.87 Air 1.46E-01
Aqueous Solubility 53.89121564 g/m~3 Log Kaw -2.57 Water 5.39E+01
Log Kow 6.8716 Log Koa 9.44 Octanol 4.01E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB153 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 2
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air& ><
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12 -
substance is greater than five years, -13 1 Water &
and is comparable to that of 1‘5‘ 1 Water Octanol Octanol

hexachlorobenzene (7.6 years).

Reactive and advective residence times 4321012345678 910

are comparable, indicating the Log Kow
substance may be subject to long range
transport.
Removal Pathways Media of Reaction Media of Advection
Advection Waiter Sediment
17% Sediment @% 17%

Water
6%

Reaction

Air

83% Soil 7%
98%
Overall Residence Time: 2741 days 7.51 years
Reaction Residence Time: 3303 days 9.05 years
Advection Residence Time: 16114 days 44.15 years
Details of Level Il calculation for: EPA PCB153

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 5500 5.08E+06 4.03E+08 1.66E+00 1.32E+02 13.345
Water 55000 3.76E+05 2.99E+07 1.23E-01 9.76E+00 0.988
Soil 55000 2.48E+09 0 8.10E+02 0 81.009
Sediment 55000 5.51E+07 8.75E+07 1.80E+01 2.86E+01 4.658
Total 2.54E+09 5.21E+08 8.30E+02 1.70E+02 100.000

Reaction + Advection 3.06E+09 1000
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB153

Steady State Distribution Reactive Removal .
Air Alr Persistence
Emissions to air Sediment 0% Sediment 2% (hours) 77668.3
partition 15% et 15% \Water (days) 3236.2
predominantly to (years) 8.9
soil and
sediment.
Soil Soil
85% 83%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
EmISSIOnS_ t_O WaiteBoil Witegoil (hours) 79269.5
water partition % 5% 0% 5% (days) 3302.9
significantly to 9.0
sediment and (years) :
may migrate to
soil. Sediment Sediment
94% 94%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Sed,men‘y‘;‘:’ Waier (hours)
. I i
remain Sediment0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 99%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Persistence
79363.7
3306.8
9.1

Emission t0 All 3 g0a4y state Distribution Reactive Removal

Air Air

0% 1% (hours)
Wat
Sediment et Sediment \ater (days)
38% 37% (years)
Soil Soil
62%

62%

Persistence
78318.2
3263.3
8.9

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB153
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.89E+05 1.01E+05 6.54E+07 1.20E+07 7.77E+07
Water 0 1000 0 1.06E+04 6.36E+05 3.68E+06 7.49E+07 7.93E+07
Soil 0 0 1000 1.51E+02 5.21E+03 7.87E+07 6.14E+05 7.94E+07
All 3 600 300 100 1.16E+05 2.52E+05 4.82E+07 2.97E+07 7.83E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 24 1 824 151 1000
Water 0 1000 0 1 8 46 944 1000
Soil 0 0 1000 0 0 992 8 1000
All 3 600 300 100 15 3 608 374 1000
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ChemSCORER BetalOl - Transport Model Results

EPA PCB153

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
229

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
2715

Emission to water - Characteristic Travel Distance in Water

Water (km)
2288

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB153

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

212 ng/L BMF from sediment
2.12E-4 UV
434 680
3.93 ’ 10.78
0.82 2.25

g

op Iankton

—~~ Benthos—

Sedlment 1015 ngn

1.01E-3 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 8933519

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA PCB180

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA PCB180
This chemical ...
is more PERSISTENT (P) than CISICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 54 9% of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA PCB180

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

bioaccumulative substances of 5000. In
the absence of metabolism by organisms,
this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA PCB180
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 8.81E-14 3.48E-11 2.94E-08 3 0.003
Water 4.41E-01 9.63E-11 3.81E-08 3.81E-08 8 0.008
Soll 1.26E+05 2.75E-05 1.09E-02 4.53E-03 97743 97.743
Sediment 2.52E+05 5.49E-05 2.17E-02 9.05E-03 2172 2.172
Suspended Sediment  7.86E+05 1.72E-04 6.79E-02 4.53E-02 68 0.068
Biota (Fish) 3.20E+05 6.98E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 395.32 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 7.16 Air 1.60E-01
Aqueous Solubility 174.3146759 g/m~3 Log Kaw -3.04 Water 1.74E+02
Log Kow 7.16137 Log Koa 10.20 Octanol 2.53E+09

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA PCB180 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 5
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water ><
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12 -
substance is greater than five years, -13 1 Water &
and is comparable to that of 1‘5‘ 1 Water Octanol Octanol

hexachlorobenzene (7.6 years).
Reactive residence time is more than 10
times shorter than advective residence Log Kow
time, indicating potential for long range
transport is low.

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Removal Pathways Media of Reaction Media of Advection
Advection Waiter
6% Sediment 0%

Sediment
50%

Reaction

9 Soil Water
94% 980% 9%
Overall Residence Time: 3097 days 8.49 years
Reaction Residence Time: 3308 days 9.06 years
Advection Residence Time: 48522 days 132.94 years
Details of Level Il calculation for: EPA PCB180

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 5500 5.08E+06 4.03E+08 3.26E-01 2.59E+01 2.621
Water 55000 1.11E+06 8.82E+07 7.13E-02 5.66E+00 0.573
Soil 55000 1.43E+10 0 9.15E+02 0 91.543
Sediment 55000 3.17E+08 5.03E+08 2.03E+01 3.23E+01 5.263
Total 1.46E+10 9.95E+08 9.36E+02 6.38E+01 100.000

Reaction + Advection 1.56E+10 1000
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ChemSCORER BetalO1l - Level 111 Model Results
EPA PCB180

Steady State Distribution Reactive Removal .
Air Air Persistence
Emissions to air Sediment 0% Sediment 1% (hours) 78808.2
partition 12% ater 12% Water (days) 3283.7
predominantly to (years) 9.0
soil and
sediment.
Soil Soil
88% 87%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
EmISSIOnS_ t_O Wateil Wkl (hours) 79358.4
water partition %60 Q%80 (days) 3306.6
significantly to 9.1
sediment and (years) :
may migrate to
soil. Sediment Sediment
98% 98%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Sed,men‘y‘;‘:’ Waier (hours)
. I i
remain Sediment0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 99%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Persistence
79365.0
3306.9
9.1

Emission to All 3

Steady State Distribution Reactive Removal
Air Air
0% 0% (hours)
Sediment \Water Sediment Water (days)
37% 37%

(years)

Soil Soil

63% 63%

Persistence
79029.0
3292.9
9.0

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA PCB180
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 6.19E+04 7.17E+04 6.95E+07 9.22E+06 7.88E+07
Water 0 1000 0 7.38E+02 6.07E+05 8.28E+05 7.79E+07 7.94E+07
Soil 0 0 1000 1.07E+01 4.86E+03 7.87E+07 6.25E+05 7.94E+07
All 3 600 300 100 3.73E+04 2.26E+05 4,98E+07 2.90E+07 7.90E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 8 1 875 116 1000
Water 0 1000 0 0 8 10 982 1000
Soil 0 0 1000 0 0 992 8 1000
All 3 600 300 100 5 3 627 365 1000
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ChemSCORER BetalOl - Transport Model Results

EPA PCB180

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
40

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
891

Emission to water - Characteristic Travel Distance in Water

Water (km)
2184

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is moderate, and is comparable to
that of DDT (830 km). This
chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA PCB180

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

106 ngiL BMF from sediment
1.06E-4 UV
427 706
3.97 4 11.48
0.83 2.40

g

op Iankton

—~~ Benthos—

Sediment 508 ngiL

5.08E-4 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 17867941

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Dieldrin

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA Dieldrin
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than BZEEZ of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA Dieldrin

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

208435 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA Dieldrin
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 8.76E-14 3.34E-11 2.81E-08 3 0.003
Water 1.60E+00 3.47E-10 1.32E-07 1.32E-07 26 0.026
Soil 1.31E+05 2.85E-05 1.09E-02 4.52E-03 97725 97.725
Sediment 2.63E+05 5.70E-05 2.17E-02 9.05E-03 2172 2.172
Suspended Sediment  8.21E+05 1.78E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 3.34E+05 7.24E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 380.93 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.62 Air 1.54E-01
Aqueous Solubility 609.570253 g/m~3 Log Kaw -3.60 Water 6.10E+02
Log Kow 6.62 Log Koa 10.22 Octanol 2.54E+09

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Dieldrin

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance can be measured in years,
and is comparable to that of
pentachlorobenzene (2 years). Reactive
residence time is more than 10 times
shorter than advective residence time,
indicating potential for transport to
other regions is low.

Removal Pathways
Advection
2%

Reaction
98%

10

©
!

Lo
e

Log Kaw
©oNdhALN

-10 A
11
12
-13
-14 |

-15

Media of Reaction

Sediment

= NDNWhH oo N
! L L

1 Air &
1 Water ><
‘
Water &
Water Octanol Octanol
4 3 -2 -1 01 2 3 4 5 6 7 8 9 10

AWater
29%0%

Soil
95%

Log Kow

Media of Advection

Air

Sediment
42%

Water
26%

Overall Residence Time: 954 days 2.61 years
Reaction Residence Time: 977 days 2.68 years
Advection Residence Time: 40347 days 110.54 years
Details of Level Il calculation for: EPA Dieldrin
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 22.25 1.26E+09 4.03E+08 2.38E+01 7.64E+00 3.143
Water 15240 1.46E+07 3.20E+08 2.76E-01 6.06E+00 0.634
Soil 16744 4.89E+10 0 9.26E+02 0 92.608
Sediment 13152 1.38E+09 5.25E+08 2.62E+01 9.94E+00 3.614
Total 5.16E+10 1.25E+09 9.76E+02 2.36E+01 100.000
Reaction + Advection 5.28E+10 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA Dieldrin

Steady State Distribution Reactive Removal .
Air Persistence
Emissions to air Sediment 0% Sediment (hours) 8191.5
9% W 6
partition , > Soil 4% (days) 341.3
predominantly to 31% (years) 0.9
soil and _
sediment. Water Alr

Soil 0% 65%

91%

Persistence of air emissions is comparable to that of the tetrachlorobenzenes (110 days).

Emission to Water

Steady State Distribution Reactive Removal .
Persistence

Emissions to Migeil (hours) 18963.0
water partition 0%R86 (days) 790.1
significantly to 2 2

sediment and (vears) '
may migrate to

soil. Sediment Sediment
98% 98%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil ) Wé‘i)'ler Waiter (hours) 241476
remain Sediment0% Sediment0% (days) 1006.2
predominantly in (years) 2.8
the soil
compartment.
Soil Soil
100% 100%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Emission to All 3

Steady State Distribution Reactive Removal )
Air Persistence
o (hoursy  13018.6
Wat i
Sediment - Seglzr«:znt Air (days) 542.4
46% 9% (years) 1.5
Soil
53%
Soil Water
28% 1%

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA Dieldrin
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 2.10E+04 1.57E+04 7.42E+06 7.35E+05 8.19E+06
Water 0 1000 0 1.35E+02 3.96E+05 4.79E+04 1.85E+07 1.90E+07
Soil 0 0 1000 1.26E+00 1.01E+03 2.41E+07 4. 74E+04 2.41E+07
All 3 600 300 100 1.26E+04 1.28E+05 6.88E+06 6.00E+06 1.30E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 653 1 307 39 1000
Water 0 1000 0 4 18 2 976 1000
Soil 0 0 1000 0 0 997 2 1000

Al 3 600 300 100 393 6 285 316 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Dieldrin

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
11

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
302

Emission to water - Characteristic Travel Distance in Water

Water (km)
1427

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air

is low. This chemical is not likely to

be transported a significant distance
in the atmosphere.

Characteristic Travel Distance in
water is moderate, and is
comparable to that of
chlorobenzene (1300 km). This
chemical may be subject to
transport in surface and near-shore
marine waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Dieldrin

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

170 ngiL BMF from sediment
1.70E-4 UV
123 162
2.47 ’ 5.69
1.15 2.65

g

op Iankton

—~~ Benthos—

Sediment 366 ngiL

3.66E-4 ug/g 46
1.00
Overall Bioaccumulation Factor, Lake Trout / Water : 2821351

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Aldrin

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA Aldrin
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than BZEEZ of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA Aldrin

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Vidditer
partitioning of the chemical. Many Sediment %
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil

97%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

208435 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA Aldrin
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 1.65E-11 6.01E-09 5.07E-06 601 0.601
Water 8.83E-03 3.61E-10 1.32E-07 1.32E-07 26 0.026
Soll 7.24E+02 2.96E-05 1.08E-02 4.50E-03 97141 97.141
Sediment 1.45E+03 5.92E-05 2.16E-02 8.99E-03 2159 2.159
Suspended Sediment  4.53E+03 1.85E-04 6.75E-02 4.50E-02 67 0.067
Biota (Fish) 1.84E+03 7.51E-05 2.74E-02 2.74E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 364.93 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.62 Air 1.47E-01
Aqueous Solubility 3.220807236 g/m~3 Log Kaw -1.34 Water 3.22E+00
Log Kow 6.62 Log Koa 7.96 Octanol 1.34E+07

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Aldrin 10
9 |
Equilibrium Partitioning 8 1
Persistence Information g’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 2
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7 A
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12
substance can be measured in months, -13 - Water &
and is comparable to that of the 1‘5‘ 1 Water Octanol Octanol

tetrachlorobenzenes (120 days).
Reactive residence time is more than 10
times shorter than advective residence Log Kow
time, indicating potential for transport
to other regions is low.

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Removal Pathways Media of Reaction Media.f Advection
Advection water SOil Sediment 1%
4% 11% 0% Water

0%

Reaction

Overall Residence Time: 590 hours 24.59 days

Reaction Residence Time: 612 hours 25.51 days

Advection Residence Time: 16439 hours 684.96 days
Details of Level Il calculation for: EPA Aldrin

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 2.86 9.78E+09 4.03E+08 8.60E+02 3.55E+01 89.548
Water 2670 4.58E+05 1.77E+06 4.03E-02 1.55E-01 0.020
Soil 3830 1.18E+09 0 1.04E+02 0 10.374
Sediment 26700 3.76E+06 2.90E+06 3.31E-01 2.55E-01 0.059
Total 1.10E+10 4.08E+08 9.64E+02 3.59E+01

Reaction + Advection 1.14E+10 1000 100.000
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ChemSCORER BetalO1l - Level 111 Model Results
EPA Aldrin

Steady State Distribution Reactive Removal .
Persistence
Emissions to air Air Settiismt (hours) 20.79
partition 20% \ater 0% (days) 0.87
significantly to 1% (years) 0.00
soil and Sediment! 'Soil
sediment. 58% 21%
Air
100%
Persistence of air emissions is comparable to that of benzene (25 hours).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
EmlSSlonS_ to Wisit Air (hours)  27524.39
water partition 09806 20% (days) 1146.85
significantly to Water 3.14
sediment and 10% (years) )
may migrate to ; Soil
. Sediment 0%
soil. Sediment 70%

99%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Sed_mem’ SavirEnt (hours)
. I
remain 0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
100% 100%

Persistence of soil emissions is comparable to that of the tetrachlorobenzenes (250 days).

Persistence
5536.17
230.67
0.63

Emission to All 3

Steady State Distribution Reactive Removal
\g’;er 300" Sediment (hours)
o 6% 21% (days)
(years)
Soil
10% Air
Sediment Water 66%
93% 3%

Persistence
8823.41
367.64
1.01

Persistence under the standard emission scenario is comparable to that of the tetrachlorobenzenes (130 days).

Details of Level 111 calculation for: EPA Aldrin
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 4.12E+03 1.64E+02 4.35E+03 1.21E+04 2.08E+04
Water 0 1000 0 8.24E+02 3.68E+05 8.70E+02 2.72E+07 2.75E+07
Soil 0 0 1000 3.04E+00 2.15E+02 5.52E+06 1.59E+04 5.54E+06
All 3 600 300 100 2.72E+03 1.10E+05 5.55E+05 8.16E+06 8.82E+06
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 999 0 1 0 1000
Water 0 1000 0 200 95 0 705 1000
Soil 0 0 1000 1 0 999 0 1000
All 3 600 300 100 659 29 100 212 1000




Page 5 of 6

ChemSCORER BetalOl - Transport Model Results

EPA Aldrin

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
53

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)

59

Emission to water - Characteristic Travel Distance in Water

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported most effectively in
air.

Characteristic Travel Distance in air

is low. This chemical is not likely to

be transported a significant distance
in the atmosphere.

Characteristic Travel Distance in
water is moderate, and is
comparable to that of
chlorobenzene (1300 km). This
chemical may be subject to
transport in surface and near-shore
marine waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Aldrin

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Wate r \’a\‘e Trout Concentration (ug/q)

BMF from water

146 ngnL BMF from sediment
1.46E-4 UV
132 183
3.10 ’ 7.50
0.91 2.21

g

op Iankton

—~~ Benthos—

Sediment 497 ngit

4.97E-4 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 3668028

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Hexachlorobenzene

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA Hexachlorobenzene
This chemical ...
is more PERSISTENT (P) than CISICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than AL Z of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than BEEEZM of chemicals in the reference set.



Page 2 of 6

ChemSCORER BetalO1l - Level I Model Results

EPA Hexachlorobenzene

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium AirWater
partitioning of the chemical. Many Sediment 4% 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
94%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is greater than the
generally accepted cut-off between
bioaccumulative and non-bioaccumulative
substances of 5000. In the absence of
rapid metabolism by organisms, this
substance is expected to bioaccumulate.

Details of Level | calculation for: EPA Hexachlorobenzene

Equilibrium Chemical Distribution

Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %

Air 4.03E-04 1.44E-10 4.10E-08 3.46E-05 4100 4.100
Water 9.68E-03 3.45E-09 9.84E-07 9.84E-07 197 0.197
Soil 1.02E+02 3.65E-05 1.04E-02 4.33E-03 93554 93.554
Sediment 2.05E+02 7.30E-05 2.08E-02 8.66E-03 2079 2.079
Suspended Sediment  6.39E+02 2.28E-04 6.50E-02 4.33E-02 65 0.065
Biota (Fish) 2.60E+02 9.27E-05 2.64E-02 2.64E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 284.79 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 5.73 Air 1.15E-01
Aqueous Solubility 2.756004369 g/m~3 Log Kaw -1.38 Water 2.76E+00
Log Kow 5.73 Log Koa 7.11 Octanol 1.48E+06

Melting Point 230 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Hexachlorobenzene 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 2
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7 A
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12
substance can be measured in years, -13 - Water &
and is comparable to that of 1‘5‘ 1 Water Octanol Octanol

pentachlorobenzene (2 years).
Advective residence time is more than
10 times shorter than reactive residence Log Kow
time, indicating the substance may be
transported to other regions.

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Removal Pathways Media of Reaction Media of Advection
Reaction Air Water
5% Sediment 6% 0% Water ~ Sediment

Advection

N Soil Ai
95% 940% 100r%
Overall Residence Time: 96 days 0.26 years
Reaction Residence Time: 2047 days 5.61 years
Advection Residence Time: 101 days 0.28 years
Details of Level Il calculation for: EPA Hexachlorobenzene

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 22600 1.24E+06 4.03E+08 2.91E+00 9.47E+02 95.037
Water 34100 3.93E+04 1.94E+06 9.24E-02 4.55E+00 0.464
Soil 34100 1.87E+07 0 4.39E+01 0 4.393
Sediment 341000 4.16E+04 4.09E+05 9.76E-02 9.61E-01 0.106
Total 2.00E+07 4.06E+08 4,70E+01 9.53E+02 100.000

Reaction + Advection 4.26E+08 1000
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ChemSCORER BetalO1l - Level 111 Model Results

EPA Hexachlorobenzene

Steady State Distribution Reactive Removal .
Persistence
Emissions to air Air Sediment (hours) 80036.0
partition 15% “;i;:r 8% Air (days) 3334.8
significantly to 8% (years) 9.1
soil and Sediment
sediment. 52% Soil Soil
32% 5206 Water
2%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emissions to Water Sediment (hours)  107748.9
water partition 15% Air (days) 44895

Soil
22%

significantly to
sediment and
may migrate to Sediment

soil. 67% Soil
47%

(years) 12.3

Water
3%

Persistence of water emissions is comparable to that of the PCBs (up to 80 years).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
o ) \Water Yater (hours) 50764.5
Emnssnor?s_ to soil Sediment  19%6 Sediment 2996 (days) 2115.2
partition 58
significantly to (vears) ’
other media.
Soil Soil
95% 98%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Emission to All 3

Steady State Distribution Reactive Removal )
Persistence
AN\ ater Sediment (hours) 85422.7
13% 10 9% Air (days) 3559.3

33%

(years) 9.8

54% 3204

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

ater

Soil 2%

56%

Details of Level 111 calculation for: EPA Hexachlorobenzene
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.23E+07 7.60E+05 2.58E+07 4.12E+07 8.00E+07
Water 0 1000 0 1.13E+07 1.32E+06 2.37E+07 7.14E+07 1.08E+08
Soil 0 0 1000 5.38E+05 3.75E+04 4.82E+07 2.04E+06 5.08E+07
All 3 600 300 100 1.08E+07 8.55E+05 2.74E+07 4.64E+07 8.54E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 377 15 524 84 1000
Water 0 1000 0 346 27 482 145 1000
Soil 0 0 1000 16 1 979 4 1000

Al 3 600 300 100 332 17 557 94 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Hexachlorobenzene

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
29010

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
176980

Emission to water - Characteristic Travel Distance in Water

Water (km)
4741

Emission to soil - Effective Travel Distance

Air (km)
10203

Water (km)
348

Under equilibrium partitioning
conditions, this chemical is likely to
be transported most effectively in
air.

Characteristic Travel Distance in air
is extremely high, and is
comparable to that of
hexachlorobenzene (110 000 km).
This chemical is likely subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil may
partition to air and be subject to
transport in the atmosphere.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation

EPA Hexachlorobenzene

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

3149 ng/L BMF from sediment
3.15E-3 UV
360 276
3.04 4 4.08
0.44 0.59

g

op Iankton

—~~ Benthos—

Sediment 21927 ngiL

2.19E-2 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 333618

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Total Chlordanes

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA Total Chlordanes
This chemical ...
is more PERSISTENT (P) than CPACZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than AL Z of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 73 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level 1 Model Results
EPA Total Chlordanes

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil

98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

50000 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA Total Chlordanes
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 1.79E-12 7.32E-10 6.17E-07 73 0.073
Water 3.04E-01 1.34E-09 5.51E-07 5.51E-07 110 0.110
Soil 5.98E+03 2.65E-05 1.08E-02 4.52E-03 97575 97.575
Sediment 1.20E+04 5.29E-05 2.17E-02 9.03E-03 2168 2.168
Suspended Sediment  3.74E+04 1.65E-04 6.78E-02 4.52E-02 68 0.068
Biota (Fish) 1.52E+04 6.72E-05 2.75E-02 2.75E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 409.8 g/mol (g/m~3)
Vapor Pressure 0.00045 Pa Log Kow 6.00 Air 7.44E-05
Aqueous Solubility 0.056 g/m~3 Log Kaw -2.88 Water 5.60E-02
Log Kow 6 Log Koa 8.88 Octanol 5.60E+04

Melting Point 103 deg C




ChemSCORER BetalOl
EPA Total Chlordanes

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance can be measured in years,
and is comparable to that of
pentachlorobenzene (2 years). Reactive
and advective residence times are
comparable, indicating the substance
may be mobile to other regions.

Removal Pathways

Advection
15%

Reaction
85%

80%
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- Level 11 Model Results
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4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Log Kow

Media of Reaction Media of Advection

Sediment Air Water Sediment

0 0,
= 19% Water 12% >

0%

Air
83%

Overall Residence Time: 716 days 1.96 years
Reaction Residence Time: 845 days 2.31 years
Advection Residence Time: 4706 days 12.89 years
Details of Level Il calculation for: EPA Total Chlordanes
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 55 5.08E+08 4.03E+08 1.59E+02 1.26E+02 28.434
Water 17000 2.48E+06 6.07E+07 7.72E-01 1.89E+01 1.971
Soil 17000 2.19E+09 0 6.84E+02 0 68.380
Sediment 55000 1.51E+07 2.39E+07 4.70E+00 7.46E+00 1.215
Total 2.72E+09 4 .88E+08 8.48E+02 1.52E+02 100.000
Reaction + Advection 3.21E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA Total Chlordanes

Steady State Distribution Reactive Removal .
Air Persistence
Emissions to air l\uf;ater Waters‘t]" Sed3i:/’lent (hOUrS) 4972.6
partition sediment 096 10% (days) 207.2
predominantly to ™., (years) 0.6
soil and Soil

sediment. 49%
Air
87%

Persistence of air emissions is comparable to that of the tetrachlorobenzenes (110 days).

Emission to Water

Steady State Distribution Reactive Removal .
Persistence

Emissions to Wege Ar Water (hours)  62811.4
water partition 02886 1706 | 4% (days) 2617.1
significantly to Soil

sediment and 2% (years) 7.2
may migrate to

soil. Sediment Sediment
97% 7%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil ' WA:er Waiter (hours) 246395
remain Sediment0% Sediment0% (days) 1026.6
predominantly in (years) 2.8
the soil
compartment.
Soil Soil
99% 100%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Emission to All 3

Steady State Distribution Reactive Removal Persist
ersistence
Water Soil ' (hours) 24290.9
098 1700'/0 Sediment

1012.1

25% (days)
(years) 2.8
Soil Air
16% 58%
Sediment
82% Water

1%
Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA Total Chlordanes
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 6.89E+04 4.32E+04 2.43E+06 2.43E+06 4.97E+06
Water 0 1000 0 1.31E+04 1.09E+06 4.61E+05 6.12E+07 6.28E+07
Soil 0 0 1000 7.13E+01 3.35E+03 2.44E+07 1.89E+05 2.46E+07
All 3 600 300 100 4.53E+04 3.53E+05 4.04E+06 1.99E+07 2.43E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 869 2 99 31 1000
Water 0 1000 0 165 44 19 772 1000
Soil 0 0 1000 1 0 997 2 1000

Al 3 600 300 100 571 14 165 250 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Total Chlordanes

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
214

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
993

Emission to water - Characteristic Travel Distance in Water

Water (km)
3916

Emission to soil - Effective Travel Distance

Air (km)
0

Water (km)
80

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is moderate, and is comparable to
that of DDT (830 km). This
chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Total Chlordanes

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

1059 ng/L BMF from sediment
1.06E-3 UV
220 210
2.96 4 4.96
0.62 1.04

g

op Iankton

—~~ Benthos—

Sediment 5044 ngit

5.04E-3 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 688249

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA 2,3,7,8-TCDD

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA 2,3,7,8-TCDD
This chemical ...
is more PERSISTENT (P) than CISICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than IS of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 54 9% of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA 2,3,7,8-TCDD

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

228544 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA 2,3,7,8-TCDD
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 4.67E-13 1.51E-10 1.27E-07 15 0.015
Water 3.23E-01 3.75E-10 1.21E-07 1.21E-07 24 0.024
Soll 2.91E+04 3.37E-05 1.09E-02 4.52E-03 97716 97.716
Sediment 5.82E+04 6.74E-05 2.17E-02 9.05E-03 2171 2.171
Suspended Sediment  1.82E+05 2.11E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 7.39E+04 8.57E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 321.98 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.66 Air 1.30E-01
Aqueous Solubility 104.1531518 g/m~3 Log Kaw -2.90 Water 1.04E+02
Log Kow 6.66 Log Koa 9.56 Octanol 4.76E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA 2,3,7,8-TCDD

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than ten years,
and is comparable to that of Total PCBs
(77 years). Reactive and advective
residence times are comparable,
indicating the substance is likely to be
subject to long range transport.

Removal Pathways

Advection
32%

Reaction
68%

Log Kaw

Media of Rgaction
3%

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10
11
12 |
13
14 |

-15

Sediment
6%

= NDNWhH oo N
! L L

1 Air &
1 Water
‘
Water &
Water Octanol

Octanol

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Water

Soil
91%

Log Kow

Media of Advection

Sediment
20%

Water
11%

Air
69%

Overall Residence Time: 6057 days 16.59 years
Reaction Residence Time: 8869 days 24.30 years
Advection Residence Time: 19105 days 52.34 years
Details of Level Il calculation for: EPA 2,3,7,8-TCDD
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 720 3.88E+07 4.03E+08 2.11E+01 2.19E+02 23.988
Water 10300 4.35E+06 6.47E+07 2.36E+00 3.51E+01 3.745
Soil 160000 1.13E+09 0 6.15E+02 0 61.525
Sediment 49400 8.16E+07 1.16E+08 4.43E+01 6.31E+01 10.742
Total 1.26E+09 5.85E+08 6.83E+02 3.17E+02 100.000
Reaction + Advection 1.84E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA 2,3,7,8-TCDD

Steady State Distribution Reactive Removal

Persistence
Emissions to air _ "‘ﬁ;‘*’ Sediment AL \yater (hours) 178335
partition Sediment__ 2 14% 13% o4 (days) 7431
predominantly to (years) 20
soil and
sediment.
Soil Soil
95% 72%
Persistence of air emissions is comparable to that of the PCBs (up to 80 years).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emissions to Waiter  Soil AitWatesoil (hours) 73548
water partition % 10% 19 4%39% (days) 3064
significantly to 8
sediment and (years)
may migrate to
soil. Sediment Sediment
89% 92%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal

Emissions to soil seut “to““'%e’ Waiiter (hours)
. edimen i 0%
remain Sediment 0% (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 98%

Persistence of soil emissions is comparable to that of the PCBs (up to 80 years).

Persistence
227095
9462
26

Emission to All 3

Steady State Distribution Reactive Removal

Air

o
Sediment 0% Air Water (hours)
17% \ater Sediment 8% 2% (days)
36%
(years)
Soil Soil
83% 54%

Persistence
151775
6324
17

Persistence under the standard emission scenario is comparable to that of the PCBs (up to 80 years).

Details of Level 111 calculation for: EPA 2,3,7,8-TCDD

Emission Rate (kg/h) Inventory at Steady State (kg)

Air Water Soil Air Water Soil Sediment Total

1000 0 0 1.34E+05 9.43E+04 1.68E+08 9.63E+06 1.78E+08
Water 0 1000 0 5.86E+03 6.42E+05 7.37E+06 6.55E+07 7.35E+07
Soil 0 0 1000 2.56E+02 1.53E+04 2.26E+08 1.57E+06 2.27E+08
All 3 600 300 100 8.21E+04 2.51E+05 1.26E+08 2.56E+07 1.52E+08

Emission Rate (kg/h) Reaction Loss Rate (kg/h)

1000 0 0 129 6 730 135 1000
Water 0 1000 0 6 43 32 919 1000
Soil 0 0 1000 0 1 977 22 1000
All 3 600 300 100 79 17 545 359 1000
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ChemSCORER BetalOl - Transport Model Results

EPA 2,3,7,8-TCDD

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
461

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
1927

Emission to water - Characteristic Travel Distance in Water

Water (km)
2310

Emission to soil - Effective Travel Distance

Air (km)
0

Water (km)
185

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is moderate, and is comparable to
that of DDT (830 km). This
chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA 2,3,7,8-TCDD

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

310 ng/L BMF from sediment
3.10E-4 ug/g
369 ] 536
3.72 9.45
0.81 2.06

70 oplan ktOn

—~~ Benthos—

Sediment 1423 ngiL

1.42E-3 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 4989267

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA alpha-HCH

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA alpha-HCH
This chemical ...
is more PERSISTENT (P) than EZEZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 72 % of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than EEEZM of chemicals in the reference set.
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ChemSCORER BetalO1l - Level 1 Model Results
EPA alpha-HCH

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Air Water
partitioning of the chemical. Many Sediment 2% 11%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
85%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is below the generally
accepted cut-off between bioaccumulative
and non-bioaccumulative substances of
5000. This substance is not expected to
bioaccumulate to a significant degree.

Details of Level I calculation for: EPA alpha-HCH

Equilibrium Chemical Distribution

Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %

Air 4.03E-04 5.61E-11 1.63E-08 1.38E-05 1633 1.633
Water 1.37E+00 1.90E-07 5.53E-05 5.53E-05 11064 11.064
Soil 2.34E+02 3.26E-05 9.48E-03 3.95E-03 85342 85.342
Sediment 4.69E+02 6.52E-05 1.90E-02 7.90E-03 1896 1.896
Suspended Sediment  1.46E+03 2.04E-04 5.93E-02 3.95E-02 59 0.059
Biota (Fish) 5.95E+02 8.28E-05 2.41E-02 2.41E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 290.85 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 3.94 Air 1.17E-01
Aqueous Solubility 397.5797299 g/m~3 Log Kaw -3.53 Water 3.98E+02
Log Kow 3.94 Log Koa 7.47 Octanol 3.46E+06

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA alpha-HCH 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 2
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12 -
substance can be measured in months, -13 - Water &
and is comparable to that of the 1‘5‘ 1 Water Octanol Octanol

tetrachlorobenzenes (120 days).

Reactive and advective residence times 4321012345678 910

are comparable, indicating the Log Kow
substance may be mobile to other
regions.
Removal Pathways Media of Reaction Media of Advection
Sedirant Water Sediment
02806 11% 0%

Reaction
43%

Advection
57%

Air
60%

Soil
87%

Overall Residence Time: 2063 hours 85.97 days

Reaction Residence Time: 4754 hours 198.06 days

Advection Residence Time: 3646 hours 151.91 days
Details of Level Il calculation for: EPA alpha-HCH

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 2880 9.71E+06 4.03E+08 8.11E+00 3.37E+02 34.497
Water 3240 5.85E+07 2.73E+08 4.88E+01 2.28E+02 27.712
Soil 3240 4.51E+08 0 3.77E+02 0 37.663
Sediment 55000 5.90E+05 9.37E+05 4.93E-01 7.83E-01 0.128
Total 5.20E+08 6.78E+08 4,34E+02 5.66E+02 100.000

Reaction + Advection 1.20E+09 1000
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ChemSCORER BetalO1 - Level 111 Model Results
EPA alpha-HCH

Steady State Distribution Reactive Removal .
Persistence
o . Sediment Air Sediment Air (hours) 5403.30
Emlssurt? to air 17% 18% ol 1% 23% (days) 295 14
partition 20%
significantly to (vears) 0.62
other media. Soil ater
33% 32% Water
37%
Persistence of air emissions is comparable to that of the tetrachlorobenzenes (110 days).
Emission to Water Steady State Distribution Reactive Removal .
! Persistence
Sediment
Air 3% Air (hours) 6519.17
issi di b )
EmISSIOI’lS- t_o Se3llrI:m 2% Soil (days) 271.63
water partition
(years) 0.74

significantly to
other media.

Soi
% 58% Water
82%

Persistence of water emissions is comparable to that of the tetrachlorobenzenes (140 days).

Emission to Soil

Steady State Distribution Reactive Removal
Emissions to soil Wiater Sechiatert (hours)
i 986
remain sedimento 0366 (days)
predominantly in (years)
the soil
compartment.
Soil Soil
98% 99%

Persistence of soil emissions is comparable to that of the tetrachlorobenzenes (250 days).

Persistence
4703.83
195.99
0.54

Emission to All 3

Steady State Distribution Reactive Removal
Sediment Air Sediment Air (hours)
20% 11% 1% 16% (days)

Soil
360/6 -

Water
47%

< ater
Soil 40%
29%

Persistence
5668.11
236.17
0.65

Persistence under the standard emission scenario is comparable to that of the tetrachlorobenzenes (130 days).

Details of Level Ill calculation for: EPA alpha-HCH
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 9.60E+05 1.75E+06 1.80E+06 9.01E+05 5.40E+06
Water 0 1000 0 2.34E+05 3.86E+06 4.39E+05 1.99E+06 6.52E+06
Soil 0 0 1000 7.27E+03 6.05E+04 4.60E+06 3.13E+04 4.70E+06
All 3 600 300 100 6.47E+05 2.21E+06 1.67E+06 1.14E+06 5.67E+06
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 231 373 384 11 1000
Water 0 1000 0 56 825 94 25 1000
Soil 0 0 1000 2 13 985 0 1000
All 3 600 300 100 156 473 357 14 1000
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ChemSCORER BetalOl - Transport Model Results

EPA alpha-HCH

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
1118

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
13821

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Water (km)
1893

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Emission to water - Characteristic Travel Distance in Water

Water (km)
13879

Emission to soil - Effective Travel Distance

Air (km)
0

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil may run-
off to water and be subject to
transport in surface water and

oceans.

Water (km)
3503
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA alpha-HCH

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

10985 ng/L BMF from sediment
1.10E-2 ug/g
7 ) 4
1.03 1.03
0.34 0.34

70 oplan ktOn

—~~ Benthos—

Sediment 32896 ngiL

3.29E-2 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 1432

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA p,p'-DDT

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA p,p'-DDT
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than L O7 of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 66 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA p,p'-DDT

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

bioaccumulative substances of 5000. In
the absence of metabolism by organisms,
this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA p,p'-DDT
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 5.22E-13 1.85E-10 1.56E-07 19 0.019
Water 7.76E-01 1.00E-09 3.56E-07 3.56E-07 71 0.071
Soll 2.36E+04 3.06E-05 1.09E-02 4.52E-03 97667 97.667
Sediment 4.73E+04 6.12E-05 2.17E-02 9.04E-03 2170 2.170
Suspended Sediment  1.48E+05 1.91E-04 6.78E-02 4.52E-02 68 0.068
Biota (Fish) 6.01E+04 7.78E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 354.5 g/mol (g/m~3)
Vapor Pressure 0.00002 Pa Log Kow 6.19 Air 2.86E-06
Aqueous Solubility 0.0055  g/m~3 Log Kaw -3.28 Water 5.50E-03
Log Kow 6.19 Log Koa 9.47 Octanol 8.52E+03

Melting Point 108.5 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA p,p'-DDT

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance can be measured in years,
and is comparable to that of
pentachlorobenzene (2 years). Reactive
residence time is more than 10 times
shorter than advective residence time,
indicating potential for transport to
other regions is low.

Removal Pathways

Advection
7%

Reaction
93%

Log Kaw

Media of Reaction

Alvater
Sediment 29%6%

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10 A
11
12
-13
-14 |

-15

= NDNWhH oo N
! L L

1 Air &
1 Water ><
‘
Water &
Water Octanol Octanol
4 3 -2 -1 01 2 3 4 5 6 7 8 9 10

Soil

97%

Log Kow

Media of Advection

Sediment
14%

Air
62%

Overall Residence Time: 948 days 2.60 years
Reaction Residence Time: 1018 days 2.79 years
Advection Residence Time: 13900 days 38.08 years
Details of Level Il calculation for: EPA p,p'-DDT
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 170 1.64E+08 4.03E+08 1.72E+01 4.21E+01 5.933
Water 5500 1.95E+07 1.55E+08 2.04E+00 1.62E+01 1.825
Soil 17000 8.67E+09 0 9.06E+02 0 90.631
Sediment 55000 5.96E+07 9.46E+07 6.23E+00 9.88E+00 1.611
Total 8.92E+09 6.53E+08 9.32E+02 6.82E+01 100.000
Reaction + Advection 9.57E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA p,p'-DDT

Steady State Distribution Reactive Removal

Air Persistence
Emissions to air _ ﬁter Sediment (hours) 18593.0
partition Segi{l}:”t 8% Air (days) 774.7
predominantly to 2% (years) 2.1
soil and
sediment. Soil Soil
65% 49% Water
1%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emissions to Wi pir e (howrs)  67715.2
water partition 020 12%
R . Soil (days) 28215
significantly to
(years) 7.7

sediment and
may migrate to

soil. Sediment
98% 83%

Sediment

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal

Emissions to soil Sedi tO% (hours)
. edimen 0,
remain SedlmentOA: (days)
predominantly in (years)
the soil
compartment.
Soil Soil
99% 100%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Persistence
24653.0
1027.2
2.8

Emission to All 3

Steady State Distribution Reactive Removal

Wa’ter (hours)

Air

Soil Sediment o
20% 30% 26% (days)
(years)

Water
Sediment 4%
70% Soil

40%

Persistence
33935.6
1414.0
3.9

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level Il calculation for: EPA p,p'-DDT
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.02E+05 8.82E+04 1.21E+07 6.32E+06 1.86E+07
Water 0 1000 0 5.71E+03 9.22E+05 6.75E+05 6.61E+07 6.77E+07
Soil 0 0 1000 3.29E+01 2.64E+03 2.45E+07 1.89E+05 2.47E+07
All 3 600 300 100 6.31E+04 3.30E+05 9.90E+06 2.36E+07 3.39E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 417 11 492 80 1000
Water 0 1000 0 23 116 27 833 1000
Soil 0 0 1000 0 0 997 2 1000
All 3 600 300 100 257 42 403 298 1000
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ChemSCORER BetalOl - Transport Model Results

EPA p,p'-DDT

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
65

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
1472

Emission to water - Characteristic Travel Distance in Water

Water (km)
3320

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is moderate, and is comparable to
that of DDT (830 km). This
chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA p,p'-DDT

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

813 ng/L BMF from sediment
8.13E-4 UV
289 321
3.29 ’ 6.37
0.69 1.33

g

op Iankton

—~~ Benthos—

Sediment 3879 ngiL

3.88E-3 ug/g 180
1.00
Overall Bioaccumulation Factor, Lake Trout / Water : 1285014

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Toxaphene

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT

Summary Rankings for: EPA Toxaphene
This chemical ...
is more PERSISTENT (P) than of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than CHRCZ of chemicals in the reference set.
No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than EREZM of chemicals in the reference set.
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ChemSCORER BetalO1l - Level 1 Model Results
EPA Toxaphene

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium VWditer
partitioning of the chemical. Many Sediment @%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is greater than the
generally accepted cut-off between
bioaccumulative and non-bioaccumulative
substances of 5000. In the absence of
rapid metabolism by organisms, this
substance is expected to bioaccumulate.

Details of Level I calculation for: EPA Toxaphene

Equilibrium Chemical Distribution

Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %

Air 4.03E-04 7.47E-13 3.09E-10 2.61E-07 31 0.031
Water 2.27E+00 4.20E-09 1.74E-06 1.74E-06 348 0.348
Soil 1.41E+04 2.61E-05 1.08E-02 4.51E-03 97384 97.384
Sediment 2.82E+04 5.23E-05 2.16E-02 9.02E-03 2164 2.164
Suspended Sediment  8.82E+04 1.63E-04 6.76E-02 4.51E-02 68 0.068
Biota (Fish) 3.59E+04 6.64E-05 2.75E-02 2.75E-02 5 0.005
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 413.8 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 5.50 Air 1.67E-01
Aqueous Solubility 938.7407107 g/m~3 Log Kaw -3.75 Water 9.39E+02
Log Kow 5.5 Log Koa 9.25 Octanol 2.97E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Toxaphene

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than five years,
and is comparable to that of
hexachlorobenzene (7.6 years).
Reactive and advective residence times
are comparable, indicating the
substance may be subject to long range
transport.

Removal Pathways

Advection
34%

eaction
66%

10

©
!

= NDNWhH oo N
! L L

Lo
e

1 Air&
1 Water

Log Kaw
NS

1
E>N

oo [
© o ~N O O
| L | |

-10
11
-12 A
-13 1
-14 4 Water
-15

Water &
Octanol

Octanol

Media of Reaction

Sediment Air - water
2% 9% 0%

Soil
89%

Log Kow

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Media of Advection

Sediment
6%

Overall Residence Time: 1998 days 5.48 years
Reaction Residence Time: 3009 days 8.24 years
Advection Residence Time: 5951 days 16.30 years
Details of Level Il calculation for: EPA Toxaphene
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 170 1.64E+08 4.03E+08 6.05E+01 1.48E+02 20.875
Water 55000 5.72E+06 4.54E+08 2.10E+0Q0 1.67E+02 16.889
Soil 55000 1.60E+09 0 5.89E+02 0 58.853
Sediment 55000 3.56E+07 5.65E+07 1.31E+01 2.08E+01 3.384
Total 1.81E+09 9.14E+08 6.64E+02 3.36E+02 100.000
Reaction + Advection 2.72E+09 1000 )
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ChemSCORER BetalO1 - Level 111 Model Results
EPA Toxaphene

Steady State Distribution Reactive Removal .
Air Persistence
Emissions to air Sediment 0% Sediment (hours) 40506.1
partition 18% Lo 9% _ (days) 1687.8
predominantly to 5/3'0;0 (years) 4.6
son_l and Soi
sediment. ' 41%
Soil Water
81% 0%

Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).

Emission to Water

Steady State Distribution Reactive Removal Persist
ersistence
.. Wat
Emnssnons_ to AWater Soil Air ;;r (hours) 75396.3
water partition 0%4% 4% Soil (days) 3141.5
significantly to ( ) 8.6
years, .

sediment and
may migrate to
soil. Sediment Sediment

92% 87%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil  Waiter Witer (hours) 79244.1
remain Sediment0% Sediment@% (days) 3301.8
predominantly in (years) 9.0
the soil
compartment.
Soil Soil
99% 99%
Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).
Emission to All 3 Steady State Distribution Reactive Removal )
Air Persistence

o (hours)  54846.9
Water Sediment Air
Sediment 32% 31% (days) 2285.3
46% (years) 6.3
Soil
520 ater

0
Soil 1%
36%

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level Il calculation for: EPA Toxaphene
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.20E+05 2.96E+05 3.29E+07 7.16E+06 4.05E+07
Water 0 1000 0 1.23E+04 2.86E+06 3.36E+06 6.92E+07 7.54E+07
Soil 0 0 1000 3.75E+02 4.08E+04 7.82E+07 9.86E+05 7.92E+07
Al 3 600 300 100 7.60E+04 1.04E+06 2.86E+07 2.51E+07 5.48E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 491 4 415 90 1000
Water 0 1000 0 50 36 42 871 1000
Soil 0 0 1000 2 1 986 12 1000

Al 3 600 300 100 310 13 360 317 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Toxaphene

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
322

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
1735

Emission to water - Characteristic Travel Distance in Water

Water (km)
10296

Emission to soil - Effective Travel Distance

Air (km)
0

Water (km)
9204

Under equilibrium partitioning
conditions, this chemical is likely to
be transported by both air and
water.

Characteristic Travel Distance in air
is moderate, and is comparable to
that of DDT (830 km). This
chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Characteristic Travel Distance in
water is high, and is comparable to
that of toxaphene (9700 km). This

chemical may be subject to long

range transport in surface and
ocean waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Toxaphene

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Concentration (ug/q)
ut
Water 2ke 1ro BMF from water
4295 ngiL BMF from sediment
4.30E-3 UV

195 ) 130

2.05 : cul , 2.39

0.44 0.51

230 \

2.12
0.45

g

oplankto

n

68
1.00

—~~ Benthos—

Sediment 20193 ngn
2.02E-2 ugrg
Overall Bioaccumulation Factor, Lake Trout / Water : 120143

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Octachlorostyrene

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA Octachlorostyrene
This chemical ...
is more PERSISTENT (P) than SZACZ9M of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 68 % of chemicals in the reference set.



Page 2 of 6

ChemSCORER BetalO1l - Level 1 Model Results
EPA Octachlorostyrene

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

1442016 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA Octachlorostyrene
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 2.96E-12 1.13E-09 9.50E-07 113 0.113
Water 6.85E-03 5.03E-11 1.91E-08 1.91E-08 4 0.004
Soil 3.89E+03 2.86E-05 1.08E-02 4.52E-03 97640 97.640
Sediment 7.78E+03 5.71E-05 2.17E-02 9.04E-03 2170 2.170
Suspended Sediment  2.43E+04 1.79E-04 6.78E-02 4.52E-02 68 0.068
Biota (Fish) 9.88E+03 7.26E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 379.71 g/mol (g/m~3)
Vapor Pressure 0.00176 Pa Log Kow 7.46 Air 2.70E-04
Aqueous Solubility 0.0045776 g/m~3 Log Kaw -1.23 Water 4.58E-03
Log Kow 7.46 Log Koa 8.69 Octanol 1.32E+05

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Octachlorostyrene

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance can be measured in years,
and is comparable to that of
pentachlorobenzene (2 years). Reactive
residence time is more than 10 times
shorter than advective residence time,
indicating potential for transport to
other regions is low.

Removal Pathways

Advection
6%

Reaction
94%

Log Kaw

Media of Reaction
RMiater
Sediment 2%%

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10
11
12 |
13
14 |

-15

= NDNWhH oo N
! L L

1 Air &
1 Water
‘
Water &
Water Octanol Octanol
4 3 -2 -1 01 2 3 4 5 6 7 8 9 10

Soil

97%

Log Kow

Megdiga.@f Advection

4%

Water

Air
96%

Overall Residence Time: 204 days 0.56 years
Reaction Residence Time: 217 days 0.59 years
Advection Residence Time: 3552 days 9.73 years
Details of Level Il calculation for: EPA Octachlorostyrene
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 227 1.23E+08 4.03E+08 1.68E+01 5.51E+01 7.197
Water 3600 2.64E+05 1.37E+06 3.60E-02 1.87E-01 0.022
Soil 3600 6.74E+09 0 9.21E+02 0 92.057
Sediment 14400 3.74E+07 1.56E+07 5.11E+00 2.13E+00 0.724
Total 6.90E+09 4.20E+08 9.43E+02 5.74E+01 100.000
Reaction + Advection 7.32E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA Octachlorostyrene

Steady State Distribution Reactive Removal

Ar Persistence
Emissions to air 11% ) Sediment (hours) 2183.77
partition Sediment Water ;;'/l 4% (days) 90.99
L 36% % p)
significantly to (years) 0.25
soil and Water
: 0%
sediment. Soil Air
52% 74%
Persistence of air emissions is comparable to that of the tetrachlorobenzenes (110 days).
Emission to Water Steady State Distribution Reactive Removal .
Water Persistence
EmISSIOnS_ t_O WSt Ar [ 6% (hours) 19318.84
V\{atgr' partition 026% Soil (days) 804.95
significantly to 221
sediment and (vears) )
may migrate to
soil. Sediment Sediment
98% 91%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal

Emissions to soil - Waiter SatiiEmt (hours)
. Sediment0% 0%
remain (days)
predominantly in (years)
the soil
compartment.
Soil Soil
100% 100%

Persistence of soil emissions is comparable to that of the tetrachlorobenzenes (250 days).

Persistence
5201.88
216.74
0.59

Emission to All 3

Steady State Distribution Reactive Removal

AWater gy (hours)
294 % Sediment
16%
30% Ar (days)
45% (years)
Sediment Soil Water
81% 23% 2%

Persistence
7626.10
317.75
0.87

Persistence under the standard emission scenario is comparable to that of the tetrachlorobenzenes (130 days).

Details of Level Ill calculation for: EPA Octachlorostyrene

Emission Rate (kg/h) Inventory at Steady State (kg)

Air Water Soil Air Water Soil Sediment Total

1000 0 0 2.42E+05 1.21E+04 1.15E+06 7.81E+05 2.18E+06
Water 0 1000 0 7.53E+03 2.94E+05 3.57E+04 1.90E+07 1.93E+07
Soil 0 0 1000 3.01E+01 1.55E+02 5.19E+06 1.00E+04 5.20E+06
All 3 600 300 100 1.48E+05 9.56E+04 1.22E+06 6.16E+06 7.63E+06

Emission Rate (kg/h) Reaction Loss Rate (kg/h)

1000 0 0 739 2 221 38 1000
Water 0 1000 0 23 57 7 913 1000
Soil 0 0 1000 0 0 999 0 1000
All 3 600 300 100 450 18 235 297 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Octachlorostyrene

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
84

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
3486

Emission to water - Characteristic Travel Distance in Water

Water (km)
1059

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported most effectively in
air.

Characteristic Travel Distance in air
is high, and is comparable to that of
hexachlorinated PCBs (4200 km).
This chemical may be subject to
long range transport and deposition
in the arctic.

Characteristic Travel Distance in
water is moderate, and is
comparable to that of
chlorobenzene (1300 km). This
chemical may be subject to
transport in surface and near-shore
marine waters.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Octachlorostyrene

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

24 ng/L BMF from sediment
2.37E-5 UV
122 185
2.56 ’ 6.78
1.12 2.96

g

op Iankton

—~~ Benthos—

Sediment 54 ngiL

5.43E-5 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 20770986

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA B[a]p

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA B[a]p
This chemical ...
is more PERSISTENT (P) than 78 % of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than EZEZM of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 73 of chemicals in the reference set.
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ChemSCORER BetalO1l - Level 1 Model Results
EPA B[a]p

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

109388 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA B[a]p
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 3.46E-14 8.74E-12 7.37E-09 1 0.001
Water 1.16E+01 9.99E-10 2.52E-07 2.52E-07 50 0.050
Soll 5.01E+05 4.30E-05 1.09E-02 4.52E-03 97704 97.704
Sediment 1.00E+06 8.61E-05 2.17E-02 9.05E-03 2171 2171
Suspended Sediment  3.13E+06 2.69E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 1.27E+06 1.09E-04 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 252.3 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 6.34 Air 1.02E-01
Aqueous Solubility 2937 g/m~3 Log Kaw -4.46 Water 2.94E+03
Log Kow 6.34 Log Koa 10.80 Octanol 6.43E+09

Melting Point 177.5 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA B[a]p 10
9 |
Equilibrium Partitioning 8 1
Persistence Information Z’
The figure at right identifies 51
environmental media that have a g 1
controlling influence on the overall rate 5
of reactive degradation of this 14
substance. Substances that fall near 0
the center of the diagram are expected 3 -1
to accumulate in all media, and overall Q 24 Air&
persistence will be influenced by all 8’ -3 1 water
degradation rates. The relative a4 ><
importance of advection and reaction to :g ) N
the regional-scale removal of this
. . -7 A
substance, and the media from which 8 | i
these processes take place are depicted -9 |
in the pie charts below. -10 |
The equilibrium distribution reaction -11
residence time calculated for this -12
substance can be measured in years, -13 - Water &
and is comparable to that of 1‘5‘ 1 Water Octanol Octanol

pentachlorobenzene (2 years). Reactive
residence time is more than 10 times
shorter than advective residence time, Log Kow
indicating potential for transport to
other regions is low.

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Removal Pathways Media of Reaction Media of Advection
Advection Air  water Air
1% Sediment 3% 5% 9%

Sediment
42%

Reaction

99% Soil

92%

Overall Residence Time: 308 days 0.84 years

Reaction Residence Time: 311 days 0.85 years

Advection Residence Time: 40615 days 111.27 years
Details of Level Il calculation for: EPA B[a]p

Removal Processes - Equilibrium Distribution

Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)

Air 1.52 1.84E+10 4.03E+08 2.95E+01 6.46E-01 3.012
Water 56.08151099 2.88E+10 2.33E+09 4.61E+01 3.73E+00 4.983
Soil 5487.166023 5.70E+11 0 9.13E+02 0 91.288
Sediment 28140 2.47E+09 2.00E+09 3.96E+00 3.21E+00 0.717
Total 6.19E+11 4.74E+09 9.92E+02 7.59E+00 100.000

Reaction + Advection 6.24E+11 1000
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ChemSCORER BetalO1 - Level 111 Model Results
EPA B[a]p

Reactive Removal

Steady State Distribution

Soi Persistence
Emissions to air Vater 5% (hours) 397.21
partition Sediment 1% (days) 16.55
predominantly to (years) 0.05
soil and
sediment.
Soil Air
93% 95%
Persistence of air emissions is comparable to that of chlorobenzene (250 hours).
Emission to Water Steady State Distribution Reactive Removal .
‘ Persistence
Emissions to Wt e ar (hours)  4491.44
water partition o Sol (Gays)  187.14
significantly to (vears) 0.51

sediment and
may migrate to

soil. Sediment Water
98% 89%

Persistence of water emissions is comparable to that of the tetrachlorobenzenes (140 days).

Emission to Soil

Steady State Distribution Reactive Removal

Emissions to soil s““(‘;fm SatihieEnt (hours)
. 0%
remain ° (days)
predominantly in (years)
the soil
compartment.
Soil Soil
100% 100%

Persistence of soil emissions is comparable to that of the tetrachlorobenzenes (250 days).

Persistence
7914.82
329.78
0.90

Emission to All 3

Steady State Bistribution Reactive Removal

Soil  Sediment (hours)
13% 3% (days)
(years)

Air
57%

Persistence
2377.24
99.05
0.27

Persistence under the standard emission scenario is comparable to that of the tetrachlorobenzenes (130 days).

Details of Level Ill calculation for: EPA B[a]p
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 2.08E+03 3.91E+02 3.71E+05 2.40E+04 3.97E+05
Water 0 1000 0 5.27E-01 7.21E+04 9.40E+01 4.42E+06 4.49E+06
Soil 0 0 1000 3.89E-02 6.37E+01 7.91E+06 3.90E+03 7.91E+06
All 3 600 300 100 1.25E+03 2.19E+04 1.01E+06 1.34E+06 2.38E+06
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 948 5 47 1 1000
Water 0 1000 0 0 891 0 109 1000
Soil 0 0 1000 0 1 999 0 1000
All 3 600 300 100 569 270 128 33 1000
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ChemSCORER BetalOl - Transport Model Results

EPA Bl[a]p

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Air (km)
1

TaPL 111 - Mode of entry assessments
Emission to air - Characteristic Travel Distance in Air

Air (km)
30

Emission to water - Characteristic Travel Distance in Water

Water (km)

260

Emission to soil - Effective Travel Distance

Air (km)
0

Under equilibrium partitioning
conditions, this chemical is likely to
be transported most effectively in
water.

Characteristic Travel Distance in air

is low. This chemical is not likely to

be transported a significant distance
in the atmosphere.

Characteristic Travel Distance in
water is low. This chemical is not
likely to be transported a significant
distance in water.

Emissions directly to soil are not
expected to partition significantly to
air or water, and are not likely to be

subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA B[a]p

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Water

Concentration (ug/q)
BMF from water

45 ng/L BMF from sediment
4.45E-5 UV
20 24
2.93 ’ 6.15
0.84 1.76

g

op Iankton

—~~ Benthos—

Sediment 156 ngit

1.56E-4 ug/g

Overall Bioaccumulation Factor, Lake Trout / Water : 1683335

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.
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ChemSCORER BetalO1l Assessment - Summary Ranking

EPA Mirex

Environmental Hazard Index P
Likely Hazard

Possible Hazard

Unlikely Hazard

LRT
T
Summary Rankings for: EPA Mirex
This chemical ...
is more PERSISTENT (P) than CZICZM of chemicals in the reference set.
is more BIOACCUMMULATIVE (B) than 2 of chemicals in the reference set.

No data on mammalian toxicity was supplied.
has greater LONG RANGE TRANSPORT (LRT) than 53 % of chemicals in the reference set.
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ChemSCORER BetalO1l - Level I Model Results
EPA Mirex

The Level | chemical distibution Level I Chemical Distribution

represents long term equilibrium Whaiter
partitioning of the chemical. Many Sediment 0%
persistent chemicals partition
predominantly to soils. Long range
transport usually requires
partitioning (at least 1%) to one of
the mobile media (air or water).

Soil
98%

CAANANA A AN ANAANANAANAN
— Bioconcentration Factor (BCF) —

The calculated BCF is substantially greater
than the generally accepted cut-off
between bioaccumulative and non-

1442016 bioaccumulative substances of 5000. In

the absence of metabolism by organisms,

this substance may bioaccumulate similar
to DDT (BCF 63000) or PCBs (BCFs up to

300000).
Details of Level I calculation for: EPA Mirex
Equilibrium Chemical Distribution
Compartment z Concentration Amount
(mol/m”~3Pa) (mol/m~3) (mg/L) (ug/g) kg %
Air 4.03E-04 5.69E-13 3.10E-10 2.62E-07 31 0.031
Water 2.49E-02 3.51E-11 1.91E-08 1.91E-08 4 0.004
Soil 1.41E+04 1.99E-05 1.09E-02 4.52E-03 97720 97.720
Sediment 2.82E+04 3.98E-05 2.17E-02 9.05E-03 2172 2.172
Suspended Sediment  8.82E+04 1.24E-04 6.79E-02 4.52E-02 68 0.068
Biota (Fish) 3.59E+04 5.06E-05 2.76E-02 2.76E-02 6 0.006
Total 100000 100.000

Physical Chemical Data and Partition Coefficients

Input Parameters Partition Coefficients Three Solubilities
Molar Mass 545.59 g/mol (g/m~3)
Vapor Pressure 1 Pa Log Kow 7.46 Air 2.20E-01
Aqueous Solubility 13.57130365 g/m~3 Log Kaw -1.79 Water 1.36E+01
Log Kow 7.46 Log Koa 9.25 Octanol 3.91E+08

Melting Point -999 deg C
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ChemSCORER BetalO1l - Level 11 Model Results

EPA Mirex

Equilibrium Partitioning
Persistence Information

The figure at right identifies
environmental media that have a
controlling influence on the overall rate
of reactive degradation of this
substance. Substances that fall near
the center of the diagram are expected
to accumulate in all media, and overall
persistence will be influenced by all
degradation rates. The relative
importance of advection and reaction to
the regional-scale removal of this
substance, and the media from which
these processes take place are depicted
in the pie charts below.

The equilibrium distribution reaction
residence time calculated for this
substance is greater than five years,
and is comparable to that of
hexachlorobenzene (7.6 years).
Reactive and advective residence times
are comparable, indicating the
substance may be subject to long range
transport.

Removal Pathways

Advection
20%

Reaction
80%

Log Kaw

Media of Reaction

Sediment AIr  \water
2% 9% 100

10

©
!

I LT N O U
© oo ~NO O WN-O0
L L L1

-10
11
12 |
13
14 |

-15

Soil
88%

= NDNWhH oo N
! L L

1 Air &
1 Water
‘
Water &
Water Octanol

Octanol

4 -3 -2-1 01 2 3 4 5 6 7 8 9 10

Log Kow

Media of Advection

Sediment
12%

Water
1%

Air
87%

Overall Residence Time: 2370 days 6.49 years
Reaction Residence Time: 2975 days 8.15 years
Advection Residence Time: 11655 days 31.93 years
Details of Level Il calculation for: EPA Mirex
Removal Processes - Equilibrium Distribution
Half-life D Values Loss Rates Removal
Compartment (hours) Reaction Advection Reaction Advection %
(mol/Pa h) (mol/Pa h) (kg/h) (kg/h)
Air 170 1.64E+08 4.03E+08 7.19E+01 1.76E+02 24.839
Water 170 2.03E+07 4 .97E+06 8.87E+00 2.18E+00 1.105
Soil 55000 1.60E+09 0 7.00E+02 0 70.030
Sediment 55000 3.56E+07 5.65E+07 1.56E+01 2.47E+01 4.026
Total 1.82E+09 4.65E+08 7.97E+02 2.03E+02 100.000
Reaction + Advection 2.29E+09 1000 )
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ChemSCORER BetalO1l - Level 111 Model Results
EPA Mirex

Steady State Distribution Reactive Removal .
Persistence
Emissions to air ) Waiter Sediment (hours) 32993.3
partition Sediment_®%6 Soil 2% (days) 1374.7
predominantly to 39% (years) 3.8
soil and Air
sediment. 54%
Soil Water
95% 5%
Persistence of air emissions is comparable to that of hexachlorobenzene (2200 days).
Emission to Water Steady State Distribution Reactive Removal .
Persistence
Emissions_ t_O Wil » Air (hours) 23637.6
water partition %296 Sediment 1% (days) 984.9

29%

significantly to
sediment and
may migrate to

(years) 2.7

il Water
Soll. Sediment 69%

97%

Persistence of water emissions is comparable to that of hexachlorobenzene (2300 days).

Emission to Soil

Steady State Distribution Reactive Removal .
Persistence
Emissions to soil ) WA:er Water (hours) 789012
remain Sediment0% Sedimentd% (days) 3287.6
predominantly in (years) 9.0
the soil
compartment.
Soil Soil
100% 99%

Persistence of soil emissions is comparable to that of hexachlorobenzene (3200 days).

Emission to All 3

Steady State Distribution Reactive Removal )
Air Persistence
Sediment 0% Sediment (hoursy  34777.4
3% Water 10% Air (days) 1449.1

32%

(years) 4.0
Soil
34%
Soil Water
7% 24%

Persistence under the standard emission scenario is comparable to that of hexachlorobenzene (2300 days).

Details of Level 111 calculation for: EPA Mirex
Emission Rate (kg/h) Inventory at Steady State (kg)
Air Water Soil Air Water Soil Sediment Total
1000 0 0 1.32E+05 1.19E+04 3.13E+07 1.60E+06 3.30E+07
Water 0 1000 0 1.73E+03 1.71E+05 4.09E+05 2.31E+07 2.36E+07
Soil 0 0 1000 7.46E+01 1.36E+03 7.87E+07 1.84E+05 7.89E+07
All 3 600 300 100 7.97E+04 5.86E+04 2.67E+07 7.89E+06 3.48E+07
Emission Rate (kg/h) Reaction Loss Rate (kg/h)
1000 0 0 538 48 394 20 1000
Water 0 1000 0 7 697 5 290 1000
Soil 0 0 1000 0 6 992 2 1000

Al 3 600 300 100 325 239 337 99 1000
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ChemSCORER BetalOl - Transport Model Results
EPA Mirex

TaPL 11 - Equilibrium distribution Characteristic Travel Distance

Under equilibrium partitioning

Air (km) conditions, this chemical is likely to
319 be transported most effectively in
air.
TaPL 111 - Mode of entry assessments

Emission to air - Characteristic Travel Distance in Air

Characteristic Travel Distance in air
is moderate, and is comparable to
Air (km) that of DDT (830 km). This
1900 chemical may be found in remote
areas, but is not necessarily
transported over very long
distances.

Emission to water - Characteristic Travel Distance in Water

Characteristic Travel Distance in
water is low. This chemical is not
likely to be transported a significant
distance in water.

Water (km)
616

Emission to soil - Effective Travel Distance

Emissions directly to soil are not
expected to partition significantly to
Air (km) air or water, and are not likely to be
0 subject to transport.
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ChemSCORER BetalO1 - Toxicity and Bioaccumulation
EPA Mirex

Toxicity Information

No mammalian toxicity data was supplied. No aquatic toxicity data was supplied.

Evaluative Aquatic Foodweb

Wate r \’a\‘e Trout Concentration (ug/q)

BMF from water

15 ngiL BMF from sediment
1.45E-5 UV
114 190
3.88 ’ 11.32
0.81 2.36

g

op Iankton

—~~ Benthos—

Sediment 70 ngit

6.95E-5 ug/g 60
1.00
Overall Bioaccumulation Factor, Lake Trout / Water : 33808120

Notes on Terminology:

Bioconcentration (BCF) - Increase in contaminant concentration from water to fish.
Biomagnification (BMF) - Increase in contaminant concentration from food to fish.
Bioaccumulation (BAF) - Total contaminant concentration increase due to BCF and BMF.





