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I. INTRODUCTION 

This report covers the first phase of a two-year project to develop economically 
constructive ways of virtually eliminating the entry of several major toxic pollutants into the 
Great Lakes: polychlorinated dibenzo-dioxins (PCDD), polychlorinated dibenzo-furans 
(PCDF), and hexachlorobenzene (HCB). In this initial phase of the project we have 
identified the numerous sources of these pollutants and have estimated the amounts that each 
of them contributes to the Great Lakes annually. In the second phase of the project, we are 
evaluating economically constructive ways of virtually eliminating the impact of these 
pollutants on the Great Lakes by changing the responsible industrial and agricultural 
processes so that they do not produce the pollutants at all. 

For many years, the Great Lakes have been recognized as a major testing ground of 
the effort to understand -- and to remedy -- modern environmental degradation. The lakes 
are embedded in a region of intense agricultural, industrial and urban activity and have been 
heavily affected by the resultant pollution. They have been the subject of extensive 
ecological analysis, earlier with respect to eutrophication, and more recently in order to 
understand the impact of toxic pollutants (Colburn et al., 1990; Environment Canada, 1991). 

Since 1909, the environmental future of the Great Lakes has been the responsibility of 
a pioneering effort in international ecological collaboration. Mandated by a series of 
U.S.-Canadian treaties, the International Joint Commission (UC) has evaluated detailed 
studies of the lakes' ecological status and has proposed ways of improving it. 

Numerous studies have shown that the lakes are heavily burdened with a number of 
long-lasting, highly toxic pollutants that accumulate in the food chain, among them 
PCDD/PCDF and HCB. According to the IJC, 

Mounting evidence continues to reinforce concerns about the effects of 
persistent toxic substances. Long-term exposure of fish, wildlife and humans 
to these substances has been linked to reproductive, metabolical, neurological 
and behavioral abnormalities; to immunity suppression leading to susceptibility 
to infections and other life-threatening problems; and to increasing levels of 
breast and other cancers. Available evidence also points to long-term 
reproductive and intergenerational effects. (UC, 1994) 

The recent U.S. EPA dioxin risk assessment (U.S. EPA C) has recognized the serious 
implications of these results: that current exposure to PCDD, PCDF and related dioxin-like 
substances is sufficient to threaten the human population as a whole. 

The IJC has concluded that only the strategy of pollution prevention can substantially 
reduce the lakes' burden of such substances. At present, efforts to reduce the environmental 
impact of toxic pollutants are almost entirely based on the strategy of control: a device is 
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appended to the source with the aim of recapturing enough of the pollutant to bring the 
environmental emissions to some presumably acceptable level. In this case, the chief 
regulatory task is to specify a level of control device performance that is expected to reduce 
emissions to the acceptable environmental level. 

The strategy adopted by the UC calls for a different approach. Since the goal is the 
virtual elimination of the pollutant -- which experience shows is unattainable through control 
devices (Commoner, 1988, 1994) -- this must be achieved by altering the facilities or 
processes that generate the pollutant so that it is not produced to begin with. Thus, the goal 
is to appropriately redesign the individual facilities -- for example, incinerators, pulp and 
paper mills, or chemical plants -- that are collectively responsible for the pollutant loadings 
to the Great Lakes. Hence, in practice, the UC strategy requires an evaluation of the degree 
to which such sources contribute to the pollutants that actually reach the Great Lakes. Then 
judgments can be made as to which of the classes of sources, and which individual ones, if 
properly redesigned, would bring the goal of virtually eliminating the entry of the pollutants 
into the Great Lakes within reach. 

Thus, in contrast to the control-based strategy of remediation -- which involves the 
generic application of control devices and emission standards -- the UC's remedial program 
requires a detailed evaluation of separate sources with respect to: their emissions; the fraction 
of the emitted material that reaches the Great Lakes; and the relative contribution that each 
source or class of sources makes to the level of pollution in the lakes. These considerations 
have guided the design of this project. 

Recent studies of pollutants in the Great Lakes have identified a list of substances that 
appear to be responsible for the main toxic hazards. (For summaries, see UC 1992; U.S. 
EPA 1993A.) Certain of these substances, for example polychlorinated-biphenyl (PCB), are 
no longer produced in the United States and Canada, so that the issue of eliminating their 
production is moot -- at least in these countries. The group of compounds that we have 
selected for this study are widely recognized as among the most serious continuing 
contributors to environmental hazards in the Great Lakes, and, indeed, more widely as well. 

PCDDs and PCDFs are a group of 210 substances, similar in their molecular 
structure but which differ in the number and arrangement of their chlorine atoms. The 
individual members of the group, or congeners, have similar biological effects, which include 
increased incidence of cancer and damage to the development of the endocrine, immune and 
nervous systems. Only 17 of the 210 possible PCDD/PCDF congeners exhibit these toxic 
properties, and these differ considerably in their toxic potency. The toxic potency of the 
PCDD/PCDF congeners is commonly expressed in terms of Toxicity Equivalency Factors 
(TEF), i.e., the toxic potency of a given congener relative to that of 
2,3,7,8-tetrachloro-dibenzo-p-dioxin (2,3,7,8-TCDD), which is the most toxic congener. 
The overall toxicity of a mixture of PCDD and PCDF congeners can be expressed 
quantitatively by using their respective TEFs to compute the amount of 2,3,7,8-TCDD that is 
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equivalent in its toxicity to that of the mixture. This quantity is expressed as amount of toxic 
equivalents (TEQ). 

PCDD and PCDF are not produced intentionally. However, they frequently occur as 
by-products in the manufacture of chlorinated organic substances. They are also produced 
when such substances are burned or when chlorine is present in any combustion process. 
They can also occur when chlorine or chlorine compounds are used for bleaching, as in the 
pulp and paper industry (Fiedler et al., 1990). 

HCB produces a number of toxic effects in animals and people, including: abnormal 
fetal development, alteration of reproductive and development processes, and carcinogenicity 
(ATSDR, 1990, 1994; IARC, 1986). HCB has not been commercially produced in the 
United States since the 1970s; but it still occurs as a by-product in the chemical 
manufacturing of chlorinated organic compounds. As a result, certain pesticides are 
significantly contaminated with HCB. HCB also often occurs in the wastes from facilities 
that manufacture chlorinated organic compounds. Combustion processes that produce 
PCDD/PCDF are likely to produce HCB as well (U.S. EPA 1986A). 

There is evidence that PCDD/PCDF and HCB enter the Great Lakes both from the air 
(see, for example, Eisenreich ~., 1981; Strachan & Eisenreich, 1988; Eisenreich & 
Strachan, 1992; Charles & Hites, 1987), and as the result of waterborne discharges (see, for 
example, Environment Canada and U.S. EPA 1988; Duran and Oliver, 1983; Onuska et al., 
1983). 

Il. PROCEDURES 

A. Approach: 

In this first phase of the project, our overall aim was to identify those sources of 
PCDD/PCDF and HCB, which, if modified so as to no longer generate these pollutants, 
would virtually eliminate their entry into the Great Lakes. The general analytical problem is 
to determine, for each of the relevant sources (e.g. a particular municipal waste incinerator, 
or the HCB-containing pesticides used in a particular state or province), the amounts of their 
emitted PCDD/PCDF and/or HCB that enter the Great Lakes. To accomplish this purpose 
we have sought to identify and estimate the emissions of all of the U.S. and Canadian 
sources that are expected to emit the targeted pollutants. Then, for each source -- based on 
its location relative to the Great Lakes and the losses in transport -- we estimated the percent 
of the emitted material that actually enters the Great Lakes. In addition, we have analyzed 
the influence of the distance and geographic orientation of the sources relative to the lakes on 
the percent of the emissions deposited in them. Finally, by ranking the sources in 
descending order according to their contribution to the total amounts entering the Great 
Lakes, the most important classes of sources and individual ones were identified, as a guide 
to evaluating the economic implications of virtually eliminating their environmental impact. 
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B. Airborne Sources: 

1. Identification of sources: 

Ideally, this requires listing all of the U.S. and Canadian facilities (e.g. individual 
municipal waste incinerators or chemical plants) that are expected to emit PCDD/PCDF and 
HCB into the air. Given the limitations of the available data, this has been possible, to a 
reasonable degree of completeness, for only certain classes of sources: municipal waste 
incinerators, secondary copper refiners and smelters, sewage sludge incinerators, hazardous 
waste incinerators, cement kilns and iron sintering plants. In the case of several other 
classes -- medical waste incinerators, coal burning, wood burning, and mobile sources -- the 
individual sources are insufficiently documented and/or too numerous for individual 
characterization. They have therefore been characterized on a state-by-state (or province) 

. basis by indirect means. This approach has also been used in the case of HCB from 
pesticides, which originates from non-point sources; given the available data, these can be 
localized only by the state or province in which the pesticides are applied. Table I 
summarizes the source classes and numbers of sources, totaling 1329, that we have identified 
in each of them. 

In compiling the ·sources of PCDD/PCDF, we were guided initially by the list of 
classes published in the recent U.S. EPA dioxin risk assessment (U.S. EPA, 1994A). We 
have relied on several U.S. EPA and Environment Canada publications for the initial 
identification of the classes of HCB sources (Environment Canada/Health & Welfare Canada, 
1993A and 1993B; U.S. EPA, 1986A and 1986B, 1993A, 1993B and 1994B). Lists of 
individual sources, specified by location, have been assembled from inquiries to industrial 
organizations and from a variety of publications available from U.S. EPA, Environment 
Canada, and state and provincial agencies. 

2. Characterization of sources: 

For the purpose of this project it was necessary to characterize the sources of 
PCDD/PCDF and HCB in two basic ways: by location, and by the amounts of these 
substances emitted annually. Since individual sources have only rarely been characterized 
with respect to emissions by means of actual measurements, these data must be acquired by 
determining, from the few actual measurements, the emissions produced per unit of facility 
operation. The latter is represented by the annual throughput, for example the amount of 
waste burned by an incinerator, or the number of vehicle-miles traveled by trucks. Then, 
using the data available from actual measurements of emissions, one can derive for a given 
source class an emission factor -- i.e., the amount of PCDD/PCDF or HCB that such a 
source emits per unit amount of throughput. The annual emission is then given by the 
product of the annual throughput and the emission factor. 

In the case of individually identified sources (e.g. municipal waste incinerators), data 
on each facility's throughput (tons of waste burned per year) were available or could be 
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Table I. Characteristics of Airborne Sources 

Air 
Pollution Annual Throughput PCDD/PCDF Emissions Factors HCB Emissions Factors 
Control (grams/year or (grams TEQ emitted per (grams HCB emitted per 

Class Type Equip. (I) Number of Sources (2) veh-km/year) (3) gram or veh-km of throughput) gram or veh-km of throughput) 

I I I II USA I CAN I TOT II USA I CAN II MIN I AVG I MAX II MIN I AVG I MAX I 
M1micipal Wute Mua Bum Refactory none 6 0 6 I. 77e+ II .0.00 l.3e-11 l.Se-11 1.7e-11 3.3e-09 l.Oe-08 3.3e-08 
Incineraton Wall 

OS/FF 1 0 1 2. lOe+lO 0.00 S.Oe-14 S.9e-13 2. le-12 1.4e-08 4.4e-08 l.4e-07 

ESP 7 0 7 l.SOe+12 0.00 1.7e-10 7.8e-10 1.6e-09 1.4e-08 4.4e-08 1.4e-07 

OS/ESP I 0 I 1.0Se+ II 0.00 1.7e-10 7.8e-10 1.6e-09 1.4e-08 4.4e-08 1.4e-07 

MMo Bum WaterwaU none 2 I 3 l.S4e+ll 2.0le+IO 1.3e-11 l.Se-11 I. 7e-ll 3.3e-09 1.0e-08 3.3e-08 

OS/FF 31 4 3S 9.7le+12 6.2Se+l1 S.Oe-14 S.9e-13 2.le-12 1.4e-08 4.4e-08 1.4e-07 

ESP 16 I 17 4.64e+12 1.93e+ 11 2.6e-12 I.le-II 4.0e-11 1.4e-08 4.4e-08 1.4e-07 

U1 
OS/ESP 9 0 9 2.98e+12 0.00 3.le-12 8.8e-12 2.0e-11 1.4e-08 4.4e-08 l.4e-07 

MMo Bum Rotary DS/FF 7 I 8 1.46e+ 12 7.27e+09 2.8e-13 8.8e-13 1.4e-12 1.4e-08 4.4e-08 1.4e-07 
Kiln 

ESP 3 0 3 3.0le+l1 0.00 2.6e-12 I.le-II 4.0e-11 1.4e-08 4.4e-08 1.4e-07 

Rel"uoe Derived Fuel none 6 0 6 4.18e+ll 0.00 1.3e-11 I.Se-II I. 7e-11 3.3e-09 l.Oe-08 3.3e-08 
(RDF) 

DS/FF 13 0 13 3.ISe+ 12 0.00 4.Se-14 2.3e-13 3.9e-13 9.2e-09 2.9e-08 9.2e-08 

ESP II 0 11 3.02e+12 0.00 S.9e-12 I. 7e-IO 4. le-10 9.2e-09 2.9e-08 9.2e-08 

OS/ESP 4 0 4 I. 7Se+ 12 0.00 3.9e-13 8.2e-13 1.4e-12 9.2e-09 2.9e-08 9.2e-08 

Modular/ noa.....t 28 7 3S 2.79e+l1 6.S3e+IO l.3e-11 I.Se-II I. 7e-11 3.3e-09 1.0e-08 3.3e-08 
Starved Air 

OS/FF 8 3 11 3.63e+l1 1.47e+l1 1.3e-ll 1.Se-11 I. 7e-11 3.3e-09 1.0e-08 3.3e-08 

ESP 16 0 16 6.S8e+ll 0.00 2.0e-11 2.9e-ll 4.Se-11 3.3e-09 1.0e-08 3.3e-08 

OS/ESP 1 0 I 9.64e+IO 0.00 2.0e-11 2.9e-11 4.Se-11 3.3e-09 1.0e-08 3.3e-08 

Modular/ none 2 0 2 1.2Se+IO 0.00 l.3e-11 l.Se-11 I. 7e-11 3.3e-09 1.0e-08 3.3e-08 

ExceuAir 
ESP 3 0 3 2.36e+ll 0.00 S.3e-12 2.le-11 4.0e-11 3.3e-09 1.0e-08 3.3e-08 

OS/ESP 4 0 4 1.S8e+ll 0.00 5.3e-12 2. le-11 4.0e-11 3.3e-09 1.0e-08 3.3e-08 

Tolal Tolal I 179 I 17 I 196 II 3.12e+ 13 I 1.06e+12 II I I II I I I 



Table I. Characteristics of Airborne Sources 

Air 
Pollution Annual Throughput PCDD/PCDF Emissions Factors HCB Emissions Factors 
Control (grams/year or (grams TEQ emitted per (grams HCB emitted per 

Class Type Equip. (1) Number of Sources (2) veh-km/year) (3) gram or veh-km of throughput) gram or veh-km of throughput) 

I I I II USA I CAN I TOT II USA I CAN II MIN I AVG I MAX II MIN I AVG I MAX I 
Medical Wute lncin. all l\"Dal none Sl 12 63 3.7le+l2 7.9-k+ IO 4.4e-10 l.le-09 3.7e-09 4.3e-09 l.9e-08 3.8e-08 

Sec Coooer Smehcn all l\"Da! typical 6 2 g 3.Sle+ 11 1.12e+ 11 2.Se-10 7.8e-IO 2.Se-09 3.9e-09 3.9e-08 3.9e-07 

Sec Coooer Refmen all l\"Da! typical 7 0 7 3.71e+ll 0.00 S.4e-12 l.7e-ll S.4e-ll 3.3e-IO 3 .3e-09 3.3e-08 

Scwatre Sludtre lncin. all h"Da! tvoical 208 9 217 8.6Se+ll l. 31e + ll 1.9e-12 2.8e-ll 7.4e-11 S.Oe-08 S.Oe-07 S.Oe-06 

Coal Combuation all ~llCI ~11ical Sl 12 63 8.13e+l4 4.8Se+ l3 4.9e-14 2.Se-13 4.9e-13 3.le-12 l.6e- ll 3. le-11 

Wood Combuation all ~"Dal ~11ical SI 12 63 2.41e+l4 3.06c+ l3 3.0e-13 9.6e-13 3.0e-12 l.9e-ll 6.0e- 11 l.9e-IO 

Mobile Sourcea Dicoel Fuel ~11ical so 12 62 2.43e+ll 6.86c+09 l.6e-10 S.Oe-10 l.6e-09 6.6c-09 2. le-08 6.6c-08 

°' 
Mobile Sourcea Unleaded Guolinc h-nical so 12 62 3.49e+l2 l.37e+ll l.le-13 3.6e-13 l.le-12 7.3e-12 2.4e- ll 7.6e-11 

Mobile Sourcea Laded Guoline h"nical so 12 62 l.84e+ II 7.23e+09 l.le-12 l.le-11 l.le-10 8. 7e-ll 8.7e-10 8.6e-09 

HCB-contmn. oeaticide uae all l\"Dal none SI 12 63 7.0le+06 S.82e+OS 0 .0 0.0 0.0 S.Oe-01 7.Se-01 l .Oe+OO 

Hazanloua Wute lncin. all typea l\11ical 263 7 270 2.93e+12 3.61e+ll 7.Se-12 2.4e-ll 7.Se-11 l.Oe-08 7.le-08 S.Oe-07 

HCB wute incin. from Procln. of typical s I 6 7.91e+08 6.22e+07 4.7e-ll 1.Se-10 4.7e-IO l.Oe-OS 1.0e-04 l.Oe-03 
Cll!boa Tetnicbloride 

HCB wute incin. from Procln. of typical 4 0 4 l.39e+09 0.00 2.0e-11 6.4e-ll 2.0e- 10 l.Oe-OS l.Oe-04 l.Oe-03 
Tetnicbloroetbylene 

HCB wute incin from Procln. of typical 2 0 2 1.18e+08 0.00 1.Se-10 4.7e-10 l.Se-09 l.Oe-OS l.Oe-04 l.Oe-03 
Tricbloroeth}·lene 

HCB wute incin from Procln. of Vinyl typical 12 1 13 1.20e+10 3 .S9e+08 6.8e-11 2. le-10 6.8e-10 l.Oe-OS l.Oe-04 l.Oe-03 
Chloride Monomer 

HCB wute incin from Prodn. of typical 3 0 3 3.08e+08 0.00 6.0e-11 l.9e-10 6.0e-10 1.0e-OS l.Oe-04 l.Oe-03 
Monocblorobenzene 

HCB wute incin from Procln. of typical 3 0 3 7.S3e+07 0.00 6.0e-11 1.9e-10 6.0e-10 l .Oe-OS l.Oe-04 l.Oe-03 
o-Dicblorobenzene 

HCB wute incin from Procln. of typical 3 0 3 l.22e+08 0.00 6.0e-11 l.9e-10 6.0e-10 1.0e-OS l.Oe-04 l.Oe-03 
o-Dicblorobenzene 

HCB wute incin from Procln. of 1,2,4- typical 2 0 2 l.90e+08 0.00 6.0e-11 l.9e-10 6.0e-10 1.0c-05 1.0c-04 1.0e-03 
T ricblorobenzene 



Table I. Characteristics of Airborne Sources 

Air 
Pollution Annual Throughput PCDD/PCDF Emissions Factors HCB Emissions Factors 
Control (grams/year or (grams TEQ emitted per (grams HCB emitted per 

Class Type Equip . (I) Number of Sources (2) veh-km/ycar) (3) gram or veh-km of throughput) gram or veh-km of throughput) 

I I I II USA I CAN I TOT II USA I CAN II MIN I AVG I MAX II MIN I AVG I MAX I 
Cement and Anrcgatc Kilna bumin1 Hazanloua typical 28 2 30 1.82e+ 13 2.03e+l2 6.2e-12 2.0e-ll 6.2e-ll 7.2e-09 5. le-08 3.6e-07 

Wute 

Cement and Anrca•te Kilna not bumin1 typical 97 18 llS 5.79e+l3 8.71e+12 7.9e-13 2.Se-12 7.9e-12 9.3e-IO 6.6e-09 4.6e-08 
Hazanloua Wutc 

Iron Sintering all l\"Dea typical 10 2 12 8.69e+l2 6.44e+ll 7.6e-12 2.4e-11 7.6e-ll 4.8e-IO 1.Se-09 4.8e-09 

I TOTAL I I II 1186 I 143 I 1329 II I II I I II I I I 
NOTES: 

-...J (1) ·os· = dry scrubber; "FF" = fabric filter; "ESP" = electrostaticprecipitator 

(2) The number of source locations presented in this table for certain of the "grouted" source categories (i.e., medical waste incin ., mobile sources, and hcb-contaminatedpesticide use) are the 
totals after they were re-aggregated back to "entire state" or •entire province" asis. In actuality, 80 additional locations were originally modeled for medical waste incineration and each of 
the types of mobile sources, corresponding to the addition of large metropolitan areas, and 8 additional locations were modeled for hcb-contaminatedpesticide use, corresponding to certain 
agricultural regions in Canada_ The results of these more localized calculations were then aggregated and have been expresseed uniformly on a state-wide or province-wide basis throughout 
this report. 

(3) Regarding the throughput, the amounts expressed have the following meanings: 

(a) for municipal waste, medical waste, sewage sludge, and hazardous waste incinerators, and for coal and wood combustion, it is the amount of material burned per year; 

(b) for secondary copper refiners and smelters, iron sintering plants, and cement and aggregate kilns (incl. those burning haz. waste), it is the amount of product produced or processed 
per year; 

(c) for mobile sources the "throughput" is the number of vehicle-kilometers traveled; 

(d) for HCB-contaminated pesticide use, it is the application rate of HCB (estimated from the usage rate of significantly contaminated pesticides and amount of HCB contained in each 
of the pesticides); 

(e) for HCB waste incineration, it is the estimated total amount of HCB in the wastes from the indicated chemical manufacturing process. 



estimated from capacity infonnation. As noted above, for certain classes of sources, 
throughput data on individual sources -- and often, even their locations -- are unavailable at 
present, and it was necessary to deal with them collectively, on a state-by-state (or province) 
basis. 

Thus, the amount of medical waste incinerated in each state was estimated from the 
total U.S. value reported in the U.S. EPA risk assessment (U.S. EPA, 1994A, p. 3-111), 
divided according to each state's population. In a few states information about the number 
and/or capacity of medical waste incinerators was available. This infonnation was used to 
modify the population-based estimate, and the remaining state values were adjusted so that 
our estimate of the total amount of medical waste burned nationally was equal to the U.S. 
EPA national estimate. The amounts of medical waste burned in the Canadian provinces was 
estimated from incinerator capacity data provided by the various provincial agencies, using 
the U.S. EPA's estimates of the usage of different types of facilities (i.e., usage as percent of 
capacity). 

A similar approach was used to estimate the throughput of other non-localized 
sources. Pesticide use was estimated by state or province from agricultural statistics. For 
industrial burning of coal and wood, throughput was estimated from relevant state-by-state or 
provincial annual consu=nption data (e.g. tons of coal). For mobile sources (i.e., trucks), 
throughput was given by fuel consumption or vehicle-miles traveled. 

For the purpose of estimating the fraction of the total national emissions that reach the 
Great Lakes, it is, of course, necessary to characterize each source by location, so that the 
effect of dispersion and transport between the source and the Great Lakes can be evaluated. 
Where it was possible to identify specific sources (e.g. individual municipal waste 
incinerators), each has been localized, from its address, by latitude and longitude. For the 
other source classes, the locality of the sources in a given state or province is defined as the 
latitude and longitude of the state or province geographic center, or in some cases of regional 
or metropolitan centers as well. 

In sum, we have identified, located, and characterized a total of 1329 airborne 
sources, of which 954 are individual facilities and 375 are based on whole states or 
provinces, and -- in the case of medical waste incinerators and mobile sources -- on 
metropolitan areas within them as well. A complete list of all sources, their geographic 
location, and throughput can be found in the Appendix. 

3. Emission factors: 

In order to estimate the source's annual emissions of the targeted pollutants, the 
throughput is multiplied by an appropriate emission factor -- i.e., the amount of emitted 
material generated per unit throughput (e.g. grams of PCDD/PCDF emitted per ton of 
municipal solid waste burned). Emission factors were estimated from the relevant literature 
for each source class. In a few of the source classes -- for which detailed data were 
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available -- emission factors were further specified for subclasses that differ with respect to 
the type of emission control device or process employed. 

While such emissions factors are based on measured emissions from specific facilities, 
it is important to point out their limitations. First, for all source classes, actual 
measurements of PCDD/PCDF or HCB emissions have been made at only very few of the 
existing individual facilities. In addition, the few data that do exist show that there can be 
large differences in emissions factors between similar facilities, and from the same facility 
over time. Thus, for a given type of source, the actual data provide a wide range of values 
for the emission factor, and the reasons for such wide variations may be unknown or 
unreported. Thus, an average value may not accurately characterize the emissions from a 
specific individmµ facility. For example, two recent measurements of PCDD/PCDF 
emissions from the Columbus, Ohio, municipal waste incinerator yielded emissions of 1000 g 
TEQ/year and 200 g TEQ/year, apparently because of an originally unreported difference in
the fuel input. Our use of the U.S. EPA emissions factors for this incinerator resulted in an 
estimate of about 100 g TEQ/year, with a range of 3-240 g TEQ/ year. Obviously, the 
actual emission factor might be much higher. 

The range of variation and the mean values employed in our computations are 
reported in Table I for the different source classes. A comparison of the factors that we used 
with those of the U.S. EPA is tabulated in Table III. This shows that we relied on the U.S. 
EPA's recent estimates of PCDD/PCDF emissions factors (U.S. EPA, 1994A) for many 
source classes, although not for all of them. The uncertainties noted above apply to the U.S. 
EPA estimates despite their "official" origin. Clearly, there is an urgent need for more 
numerous and more frequently repeated measurements of emissions. 

4. Total national emissions: 

From the compiled lists of U.S. and Canadian sources, their estimated throughputs 
and emission factors, it is possible to estimate the total annual emissions of the targeted 
pollutants. The national emissions of PCDD/PCDF and HCB from the various classes of 
sources are shown in Tables IIA and IIB. The PCDD/PCDF values are similar to those 
recently reported in the U.S. EPA dioxin risk assessment, and in other assessments of 
PCDD/PCDF emissions (Schaum et al, 1993; Thomas and Spiro, 1994; Thornton, 1994). 
Table m compares the mid-point values of throughput, PCDD/PCDF emission factors, and 
national emissions used in the U.S. EPA dioxin risk assessment with our own, and briefly 
summarizes the differences between them. 

Our estimates of national emissions from municipal and medical waste incinerators are 
significantly less than U.S. EPA's -- in the first case because different congener profiles 
were used, and in the second case because our source inventory was later than EPA's and 
took into account recently closed incinerators with high emissions. In other cases, our more 
recent information -- for example on throughput of cement kilns -- resulted in a larger 
emissions estimate than EPA's. In one case, iron sintering plants, which are not included in 
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Table II-A. Estimated Annual Air Emissions of PCDD/PCDF (TEQ) from 
Sources in the United States and Canada (1993) 

Midpoint Range of Percent 
Value of Emissions of Total 

Emissions (low - high) Midpoint 
Source Class (g TEQ/yr) (g TEQ/yr) Emissions 

Medical Waste Incinerators (*) 4,300 1,700 - 14,000 53% 

Municipal Waste Incinerators 1,900 350 - 4,200 24% 

Cement and Aggregate Kilns 400 130 - 1,300 4.9% 
Burning Hazardous Waste 

Secondary Copper Smelters 360 110-1,100 4.5% 

Wood Combustion 260 80 - 820 3.2% 

Iron Sintering Plants 230 70 - 710 2.8% 

Coal Combustion 210 40 - 430 2.6% 

Cement and Aggregate Kilns Not 170 50 - 530 2.1 % 
Burning Hazardous Waste 

Heavy Duty Diesel Vehicles 120 40 - 390 1.5% 

Hazardous Waste Incinerators, 80 20 - 250 1.0% 
(not including haz. waste burned 
in cement/aggregate kilns or HCB 
waste incineration) 

Sewage Sludge Incinerators 30 2 - 70 0.3% 

Secondary Copper Refiners 6 2 - 20 0.08% 

Incineration of Waste from 3 1 - 10 0.04% 
Chemical Manufacturing 
Contaminated with H CB 

Vehicles Using Leaded Gasoline 2 0.2 - 20 0.03% 

Vehicles Using Unleaded Gasoline 1 0.4 - 4 0.02% 

I Total I 8,100 I 2,600 - 24,000 I 100% 

(*)The emissions estimates for medical waste incineration have been based, essentially, on the U.S. EPA's estimate of the 
amount of medical waste burned in the U.S. and their recommended emissions factors, which were based on their evaluation of 
emissions data (U.S. EPA 1994A). We used a slightly different emissions factor, representing a different emitted congener 
profile, which reduced our emissions estimate by 17.6% relative to the U.S. EPA estimate. The American Hospital 
Association (AHA) has submitted comments to the U.S. EPA in response to the Draft Dioxin Exposure Assessment claiming 
that the emissions from medical waste incinerators are substantially less than these estimates for two main reasons: (a) they 
claim that less medical waste is being burned than estimated by the U.S. EPA; and (b), that the average emissions factor used 
by the U.S. EPA (which was based on the assumption of no pollution control) is too high because they claim that a significant 
portion of the waste is now burned in incinerators with pollution control equipment. At this time, we are unable to evaluate the 
validity of the AHA 's new estimates, since the primacy data on which they are based are not yet accessible to us . 
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Table II-B. Estimated Annual Air Emissions of Hexachlorobenzene 
from Sources in the United States and Canada (1993) 

Midpoint Range of Percent 
Value.of Emissions of Total 
Emissions (low-high) Midpoint 

Source Class (kg/yr) (kg/yr) Emissions 

Use of HCB-Contaminated 5,700 3,800 - 7,600 55% 
Pesticides (*) 

Incineration of HCB-Contaminated 1,500 150 - 15,000 15% 
Waste from Chemical Manufacturing 

Municipal Waste Incinerators 1,200 400 - 3,900 12% 

Cement Kilns Burning Haz. Waste 1,000 140 - 7,200 10% 

Cement Kilns Not Burning Haz Waste 440 60 - 3,100 4% 

Other Hazardous Waste Incineration 230 30 - 1,600 2% 
Processes 

Sewage Sludge Incinerators 80 8 - 800 0.8% 

Medical Waste Incinerators 70 16 - 140 0.7% 

Secondary Copper Smelters 18 2 - 180 0.2% 

Wood Combustion 16 5 - 50 0.2% 

Iron Sintering Plants 14 5 - 45 0.1 % 

Coal Combustion 13 3 - 27 0.1 % 

Heavy Duty Diesel Vehicles 5 2 - 17 0.05% 

Secondary Copper Refiners 1 0.1 - 12 0.01 % 

Vehicles Using Leaded Gasoline 0.2 0.02 - 1.6 0.002% 

Vehicles Using Unleaded Gasoline 0.1 0.03 - 0.3 0.001 % 

Total 10,400 4,600 - 40,000 100% 

* The pesticides which are primarily responsible for these emissions, because of their 
hexachlorobenzene contamination, are the following (in order of importance): 
Dimethyl Tetrachloroterephthalate (DCPA), an herbicide; Chlorothalonil, a 
fungicide; Pentachloronitrobenzene (PCNB), a fungicide; Pentachlorophenol, a 
wood preservative; Picloram, an herbicide; and Atrazine and Simazine, both 
herbicides. 
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Table Ill. COMPARISON OF PCDD/PCDF EMISSIONS ESTIMATES for SOURCES in the UNITED STATES 

Source Throughput Emissions Factor Emissions Explanation of Difference 
(srum per year) (g TEQ/1 proccued) (S TEQ/yr) between EPA and CBNS Estimates 

(mobile: veb-lan/yr) (mobile: I TEQ/lan) 

CBNS 

I EPA II CBNS I EPA II CBNS I EPA I 
3.71e+12 3.72e+12 l.14c-09 1.36e-09 4.200 S,100 different consener profile 119ed; alao: 1ee note on pqe 10 

3.12e+ 13 2.94c+l3 S.92c-11 1.02c-10 1,900 3.000 CBNS inventory reHccted cloeins of some of the moet pollutins incine111ton 

2.4le+14 1.24c+l4 9.S8e-13 2.93c-12 230 360 CBNS ove11111 combllltion total twice u hish u EPA U1ed; CBNS 111ed lower ovem 
emiuiom factor becaUIC EPA hued their wood bwnins factor partly on the bumins of 
altwater-soaked wood. 

7.22e+ll 3.00c+ll 4.40c-10 7. 70c-10 280 230 CBNS divided catesory into 11111eltin1 and refmins, and used more recent data on 
throushput; CBNS uoed a lower emiuion1 factor for the rcfmins portion of the industry 

8.13e+14 7.00c+14 2.47e-13 < 4.22c-13 200 < 300 EPA'• estimate ii an upper bound; thus the two estimates are co111istent 

1.82e+13 1.06e+13 1.9Sc-11 1.9Se-11 360 210 CBNS Uled a higher, more up-to-date estimate of throughput, included aggregate kilns 
in ill estimate, and did the estimate on a facility-by-facility buia; EPA uaumed that all 
cement kilm were the ame 1ize, and thus did not accomtt for the fact that the ones 
bumins bazardOUI wute arc tuser than ave111ge. 

8.69e+12 2.4lc-11 210 EPA did not make an estimate for lhia source; CBNS Uled European cmiuion1 factor 
data and U.S. throueputdata to malce an cstimote for the U.S. 

6.43e+13 S.S4e+13 2.S2c-12 2.S2c-12 ISO 140 CBNS used a higher, more up-to-date estimate of throughput, included auregate kilns 
in ill estimate, and did the estimate on a facility-by-facility buia. 

2.40e+ 11 1.7le+ll 5.00e-10 S.OOe-10 120 85 CBNS had a hisher throughput estimote 

8.60c+l3 l.OOe-1 2 86 CBNS did not include lhia "source" 

3.06c+12 1.30e+12 2.36e-11 2.7 l c- 11 72 35 The amomtt of hazanlous wute burned in the U.S. ii not well cha111cterized. The 
primary difference in the two estimates ii that CBNS Uled a much higher throughput 
amount, which ii believed to be bued on more recent, more comprehen1ive data. 

8.6Se+ 11 8.6Se+ll 2.78e-11 2.69e-11 24 23 The two estimates arc C11CDtially the 1ame 

2.82e+ 13 9.7 le-14 2 .7 CBNS did not include lhia 1ourcc, because it wu 10 reportedly insignificant 

1.80e+ll 1.74e+ll 1.09e-11 1.09e-ll 2.0 1.9 The two estimates arc C11CDtially the ame 

1.09e+ 11 1.6Se-11 1. 7 CBNS did not include lhia source, becaU1e it wu so reportedly inlisnificant 

8.60c+ll 1.86e-12 1.6 CBNS did not include thia 1ourcc, bccaU1e it wu so reportedly inlipilicant 

3.SOe+12 3.29e+ 12 3.60e-13 3.60c-13 1.3 1.3 The two estimates arc cuentially the ame 

S.OOc+ ll S.42c-13 0.3 CBNS included these facility '• emiuio111 with municipal wute incinerator emiuiona 

4.80c+10 2.98c-12 0 .1 CBNS did not include lhia source, becallle it wu so reportedly inlipilicant 

I II I II 
7,800 I < 9500 I The main difference ariaes from the differences, descnl>ed above, in the emiuiODI 

estimates for medical wute incine111ton and municipal wute incine111ton. 



the U.S. EPA estimates, we used an emission estimate based on the throughput of U.S. 
plants and emission factors derived from tests of German plants (no U.S. plants have been 
tested as yet). These comparisons emphasize that, in the absence of sufficient direct 
measurements of PCDD/PCDF emissions, such estimates inevitably reflect uncertainties in 
the relevant data, especially regarding emission factors. 

The major airborne sources of PCDD/PCDF are medical and municipal waste 
incinerators, which together account for 77% of our estimate of the total U.S. and Canadian 
airborne emissions. The major airborne sources of HCB are pesticides, incinerators that 
bum HCB, municipal waste incinerators, and cement kilns that bum hazardous waste, which 
together account for about 90% of the total emissions. 

5. Air transport/deposition model: 

The amounts of PCDD/PCDF or HCB generated by a source that reaches the Great 
Lakes is a function of the amount emitted at the source and the amount deposited or 
destroyed in transit. Transport, deposition and destruction of pollutants emitted into the air 
comprise a series of interacting processes: the path of transport (advection) of the material 
(in three dimensions) from its initial point of emission to each of the Great Lakes, as 
determined by weather ·conditions; the degree of dispersion (i.e. physical spread) of the 
material as it is transported; the amount of material deposited to ground level in the space 
between the point of emission and the Great Lakes (which will thereby diminish the amount 
available for deposition at the lake); the chemical or photochemical transformations that 
destroy the pollutant during transport; the influence of the physical state of the material (e.g. 
whether in the vapor phase or adsorbed on a particle) on its transport, dispersion, deposition 
and destruction; the weather conditions in the region traversed between the source and the 
Great Lakes that influence the material's physical state (e.g. the effect of ambient 
temperature on vapor/particle partitioning); the influence of terrain on transport and 
deposition. 

All of these factors determine the proportion of the material emitted at the source that 
eventually arrives in the air over each of the Great Lakes and is therefore capable of being 
deposited there. At that point, several factors will govern the degree to which the material is 
actually deposited from the air into the lake. These include: the physical state of the material 
-- i.e., the extent to which it is in the vapor phase or associated with various-sized 
atmospheric particles (which differ in their rate of deposition); local weather conditions -
i.e., temperature and whether it is dry, raining or snowing; vertical and horizontal wind 
velocity. 

We have employed the HYSPLIT (Hybrid Single Particle Lagrangian Integrated 
Trajectory) computer model developed by the National Oceanic and Atmospheric 
Administration (NOAA) as the basis for the analysis of transport, dispersion, deposition and 
destruction (Draxler 1992, 1994). The model was kindly provided by Dr. Roland Draxler, 
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of the NOAA staff, who also helped a great deal in resolving difficulties that arose as we 
adapted the model to our purpose. 

The HYSPLIT model incorporates, in considerable detail, actual weather data for the 
United States and southern Canada. It includes meteorological data for a three-dimensional 
grid of points 182.9 km apart horizontally, with six atmospheric layers vertically {up to 3000 
meters), tabulated at two-hour intervals. NOAA has developed data for the years 1988-1993 
for use with the program; we chose 1993 for our analysis. Consequently, all of the results 
on airborne PCDD/PCDF and HCB reported below reflect processes as they would have 
occurred in 1993. 

The program computes the transport and dispersion of material emitted at a given 
geographical location (designated by latitude and longitude), by estimating the atmospheric 
behavior of one gram "puffs" of pollution (injected into the air at intervals from source 
locations), based on the detailed weather data. The computational time necessary to model 
the transport processes with HYSPLIT is strongly affected by the number of puffs being 
tracked, for each puffs movement and behavior must be estimated individually. In our 
implementation of the model, we found that, over the course of a year, emissions of one 
seven-gram puff every seven hours from a source gave essentially the same results as hourly 
emissions of one-gram puffs. We adopted this approach and thereby significantly decreased 
the necessary computational time. Thus, in our version of the model, 1,250 such puffs were 
emitted at each source site, and then tracked, over the one-year period. This is shown 
schematically in Figure 1. 

The model also takes into account the destruction of the substance through photolytic 
or chemical transformation during transport. This was accomplished by assigning to the 
modeled species a vapor phase and a particle-phase half-life. There is uncertainty concerning 
the rate of photolytic and chemical destruction of PCDD and PCDF in the atmosphere (U.S. 
EPA, 1994A, Vol. II), but there is, nevertheless, strong evidence that particle-associated 
material is much less vulnerable to such destruction (Koester & Hites, 1992). We used a 
vapor phase half-life of one day and a particle phase half-life of 10 days to characterize the 
behavior of these substances. For HCB we used a vapor and particle phase half-life of 700 
days, based on the relevant literature (as summarized in Mackay et al., 1992). 

In operation, HYSPLIT is capable of estimating the fraction of a given gaseous or 
particulate material, emitted into the air at a given geographic location that will be deposited 
to ground level at any specified location in the United States or Canada. However, to obtain 
the data required by this project, it was necessary to modify the original model as follows: 

a) For each of the species considered (e.g. 2,3,7,8-TCDD, HCB), the 
basic HYSPLIT program was modified to reflect the distribution of the substance between the 
vapor phase and its attachment to atmospheric particles during transport. The modification 
included the effects of the physico-chemical properties of the substance (e.g. its vapor 
pressure), the nature of the atmospheric particulate, and temperature on vapor/particle 
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partitioning. The different substances considered in our analysis have very different 
vapor/particle partitioning characteristics (Junge, 1977; Bidleman, 1988; U.S. EPA, 1994A). 
For example, at 63°F, 2,3,7,8-TCDD is about equally divided between the vapor phase and 
particles; 2,3,4,7,8-PeCDF is 20% in the vapor phase and 80% on particles; OCDD is 
almost entirely adsorbed on particles; and HCB is almost entirely in the vapor phase. In 
tum, the vapor/particle partitioning will influence the transport, deposition and destruction of 
the substances. 

b) In order to estimate the deposition to the Great Lakes from sources 
in close proximity to them, it was necessary to modify HYSPLIT so that it determined the 
degree to which each puff of material overlapped with the area of a given lake. 

The overall operation of the modified HYSPLIT model is diagrammed in Figure 2. 
Beginning with the emission of an initial 7 g puff of material, the program computes the 
transport, dispersion, and destruction of the material over a one-hour period, at the end of 
which the pufrs new location, size and mass, and the amount of material deposited to the 
ground, are recorded. At the same time, the program determines the degree to which the 
area represented by the size of the puff overlaps with the area of the lake, and the amount of 
the material deposited into it is thereby computed and recorded. This cycle is repeated 
hourly over the entire year. Puffs are emitted at seven-hour intervals over the entire year, 
and all of them are tracked separately by the model. 

The modified HYSPLIT program is therefore capable of the following basic 
operation: For a given substance (e.g. 2,3,7,8-TCDD or HCB), characterized with respect 
to its temperature-dependent vapor/particle partitioning, periodically emitted in the form of 
"puffs" into the air at any location, the model will compute the airborne concentration and 
the amount of the material deposited at any other location over time. The results of these 
calculations can be expressed as the percent of the emitted material that is deposited at a 
given second location over the one-year period; we use the term air transfer coefficient 
(ATC) to designate this value. 

For the purpose of this project, the model was run initially for emissions of 
2,3,7,8-TCDD and HCB at 25 locations in the United States and Canada. These "standard" 
emission locations were selected to reflect the expected importance of sources near them; 
they were therefore more concentrated near the Great Lakes and most were located at 
metropolitan areas, where two major sources -- municipal and medical waste incinerators -
are common. Each run computed the fraction of the material emitted at each of the 25 
locations that was deposited over the area of each of the five Great Lakes -- i.e., the air 
transfer coefficient. The results of these runs are illustrated for Lake Michigan in Figures 
3A and 3B. As expected, the lake receives a higher percentage of the emissions from nearby 
source sites than from distant ones. The values also reflect the general wind directions; i.e., 
west to east, and southwest to northeast. For the same site, the fraction of emitted HCB that 
is deposited in the lake is greater than that of 2,3,7,8-TCDD, which is more readily subject 
to photolytic destruction. 
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Figure 2. Modified HYSPLIT Program 
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Each such run required a significant amount of computational resources, so that 
without further development it would have been impractical to analyze the transport of the 
various substances from each of the 1329 source sites. In order to solve this problem, and at 
the same time carry out the computations needed to estimate source input data, a separate 
data-processing computer program was created: TRANSCO (Transfer Coefficient). This 
program, which is summarized in Figure 4, performs the following operations: 

o Generalized computation of air transfer coefficients: An algorithm was developed 
that, using the ATC data from the 25 standard sites, computed the air transfer coefficient for 
any other emission site such as our identified sources. This was done by means of an 
interpolation that takes into account the relative distance between each of the four closest 
standard locations and the location of the identified source, and its angular orientation 
relative to the center-points of each of the five Great Lakes. This procedure enabled us to 
estimate the air transfer coefficients for each of the 1329 identified sources in the United 
States and southern Canada. Indeed, the interpolation procedure can be used to compute air 
transfer coefficients for ~ point of emission and any deposition site. 

o Computation of annual deposition: Additional runs were made for 
2,3,4, 7 ,8-pentachloro-p-dibenzofuran (PeCDF), 1,2,3,4, 7-pentachloro-dibenzo-p-dioxin 
(PeCDD), and octachloro-dibenzo-p-dioxin (OCDD) at a subset of the 25 standard points. 
The results showed that there was a systematic relationship between each congener's air 
transfer coefficient and its vapor/particle partitioning. This enabled us to enter factors for 
each of the PCDD and PCDF congeners into the TRANSCO program, so that it was then 
capable of estimating separate air transfer coefficients for each of them. In practice, the 
deposition of each of the 17 toxic PCDD/PCDF congeners and eight groups of non-toxic 
congeners was calculated separately for each source from data regarding the amounts emitted 
at the source and their separate air transfer coefficients. 

The entire modified HYSPLIT/TRANSCO system is able to compute, for each of the 
1329 identified sources of PCDD/PCDF and HCB, the number of grams of a given material 
emitted at each source that is deposited in each of the five Great Lakes over the one-year 
period (1993). The program will perform this operation for HCB, 2,3,7,8-TCDD, the 16 
additional toxic PCDD/PCDF congeners, and eight additional classes (grouped by the 
number of chlorines) of non-toxic PCDD/PCDF congeners. In this way, the 
HYSPLIT/TRANSCO program computes the total amounts of HCB and all PCDD/PCDF 
congeners (as well as the TEQ representative of the 17 toxic ones) that are deposited in each 
of the Great Lakes. 

C. Waterborne Sources: 

1. Identification of sources: 

In contrast with the airborne sources, which may be located anywhere in the United 
States and Canada, the waterborne sources are restricted to facilities that discharge liquid 
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effluent into the Great Lakes or into a river in the lakes' watersheds. The sources were 
identified from data regarding permits issued by the relevant U.S. and Canadian agencies. 
In the United States such facilities are subject to government permits from the U.S. EPA 
under the National Pollutant Discharge Elimination System (NPDES). Under this system, 
facilities are required to monitor the effluents and report the resulting data to state agencies 
and U.S. EPA. In Ontario, such facilities are regulated under the Environmental Protection 
Act of Ontario. As required by the Ontario Ministry of the Environment's Municipal
Industrial Strategy for Abatement (MISA) program, these facilities monitor their effluent 
streams. 

The NPDES permits and MISA monitoring data provided us with an initial list of 
waterborne sources, including the following classes: pulp and paper mills; sewage treatment 
plants (generally abbreviated as "POTWs" for "publicly owned treatment works"); chemical 
plants; other industrial facilities. Data on pulp mills that discharge into the Great Lakes 
watershed were assembled from industry associations and state environmental agencies (see 
Table IV). Further information about the materials entering the Great Lakes can be obtained 
from measurements on the relevant rivers -- specifically the St. Clair/Detroit River system 
and the Niagara River/Welland Canal connecting channels -- where these are available. 

2. Char2.cterization of sources: 

In the case of pulp and paper mills we estimated their contributions of PCDD/PCDF 
to the Great Lakes from measured concentrations in effluent and the water effluent flow rate 
for individual plants for 1993. These data were kindly provided to us by the National 
Council of the Paper Industry for Air and Stream Improvements for U.S. plants and the 
Ontario Forest Industries Association for Canadian plants. It was possible to estimate the 
loadings of PCDD/PCDF and HCB from POTWs by means of data on each facility's flow 
rate and emission factors derived from monitoring data on several POTWs in the Great Lakes 
watershed (Murray, 1994). Many industrial facilities discharge liquid effluents through 
POTWs. 

Some monitoring data on the effluents from chemical and industrial facilities in 
Ontario are available, and were kindly supplied to us by the Ontario Ministry of Environment 
and Energy. Similar data for such sources in the United States are generally lacking. The 
few U.S. measurements for HCB and/or PCDD/PCDF that are available are for the most 
part reported as "not detected," with a relatively high detection limit. Aggregate data on the 
HCB loadings due to sources on the Niagara River (chiefly leachate from hazardous waste 
sites) and on the St. Clair/Detroit River system (chiefly chemical plants) can be roughly 
estimated from reported measurements of HCB concentrations in the river water 
(Environment Canada, 1994; Env. Canada and U.S. EPA, 1988). Data concerning 
PCDD/PCDF concentrations in the connecting channels are very limited. 

The available data regarding the PCDD/PCDF and HCB content of the source 
effluents vary considerably either because tests for these substances were not made, or --
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Table IV. Number of Quantified Sources of Waterborne 
PCDD/PCDF and HCB Entering the Great Lakes 

I 
Number of Sources Identified and Quantified 

Lake Lake Lake Lake Lake 
Source Class Superior Michigan Huron Erie Ontario 

Pulp and Paper Mills * 5 13 1 1 1 

Chemical Manufacturers 1 1 2 14 6 
and other Industrial 
Plants** 

Sewage Treatment Plants 105 347 257 578 272 
(POTWs) 

* 

** 

Only pulp and paper mills which use chlorine-containing chemicals (e.g., 
elemental chlorine, chlorine dioxide, sodium hypochlorite) in their processes have 
been included. 

Only facilities discharging directly to the lake or one of its tributaries for which 
data are available for detected levels of HCB and/or PCDD/PCDF in effluents 
have been included. 
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when they were -- they yielded non-detectable concentrations. However, non-detection 
cannot reasonably be regarded as evidence of zero concentration, for in some cases the 
reported detection limits appeared to be considerably above those characteristic of 
state-of-the-art methods. 

These difficulties are often compounded by the effect of effluent water flow. In a 
number of instances, the flow rate was so high that pollutants present at levels just below the 
detection limit (hence reported as "non-detects") would nevertheless represent very 
significant amounts of material. As a result, the importance of many of the sources for 
which HCB and/or PCDD/PCDF were reported as non-detected is highly uncertain. If the 
actual concentration was at or near zero, then the source would truly be insignificant; if the 
concentration was in fact close to -- but below -- the detection limit, the source might be 
extremely important. Because of this problem and the apparent fact that no measurements of 
HCB or PCDD/PCDF discharges have been made at many potential sources, the assessment 
of waterborne loading of these chemicals to the Great Lakes is rather uncertain. These 
uncertainties apply as well to the data on PCDD/PCDF in the St. Clair/Detroit River and the 
Niagara River/Welland Canal systems. 

3. Transport: 

In the case of sources that emit effluent into a tributary river rather than directly into 
one of the Great Lakes, some of the emitted material is, of course, lost in transit. This may 
occur, for example, through the vaporization of HCB and the more volatile PCDDs/PCDFs. 
PCDD and PCDF are expected to be strongly associated with suspended sediments in water 
and hence correspondingly less available for volatilization. These substances are therefore 
likely to be carried downstream, with little loss. This view is supported by a recent 
Canadian study of biota contamination downstream of pulp and paper mills employing 
chlorine bleaching. Significant PCDD/PCDF concentrations were found in bottom-feeding 
fish at considerable distances (30 to 100 kilometers) downstream from the mills (Whittle et 
al., 1993). 

In contrast, waterborne HCB is less likely to be adsorbed to sediment, and hence is 
available for volatilization. This fact, coupled with the relatively high vapor pressure and 
low water solubility of HCB, suggests that volatilization will result in a significant loss of 
HCB from rivers. One study estimated that the half-life of HCB in typical river systems was 
on the order of only 0.3 to 3 days (Zoeteman ~ .• 1980). 

The fraction of HCB or PCDD/PCDF discharged from a given source into a tributary 
or connecting channel that is carried to a downstream lake (i.e., the water transfer 
coefficient) will, of course, depend on the distance between the two. It will also be 
influenced by certain characteristics of the river, e.g. water flow characteristics and the 
nature and quantity of suspended sediments. As a rough approximation, for screening 
purposes we have assumed that about 50% of HCB and 75% of PCDD/PCDF discharged 
into tributaries will be transported into the Great Lakes. While the accuracy of these 
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assumed water transfer coefficients is obviously not very high, our analysis of the available 
data strongly suggests that in most cases the uncertainty in discharges from the facilities 
themselves is considerably greater. Thus, we believe that we have not greatly increased the 
level of uncertainty in loading to the Great Lakes by these rather simplified water transfer 
coefficient estimates. 

ill. RESULTS 

A. Deposition of Airborne PCDD/PCDF and HCB: 

1. Comparison of computed and actual values: 

The original HYSPLIT model has been validated by comparing its predictions with 
actual measurements of the movement of an experimental emission of a perfluorocarbon, as a 
tracer (Draxler 1992; Draxler et al., 1991A, 1991B). The model has also been successfully 
used to predict the dispersion and deposition of sulfur compounds emitted into the 
atmosphere from sources in the United States and Canada (Rolph et al., 1992, 1993). Given 
the modifications that we have made in the original model and the addition of the new 
data-processing operations, we have sought to assess the validity of the entire modified 
HYSPLIT/TRANSCO program. For this purpose the program was used to estimate the 
concentration (i.e., grams per m3 of air) of the 17 toxic congeners of PCDD and PCDF, 
from all identified sources, expected at Dorset, Ontario, Canada, where ambient air 
concentrations of these congeners had been measured at monthly intervals throughout 1993 
(OMOEE, 1994). This enabled us to compare the measured concentrations of the various 
congeners, expressed as total g TEQ per cubic meter of air, with those computed from the 
emissions of the 1329 sources by the HYSPLIT/TRANSCO programs. 

As shown in Figure 5, the measured monthly values agree reasonably well with the 
concurrent weekly average concentrations computed by the model. When the average values 
for the entire year are compared, they are quite close: 3.28 x 10-15 g TEQ/m3 for the actual 
measurements, and 3.40 x 10-15 g TEQ/m3 for the HYSPLIT/TRANSCO computation. 

This provides evidence that the HYSPLIT/TRANSCO system is capable of computing 
the concentration of PCDD/PCDF in the air with reasonable accuracy. However, a 
comparison of computed and measured concentrations in the air does not test the validity of 
the actual deposition of this material into the lakes. Nevertheless, the computed 
concentration of airborne PCDD/PCDF is itself dependent on the accuracy with which the 
HYSPLIT program predicts the deposition of these substances in the space between the point 
of emission and the Great Lakes. In this sense, therefore, the validity indicated by the 
comparison of actual and modeled concentrations of PCDD/PCDF extends to the estimates of 
the actual deposition into the lakes as well. In the same way, the agreement between the 
measured value and that computed by the HYSPLIT/TRANSCO program tends to confirm 
the validity of the emission factors used to compute each source's total emissions, and of the 
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Fig. 5: Measured vs. Computed Ambient Air Concentration 
of PCDD/PCDF (TEQ) at Dorset, Ontario (1993) 
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NOTE: The 12 measurement-based datapoints in this graph come from the ongoing ambient PCDD/PCDF monitoring program of the Ontario 
Ministry of Environment and Energy. The samples were collected over a 2-day period once per month and thus represent 2-day average 
values. In many of the samples, there were one or more of the toxic PCDD/PCDF congeners that were not detected. In order to estimate the 
TEO associated with each of these samples, it is customary to assign a concentration value -- which could in actual fact range from zero to 
just below the detection limit -- to the congeners that were not detected. We have used the following procedure for this purpose: the 
minimum, maximum, and mid-point values of TEO are computed by assuming that the true concentration of the non-detected congeners is, 

respectively, zero, at the detection limit, and at one-half the detection limit. 

The computed values plotted are the medium-range estimates from the HYSPLIT/TRANSCO program, corresponding to medium-range 
emissions factors for the sources of PCDD/PCDF modeled. These predicted concentrations are weekly-average concentrations in the air 

at Dorset, Ontario, for 1993. 

The concentration of PCDD/PCDF in the air appears to be highly variable, as suggested by both the computed and measured air concentrations. 

Thus, given the difference between the model-output averaging period and the measurement averaging period, the two data sets are 
not directly comparable at a given point in time. However, the yearly average concentrations can be compared. 



emissions themselves. It should be noted that these considerations assume that all of the 
PCDD/PCDF in the air over the Great Lakes originates only in the sources that we have 
identified. Since these are all in the United States and Canada, the agreement between the 
computed and measured values suggests that no other sources -- for example, those in 
Mexico, South America, Europe or Asia -- contribute significantly to the PCDD/PCDF 
deposited in the Great Lakes. This conclusion does not apply to HCB, for there is evidence 
that HCB is distributed globally; for example, it is found in the Arctic, far from any sources 
of HCB (Bidleman ~., 1990). This is supported by evidence that the concentration of 
HCB in the air tends to be similar -- about 100-120 pg/m3 

-- in places as far apart as 
Norway, the Great Lakes region, and Bermuda (Wania and Mackay, 1993; Risebrough, 
1990; Gatz et al., 1994). 

A comparison of the actual concentrations of HCB in the air at several sites in the 
Great Lakes, with the values computed by the HYSPLIT/TRANSCO system, tends to 
support this view. The Great Lakes Integrated Atmospheric Deposition Network (IADN) has 
monitored HCB concentrations in the air at ground level at four Great Lakes shoreline sites: 
Eagle Harbor (Lake Superior); Sleeping Bear Dunes (Lake Michigan); Sturgeon Point (Lake 
Erie); and Point Petre (Lake Ontario) at two-week intervals in 1993 (Sweet, 1994). The 
yearly average values are shown in Figure 6, together with the values computed by the 
model. The actual values at the several sites are quite similar, ranging from 56-95 pg/m3

• 

Such values are found ubiquitously, indicating that HCB in the air over the Great Lakes is 
part of the common global pool, and does not originate solely in U.S. and Canadian sources. 
As shown in Figure 6, the concentrations computed by the HYSPLIT/TRANSCO model, 
which reflect only these more localized sources, range from 1-27 pg/m3

, considerably below 
the measured concentrations. 

Thus, the actual concentration of HCB in the air over the Great Lakes is apparently 
the result of a- mixture of "foreign" HCB carried in from outside the U.S./Canadian area and 
of HCB emitted from the identified sites in the United States and Canada. 

2. The total amounts of PCDD/PCDF and HCB deposited: 

Table V reports the total amounts of PCDD/PCDF and HCB entering each of the 
Great Lakes annually from the air, computed from the sums of the amounts deposited from 
the airborne emissions of each of the 1329 sources. The amounts deposited depend, of 
course, on the area of the lake. It is of interest, therefore, to compute the flux of material 
deposited -- i.e., the amount per unit area -- as an index of pollution intensity. As shown in 
Table V, this value increases in the following order for PCDD/PCDF: Superior, Huron, 
Michigan, Erie, and Ontario; and in the order Superior, Michigan, Huron, Erie and Ontario 
in the case of HCB. These differences reflect the different levels of industrialization near 
each of the lakes, with Superior least affected by such airborne sources -- although subject to 
waterborne pollution from pulp and paper mills -- and Lakes Erie and Ontario most affected. 
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Table V. Amount Deposited and Flux of Airborne PCDD/PCDF and HCB 
from Sources in the United States and Canada (1993) 

Lake Lake Lake Lake Lake 
Superior Michigan Huron Erie Ontario 

Total PCDD/PCDF Deposition; g TEQ/yr 5.6 13.7 8.6 7.3 6.4 

(range) (2 - 17) (5 - 43) (3 - 25) (2 - 21) (2 - 18) 

Avenge PCDD/PCDF Flux; uglkm'iyr I 69 I 238 I 145 I 284 I 337 

Total Potential HCB Deposition; kg/yr 11 15 16 15 23 

(range) (4 - 49) (5 - 73) (6 - 74) (6 - 65) (9 - 101) 

Average HCB Flux; glkm'iyr I 0.13 I 0.26 I 0.27 I 0.58 I 1.19 

total for 
Great Lakes 

42 

(13 - 124) 

I 172 I 

79 

(30 - 362) 

II 0.32 I 



In interpreting these results, important distinctions must be made between 
PCDD/PCDF and HCB. For the reasons cited above, we regard the PCDD/PCDF results as 
reasonably reliable estimates of the total amounts of these substances that are deposited from 
the air into the Great Lakes. In contrast, the deposition of HCB computed by the 
HYSPLIT/TRANSCO model cannot be regarded as quantitatively equivalent to the amount 
that actually enters the Great Lakes from the air. This conclusion is based on the following 
considerations: 

a) As shown in Figure 6, the HYSPLIT/TRANSCO model predicts concentrations of 
HCB at four lakeshore sites that are well below those actually measured, because it does not 
take into account the global origin of some of the HCB present in the air above the Great 
Lakes. Thus, the data generated by the HYSPLIT/TRANSCO model probably underestimate 
the amount of HCB available for deposition from the air over the Great Lakes. 

b) Because of the volatility of HCB and its low solubility in water, it cannot be 
assumed that its presence in the air over the Great Lakes necessarily results in a net 
deposition into the lakes. This would only be true if the lakes were totally free of HCB. In 
fact, numerous measurements show that the lakes are significantly contaminated with 
dissolved HCB, which is capable of volatilizing and diffusing into the air above the lakes. 
(L'Italien, 1993; Stevei1s & Neilson, 1989) Depending on the relative concentrations of 
HCB in the lake and in the air over it, and the temperature, this "back pressure" may 
partially or completely counteract the deposition of HCB from the air to the lake. For at 
least two of the Great Lakes (Erie and Ontario) there is evidence that this relationship may 
result in a net flow of HCB from the lake into the air (Kelly~. 1991; Oliver 1987). 
Nevertheless, even in this circumstance, the transport of HCB from the identified 
U.S./Canadian sources to the air over the Great Lakes will affect the HCB content of the 
water. By raising the HCB concentration in the air, the material transported from the U.S. 
and Canadian sources will reduce net upward flow and therefore tend to increase the amount 
in the lake. 

As a result, it is difficult to precisely determine the net flux of HCB (see, for 
example, Hoff, 1994). Because our model is based on the simplifying assumption that the 
lakes are uncontaminated with HCB, our computed values of HCB deposition from the 
identified sources should be regarded as maxima. Accordingly, the HCB data generated by 
the HYSPLIT/TRANSCO model should be interpreted as representing HCB potentially 
capable of being deposited. 

3. Rankin~ of sources with respect to total deposition: 

Given the overall purpose of this project -- i.e., the development of economically 
constructive means of virtually eliminating the major sources of the PCDD/PCDF and HCB 
deposition in the Great Lakes -- it is useful to evaluate their relative importance as 
contributors to the total deposition. The data on the amounts of PCDD/PCDF and HCB 
deposited in each of the five Great Lakes annually by each of the 1329 sources have been 
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used to rank them in accordance with their percentage contribution to the total amount 
deposited. (A tabulation of the results for all 1329 airborne sources is shown in the 
Appendix.) 

The relationship between the source ranking and the cumulative percent of total 
deposition from all 1329 sources in Lake Michigan is shown in Figure 7 A (for 
PCDD/PCDF) and Figure 7B (for HCB); the cumulative curves for the other lakes are quite 
similar. It is evident that only a relatively small fraction of the sources accounts for the bulk 
of the total amount of material deposited. Thus, as shown in Table VI, of the 1329 sources, 
only 106 account for 85% of the total amount of PCDD/PCDF toxicity deposited in any of 
the five lakes and only 148 account for 85% of the total potential deposition of HCB. Only 
66 sources account for 75% of PCDD/PCDF deposits and 27 for 50% of them. The 
corresponding values for HCB are 93 and 42. 

In Tables VIIA and VIIB, the foregoing data have been aggregated into the various 
source classes. The two dominant classes, which, depending on the lake, together account 
for 45-89% of the total deposition of PCDD/PCDF, are medical waste and municipal solid 
waste incinerators. Lesser but significant amounts are contributed by iron sintering plants 
and cement kilns that bum hazardous waste. Depending on the lake, these four source 
classes are responsible for 85-88% of the total PCDD/PCDF deposition. 

The dominant source of HCB is the use of HCB-contaminated pesticides, accounting 
for 36-45 % of potential deposition, depending on the lake. Four source classes -
pesticides, cement kilns burning hazardous waste, HCB-buming incinerators, and municipal 
solid waste incinerators -- account for 85-90% of the estimated potential deposition of HCB 
to the Great Lakes. 

The source classes differ significantly in their relative contributions to the deposition 
of PCDD/PCDF and HCB. Thus, while medical waste incinerators are a significant source 
of PCDD/PCDF deposition to each of the Great Lakes, this source class accounts for only a 
small fraction of the potential deposits of HCB. On the other hand, HCB waste incineration 
is responsible for 4.2% to 19.4% of the potential deposition of HCB, but only 0.01 % to 
0.03% of the PCDD/PCDF deposition. 

There are also significant differences among the five Great Lakes with respect to 
deposition. For example, PCDD/PCDF from iron sintering plants accounts for 22 % of the 
total deposition to Lake Michigan, in comparison with only 4-6% to the other lakes. This 
arises from the proximity of such plants to Lake Michigan. Of the ten plants that contribute 
to the top 85 % of the total deposition to the Great Lakes as a whole, four are in Indiana, 
close to Lake Michigan, and together contribute about 20% of the PCDD/PCDF deposited 
from the air into that lake. 
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Fig. 7A. Air Deposition of PCDD/PCDF (TEQ) to Lake Michigan 
from Sources in the U.S. and Canada 
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Fig. 78. Potential Air Deposition of HCB to Lake Michigan 
from Sources in the U.S. and Canada 
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Table VI. Number of Sources that Comprise 50%, 75%, 85% and 100% of Total Potential 
Deposition of Airborne PCDD/PCDF and HCB to the Great Lakes 

Cumulative Percentage of Lake Lake Lake Lake Lake Any Great 
Total Potential Air Deposition Superior Michigan Huron Erie Ontario Lake 

PCDD/PCDF (TEQ) II Number of Sources I 
100% 1329 1329 1329 1329 1329 1329 

85% 72 42 71 62 ' 59 106 

75% 40 23 43 37 35 66 

50% 14 5 14 11 12 27 

Hexachlorobenzene II Number of Sources I 
100% 1329 1329 1329 1329 1329 1329 

85% 92 89 101 96 56 148 

75% 59 58 62 56 18 93 

50% 26 24 22 15 2 42 
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Table VII-A. Percentage Contribution of Total Deposition of Airborne PCDD/PCDF (TEQ) 
to the Great Lakes by Each Source Class (1993) 

total ave~e 
Lake Lake Lake Lake Lake Great % fort e 

Source Class Superior Michi2an Huron Erie Ontario Lakes 5 lakes 

Medical Waste Incineration· 56.82% 53.90% 48.35% 43.45% 37.03% 48.73% 47.91 % 

Municioal Waste Incineration 16.44% 7.54% 24.42% 30.73% 32.17% 20.07% 22.26% 

Iron Ore Sinterin2 5.54% 21.58% 5.42% 5.05% 4.57% 10.57% 8.43% 

Cement Kilns bumin2 Haz. Waste 6.64% . 5.31 % 7.30% 6.58% 12.18% 7.18% 7.60% 

Secondarv Conner Smeltin2 3.61 % 3.73% 4.47% 4.00% 4.71% 4.06% 4.10% 

Coal Combustion 3.38% 1.98% 2.81 % 2.91 % 1.96% 2.50% 2.61% 

Wood Combustion 2.56% 1.45% 2.25% 2.10% 1.75% 1.93% 2.02% 

Cement Kilns not bumin2 Haz. Waste 2.03% 1.75% 1.98% 1.93% 2.32% 1.95% 2.00% 

Heavy Duty Diesel Vehicles 1.58% 1.67% 1.37% 1.35% 1.07% 1.45% 1.41 % 

Hazardous Waste Incineration 
.. 

0.90% 0.75% 0.91 % 0.92% 0.53% 0.80% 0.80% 

Sewa2e Slud2e Incineration 0.37% 0.18% 0.60% 0.87% 1.60% 0.63% 0.72% 

Secondarv Conner Refinin2 0.06% 0.07% 0.07% 0.06% 0.05% 0.06% 0.06% 

HCB Waste Incineration 0.03% 0.03% 0.03% 0.02% 0.01 % 0.03% 0.03% 

Vehicles usin2 Leaded Gasoline 0.02% 0.03% 0.02% 0.02% 0.02% 0.02% 0.02% 

Vehicles using Unleaded Gasoline 0.02% 0.02% 0.01 % 0.01 % 0.01% 0.01 % 0.01% 

TOTAL 100% 100% 100% 100% 100% 100% 100% 

Total Deposition; grams TEQ/yr I' ;.6 r·. ---- .. 13.7 8.: I 7.3 6.4. 42 

(ra112e) I (2 - 17) (5 - 43J ___ Q.:_25 (2 - 21) (2 - l~)_ (13 - 124) 

* See note on page 10. 

** Not including HCB waste incineration or hazardous waste burned in Cement Kilns, which are reported separately in this table 

(Note: the higher magnitude values in this table are reported with more significant figures than justified, for ease in comparison with the lower values) 
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Table VII-B. Percentage Contribution to Total Potential Deposition of Airborne HCB 
to the Great Lakes by Each Source Class (1993) 

total av~e 
Lake Lake Lake Lake Lake Great % fort e 

Source Class Superior Michi2an Huron Erie Ontario Lakes 5 lakes 

Use of Pesticides Contaminated with HCB 44.77% 35.95% 44.04% 44.52% 42.11 % 42.13% 42.28% 

Cement Kilns burning Haz. Waste 15.67% 16.97% 19.67% 20.31 % 34.32% 22.92% 21.39% 

HCB Waste Incineration 19.43% 17.27% 15.18% 10.16% 4.22% 12.07% 13.25% 

Municit>al Waste Incineration 9.30% 14.44% 9.76% 11.33 % 9.51% 10.81 % 10.87 % 

Cement Kilns not burning Haz. Waste 5.16% 7.21 % 5.31 % 5.99% 5.26% 5.77% 5.79% 

Hazardous Waste Incineration· 2.75% 2.94% 2.63% 3.42% 1.00% 2.39% 2.55% 

Sewage Slud2e Incineration 1.03% 0.89% 1.65% 2.47% 2.67% 1.87 % 1.74% 

Medical Waste Incineration 0.92% 1.41% 0.80% 0.83% 0.40% 0.83% 0.87% 

Iron Ore Sinterin2 0.30% 2.26% 0.32% 0.35% 0.20% 0.66% 0.69% 

Secondary Coooer Smeltin2 0. 19% 0.21 % 0.22% 0.21 % 0. 15% 0.19% 0.20% 

Coal Combustion 0.22% 0.19% 0. 18% 0.19% 0.07% 0.16% 0. 17% 

Wood Combustion 0.18% 0. 13% 0.15% 0.14% 0.06% 0.12% 0.13% 

Heavy Duty Diesel Vehicles 0.07% 0.11% 0.06% 0.06% 0.03% 0.06% 0.06% 

Secondarv Conner Refinin2 0.01% 0.01% 0.01 % 0.01% 0.01% 0.01% 0.01% 

Vehicles usin2 Leaded Gasoline 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Vehicles usin2 Unleaded Gasoline 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

I TOTAL II 100% I 100% I 100% I 100% I 100% 11 100% I 100% I 

Total Potential D~sition in 1993, from sources 

(9 _ 10~: I I 
in the Unit States and Canada (kg/year) 11 15 16 15 79 

(range) (4 - 49) (5 - 73) (6 - 74) (6 - 65) (30 - 362) 

* Not including HCB waste incineration or hazardous waste burned in Cement Kilns, which are reported separately in this table. 
(Note: the higher values in this table are reported with more significant figures than justified, for ease in comparison with the lower values) 



4. The relation between deposition and the geographic distribution of the 
sources: 

a. Location of the major sources: 

It is of obvious interest to know where the sources that are responsible for the 
PCDD/PCDF and HCB deposited from the air into the Great Lakes are located, as a prelude 
to analyzing the effect of location on deposition. As noted earlier, we have identified all of 
the individual sources of the following classes: municipal waste, hazardous waste and sewage 
sludge-burning incinerators; iron sintering plants; secondary copper smelters and refiners; 
and cement kilns. These sources are mapped in Figures 8A-K, in which those facilities that, 
by their ranking, are responsible for the top 85% of the deposition of PCDD/PCDF and 
HCB in any of the five Great Lakes are separately identified. 

The maps show that due to the special characteristics of the Great Lakes region, 
certain classes of sources play a more prominent role in that region than they do nationally. 
For example, the relative prominence of iron sintering plants in PCDD/PCDF deposition in 
the Great Lakes is largely due to the concentration of the steel industry in the region. The 
maps also show that although sources adjacent to the Great Lakes play a large role in 
generating the PCDD/PCDF and HCB that enter the Great Lakes, certain distant sources are 
significant as well. For example, although five hazardous waste incinerators adjacent to the 
lakes are among the sources that contribute 85 % of the HCB entering the lakes, incinerators 
in Louisiana and Colorado also fall into this category. (See map, Figure 8B) Cement kilns 
burning hazardous waste that are as far from the Great Lakes as Texas contribute to the top 
85 % of PCDD/PCDF and HCB entering the lakes. (See map, Figure 8H) Although most of 
the municipal solid waste incinerators that are in this category of top contributors of 
PCDD/PCDF and HCB are located near the Great Lakes, two are in Florida, one is in Utah, 
and another is in Oklahoma. (See map, Figure 8A) 

As noted earlier, medical waste incineration, coal burning, wood burning, mobile 
(especially diesel) sources, and pesticide application can be localized only by state or 
province. Their contributions to the average percent of the deposition of PCDD/ PCDF and 
HCB to the five lakes is shown, ranked by state or province, in Figures 9A-E. The relative 
contribution of different states to PCDD/PCDF deposition from medical waste incinerators 
reflects both the proximity of the states to the Great Lakes and their population (which 
influences the level of medical activity). Thus, the largest contributions are generated in 
states and provinces that border the Great Lakes. However, Texas is also included in the 
upper range of contributors, reflecting both its large population and the effect of weather 
patterns that tend to carry pollutants from that region to the Great Lakes. Similarly, while 
New York State borders the Great Lakes and also has a large population, its contribution of 
PCDD/PCDF from medical waste incineration is less than that of the other bordering states, 
apparently reflecting the prevailing eastward wind direction. 
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Fig. SA: LOCATION OF MUNICIPAL SOLID WASTE INCINERATORS 
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Fig. 88: LOCATION OF HAZARDOUS WASTE INCINERATORS 
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Fig. SC: LOCATION OF SEWAGE SLUDGE INCINERATORS 
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Fig. 80: LOCATION OF IRON SINTERING PLANTS 
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Fig. SE: LOCATION OF SECONDARY COPPER SMEL TEAS 
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Fig. 8G: LOCATION OF HCB WASTE INCINERATORS 
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Fig. SH: LOCATION OF CEMENT KILNS BURNING HAZARDOUS WASTE 
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Fig. 81: LOCATION OF CEMENT KILNS NOT REPORTING HAZARDOUS WASTE COMBUSTION 
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Fig. SJ: LOCATION OF PULP AND PAPER MILLS 
which discharge liquid effluent to the Great Lakes and their Tributaries 

Only pulp and paper mills which use chlorine-containing chemicals (e.g., elemental chlorine, 
chlorine dioxide, sodium hypochlorite) in their processes are shown on this map. 
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Fig. BK: LOCATION OF SEWAGE TREATMENT PLANTS 
which discharge liquid effluent to the Great Lakes and their Tributaries (*} 
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Fig. 9A. Percent of Deposition of Airborne PCDD/PCDF (TEQ) 
due to emissions from Medical Waste Incineration (5-lake avg.) 
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See note on page 10. State or Province 
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If state or province fell within the top 85% of potential air deposition contributors of HCB to any given lake, it is labeled with an "h" 
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Fig. 98. Percent of Deposition of Airborne PCDD/PCDF (TEQ) 

due to emissions from Coal Combustion (5-lake avg.) 
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Fig. 9C. Percent of Deposition of Airborne PCDD/PCDF (TEQ) 

due to emissions from Wood Combustion (5-lake avg.) 
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Fig. 90. Percent of Potential Deposition of Airborne HCB due to 

emissions from use of HCB-Contaminated Pesticides 
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Fig. 9E. Percent of Deposition of Airborne PCDD/PCDF (TEQ) 
due to emissions from Heavy Duty Diesel Vehicles 
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The geographic distribution of the effect of coal burning on PCDD/PCDF deposition 
reflects both the proximity and the relatively high levels of coal consumption in Midwestern 
states. Thus, no Northeastern states are included in the states contributing to 85 % of the 
PCDD/PCDF deposition, in part reflecting their relatively low consumption of coal, but also 
the prevailing wind direction. In the same way, the state-by-state contribution of wood 
burning to PCDD/PCDF deposition appears to reflect not only proximity to the Great Lakes 
but also the prevalence of wood burning. Thus, Washington and Oregon contribute 
significantly, despite their considerable distance from the Great Lakes, because of their 
relatively high level of wood burning as well as the direction of the prevailing wind. 

In the case of HCB from pesticide application, the largest single source is the 
Province of Ontario, which contributes 11 % of the total, followed, in order, by Texas, 
Michigan, Georgia, Illinois, and California, which together contribute 12 % . The 
predominance of Ontario reflects both its proximity to the Great Lakes and the presence of 
types of crops that are treated with a high proportion of HCB-contaminated pesticides. That 
Texas, Georgia and California are also among the main contributors reflects in part their 
relatively heavy use of such pesticides. 

b. The relation between deposition and the geographic orientation of 
th-.! sources: 

The orientation of a source relative to a given lake will determine in part the impact 
of the weather pattern on the transport of the source's emissions, and hence the fraction 
deposited in the lake. In order to investigate this relationship, we have divided the total 
sources of PCDD/PCDF into four groups according to their compass orientation relative to 
the geographic center of each of the five lakes. It is then possible to determine what percent 
of the total emissions and of the amount of PCDD/PCDF deposited in each lake is due to the 
sources located in each of the four quadrants centered on the lake. 

The results are shown in Figure 10 (A-E). It is evident that the emissions of the 
sources in the NW and NE quadrants, as well as the amounts deposited in the lakes, are 
much less than the emissions (and deposits) from the sources in the SW and SE quadrants. 
As shown in Table VIll, the emissions from the sources in the two northern quadrants (NW 
and NE) represent only 2.8% to 22.8% of the total emissions, depending on the lake. This 
reflects the relative scarcity of sources north of the Great Lakes in comparison with the 
numerous sources south of them. The largest percentage of emissions originating from the 
northern sectors (22.8%) occurs in the most southern of the five lakes, Lake Erie, which has 
a number of sources at or near its northern border. 

There is also a striking difference between the western and eastern quadrants with 
respect to the relationship between emissions and deposition. The effect is greatest in Lake 
Michigan. Although the emissions from sources in the two western quadrants (NW and SW) 
account for 85 % of the PCDD/PCDF deposits in Lake Michigan, the sources in these 
quadrants generate only 40% of the total emissions. In contrast, in the eastern quadrants 
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Figure 10 (A-E). 

The Relation Between the Geographic Orientation of PCDD/PCDF Sources 

and their Emissions and Deposition to the Great Lakes 
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Table VIII 
PERCENT OF TOTAL PCDD/PCDF (g TEQ) EMISSIONS 

Quadrants 
Lake 

Northern Southern 
(NW & NE) (SW & SE) 

Superior 2.8 97.2 

Huron 8.2 91.8 

Michigan 10.0 90.0 

Erie 22.8 76.2 

Ontario 12.3 87.7 

Table IX 
EMISSION, DEPOSmON AND AIR TRANSFER COEFFICIENT (A TC) 

IN WESTERN AND EASTERN QUADRANTS 

Lake Wcstem Quadrants (NW & SW) Eastern Quadrants (NE & SE) 

F.missioo (\II\ Dcpooition (\II\ ATC (\II\ or F.missioo (\II\ Dcpooitioo (\II\ ATC (\II\ or 
or Lake T olal) or Lake Tolal) Emisaioo or Lake Tolal) or Lake T olAI) F.missioo 

Dcpooite4) Dcpooite4) 

Superior 34.1 59.1 .119 66.0 40.9 .043 

Huron S8 .S 79.3 .143 41.6 20.8 .OS3 

Michigan 40.2 8S.O .3SS S9.8 IS .O .042 

Eric 62.4 76.S .109 37.6 23.S .OS6 

Ontario 75.8 77.3 .080 24.2 22.7 .073 

(NE and SE), this relationship between emissions and deposition is reversed: 60% of the 
total emissions give rise to only 15 % of the deposits. As shown in Table IX, this east/west 
difference in the relationship between emission and depositions occurs in all five lakes, 
although it is less pronounced in Lake Erie and Ontario. 

Thus, in the western quadrants emissions are more effectively converted into deposits 
than they are in the eastern quadrants. This can be seen directly from Table IX, which also 
lists the average air transfer coefficients (percent of emissions that are deposited) for the five 
lakes. The air transfer coefficients range from 0.080% to 0.355 % in the western quadrants 
and from 0.042% to 0.073% in the eastern quadrants. Thus, as expected from the direction 
of the prevailing wind, PCDD/PCDF is more effectively transported to the Great Lakes in 
the west-to-east direction than in the reverse direction. A directional effect on deposition 
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may be involved as well if, for example, winds from the southwest tend to maximize rainfall 
-- which intensifies deposition -- at the lakes. 

c. The relationship between deposition and transport distance: 

In order to analyze the influence of the distance between the source and the lake on 
deposition, we have segmented the sources into annular sections of 250 km each, centered on 
the geographic center of each of the five lakes. Each annular section was further divided 
into the four compass quadrants. As shown in Figure 11 (A-E), it was then possible to plot, 
for each quadrant, the cumulative percentage of PCDD/PCDF deposition as a function of the 
distance between the sources and the lake. 

Several relationships are apparent. First, the cumulative deposition with distance 
follows a hyperbolic curve; sources contribute progressively less deposition as their distance 
from the lake center increases. This is expected, since as the distance between the source 
and the lake increases (and with it the time of transport), processes that reduce the amount of 
material reaching the lake also increase. Progressively more of the original material emitted 
at the source is lost through deposition to the ground; more of it is subject to destruction; and 
the remaining material becomes more diffuse. · 

It is also evident that the role of distance is very different in the SW and SE 
quadrants. This is shown in Table X by comparing the distances from the lake center at 
which sources in the SW and SE quadrants have the same average air transfer coefficients, in 

Table X 
AVERAGE DISTANCE FROM THE LAKE CENTER AT WHICH AIR TRANSFER 
COEFFICIENTS (ATC) ARE EQUALLY 0. 1 % IN THE ~WAND SE QUADRANTS 

Distance at Which ATC = 0.1 % (km) 
Lake 

Quadrant 

SW SE 

Superior 1,600 800 

Huron 1,500 600 

Michigan 2,000 500 

Erie 800 400 

Ontario 600 300 
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Figure 11 (A- E). 
The Effect of Distance and Geographic Orientation of Sources 

on Cumulative Deposition of PCDD/PCDF in the Great Lakes 
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this case 0.1 % . Lake Michigan is the extreme case of a relationship common to all the 
lakes: sources in the SW quadrant at a distance of 2000 km from Lake Michigan deposit the 
same percentage of their emissions in the lake as sources in the SE quadrant at a distance of 
500 km. This differentiation between the SW and SE quadrants is also evident in Figure 11, 
which shows that in the SW quadrants, sources at increasing distances from the lake center 
continue to contribute to deposition in the lake out to 3,000 to 4,000 km. In contrast, in the 
SE quadrant the total amount deposited accumulates over much shorter distances from the 
lake center. In effect, sources in the SW quadrant can deposit PCDD/PCDF into the lakes 
from significantly greater distances than sources in the SE quadrant. This east-west 
differentiation also occurs in the two northern quadrants but on a much smaller scale, 
reflecting the lower emissions from sources in these quadrants. 

d. The geographic distribution of air transfer coefficients: 

The data described above show that the amount of PCDD/PCDF deposited in each of 
the Great Lakes is the resultant of three factors: (a) the amount of PCDD/PCDF emitted by 
the sources; (b) the distance between each source and the lake's geographical center; and (c) 
the location of the source, specifically its compass orientation relative to the lake center. Of 
these factors, (b) and (c) are encompassed by the air transfer coefficient (ATC), since: 
deposition = ATC x emission. Accordingly, it is of interest to identify the role played by 
the transfer and deposition process itself in the entry of airborne pollutants to the Great 
Lakes. We can visualize the interaction between this process and the sources in the 
following way: Each source injects a certain amount of PCDD/PCDF or HCB, at a certain 
point, into the complex, dynamic system that comprises the weather pattern. With time, this 
material is transported through changing weather patterns to new locations. In the process, 
the material diffuses and, depending on its properties, some is destroyed, and some is 
deposited to ground, eventually delivering a fraction of the original emission to a given lake. 

The HYSPLIT/TRANSCO program enables us to describe this behavior of the 
weather system -- without reference to the specific sources that we have identified. As noted . 
earlier, the program is capable of computing the air transfer coefficient that determines what 
fraction of PCDD/PCDF or HCB emitted by a source in any location is deposited in each of 
the Great Lakes. Such a computation can then describe the "effective proximity" of 
emissions from any point to each of the lakes -- so to speak, the ease with which the material 
is transported from that point and deposited in the lake. In this way, the HYSPLIT/ 
TRANSCO program can be used to describe how the weather system extending over the 
United States and southern Canada in 1993 would influence the transport and deposition to 
each of the Great Lakes of PCDD/PCDF and HCB injected into that system from any point 
in its domain. 

For this purpose, the entire U.S./southern Canada area was divided into 
approximately 20,000 polygons (squares), each 270 square miles in area. The 
HYSPLIT/TRANSCO program computed the transfer coefficients for the PCDD congener, 
2,3,4,7,8-PeCDF, for each of the squares' center points to each of the Great Lakes. Thus, 
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this computation gives rise to values of the percent of the 2,3,4,7,8-PeCDF that, if emitted at 
each of the approximately 20,000 locations, would be deposited in each of the Great Lakes 
over the year 1993. 

The resultant values are mapped, using differential shading patterns to represent six 
ranges of transfer coefficient values, in Figures 12A-E. Thus, these maps depict the relative 
degree to which different locations, serving as the site of 2,3,4, 7 ,8-PeCDF emission, will 
effectuate the transfer and deposition of this substance into one of the Great Lakes. Since the 
vapor/particle partitioning behavior of 2,3,4,7,8-PeCDF is similar to the average value for 
the group of 17 PCDD/PCDF congeners on which TEQ is based, these distribution patterns 
represent an approximate average for the transfer of PCDD/PCDF toxicity as a whole. 

The maps clearly show how the weather system influences the transfer and deposition 
of PCDD/PCDF into each of the lakes from various geographic regions. While the 
distribution pattern of ATC values differs among the five lakes, they are all characterized by 
a pronounced extension of these values to the west and southwest. Thus, the ATC 
distribution map for Lake Superior shows that the Range 6, representing the highest A TC 
values, extends only westward from the lake center; the eastern edge of Range 2 is only 400 
km from the center, while the western edge is at a distance of 2,400 km. In Lake Huron, 
the eastern edge of Range 2 is in New York State, about 600 km from the lake center, while 
the western edge is in Wyoming, 2,500 km from the lake. In Lake Michigan Range 2 
extends only 700 km eastward from the lake center and 2,200 km westward. An extension 
of the A TC values toward the southwest is also evident, with the edge of Range 2 reaching 
the southern border of Texas, 2,400 km from the lake center, but only extending by 800 km 
in the opposite direction. Such a southwesterly extension of the range of ATC values is also 
evident in the maps for Lake Erie and Lake Ontario. 

These results confirm the earlier conclusion, based on the data derived from the 1329 
identified sources, that the weather system delivers to the Great Lakes a significantly greater 
fraction of PCDD/PCDF emitted from sources west and southwest of the lakes than from 
sources in the opposite directions. They also emphasize the importance of long-range 
transport. Thus, a source emitting PCDD/PCDF in Montana, about 2,400 km west of the 
center of Lake Superior, would deposit about a third as much of this material into the lake as 
a source of equal size at the western edge of the lake. Similarly, sources of equal size, one 
about 400 km south of Lake Michigan and the other in Corpus Christi, Texas, about an 
additional 1,600 km distant, would deposit PCDD/PCDF in Lake Michigan in the ratio 
1:.36. 

As indicated earlier, the air transfer coefficients are influenced by the physical 
characteristics of the specific substance, in particular its vapor/particle partitioning and its 
susceptibility to chemical or photolytic reactions. This is illustrated in Figures 13A, 13B and 
13C. These map the air transfer coefficients of HCB and two PCDD congeners, 
2,3,7,8-TCDD and OCDD, to Lake Michigan, and reflect the differences in their physical 
and chemical characteristics. Thus, source emissions of OCDD, which is predominantly 
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Fig.12A: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,4,7,8-PeCDF. 
Percent of Emissions Deposited in Lake Superior in 1993. 
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Fig.128: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,4,7,8-PeCDF. 
Percent of Emissions Deposited in Lake Huron in 1993. 

• 

~ 

Percent Deposited 

- Range 6: 0.21 to 0.70 

- Range 5: 0.13 to 0.21 

Range 4: 0.09 to 0.13 

~ Range 3: 0.06 to 0.09 

f-:::·:: .. :\ .. :\ .. j Range 2: 0.04 to 0.06 

ICBNS I _ , D Range 1: 0.00 to 0.04 



Fig.12C: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,4,7,8-PeCDF. 
Percent of Emissions Deposited in Lake Michigan in 1993. 
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Fig.12D: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,4,7,8-PeCDF. 
Percent of Emissions Deposited in Lake Erie in 1993. 
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Fig.12E: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,4,7,8-PeCDF. 
Percent of Emissions Deposited in Lake Ontario in 1993. 
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Fig.13A: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR 2,3,7,8-TCDD. 
Percent of Emissions Deposited in Lake Michigan in 1993. 
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Fig. 138: GEOGRAPHIC DISTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR OCDD. 
Percent of Emissions Deposited in Lake Michigan in 1993. 
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Fig. 13C: GEOGRAPHIC plSTRIBUTION OF AIR TRANSFER COEFFICIENTS FOR HCB. 
Percent of Emissions Deposited in Lake Michigan in 1993. 
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associated with particles in the atmosphere and is therefore somewhat protected from 
photolytic destruction, have a relatively larger range of influence than source emissions of 
2,3,7,8-TCDD or 2,3,4,7,8-PeCDF. While HCB exists predominantly in the gas phase in 
the atmosphere, its vulnerability to photolytic or chemical destruction is quite low, leading to 
a relatively large area of influence in comparison with TCDD. 

In sum, these maps of the geographic distribution of air transfer coefficients 
demonstrate the general effectiveness of the HYSPLIT/TRANSCO system as a means of 
evaluating the transfer of airborne material from any location in the United States and 
southern Canada, to any other specified location, in this case each of the five Great Lakes. 

B. Waterborne Entry of PCDD/PCDF and HCB: 

1. The source data: 

As indicated earlier, data about the amounts of PCDD/PCDF and HCB entering the 
Great Lakes from specific sources on the lakes or their tributaries are relatively scarce and 
usually incomplete. The classes of sources for which reasonably reliable data are available 
are only pulp and paper mills; some useful but more limited data are available for chemical 
plants and POTWs (more commonly known as sewage treatment plants). In these cases, the 
data include measured effluent concentrations of PCDD/PCDF and HCB and the flow rate, 
from which the load delivered to the lake per year can be estimated. These data, together 
with measurements of the concentrations and flow rate in the rivers on which certain sources 
(not necessarily separately evaluated) are located, represent the total waterborne entry of 
PCDD/PCDF and HCB into each lake. The range of uncertainty in the computed loads is 
quite large; the maximum value may be an order of magnitude greater than the mid-point 
estimate. The analyses described below are based on the mid-point values; the possibility 
that they might actually be considerably greater or significantly less must be kept in mind. 

Another difficulty arises regarding the currency of the reported values. Ideally, we 
wish to know how much PCDD/PCDF and HCB entered the lakes from waterborne sources 
in 1993, so that these values can be compared with our airborne data. Unfortunately, some 
of the waterborne data are from the period 1985-86, and as noted below, there is evidence 
that the levels have declined since then. Moreover, it is possible that some of the 
measurements made in 1985-86 may reflect HCB and PCDD/PCDF actually emitted 
considerably earlier. Thus, material generated by sources in the 1970s -- generally at levels 
well above current ones -- may persist in sediments from which they are currently being 
eluted. 

2. The amounts of waterborne PCDD/PCDF and HCB entering the Lakes: 

Table XI summarizes the overall results regarding the amounts of PCDD/PCDF and 
HCB entering each of the lakes from the three classes of sources and from the connecting 
channels (the Niagara River/Welland Canal and the St. Clair/Detroit River system). Sources 
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Table XI. PCDD/PCDF and HCB Loadings to the Great Lakes from Liquid Effluents (1993) 

I I 
Hexachlorobenz.ene (kg/year) PCDD/PCDF (g TEQ/year) 
(midpoint value of estimates) (midpoint value of estimates) 

I Source Clas.'l I 
Lake Lake Lake Lake Lake Lake Lake Lake Lake Lake 

Superior Ontario Erie Huron Michigan Superior Ontario Erie Huron Michigan 

. 
Pulp and Paper (a) (a) (a) (a) (a) 0.61 0.010 0.020 0.10 0.16 
Mills 

Chemical none 0.32 1.0 none none 0.5 0.4 0.6 0.09 0.02 
Manufacturers and identified identified identified 

Other Industrial 
Plants (b) 

Sewage Treatment 0.1 1.7 2.2 0.6 0.8 0.3 3.5 4.8 1.2 1.7 
Plants (P01Ws) (c) 

Loading from less than 
connecting 33 70 (d) unknown 8 (d) 
channel(s) 

(Niagara (St. (Niagara (St. 
River Clair/ River and Clair/ 
and Detroit Welland Detroit 

Welland River Canal) River 
Canal) system) system) 

Total for Liquid 

I 
0.1 

I 
35 

I 
I= I 0.6 

I 
0.8 

II 
1.4 I g=~ 

I 
11 

I 
1.4 

I 
1.9 

Discharges to Lake ~n 
(e) (t) 

than 3.9 
(t) 

(a) There are no reliable data that indicate that hexachlorobenzene is generated at and/or emitted from Pulp and Paper mills. 
(b) Facilities discharging directly to the lake or one of its tributaries for which data are available for detected levels of HCB and/or PCDD/F in effluents 
(c) The estimates of loading from POTWs are very uncertain, as they rely on emissions factors developed from measurements on only a few facilities. 
(d) See text regarding uncertainty. 
(e) Totals may not "appear• to be exact sums because each number in the table has been independently rounded off. 
(f) A portion of the loading from POTWs and industrial facilities separately totalled in this table are due to facilities which discharge to the connecting channel; the total loading has been 

adjusted to eliminate double~ounting. 
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on the connecting channels dominate waterborne HCB loading into Lakes Ontario and Erie. 
In these lakes direct discharge that can be ascribed to individual identified plants amounts to 
only a small fraction -- perhaps 1-2% -- of the total estimated waterborne loading of HCB; 
the PCDD/PCDF loading due to quantified emissions from individual plants is also only a 
small fraction of the total. As a result, the HCB loading to Lakes Erie and Ontario are 
nearly two orders of magnitude greater than the loading to the other lakes; the difference in 
PCDD/PCDF loading is much smaller and more uncertain. 

3. The ori~in of PCDD/PCDF and HCB in connecting channels: 

The waterway that connects Lake Huron to Lake Erie consists of the St. Clair River, 
Lake St. Clair, and the Detroit River (which leads into Lake Erie). The link between Lake 
Erie and Lake Ontario is the Niagara River, with the Welland Canal playing a much smaller 
role. Given the foregoing relationships, it is important to consider the significance of the 
loading originating in the connecting channels in more detail. There are in fact considerable 
difficulties in estimating the amounts of toxic materials entering Lakes Erie and Ontario from 
the channel systems. 

a. HCB in the St. Clair/Detroit River system: 

HCB in the effluents from individual sources (chiefly chemical plants) on the St. Clair 
River was studied in 1985-86 (the Upper Great Lakes Connecting Channel Study (UGLCCS), 
Environment Canada and U.S. EPA, 1988). This study reported a total of 12.5 kg of HCB 
per year entering the river from such sources, including 8.9 kg/year from the Dow Chemical 
manufacturing plant in Samia, Ontario. Four other studies (also in 1985-86) (summarized by 
Environment Canada (1993a)) reported effluent values for the Dow Samia plant ranging from 
3 to 50 kg per year. In the same period of time, several studies were made to estimate the 
amount of HCB entering the St. Clair River by measuring concentrations at its inlet and 
outlet. The UGLCCS reported that 5 kg/year entered the river from Lake Huron and 131 
kg/year was discharged by the river into Lake St. Clair, so that at least 126 kg of HCB was 
discharged to the river per year. Another study (Chan, 1986) yielded a value for the amount 
of HCB being carried by the St. Clair River at Port Lambton (near the downstream end of 
the river) ranging between 21 and 102 kg per year. A similar study (Lau, 1989) yielded the 
following results: 12 kg/year entered the river from Lake Huron, at least 35 kg/year was 
added by industrial sources, but only 17 kg/year remained at the end of the river as it 
emptied into Lake St. Clair. (Presumably this added HCB was lost through evaporation.) 
Thus, the net effect of sources along the river was the addition of 5 kg per year. Taking all 
these results into account, it seems reasonable to conclude that loadings from sources on the 
St. Clair River probably represented about 50 kg of HCB per year in 1985-86. We are 
aware of no later measurements. 

There are very few data on the entry of HCB into Lake St. Clair. The UGLCCS 
found that three sewage treatment plants and storm drains from Canadian cities accounted for 
a total of 0.36 kg per year. The UGLCCS suggested that 95% of the HCB entering Lake St. 
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Clair would be lost, presumably through evaporation. However, elsewhere in the same 
report, the UGLCCS reports that 80 kg/year were entering the lake from the St. Clair River 
and 92 kg/year were discharged from the lake into the Detroit River, representing an addition 
of at least 12 kg of HCB per year to the lake. Considering the variability and uncertainty of 
these results, it is reasonable to conclude that there is no net increase of HCB attributable to 
sources on Lake St. Clair. 

The UGLCCS report includes estimates of HCB in the effluent from sources on the 
Detroit River (chemical plants and sewage treatment plants). They represent a total of 0.87-
4.4 kg of HCB per year. Measurements at the river inlet and outlet led to the conclusion 
that there was very little net addition of HCB to the Detroit River (0-3 kg/year). However, 
measurements at the outlet nevertheless indicated that between 44 and 95 kg/year of HCB 
were carried from the Detroit River into Lake Erie. 

Overall, these data, while very uncertain, suggest that perhaps 70 kg of HCB per year 
entered Lake Erie from the St. Clair/Detroit River system in 1985-86. At the same time, 
studies of HCB in the eggs of the Herring Gull (a fish-eating bird) at Fighting Island in the 
Detroit River have declined since 1985-86, suggesting a reduced rate of entry into the river 
(Bishop et al., 1992A, 1992B; Hebert et al., 1994; Pettit et al., 1994A, 1994B). Further, 
the Dow Chemical plan! in Sarnia, identified in previous studies as perhaps the largest source 
of HCB to this channel system, reportedly ceased the manufacture of chlorinated compounds 
in 1993. In sum, it would appear that the amount of HCB entering Lake Erie from sources 
on the St. Clair/Detroit River system in 1993 may be less than 70 kg per year. Given the 
uncertainties in the data, even this estimate must be regarded as unreliable. The need for 
more reliable current data is self-evident. 

b. PCDD/PCDF in the St. Clair/Detroit River system: 

We have found only one set of data regarding PCDD/PCDF in the effluent from 
sources on this river system, which has been kindly provided to us by the Ontario Ministry 
of Environment and Energy (OMOEE, 1992, 1994B). According to these measurements, in 
1989-91 six chemical plants contributed a total of 0.749 g TEQ of PCDD/PCDF to the river 
system. Using recent measurements of effluents from several POTWs in other locations, we 
have estimated that POTWs contribute approximately 1.6 g TEQ per year to the connecting 
channel system. It would appear, therefore, that these sources contributed a total of about 
2.4 g TEQ of PCDD/PCDF per year. 

OMOEE (Jobb ~., 1990) has also studied the PCDD/PCDF concentration in 
drinking water taken from the river system at a series of points from Sarnia (near the inlet 
from Lake Huron) to Amherstburg (near the outlet to Lake Erie). These data, collected in 
1985-86, lead to the conclusion that about 8 g TEQ of PCDD/PCDF leaves the channel 
system and is discharged into Lake Erie, with the largest additions probably occurring in the 
Sarnia region. However, given the actual measurements there is considerable uncertainty in 
this result. The only toxic PCDD/PCDF congener actually detected in these measurements 
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was OCDD. All the other toxic congeners were below the detection limit, which was 
reported as "in the low ppq range" (parts per quadrillion, equivalent to picograms per liter). 
If we assume that the detection limit was 1 pg/lit and that in fact each of the 17 toxic 
congeners was present in concentrations just under this detection limit, then the 
corresponding flux of PCDD/PCDF leaving the river system would be 477 g TEQ per year. 
Thus, the actual number is very uncertain, but may be more than 8 g TEQ per year. 

c. The entry of HCB and PCDD/PCDF to Lake Ontario through the 
Niai:ara River: 

There is strong evidence that hazardous waste sites along the Niagara River have been 
significant contributors of PCDD/PCDF and HCB to Lake Ontario via the Niagara River 
(Elder kl.fil., 1981; U.S. EPA, 1985; U.S. EPA/NYS DEC, 1993 and 1994; U.S. EPA~ 
al., 1990). 

To our knowledge, no current measurements of the effluents from specific sources 
have quantified HCB entering the Niagara River or the Welland Canal (a relatively small 
connecting channel between Lakes Erie and Ontario). However, an extensive sampling 
program undertaken jointly by Environment Canada, U.S. EPA, the New York State Dept. 
of Environmental Conservation, and OMOEE has been operating since 1984. Based on 
repeated measurements at the inlet to the Niagara River and the outlet to Lake Ontario, at 
most 7 kg/year entered the river from Lake Erie, at least 26 kg/year was added by sources to 
the river, and 33.2 kg of HCB per year was carried by the river into Lake Ontario. 

There are very few data regarding the entry of PCDD/PCDF to the Niagara River, 
and these are insufficient to estimate the loading to Lake Ontario. There is evidence that the 
Niagara River was the principle source of PCDD/PCDF contamination in Lake Erie in the 
past, but that these sources have declined. As a result, we conclude that the amount of 
PCDD/PCDF entering Lake Ontario from the Niagara River is unknown. 

C. The Relative Impact of Airborne and Waterborne PCDD/PCDF and HCB: 

Table XII summarizes our computation of the amounts of PCDD/PCDF and HCB that 
enter the Great Lakes annually as deposition from the air and directly as liquid effluent. It is 
again important to take note of the relative reliability of the two sets of data. In general we 
regard the air deposition values (and especially those for PCDD/PCDF) as reasonably 
reliable. But the water values are much less reliable because they are relatively incomplete 
and affected by the frequency with which "non-detect" levels occur. Nevertheless, certain 
systematic relations are suggested by the data. 

For Lakes Superior, Huron and Michigan, the loading of HCB from the air appears to 
be much greater than the entry from liquid effluent. For Lakes Ontario and Erie, the 
waterborne loading appears to be greater than the potential atmospheric loading. However, 
as noted earlier, our estimates of HCB deposition are based only on emissions from 
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Table Xll. Summary of the Amounts of HCB and PCDD/PCDF 

Contributed to the Great Lakes from Air and Water Sources (1993) 

HCB Loading to PCDD/PCDF Loading to the 
the Great Lakes Great Lakes 

(kg/year) (g TEQ per year) 

Lake 

I I ~ I 
Air Water Air Water 

Lake Superior 11 0.1 5.6 1.4 

greater 
Lake Ontario 23 35 6.4 than 3.9 

Lake Erie 15 less than 72 7.3 11 

Lake Huron 16 0.6 8.6 1.4 

Lake Michigan 15 0.8 13.7 1.9 

Note: As discussed in the text, the air loadings for HCB are somewhat uncertain, as they do 
not include sources outside of the U.S. and Canada, and, are the potential amount of 
HCB that would be deposited if the Lake were uncontaminated with HCB. 
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U.S./Canadian sources and do not reflect potential deposition of HCB that originates in the 
global circulation of this substance. Taking this global source into account might increase 
our HCB potential deposition estimate perhaps by as much as a factor of 10. This may be 
particularly important for Lakes Superior, Huron and Michigan, which appear to receive the 
bulk of their HCB from the air. 

There are differences among the five lakes with respect to the relative entry of 
PCDD/PCDF from air and water sources. Except for Lake Erie and Lake Ontario, the 
airborne component is greater than the waterborne entry. In Lake Erie and Lake Ontario, 
the relative loading is more difficult to estimate due to the highly uncertain loadings from the 
inter-lake connecting channels. 

Waterborne entry of PCDD/PCDF into Lake Ontario may in part reflect historically 
contaminated sediment in the Niagara River. Here, however, two additional factors appear 
to be involved: (a) that the numerous toxic dumps -- many of them known to contain high 
concentrations of PCDD/PCDF -- adjacent to the Niagara/ Welland system continue to leach 
these substances into the river; and (b) that Lake Ontario receives water from Lake Erie, 
which is itself elevated in PCDD/PCDF concentration. 

IV. DISCUSSION 

This study can be seen as a response to the distinctive policies developed by the 
International Joint Commission. As pointed out earlier, these policies call for an approach to 
the analysis and regulation of toxic pollutants that sharply differs from current practice. It is 
of interest, therefore, to review the results of this study in the light of the contrasting 
approaches of the UC and the more conventional agencies such as U.S. EPA. · 

Conventional practice has been largely governed by the control strategy, which is 
directed toward achieving some, presumably acceptable, level of emissions into the 
environment. Attention is focused on the individual plant and on the degree to which its 
control device is suited to this purpose. Analysis of the plant's impact on the environment is 
based on risk assessment, which, in order to facilitate comparison, is usually evaluated in 
terms of the "maximum exposed individual." In turn, this requirement generally limits 
consideration of the transport of the plant's emissions to the determination of the region of 
highest concentration ("where the plume hits the ground"), which is naturally within a few 
kilometers of the source. Little attention is given to the more distant, widespread fate of the 
emissions -- an attitude that has left the way open to arguments that widespread pollution 
must be due to some ubiquitous source, such as "fires." This may explain why the observed 
widespread occurrence of PCDD/PCDF in the environment -- for example, in vacuum 
cleaner sweepings -- has been regarded as evidence that this pollutant originates in natural 
processes, such as forest fires, rather than in specific industrial operations. 
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The data presented in this report reflect the consequences of having oriented this study 
toward the UC approach rather than the conventional one. To begin with, the IJC's concern 
with a large environmental domain -- the Great Lakes -- rather than a narrow region in the 
immediate neighborhood of an industrial plant dictated the scope of our analysis. We were 
required to analyze the impact, not of a few individual sources, but of thousands of them -
ranging in their design from cement kilns to paper mills. Then, given the wide geographic 
distribution of the airborne sources, it was necessary to develop the HYSPLIT/TRANSCO 
model in order to estimate, for each of the 1329 sources, the amount of their PCDD/PCDF 
and HCB emissions that actually reaches the Great Lakes. This created -- to our knowledge, 
for the first time -- an estimate of the cumulative impact of the numerous, varied sources of 
PCDD/PCDF and HCB on an environmental domain. Fortunately, despite the inadequacies 
of the basic data, the model appears to estimate the amount of at least the deposition of 
PCDD/PCDF in the lakes with a reasonable degree of accuracy, so that the numerous 
sources can be ranked with respect to their individual contributions to this process. In tum, 
this capability allowed us to identify types of sources, and individual ones, that -- if 
redesigned to remove the pollutant-generating process -- would make a start toward the goal 
of virtual elimination: the UC goal. 

An important outcome of our analysis is the evidence that the airborne emissions are 
transported over distanres of continental dimensions. In the case of HCB -- which is both 
volatile and highly stable -- this was to be expected from the earlier evidence of its global 
distribution. However, in the case of PCDD/PCDF, despite evidence of its widespread 
occurrence, little consideration has been given thus far to the possibility that this 
phenomenon might be the result of long-range transport. The most critical evidence of the 
ubiquitous occurrence of PCDD/PCDF is the measurement of the body burdens in 
representative samples of the U.S. population (Stanley~., 1985). As pointed out in an 
earlier CBNS study (Commoner et al., 1986), a pharmicokinetic analysis of the observed 
levels leads to an exposure estimate of 2-9 pg TEQ per day, which, as confirmed by the 
recent EPA dioxin reassessment, is sufficient to cause concern regarding the occurrence of 
the hazards now associated with PCDD/PCDF. 

Our data provide a new factual basis for understanding the ubiquitous exposure of the 
population to PCDD/PCDF. Because of the long-range transport of PCDD/PCDF and its 
tendency to become adsorbed to airborne particulates, deposition is widespread and 
contaminates the environment generally. Therefore, PCDD/PCDF can be expected to 
contaminate not only the Great Lakes, but agricultural crops as well, leading to uptake by 
beef cattle and dairy cows; deposits will settle on forests, leading to the occurrence of 
PCDD/PCDF in forest fires; PCDD/PCDF-contaminated dust will settle in homes, eventually 
occurring in vacuum cleaner sweepings. 

In effect, we must now regard the PCDD/PCDF emitted to the air by numerous 
industrial processes -- chiefly combustion -- as the source of the ubiquitous "background" 
exposure to these substances at levels sufficient to cause concern about the harmful effects on 
the general population. This is a conclusion that calls for urgent remedial action. 
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In this sense, the Great Lakes' regional problem might be seen as simply a part of a 
national problem that must be addressed as a whole -- and remedied -- for the benefit of 
every region. Viewed in this way, the task of sunsetting the sources is very large, complex, 
and potentially disruptive. It is no surprise that the first such proposal in the United States -
sunsetting the gasoline-driven automobile in favor of pollution-free electric vehicles -- has 
been resisted nationally, despite vigorous regional support from California and the Northeast 
states. What could be accomplished by addressing the Great Lakes problem regionally? 

The data developed by the HYSPLIT/TRANSCO program help to resolve this issue. 
By ranking the contributions of the numerous airborne sources, we find that most of the 
environmental impact arises from relatively few of them. For example, only 10% or less of 
the sources are responsible for at least 85% of the PCDD/PCDF that enters the lakes from 
the air, greatly reducing what would otherwise be a formidable task of remediation. 

The same analytical data further narrow this task. Thus, only 18 of the 196 
municipal waste incinerators that deposit PCDD/PCDF in the Great Lakes contribute to 85 % 
of the total amount deposited. In the same way, the data enable us to determine that ten of 
the 12 iron sintering plants and 16 of the 30 cement kilns that burn hazardous waste are 
among the sources that contribute to 85 % of the total airborne PCDD/PCDF deposited in any 
of the five lakes. In sum, of the 1329 sources that contribute to the airborne deposition of 
PCDD/PCDF to the Great Lakes, only 106 account for 85% of the total. 

Such data also allow us to rank the relative contribution of different sources by class. 
This singles out four classes -- municipal waste incineration, iron sintering, cement kilns 
burning hazardous waste, and medical waste incineration (see note, p. 10) -- as responsible 
for 85 % or more of the total deposition of airborne PCDD/PCDF in the Great Lakes. 
Similar data identify four source classes as responsible for the deposition of 85 % of the 
potential deposition of HCB: the use of HCB-contaminated pesticides, cement kilns burning 
hazardous waste, HCB waste incineration, and municipal solid waste incineration. 

These data serve to greatly reduce the number of sources that merit the considerable 
effort that will be required to eliminate their generation of PCDD/PCDF and/or HCB. At 
the same time, the value of undertaking this task is enhanced by the similarity of the source 
classes that rank high in their impact on the Great Lakes and those that are major sources of 
PCDD/PCDF or HCB nationally. That is, the same sources that account for the deposition 
of the majority of the PCDD/PCDF in the Great Lakes also account for the majority of the 
U.S. and Canadian national emissions of these pollutants. Consequently, if, in keeping with 
the policy that the IJC has urged, the Great Lakes states were to develop a program for 
sunsetting these sources, that pioneering effort could serve as a model nationally as well. 

The waterborne sources that are contributors of PCDD/PCDF and HCB to the Great 
Lakes are naturally more characteristic of that region than of the nation as a whole. 
Nevertheless, one of the contributors of these pollutants to the Great Lakes -- paper mills -
are sources of pollution in many other parts of the United States and Canada. Here, too, 
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initiatives developed in the Great Lakes region to appropriately transform these facilities can 
serve as important, broadly applicable models. 

Finally, it is useful to recall that the immediate purpose of this study has been the 
identification of sources of PCDD/PCDF and HCB that are suitable subjects of the second 
phase of our project: the development of economically constructive ways of eliminating the 
processes that generate these pollutants. Much of the necessary economic information can be 
acquired from generic sources, such as the U.S. Census of Manufacturers or Agricultural 
Statistics. However, for more detailed data about the technological and economic feasibility 
of replacing or modifying the process within a source that generates PCDD/PCDF or HCB, 
individual facilities must be examined as well. Accordingly, it would be useful to derive 
from our database of sources a list of those that not only rank highest in loadings to the 
Great Lakes, but might also be able to provide detailed technological and economic 
information regarding the feasibility and consequences of sunsetting. These sources would 
comprise useful initial subjects for the analysis of the technical and economic implications of 
transforming them in order to eliminate the generation of PCDD/ PCDF and HCB. 

As noted earlier, the uncertainty inherent in the available data on sources of HCB 
makes ranking beyond the level of source class less informative. However, in the case of 
Lake Ontario, the use of HCB-contaminated pesticides and cement kilns burning hazardous 
waste comprise 76% of the airborne potential deposition of that pollutant from sources in the 
United States and Canada. Detailed analysis of sunset options focused on these two sources 
would therefore be particularly useful. 

In sum, the analyses developed in the course of this study provide a useful basis for 
the second phase of this project: the evaluation of economically constructive ways of 
sunsetting the sources that contribute the bulk of the PCDD/PCDF and HCB that enter the 
Great Lakes. For the reasons cited earlier, the quantitative data on HCB are considerably 
less complete and more uncertain than those on PCDD/PCDF. In both cases there are also 
uncertainties about the emissions from specific individual sources, given that these are 
estimated not from direct measurements, but from reported throughput and generic emission 
factors. 

While such uncertainties are unlikely to influence the ranking of source classes, they 
may affect the ranking of individual sources. The remedy is to considerably expand the 
effort -- which is very limited at present -- to determine the actual amounts of PCDD/PCDF 
and HCB in the emissions and effluents of the various sources. This would provide direct 
measurements of emissions of particularly important individual sources, as well as more 
reliable data on emission factors. It would be especially important to obtain such direct data 
on the individual highest-ranked sources as a means of confirming the ranking developed by 
our indirect model-based computations. 

Indeed, a useful outcome of this study has been the identification of such gaps and 
inadequacies in the present information about PCDD/PCDF and HCB emissions and 
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effluents. Particularly lacking are expanded analyses on emissions from combustion 
facilities; on the HCB content of pesticides; and on emissions from HCB waste incineration, 
especially that generated by the largest potential source -- the production of vinyl chloride 
monomer used to manufacture polyvinyl chloride (PVC) (no such data appear to be available 
at present). The actual emissions from U.S. iron sintering plants need to be determined as 
well; these are now lacking, so that it was necessary to use data from German plants for our 
estimates. Up-to-date data on the PCDD/PCDF and HCB content of the St. Clair/Detroit 
River system and the effluent from known sources are needed, as well as data on the 
PCDD/PCDF loading to Lake Ontario from sources contributing to the Niagara River. More 
measurements of the PCDD/PCDF and HCB content of the effluent from sewage treatment 
plants are needed. Much more monitoring of ambient air concentrations would also be useful 
for comparison with values computed by the HYSPLIT/TRANSCO program. 

Finally, it is worth noting that the methods that we have developed to analyze the 
transport of pollutants from widely spread sources to the Great Lakes are also applicable to 
certain other environmental problems. For example, it is now apparent that the major route 
of human exposure to PCDD/PCDF, which has led to average body burdens high enough to 
affect the health of a significant part of the general population, is food -- beef and dairy 
products in particular (Schecter et al., 1994). It would be of considerable interest, therefore, 
to determine the origin of the PCDD/PCDF that contaminates the crops used to feed beef 
cattle and dairy cows. Much of this is likely to be from atmospheric deposition and could be 
traced, in the manner that we have used to evaluate the airborne sources to the Great Lakes, 
by the application of the HYSPLIT/TRANSCO program. 
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Table of 1329 individual sources, in the United States and 
Canada, that emit PCDD/PCDF and HCB to the air. 

The table shows the results of computations, carried out by the HYSPLIT/TRANSCO 
program, of the percent of the materials emitted by each source that are deposited in 
each of the five Great Lakes. The table includes the name, location, and throughput of 
each source. The sources are separated by class, and within each class ranked in 
descending order by the average percent contribution of the source to the total 
amounts of PCDD/PCDF deposited in the five lakes. 

The indicated codes are defined as follows: 

(a) Type Codes: 

Municipal Solid Waste Incineration: 
1 = mass burn: refractory wall 
2 =mass burn: wateM•all 
3 = mass burn: rotary kiln 
4 = refused derived fuel 
5 = modular: starved air 
6 = modular: excess air 

Hazardous Waste Incineration: 
0 = commercial hazardous waste incinerator 
1 = on-site hazardous waste incinerator 
2 = boiler - industrial furnace burning hazardous waste 
5 = mobile hazardous waste incinerator 
6 = unclassified 

Cement Kilns: 
3 = facilities burning hazardous waste 
4 = facilities not burning hazardous waste 

Hexachlorobenzene Waste Incineration: 
1 = production of carbon tetrachloride 
2 = production of tetrachloroethylene 
3 = production of trichloroethylene 
4 = production of vinyl chloride monomer 
5 = production of monochlorobenzene 
6 = production of o-dichlorobenzene 
7 = production of p-dichlorobenzene 
8 = production of 1,2,4-trichlorobenzene 
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Mobile Sources: 
1 = diesel-powered heavy duty vehicles 
2 = unleaded gasoline vehicles 
3 = leaded gasoline vehicles 

Sewage Sludge Incineration, Iron Sintering Plants, Secondary Copper Smelters, 
Secondary Copper Refiners, Medical Waste Incineration, Coal Combustion, Wood 
Combustion, Pesticide Application: 
1 = all types combined 

(b) Air Pollution Control Devices (APCD): 

Municipal Solid Waste Incineration: 
0 =no aped 
1 = dry scrubber/fabric filter 
2 = electrostatic preCipitator 
3 = dry scrubber/electrostatic precipitator 

Hazardous Waste Incineration, HCB Waste Incineration, Sewage Sludge Incineration, 
Cement Kilns, Iron Sintering Plants, Secondary Copper Smelters, Secondary Copper 
Refiners, Coal Combustion, Wood Combustion: 
1 = all types of aped combined 

Mobile Sources: 
1 = standard aped for each type 

Medical Waste Incineration and Pesticide Application: 
0 =no aped 

(c) Throughput Unit Codes: 

1 =grams per hour burned or processed (unit for HCB waste incineration= grams 
HCB incinerated per hour; unit for pesticide application = grams HCB applied per 
hour) 

2 = billions of vehicle kilometers per year 
3 =tons/year burned 
3 = tons/year processed 
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S·Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code(a) APCD(b) Throu11hcut Unlt(c) TEQ I HCB TEQ I HCB 

~.IJ!}IC.1!'!!1 Soll~ ~-~-s.te _l~cln_eratlon 
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Clinton Grosse Clinton Ml USA 1 2 1.7E+07 1 4.67% 0.33% 1 1 

Central Wavne C Dearborn H Ml USA 1 2 1.4E+07 1 3.89% 0.28% 1 1 

Amer RefFuel Ni Niaoara Fa NY USA 4 2 6.1E+07 1 3.57% 0.68% 1 1 

Columbus MWC Columbus Cti USA 4 2 6.6E+07 1 2.26% 0.36% 1 1 

Pulaski MWC Baltimore MD USA 1 2 3.5E+07 1 1.33% 0.05% 1 0 

Ramsev Washinm Newnort MN USA 4 2 4.0E+07 1 1.28% 0.32% 1 1 

AkronMWC Akron Cti USA 4 2 2.2E+07 1 0.81% 0.13% 1 1 

McKav Bav MWC Tamoa FL USA 1 2 3.0E+07 1 0.46% 0.03% 1 0 

Greenooint MWC Brooklvn NY USA 1 2 1.4E+07 1 0.34% 0.01% 1 0 

Dade Countv MWC Miami FL USA 4 2 9.7E+07 1 0.31% 0.07% 1 0 

Davis Countv MW Lavton UT USA 1 3 1.2E+07 1 0.28% 0.02% 1 0 

La Crosse N Sta La Crosse WI USA 4 2 7.7E+06 1 0.25% 0.06% 1 0 

Northwest MWC Chicaao IL USA 2 2 3.7E+07 1 0.25% 1.47% 1 1 

Betts Avenue OJeens NY USA 1 2 B.4E+06 1 0.20% 0.01% 1 0 

KodakMWC Rochester NY USA 4 2 4.1E+06 1 0.17% 0.03% 1 0 

AmesRDFMWC Ames IA USA 4 2 4.4E+06 1 0.12% 0.02% 1 0 

PeelMWC Bramoton CN cw 5 1 1.5E+07 1 0.12% 0.09% 1 1 

East Chicaoo MW Chicaoo IL USA 1 0 1.3E+07 1 0.11% 0.51% 1 1 

Madison MWC Madison WI USA 4 2 1.8E+06 1 0.07% 0.02% 0 0 

Lawrence Haverh Haverhill MA USA 4 2 2.8E+07 1 0.07% 0.01% 0 0 

Albanv Stm Gen Albanv NY USA 4 2 1.3E+07 1 0.06% 0.01 9/o 0 0 

Walter Hall MWC Tulsa OK USA 2 2 3.6E+07 1 0.05% 0.20% 0 1 

Nashville NTTC Nashville TN USA 2 2 3.3E+07 1 0.04% 0.15% 0 1 

SouthwestBRESC Baltimore M·o USA 2 2 7.4E+07 1 0.04% 0.11% 0 1 

Essex Countv MW Newark NJ USA 2 3 9.0E+07 1 0.02% 0.08% 0 0 

Alexandna Arli Alexandna VA USA 2 2 3.6E+07 1 0.02% 0.06% 0 0 

Westchester RES Peekskill NY USA 2 2 6.8E+07 1 0.02% 0.06% 0 0 

Montoomerv Cntv Davton Cti USA 3 2 9.7E+06 1 0.02% 0.07% 0 0 

WashDCMWC1 Washinaton DC USA 2 3 4.3E+07 1 0.02% 0.07% 0 0 

Tuscaloosa MWC Tuscaloosa AL USA 5 2 9.3E+06 1 0.02'1/o 0.01% 0 0 

PinellasMWC St Ptrsbra FL USA 2 2 B.6E+07 1 0.02% 0.09% 0 0 

Wstrn Lk Sue Sa Duluth MN USA 4 0 7.3E+06 1 0.02% 0.05% 0 0 

Barran Countv M Almena WI USA 5 2 3.3E+06 1 0.02% 0.01% 0 0 

HarfordMWC Joooa MD USA 5 2 1.2E+07 1 0.02% 0.00% 0 0 

Piaeon Point MW Newcastle DE USA 6 2 2.1E+07 1 0.02% 0.01% 0 0 

Harrisbura MWC Harrisbura PA USA 2 2 2.3E+07 1 0.02% 0.04% 0 0 

Marathon Cntv M Rinole WI USA 4 0 5.2E+06 1 0.02% 0.04°1. 0 0 

- - .... M Fulton Vol NY USA 5 2 6.8E+06 1 0.01% 0.00% 0 0 

Baltimore Count Cockevsvil MD USA 4 0 1.9E+07 1 0.01% 0.02% 0 0 

PerhamMWC Perham MN USA 5 2 3.1E+06 1 0.01% 0.01% 0 0 

Olmstead Countv Rochester MN USA 2 2 6.1E+06 1 0.01% 0.07% 0 0 

New Hanover Cnt Wilminaton NC USA 5 3 1.1E+-07 1 0.01•1. 0.00% 0 0 

Richards Asohal Savaae MN USA 5 2 2.3E+06 1 0.01% 0.01% 0 0 

RedWinaMWC RedWiM MN USA 5 2 2.3E+06 1 0.01% 0.01% 0 0 

CamdenMWC Camden NJ USA 2 3 3.5E+-07 1 0.01% 0.03% 0 0 

Polk Countv MWC Fosston MN USA 5 2 3.1E+06 1 0.010% 0.006% 0 0 

Hillsborouoh Co Brandon FL USA 2 2 4.4E+-07 1 0.010% 0.045% 0 0 

St Croix Countv NewRichmo WI USA 5 1 3.1E+06 1 0.009% 0.009% 0 0 

lndianaoolis MW lndianaool IN USA 2 1 7.0E+-07 1 0.008% 0.588% 0 1 

Chambers Med Te Hamoton SC USA 5 2 7.5E+06 1 0.008'1'. 0.002% 0 0 

Haverhill MWC Haverhill MA USA 2 3 5.8E+-07 1 0.008% 0.035% 0 0 

Sumner Countv M Gallatin TN USA 3 2 5.7E+06 1 0.008% 0.027% 0 0 

p~n..mlesMW Alexandna MN USA 6 2 2.2E+-06 1 0.008% 0.006% 0 0 

SavaMBhMWC Sanamah GI\ USA 2 2 1.8E+-07 1 0.007'k 0.023% 0 0 

Oneida Countv M Rome NY USA 5 2 6.0E+06 1 0.007'/o 0.002% 0 0 

Montreal MWC Montreal OJ cw 2 2 2.2E+-07 , 0.007% 0.026% 0 0 

Charleston MWC Charleston SC USA 2 3 2.3E+-07 1 0.007% 0.025% 0 0 

BlvthevilleMWC Blvthevill AR USA 5 0 2.9E+06 , 0.007'k 0.005% 0 0 

North Andover R North Ando MA USA 2 2 4.0E+07 1 0.007% 0.024'k 0 0 

Countv Enemv S Panama Cit FL USA 3 2 1.9E+-07 1 0.007'k 0.026'k 0 0 

Lona Beach MWC '''""'Beach NY USA 5 2 7.6E+-06 1 0.006% 0.002'1'. 0 0 

Central Mass MW Millbuov MA USA 2 3 5.0E+-07 , 0.006'k 0.029'1'. 0 0 

F."mus Falls MW Femus Fal MN USA 5 0 2.8E+-06 1 0.006% 0.007'k 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code {al APCD{b) Throuahput Unit {cl TEQ HCB TEQ HCB 

Greater Detro~ Detroit Ml USA 4 1 7.8E+07 1 0.006% 0.993% 0 1 

Heartland Re~ Iowa Falls IA US/\ 4 0 2.2E+06 1 0.006% 0.014% 0 0 

Batesville MWC Batesville AR USA 5 0 2.7E+06 1 0.005% 0.004% 0 0 

Hamoton NASA MW Hamoton VA US/\ 2 2 8.9E+06 1 0.005% 0.013% 0 0 

Tacoma RDF MWC Tacoma WA USA 4 0 1.3E+07 1 0.005"/o 0.016% 0 0 

Westmoreland MW Greensbura PA US/\ 5 2 1.2E+06 1 0.005'% 0.001% 0 0 

Harrisonburo MW Harrisonbu VA US/\ 5 2 2.4E+06 1 0.005% 0.001% 0 0 

Wallinoford MWC Wallinofor CT US/\ 5 1 1.4E+07 1 0.004% 0.002% 0 0 

Hennenin EnertJV Minnea<><>li MN US/\ 2 1 3.8E+07 1 0.004% 0.458% 0 1 

Pittsfield MWC Pittsfield MA US/\ 6 3 7.8E+06 1 0.004% 0.001o/o 0 0 

Rutland MWC Rutland VT USA 6 3 7.8E+06 1 0.004% 0.002% 0 0 

195 Fairfax Cnt Lorton VA US/\ 2 1 1.1E+08 1 0.004% 0.180% 0 1 

Pasca~ •a MWC Moss Point MS US/\ 6 2 3.7E+06 1 0.003% 0.002% 0 0 

Adirondack MWC Hudson Fal NY US/\ 2 3 1.6E+07 1 0.003% O.Q13% 0 0 

MiamlMWC Miami OK US/\ 5 0 1.7E+06 1 0.003% 0.002% 0 0 

Fall River MWC Fall river MA US/\ 2 0 1.4E+07 1 0.003% 0.009% 0 0 

Stamford MWC Stamford CT US/\ 2 2 1.0E+07 1 0.003% 0.009% 0 0 

Sorinafield MWC IAnawam MA US/\ 5 1 1.2E+07 1 0.003% 0.002% 0 0 

Moore Countv MW Moore Coun TX US/\ 1 0 2.6E+06 1 0.003% 0.010% 0 0 

OsceolaMWC Osceola AR US/\ 5 1 1.2E+06 1 0.003% 0.002% 0 0 

Hereford MWC Hereford TX US/\ 1 0 2.6E+06 1 0.003% 0.010% 0 0 

UnivCitvMWC Chartotte NC US/\ 2 2 7.4E+06 1 0.003% 0.007% 0 0 

Kent Countv MWC Grand Raoi Ml USA 2 1 2.0E+07 1 0.003% 0.251% 0 1 

Hamilton MWC Hamilton GI CAN 2 1 1.1E+07 1 0.003% 0.237% 0 1 

Hohenwald Inc M Hohenwald TN US/\ 5 0 1.7E+06 1 0.003% 0.002% 0 0 

Greater Portlan Portland ME USA 2 3 1.7E+07 1 0.003% 0.012% 0 0 

ClebumeMWC Cleburne TX US/\ 6 3 1.7E+06 1 0.003% 0.001% 0 0 

Delaware Countv Chester PA US/\ 3 1 8.6E+07 1 0.003% 0.076% 0 0 

Stuttaart MWC Stuttaart AR US/\ 5 0 1.4E+06 1 0.002% 0.002% 0 0 

KevWestMWC Kev West FL US/\ 5 2 4.1E+06 1 0.002% 0.001% 0 0 

Salem MWC Salem VA US/\ 5 0 2.4E+06 1 0.002% 0.001% 0 0 

Anoka Cntv Elk Elk River MN US/\ 4 1 4.8E+07 1 0.002% 0.381% 0 1 

Glen Cove MWC Glen Cove NY US/\ 2 3 8.2E+06 1 0.002% 0.007% 0 0 

lamprev Reaiona Dumam NH US/\ 5 2 4.1E+06 1 0.002% 0.001% 0 0 

St Johns Univ M Colleaevil MN US/\ 5 0 6.7E+05 1 0.002% 0.002% 0 0 

York Countv MWC York PA USA 3 1 3.6E+07 1 0.002% 0.060% 0 0 

CenterMWC Center TX US/\ 5 0 1.5E+06 1 0.002% 0.001% 0 0 

Hemostead MWC Westburv NY US/\ 2 1 9.5E+07 1 0.002% 0.079% 0 0 

Honolulu MWC Honolulu HA US/\ 1 2 1.7E+07 1 0.002% 0.000% 0 0 

Penninaton Cntv Thief Rive MN US/\ 4 0 1.0E+06 1 0.002% 0.006% 0 0 

New Canaan MWC NewCanaan CT US/\ 2 0 3.6E+06 1 0.001% 0.003% 0 0 

Recomo Washinat Ferndale WA US/\ 5 1 3.6E+06 1 0.001% 0.002% 0 0 

Carthaae Panola Carthaae TX US/\ 5 0 1.1E+06 1 0.001% 0.001% 0 0 

Lancaster Cntv MariettaC PA US/\ 2 1 3.8E+07 1 0.001% 0.060% 0 0 

Pentaoon MWC Artinaton VA US/\ 1 0 1.4E+06 1 0.001% 0.002% 0 0 

North Countv MW West Palm FL US/\ 4 3 7.3E+07 1 0.001o/o 0.049% 0 0 

Bridaeoort RESC Bridaeoort CT US/\ 2 1 7.7E+07 1 0.001'.4 0.061% 0 0 

Parkdale MWC Parkdale PE CAN 5 0 3.4E+06 1 o.oorn. 0.001% 0 0 

Huntsville MWC Huntsville AL US/\ 2 1 2.0E+07 1 0.001% 0.074% 0 0 

Jackson Countv Jackson Ml US/\ 2 1 6.2E+06 1 0.001o/o 0.091% 0 1 

Wheelabrator Fa Morrisvill PA US/\ 2 1 5.1E+07 1 0.001"/o 0.043% 0 0 

St David Levis S1 David a OJ CAN 2 0 2.3E+06 1 0.0010% 0.0026°.4 0 0 

Park Countv MWC Livinaston MT US/\ 5 0 1.6E+06 1 0.0010% 0.0011% 0 0 

Broward Countv Fort Laude FL US/\ 2 1 7.7E+07 1 0.0009% 0.0797% 0 0 

Broward Countv Porn~~Be FL US/\ 2 1 7.3E+07 1 0.0008% 0.0746% 0 0 

Montoomerv Cntv Conshohock PA US/\ 2 1 4.0E+07 1 0.00080/. 0.0333% 0 0 

SEMASSMWC Rochester MA US/\ 4 3 6.2E+07 1 0.0008% 0.0245°.4 0 0 

WindhamMWC North Wind CT US/\ 5 1 3.1E+06 1 0.0008% 0.0005"/o 0 0 

FortOixMWC Wriahtstow NJ US/\ 5 1 1.5E+06 1 0.0007'.4 0.0003% 0 0 

Fort Eustis MWC Fort Eusti VA USA 5 0 9.4E+05 1 0.0007% 0.0003% 0 0 

Channel Sanit C Juneau AK US/\ 2 2 2.0E+06 1 0.0006% 0.0042% 0 0 

Beav Hill Coos !r.nnuille CF! US/\ 5 0 2.9E+06 1 0.0006% 0.0007". 0 0 

SE Tidewater MW Portsmouth VA US/\ 4 1 4.9E+07 1 0.0006% 0.0455% 0 0 

EPRlncMWC Eden Prair MN US/\ 4 1 1.2E+07 1 0.0005% 0.0996°/. 0 1 

Quebec City MWC Cityof Qu aJ CAN 2 1 3.0E+07 1 0.0005% 0.0344"/o 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code Cal APCDCbl Throuqhput Unit (cl TEQ HCB TEQ HCB 

Victoria HosDit London CN CAN 2 1 3.4E+06 1 0.0005% 0.0389% 0 0 

Koksilah MWC Duncan BC CAN 5 0 1.3E+06 1 0.0005% 0.0006% 0 0 

MavnnrtNavaJS Maunnrt FL USA 6 0 1.2E+06 1 0.0005% 0.0003% 0 0 

SMl<AnAMWC Snnkane WA USA 2 1 3.0E+07 1 0.0004% 0.0560% 0 0 

Huntinaton MWC East North NY USA 2 1 2.8E+07 1 0.0004% 0.0227% 0 0 

SitkaMWC Sitka AK USA 6 3 7.5E+05 1 0.0004% 0.0004% 0 0 

SidnevMWC Sidnev NS CAN 5 1 1.2E+06 1 0.0004% 0.0002% 0 0 

""' ~ ~ RESCO MW Sauaus MA USA 2 1 4.5E+07 1 0.0004% 0.0262% 0 0 

BumabvMWC Bumabv BC CAN 2 1 2.7E+07 1 0.0004% 0.0481% 0 0 

BabvlonMWC WestBabvl NY USA 2 1 2.4E+07 1 0.0004% 0.0196% 0 0 

Gen Motors MWC Oshawa CN CAN 3 1 8.3E+05 1 0.0004% 0.0217% 0 0 

MacArthur MWC Ronkonkoma NY USA 3 1 1.7E+07 1 0.0004% 0.0133% 0 0 

Gloucester Cntv WestDeott NJ USA 2 1 1.8E+07 1 0.0004% 0.0151% 0 0 

Dutchess Countv Pouohkeeos NY USA 3 1 1.5E+07 1 0.0004% 0.0131% 0 0 

Lassen Com Coll Susanville CA USA 5 1 2.9E+06 1 0.0004% 0.0003% 0 0 

Pittsfield NH M Pittsfield NH USA 5 0 1.4E+06 1 0.0003% 0.0002% 0 0 

Pasco Countv MW Serina Hi! FL USA 2 1 2.8E+07 1 0.0003% 0.0299% 0 0 

Harbour Grace M Harbour Gr NF CAN 5 0 9.8E+05 1 0.0003% 0.0002% 0 0 

Wainriaht MWC Wainriaht AL CAN 5 1 6.1E+05 1 0.0003% 0.0004% 0 0 

MuscodaMWC Muscoda WI USA 1 1 2.4E+06 1 0.0003% 0.0280% 0 0 

WarrenMWC Oxford Tow NJ USA 2 1 1.5E+07 1 0.0003% 0.0134% 0 0 

SoutheastSERRF l.ona Beach CA USA 2 1 4.6E+07 1 0.0003% 0.0193% 0 0 

Mid Connecticu1 Hartford CT USA 4 1 6.4E+07 1 0.0003% 0.0292% 0 0 

BristolMWC Bristol CT USA 2 1 2.0E+07 1 0.0002% 0.0145% 0 0 

Marion Countv M Brooks CF USA 2 1 1.9E+07 1 0.0002% 0.0278% 0 0 

Labrador Citv M Labrador C NF CAN 5 0 4.9E+05 1 0.0002% 0.0001% 0 0 

Sou1heast MWC Prast on CT USA 2 1 2.3E+07 1 0.0002% 0.0142% 0 0 

Lincoln MWC Lincoln NH USA 5 0 6.9E+05 1 0.0002% 0.0001% 0 0 

Delaware MWC Newcastle DE USA 4 1 2.4E+07 1 0.0002% 0.0163% 0 0 

WiltonMWC Wilton NH USA 5 0 8.6E+05 1 0.0002% 0.0001% 0 0 

Sato 1 Unit MWC Palestine TX USA 5 0 1.9E+05 1 0.0002% 0.0002% 0 0 

Tumbler Ridae M TumblerRi BC CAN 5 0 4.3E+05 1 0.0002% 0.0003% 0 0 

Lake Countv MWC QkahumnkA FL USA 2 1 1.6E+07 1 0.0002% 0.0163% 0 0 

Concord Reoiona Penacook NH USA 2 1 1.7E+07 1 0.0002% 0.0118% 0 0 

Ladvsmith MWC Lad""mlth BC CAN 5 0 4.3E+05 1 0.0002% 0.0002% 0 0 

Lake Cowichan M Lake Cowie BC CAN 5 0 4.3E+05 1 0.0002% 0.0002% 0 0 

PelhamMWC Pelham NH USA 5 0 6.9E+05 1 0.0002% 0.0001% 0 0 

Staolaton Intl Denver (X) USA 5 0 1.7E+05 1 0.0001% 0.0001% 0 0 

Litchfield MWC Litchfield NH USA 5 0 6.3E+05 1 0.0001°/IJ 0.0001% 0 0 

Saltaire MWC Saltaire F NY USA 5 0 3.5E+05 1 0.0001% 0.0001% 0 0 

Plvmouth MWC Plvmouth NH USA 5 0 4.6E+05 1 0.0001% 0.0001% 0 0 

Wolfeboro MWC Wolfeboro NH USA 5 0 4.6E+05 1 0.0001% 0.0001% 0 0 

Readsboro MWC Readsboro VT USA 1 0 3.7E+05 1 0.0001% 0.0003% 0 0 

Skaatt Countv M MountVem WA USA 3 1 5.2E+06 1 0.0001% 0.0094% 0 0 

Mid Maine MWC Aubum ME USA 3 1 6.7E+06 1 0.0001'/o 0.0050% 0 0 

HamswellMWC Hamswell ME USA 5 0 4.0E+05 1 0.0001% 0.0001% 0 0 

Stanislaus Cntv Crows Land CA USA 2 1 3.0E+07 1 0.0001% 0.0112% 0 0 

Penobscot MWC Orrinaton ME USA 4 1 2.3E+07 1 0.0001% 0.0121% 0 0 

CandiaMWC Candia NH USA 5 0 4.3E+05 1 0.0001% 0 .0001% 0 0 

ANSWERSMWC AJbanv NY USA 4 1 1.6E+07 1 0.0001% 0.0096% 0 0 

Stamford MWC Stamford VT USA 1 0 2.9E+05 1 0.00009% 0.00022% 0 0 

Gatesville MWC Gatesville TX USA 5 0 8.6E+04 1 0.00009% 0.00007% 0 0 

Maine Enerov Re Biddeford ME USA 4 1 2.3E+07 1 0.00009% 0.01025% 0 0 

Exeter Enemv M Sterfino CT USA 2 1 9.6E+06 1 0.00009% 0.00584% 0 0 

New Hamn Vennon Claremont NH USA 2 1 7.3E+06 1 0.00008% 0.00529% 0 0 

Commerce MWC Commerce CA USA 2 1 1.1E+07 1 0.00007% 0.00484% 0 0 

Reuter of Flori Pembroke P FL USA 4 1 1.3E+07 1 0.00006% 0.00891% 0 0 

Nottinoham MWC Nottinoham NH USA 6 0 2.3E+05 1 0.00006% 0.00003% 0 0 

Citv of Lakelan Lakeland FL USA 4 3 3.1E+06 1 0.00005% 0.00213% 0 0 

Galax Citv MWC Galax VA USA 3 1 1.1E+06 1 0.00004% 0.00153% 0 0 

Tacoma Stm Pint Tacoma WA USA 4 1 7.8E+06 1 0.00004% 0.00920% 0 0 

AubumMWC Au bum NH USA 5 0 UE+05 1 0.00003% 0.00002% 0 0 

Modesto Tire In Wesflev CA USA 2 1 5.SE+06 1 0.00002% 0.00200% 0 0 

Robertson Count Sorinofiel TN USA 4 1 4.0E+05 1 0.00001% 0.00133% 0 0 

HPowerMWC Ewa Honolu HI USA 4 3 62E+07 1 0.00001% 0.00011% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facility Name City Province Countrv Code (al APCD(bl Throuahout Unlt(cl TEQ HCB TEQ HCB 

Shemva AFB MWC Shemva AK USA 5 0 5.8E+OS 1 0.000001% 0.000000% 0 0 

North Slooe Bor Prudhoe Ba AK USA 5 2 2.1E+04 1 0.000000% 0.000000% 0 0 

Alaska Solid Wa Fairbanks AK USA 4 1 9.3E+OS 1 0.000000% 0.000002% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type DeposltiT Lake<1 =res> 

Facility Name City Province Countrv Code(a) APCD(b) Throughput Unit (cl TEQ HCB TEQ HCB 

Hazardous Waste Incineration 
" ' " . ., ,. ... ····' . -· • . ~ .. ...- '._ ........ ~. _, IAIA '" ·--~ . ,,, .. . .. ,. . ............ .... .. . .... . .. ' .. . v • ..... ........ .. -.. , . .......... . .... ,. " .. ~ . 

HWl:LWD Calvert Ci KY USA 0 1 1.7E+05 3 0.07% 0.21% 0 1 

HWl:Laidlaw Samia Cfll c.w 1 1 7.2E+04 3 0.06% 0.23% 0 1 

HWl:Rollins Env BatonR~~ LA. USA 0 1 3.5E+o5 3 0.05% 0.16% 0 1 

HWl:Weste Techn Eest Liver CH USA 0 1 9.5E+04 3 0.05% 0.14% 0 1 

HWl:US Armv Pue Pueblo ro USA 1 1 3.0E+05 3 0.04% 0.15% 0 1 

HWl:Ross lncine Gratton CH USA 0 1 7.6E+04 3 0.04% 0.13% 0 1 

HWl:Chemical Wa Sa·~t IL USA 0 1 7.6E+04 3 0.03% 0.09% 0 0 

HWl:BP American Cleveland CH USA 2 1 5.0E+04 3 0.03% 0.08% 0 1 

HWl:Dow Chemica Freeoort TX USA 2 1 1.5E+o5 3 0.03% 0.08% 0 0 

HWl:Rhone-Poule Houston TX USA 0 1 1.3E+05 3 0.02% 0.07% 0 0 

HWl:ENSCO El Dorado AR USA 0 1 8.7E+04 3 0.02% 0.06% 0 0 

HWl:Rhone Poule Baton Rniin LA. USA 0 1 1.1E+o5 3 0.02% 0.05% 0 0 

HWl:Ninth Avenu Garv IN USA 5 1 1.3E+04 3 0.02% 0.07% 0 1 

HWl:Rollins Env Deer Pali< TX USA 0 1 8.9E+04 3 0.02% 0.05% 0 0 

HWl:Pari<e Davis Holland Ml USA 2 1 2.2E+04 3 0.02% 0.06% 0 0 

HWl:US Anniston Anniston AL USA 1 1 9.9E+04 3 0.01% 0.03% 0 0 

HWI: Lubrizol Co Wickliffe CH USA 2 1 2.1E+04 3 0.01% 0.03% 0 0 

HWl:Chemical Wa Port Arthu TX USA 0 1 5.3E+04 3 0.009% 0.029% 0 0 

HWl:Antus Coffevvill KS USA 0 1 2.7E+04 3 0.009% 0.027% 0 0 

HWl:Bolos Nobel Muskeoon Ml USA 5 1 1.3E+04 3 0.009% 0.033% 0 0 

HWl:Catalvst Re Elvria CH USA 6 1 1.5E+04 3 0.009% 0.028% 0 0 

HWl:Atochem Carrollton KY USA 0 1 1.7E+04 3 0.008% 0.021% 0 0 

HWl:Rollins Env Bridoeoort NJ USA 0 1 9.5E+04 3 0.008% 0.014% 0 0 

HWl:Rohm and Ha Louisville t<Y USA 2 1 1.5E+04 3 0.007% 0.019% 0 0 

HWl:Duoont Victoria TX USA 2 1 3.8E+04 3 0.007% 0.021% 0 0 

HWl:Smiths Farm Sheoerdsvi KY USA 5 1 1.3E+04 3 0.006% 0.016% 0 0 

HWl:Ohio Techno Cleveland CH USA 2 1 1.1E+04 3 0 .006% 0.017% 0 0 

HWl:US Armv Uma Hermiston CJ'l USA 1 1 9.6E+04 3 0.006% 0.027% 0 0 

HWl:Canadian Cr Calaarv AL c.w 1 1 6.5E+04 3 0.006% 0.032% 0 0 

HWl:Arrowhead R Hermantown MN USA 5 1 1.3E+04 3 0.005% 0.025% 0 0 

HWl:Times Beach Times Baac MO USA 5 1 1.3E+04 3 0.005% 0.014% 0 0 

HWl:Arco Chemic Channelvie TX USA 2 1 2.8E+04 3 0.005% 0.015% 0 0 

HWl:USS Garv Wo Garv IN USA 2 1 4.0E+o3 3 0.005% 0.022% 0 0 

HWl:Ordnance Wo Moroantown WV USA 5 1 1.3E+04 3 0.005% 0.012% 0 0 

HWl:BP Chemical Lima CH USA 2 1 8.7E+o3 3 0.005% 0.014% 0 0 

HWl:Sidnev Tam Sidnev NS c.w 1 1 8.3E+04 3 0.004% 0.011% 0 0 

HWl:Canadian Oi Kelowna BC c.w 1 1 6.5E+04 3 0.004% 0.022% 0 0 

HWl:Alberta See Swan Hills AL c.w 1 1 5.0E+04 3 0.004% 0.025% 0 0 

HWl:Laidlaw Env Mercier 00 c.w 1 1 6.1E+04 3 0.004% 0.012% 0 0 

HWl:Rhone Poule Hammond IN USA 1 1 3.4E+o3 3 0.004% 0.019% 0 0 

HWl:Midland Pro Ola AR USA 5 1 1.3E+04 3 0.004% 0.012% 0 0 

HWl:Antus Araaonite UT USA 0 1 5.3E+04 3 0.004% 0.013% 0 0 

HWl:Huntsman Co Port Neche TX USA 2 1 2.1E+04 3 0.004~0 0.011o/o 0 0 

HWl:US Red Rive Texari<ana TX USA 1 1 1.7E+04 3 0.004% 0.011% 0 0 

HWl:Eestman Ari< Maoness AR USA 2 1 1.1E+04 3 0.004% 0.010% 0 0 

HWl:Weste Tech Lake Charl LA. USA 1 1 1.7E+04 3 0.003% 0.009% 0 0 

HWl:Shell Chemi Bal ore CH USA 2 1 6.7E+o3 3 0.003o/o 0.008% 0 0 

HWl:Laidlaw Env Roebuck SC USA 0 1 3.0E+04 3 0.003% 0.005% 0 0 

HWl:Eli UllvC Clinton IN USA 2 1 5.2E+o3 3 0.003% 0.009% 0 0 

HWl:American Cv Hannibal MO USA 2 1 6.5E+03 3 0.003% 0.008% 0 0 

HWl:Sterlino Ch Texas Citv TX USA 2 1 1.5E+04 3 0.003% 0.008% 0 0 

HWl:American Cv Kalamazoo Ml USA 2 1 4.4E+03 3 0.003% 0.009% 0 0 

HWl:Albemarle C Maanolia AR USA 6 1 1.1E+04 3 0.002% 0.007% 0 0 

HWl:Sikes Disnn Crosbv TX USA 5 1 1.3E+04 3 0.002% 0.007% 0 0 

HWl:Union Carbi South Char WV USA 2 1 8.9E+o3 3 0.002% 0.005% 0 0 

HWl:US Aberdeen Aberdeen MD USA 1 1 2.0E+04 3 0.002% 0.004% 0 0 

HWl:LTV Steel Cleveland CH USA 2 1 4.0E+03 3 0.002% 0.007% 0 0 

HWl:LTV Steel Cleveland CH USA 2 1 4.0E+o3 3 0.002% 0.007'/. 0 0 

HWl:LTV Steel Warren CH USA 2 1 4.0E+o3 3 0.002% 0.006% 0 0 

HWl:PPG lndustr WesUake LA. USA 2 1 1.2E+04 3 0.002•;. 0.006% 0 0 

HWl:US ArmvToo Tooele UT USA 1 1 2.8E+04 3 0.002% 0.007'/. 0 0 

HWl:Cleve Reber Sorrento LA. USA 5 1 1.3E+04 3 0.002% 0.006% 0 0 

HWl:US Arrnv Haw Hawthorne NV USA 1 1 8.4E+04 3 0.002% 0.007% 0 0 
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5·Lake Average Within Top 85"/o of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code (a) APCD (b) Throuqhput Unit (c) TEQ HCB TEQ HCB 

HWl:US Radford Radford VA USA 1 1 1.3E+04 3 0.002% 0.004% 0 0 

HWl:Hoechst Cel Pasadena TX USA 6 1 1.0E+04 3 0.002% 0.005% 0 0 

HWl:Ciba Geiav St Gabriel LA USA 2 1 1.1E+04 3 0.002% 0.005% 0 0 

HWl:ThermalKem Rocle Hill s::: USA 0 1 1.9E+04 3 0.002% 0.003% 0 0 

HWl:Fina Oil Deer Pali< TX USA 2 1 8.9E+03 3 0.002% 0.005% 0 0 

HWl:Shell Chemi Norco LA USA 2 1 1.1E+04 3 0.002% 0.005% 0 0 

HWl:Duoont Qr:mne TX USA 2 1 7.9E+03 3 0.001% 0.004% 0 0 

HWl:Rhone Poule lnstiMe WV USA 2 1 5.1E+03 3 0.001% 0.003% 0 0 

HWl:Miles New Martin WV USA 2 1 3.2E+03 3 0.001% 0.004% 0 0 

HWl:Eastman Koci Rochester NY USA 2 1 2.5E+03 3 0.001% 0.005% 0 0 

HWl:US Armv Sav Savanna IL USA 1 1 2.4E+03 3 0.001% 0.004% 0 0 

HWl:Dow Chemica Torrance CA USA 2 1 4.2E+04 3 0.001% 0.003% 0 0 

HWl:Celanese Co Shelbv NC USA 5 1 1.3E+04 3 0.001% 0.002% 0 0 

HWl:US DOE Los Los Alamos NM USA 1 1 9.8E+03 3 0.001% 0.004% 0 0 

HWl:Dow Chemica Midland Ml USA 2 1 1.9E+03 3 0.001% 0.004% 0 0 

HWl:Monsanto Nttro WV USA 2 1 4.3E+03 3 0.001% 0.003% 0 0 

HWl:US Seneca A Romulus NY USA 1 1 3.7E+03 3 0.001% 0.003% 0 0 

HWl:De Rewal Ch Frenchtown NJ USA 5 1 1.3E+04 3 0.001% 0.002% 0 0 

HWl:Eli LillvT Lafavette IN USA 2 1 1.7E+03 3 0.001'/o 0.004% 0 0 

HWl:US DOE Sava Jackson s::: USA 1 1 1.1E+04 3 0.001'/o 0.002% 0 0 

HWl:Waldick Aer Wall Two. NJ USA 5 1 1.3E+04 3 0.001% 0.002% 0 0 

HWl:Houston Che Houston TX USA 2 1 5.4E+03 3 0.0009% 0.0029% 0 0 

HWl:Yellow Wale Baldwin FL USA 5 1 1.3E+04 3 0.0009% 0.0026% 0 0 

HWl:Union Cart>i Taft LA USA 2 1 6.4E+03 3 0.0009% 0.0026% 0 0 

HWl:Waste Resea Eau Claire WI USA 0 1 1.9E+03 3 0.0009% 0.0037% 0 0 

HWl:Laidlaw Env Colfax LA USA 1 1 4.2E+03 3 0.0009% 0.0026% 0 0 

HWl:Eastman Ten Kinasoort TN USA 2 1 6.0E+03 3 0.0008"· 0.0018% 0 0 

HWl:Olin Coro Lake Chan LA USA 2 1 4.7E+03 3 0.0008% 0.0026% 0 0 

HWl:FMC Yakima Yakima WA USA 5 1 1.3E+04 3 0.0008% 0.0039% 0 0 

HWl:BASF FreeMrt TX USA 2 1 4.6E+03 3 0.0008% 0.0025% 0 0 

HWl:Georaia Gui Plaauemine LA USA 2 1 5.4E+03 3 0.0008% 0.0024% 0 0 

HWl:Eastman Tex Lonmliew TX USA 2 1 4.0E+03 3 0.0008% 0.0023% 0 0 

HWl:BP Chemical Port Lavac TX USA 2 1 4.2E+03 3 0.0007% 0.0023% 0 0 

HWl:Rose Discos Lanesborou MA USA 5 1 1.3E+04 3 0.0007% 0.0017% 0 0 

HWl:Neoera Chem Harriman NY USA 2 1 1.1E+03 3 0.0007% 0.0027% 0 0 

HWl:Uoiohn Kalamazoo Ml USA 2 1 1.2E+03 3 0.0007% 0.0025% 0 0 

HWl:Zellwood Gr Zell wood FL USA 5 1 1.3E+04 3 0.0007% 0.0023% 0 0 

HWl:Ciba-Oeiav Mcintosh AL USA 2 1 6.1E+03 3 0.0007% 0.0020% 0 0 

HWl:SC Johnson Sturtevant WI USA 2 1 6.0E+02 3 0.0007% 0.0030% 0 0 

HWl:Dow Chemica Plaauemine LA USA 2 1 4.5E+03 3 0.0007% 0.0020% 0 0 

HWl:3M Comoanv Decatur AL USA 2 1 2.7E+03 3 0.0007% 0.0018% 0 0 

HWl:Rexene Prod Odessa TX USA 2 1 3.0E+03 3 0.0006% 0.0019% 0 0 

HWl:UT Southwes Dallas TX USA 1 1 3.0E+03 3 0.0006% 0.0018% 0 0 

HWl:US Naw Sur Crane IN USA 1 1 1.2E+03 3 0.0006% 0.0016% 0 0 

HWl:American Cv Willow Isl WV USA 2 1 1.3E+03 3 0.0006% 0.0015% 0 0 

HWl:US Lexinato Richmond KY USA 1 1 1.5E+03 3 0.0005% 0.0014% 0 0 

HWl:BASF Geismar LA USA 2 1 3.6E+03 3 0.0005% 0.0016% 0 0 

HWl:Duoont LaPorte TX USA 2 1 3.0E+03 3 0.0005% 0.0016% 0 0 

HWl:Vulcan Chem Geismar LA USA 1 1 3.6E+03 3 0.0005% 0.0016% 0 0 

HWl:Chemical Wa Kettleman CA USA 1 1 2.2E+04 3 0.0005% 0.0016% 0 0 

HWl:Geomia Gui Pasadena TX USA 2 1 2.9E+03 3 0.0005% 0.0016% 0 0 

HWl:Aristech Ch Pasadena TX USA 2 1 2.BE+03 3 0.0005% 0.0015% 0 0 

HWl:Baird and M Holbrook MA USA 5 1 1.3E+04 3 0.0005% 0.0013% 0 0 

HWl:Davis Liaui Smithfield RI USA 5 1 1.3E+04 3 0.0005% 0.0013% 0 0 

HWl:Chemolite ST. Paul MN USA 2 1 1.1E+03 3 0.0005% 0.0021% 0 0 

HWl:Union Cart>i TexasCitv TX USA 2 1 2.7E+03 3 0.0005% 0.0014% 0 0 

HWl:Aristech Ha Haverhill (Ji USA 2 1 1.2E+03 3 0.0005% 0.0013"· 0 0 

HWl:Occidental NiaQara Fa NY USA 2 1 6.0E+02 3 0.0005% 0.0017% 0 0 

HWl:Annus Chemi Ster1inato LA USA 2 1 2.0E+03 3 0.0005% 0.0014"· 0 0 

HWl:OSI Soecial SisteNill WV USA 2 1 1.0E+03 3 0.0004% 0.0012•,;. 0 0 

HWl:Occidental Deer Pali< TX USA 2 1 2.4E+03 3 0.0004•1. 0.0013°,{, 0 0 

HWl:Merck Chemi Riverside PA USA 2 1 2.9E+03 3 0.0004% 0.0009% 0 0 

HWl:US Kansas A Parsons KS USA 1 1 1.2E+03 3 0.0004% 0.0012% 0 0 

HWl:General Ele Se I kiri< NY USA 2 1 5.6E+03 3 0.0004% 0.0008"· 0 0 

HWl:VW Chemica Georgetown s::: USA 2 1 4.1E+03 3 0.0004% 0.0007% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facility Name City Province Country Code(a) APCD (b) Throughpu1 Unit (c) TEO HCB TEO HCB 

HWl:Miles Kansas Cit M'.l USA 6 1 9.9E+02 3 0.0004% 0.0012% 0 0 

HWl:Shell Chemi Deer Park TX USA 2 1 2.0E+03 3 0.0004% 0.0011 % 0 0 

HWl:Atochem Beaumont TX USA 1 1 2.0E+03 3 0.0003% 0.0011 % 0 0 

HWl:Olin Com Brandonbur KY USA 2 1 7.2E+02 3 0.0003% 0.0010% 0 0 

HWl:ldaho Natio Idaho Fall ID USA 2 1 4.4E+03 3 0.0003% 0.0014% 0 0 

HWl:US Armv Too Tooele UT USA 1 1 4.6E+03 3 0.0003% 0.0011% 0 0 

HWl:Chevron Che Belle Chas LA USA 2 1 2.5E+03 3 0.0003% 0.0010% 0 0 

HWl:Nlied Sion Birminoham AL USA 0 1 1.7E+03 3 0.0003% 0.0008% 0 0 

HWl:BASF Geismar LA USA 2 1 2.0E+03 3 0.0003% 0.0009% 0 0 

HWl:Duoont Beaumont TX USA 2 1 1.6E+03 3 0.0003% 0.0009% 0 0 

HWl:Duoont ~ ...... Wilminaton DE USA 2 1 3.1E+03 3 0.0003% 0.0005% 0 0 

HWl:Federated T Brooks viii MS USA 2 1 1.4E+03 3 0.0003% 0.0008% 0 0 

HWl:Olin Com Beaumont TX USA 2 1 1.5E+03 3 0.0003% 0.0008% 0 0 

HWl:Nutrasweet Auousta GI\ USA 2 1 2.7E+03 3 0.0003% 0.0005% 0 0 

HWl:Caroill Che Cementers IL USA 2 1 1.8E+02 3 0.0003% 0.0012% 0 0 

HWl:Vulcan Mate Witchita KS USA 1 1 7.6E+02 3 0.0003% 0.0008% 0 0 

HWl:Westvaco Deridder LA USA 2 1 1.4E+03 3 0.0003% 0.0008% 0 0 

HWl:Duoont Park Parkersbur WV USA 2 1 5.8E+02 3 0.0002% 0.0007% 0 0 

HWl:Hoechst Cel BavCitv TX USA 2 1 1.2E+03 3 0.0002% 0.0007% 0 0 

HWl:Chevron USA Philadeloh PA USA 2 1 2.3E+03 3 0.0002% 0.0003% 0 0 

HWl:Dunnnt Louisville KY USA 2 1 3.5E+02 3 0.0002% 0.0005% 0 0 

HWl:US NASA Mar New Ortean LA USA 1 1 1.3E+03 3 0.0002% 0.0005% 0 0 

HWl:Borden Chem Geismer LA USA 2 1 1.2E+03 3 0.0002% 0.0005% 0 0 

HWl:Duoont La Place LA USA 2 1 1.2E+03 3 0.0002% 0.0005% 0 0 

HWl:Occidental Niaoara Fa NV USA 2 1 2.1E+02 3 0.0002% 0.0006% 0 0 

HWl:Arizona Che Panama Cit FL USA 2 1 2.0E+03 3 0.0002% 0.0005% 0 0 

HWl:Phillios Re Bartles vii OK USA 2 1 5.0E+02 3 0.0002% 0.0005% 0 0 

HWl:Occidental lnnleside TX USA 2 1 8.5E+02 3 0.0002% 0.0005% 0 0 

HWl:General Ele Pittsfield MA USA 0 1 2.5E+03 3 0.0001% 0.0003% 0 0 

HWl:Polvraz Com Woodburv NJ USA 2 1 1.7E+03 3 0.0001 % 0.0002% 0 0 

HWl:Cook Cornoos PortWashi WI USA 6 1 1.7E+02 3 0.0001% 0.0006% 0 0 

HWl:Rhone Poule Martinez CA USA 2 1 8.4E+03 3 0.0001% 0.0005% 0 0 

HWl:Ouantum Che Deer Park TX USA 2 1 7.2E+02 3 0 .0001% 0.0004% 0 0 

HWl:Celanese Ch Bi shoo TX USA 2 1 7.0E+02 3 0.0001% 0.0004% 0 0 

HWl:Smtthkline Conshohock PA USA 2 1 1.4E+03 3 0.0001 % 0.0002% 0 0 

HWl:US Lake Cit lndenAn<IAn M'.l USA 1 1 3.0E+02 3 0.0001 % 0.0003% 0 0 

HWl:Nlied Sian Hnnawell VA USA 2 1 8.6E+02 3 0.0001% 0.0002% 0 0 

HWl:Huntsman Co Conroe TX USA 2 1 6.0E+02 3 0.0001 % 0.0003% 0 0 

HWl:Rubicon Geismar LA USA 2 1 7.2E+02 3 0.0001% 0.0003% 0 0 

HWl:Phillios Sweenv TX USA 2 1 5.8E+02 3 0.0001% 0.0003% 0 0 

HWl:Monsanto Sorinafiel MA USA 2 1 2.3E+03 3 0.0001% 0.0003% 0 0 

HWl:Monsanto AJvin TX USA 2 1 5.7E+02 3 0.0001% 0.0003% 0 0 

HWl:Phillio Ent Bumabv BC ON 1 1 1.4E+03 3 0.00009% 0.00042% 0 0 

HWl:Mobil Chem Beaumont TX USA 2 1 4.7E+02 3 0.00008% 0.00025"· 0 0 

HWl:Kalama Chem Kalama WA USA 2 1 1.3E+03 3 0.00008% 0.00037% 0 0 

HWl:Merck and C West Point PA USA 2 1 9.7E+02 3 0.00008% 0.00013% 0 0 

HWl:Texas Instr Sherman TX USA 2 1 3.5E+02 3 0.00008% 0.00023% 0 0 

HWl:lowa State Ames IA USA 2 1 1.9E+02 3 0.00007% 0.00026% 0 0 

HWl:Celanese Ch Seabrook TX USA 2 1 3.9E+02 3 0.00007% 0.00021% 0 0 

HWl:Plizer Groton CT USA 2 1 1.5E+03 3 0.00007% 0.00017% 0 0 

HWl:Daw Chemica La Porte TX USA 2 1 3.8E+02 3 0.00007"/o 0.00020% 0 0 

HWl:PPG lndustr Circlevill Gt USA 2 1 1.5E+02 3 0.00007"k 0.00018% 0 0 

HWl:ShellOil Martinez CA USA 2 1 4.3E+03 3 0.00007"k 0.00025% 0 0 

HWl:FMC Coro Baltimore MD USA 2 1 5.3E+02 3 0.00006% 0.00012% 0 0 

HWl:Schenectadv Freenart TX USA 2 1 3.4E+02 3 0.00006% 0.00018% 0 0 

HWl:Novacor Che Decatur AL USA 2 1 2.3E+02 3 0 .000061¥. 0.00015"· 0 0 

HWl:L""""ell Channelvie TX USA 6 1 3.2E+02 3 0.00006% 0.00017% 0 0 

HWl:DSM Chemica Auousta GI\ USA 2 1 5.4E+02 3 0 .00005°k 0 .00011% 0 0 

HWl:Schenectadv Rotterdam NY USA 2 1 7.6E+02 3 0.00005% 0.00011% 0 0 

HWl:Mavo Clinic Rochester MN USA 2 1 1.2E+02 3 0.00005% 0.00022% 0 0 

HWl:Reillv lndu lndiananal IN USA 6 1 1.0E+02 3 0.00005% 0.00014% 0 0 

HWl:Advanced Te Los Anno.le CA USA 1 1 1.7E+03 3 o.oooo5°k 0.00012% 0 0 

HWl:Huls Americ Chestertow MD USA 2 1 4.1E+02 3 0.00005% 0.00009"k 0 0 

HWl:Marathon Oi Garvville LA USA 2 1 3.1E+02 3 0.00004% 0.00013°k 0 0 

HWl:Searle Phar Augusta GI\ USA 2 1 4.3E+02 3 0.00004% 0.00009% 0 0 
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FacllltvName Cltv Province Countrv Codelal APCDlbl Throuahout Unltlcl TEO HCB TEQ HCB 

HWl:Nalco Chemi Suaarl.and TX USA 2 1 2.3E+02 3 0.00004% 0.00013% 0 0 

HWl:Merichem Houston TX USA 2 1 2.3E+02 3 0.00004% 0.00012% 0 0 

HWl:Parkens Int Houston TX USA 2 1 2.1E+02 3 0.00004% 0.00011% 0 0 

HWl:Du~t Memohis TN USA 2 1 1.1E+02 3 0.00004% 0.00010% 0 0 

HWl:First Chemi Pascann.~a MS USA 2 1 3.2E+02 3 0.00004% 0.00011% 0 0 

HWl:Ethvl Como Oranoebura s:: USA 2 1 3.8E+02 3 0.00004% 0.00007% 0 0 

HWl:Burrouohs W Greenville NC USA 2 1 3.0E+02 3 0.00003% 0.00006% 0 0 

HWl:WR Grace Deer Park TX USA 2 1 1.9E+02 3 0.00003% 0.00010% 0 0 

HWl:Oiversified Kinoston TN USA 2 1 1.7E+02 3 0.00003% 0.00008% 0 0 

HWl:Cool< Com""" Chatham VA USA 2 1 2.4E+02 3 0.00003% 0.00006% 0 0 

HWl:Velsicol Memohis TN USA 2 1 9.2E+01 3 0.00003% 0.00009% 0 0 

HWl:Sandoz Aoro Beaumont TX USA 6 1 1.8E+02 3 0.00003% 0.00009% 0 0 

HWl:Neville Che Pittsbumh PA USA 2 1 7.1E+01 3 0.00003% 0.00008% 0 0 

HWl:Laidlaw Env Clarence NY USA 0 1 4.1E+02 3 0.00003% 0.00006% 0 0 

HWl:Atochem Calvert Ci KY USA 2 1 6.3E+01 3 0.00003% 0.00008% 0 0 

HWl:Universitv Madison WI USA 2 1 4.5E+01 3 0.00003% 0.00011% 0 0 

HWl:Califomia Vernon CA USA 6 1 9.0E+02 3 0.00003% 0.00006% 0 0 

HWl:Oow Chemica Joliet IL USA 2 1 2.3E+01 3 0.00003% 0.00011% 0 0 

HWl:Morton Thio Elkton MD USA 2 1 2.5E+02 3 0.00003% 0.00005% 0 0 

HWl:US Iowa Arm Middletown IA USA 1 1 4.8E+01 3 0.00002% 0.00008% 0 0 

HWl:Arizona Che Gulfoort MS USA 2 1 2.0E+02 3 0.00002% 0.00007"/o 0 0 

HWl:Duoont Shel Axis AL USA 2 1 2.1E+02 3 0.00002% 0.00007"/o 0 0 

HWl:Coool"""'r Addis LA USA 2 1 1.5E+02 3 0.00002% 0.00007"/o 0 0 

HWl:Atochem Houston TX USA 2 1 1.3E+02 3 0.00002% 0.00007% 0 0 

HWl:McDomel Do St. Charle MO USA 2 1 5.0E+01 3 0.00002% 0.00006% 0 0 

HWl:Huntsman Po Woodburv NJ USA 2 1 2.4E+02 3 0.00002% 0.00003% 0 0 

HWl:Uniroval Geismar LA USA 2 1 1.3E+02 3 0.00002% 0.00005% 0 0 

HWl:Tele"""e Wa Albanv Cl'l USA 2 1 3.5E+02 3 0.00002% 0.00008% 0 0 

HWl:Monsanto Addvston Gi USA 2 1 3.5E+01 3 0.00002% 0.00004% 0 0 

HWl:Glaxo ATP NC USA 2 1 1.6E+02 3 0.00002% 0.00003% 0 0 

HWl:Curwood New London WI USA 2 1 3.0E+01 3 0.00002% 0.00007"/o 0 0 

HWl:Dow Chemica Ironton Gi USA 2 1 3.6E+01 3 0.00001% 0.00004% 0 0 

HWl:US DOE Sand Livermore CA USA 1 1 8.5E+02 3 0.00001% 0.00005% 0 0 

HWI: Mallinckrod Raleiah NC USA 2 1 1.2E+02 3 0.00001% 0.00002% 0 0 

HWl:Monsanto Muscatine IA USA 2 1 2.4E+01 3 0.00001% 0.00004% 0 0 

HWl:Chevron Che Richmond CA USA 2 1 8.0E+02 3 0.00001% 0.00005% 0 0 

HWl:Atochem Thorofare NJ USA 2 1 1.5E+02 3 0.00001"/o 0.00002% 0 0 

HWl:Ouantum Che Morris IL USA 2 1 1.1E+01 3 0.00001% 0.00005% 0 0 

HWl:American Cv Wallinofor GT USA 2 1 2.1E+02 3 0.00001% 0.00003% 0 0 

HWl:Halterman Houston TX USA 2 1 6.0E+01 3 0.00001% 0.00003% 0 0 

HWl:Texaco Petr Port Neche TX USA 2 1 5.6E+01 3 0.00001% 0.00003% 0 0 

HWl:Novacor Che Indian Ore MA USA 2 1 1.8E+02 3 0.000008% 0.000021"!. 0 0 

HWl:Nissan Smvma TN USA 2 1 2.7E+01 3 0.000007% 0.000019% 0 0 

HWl:Broco Envir Rialto CA USA 1 1 2.5E+02 3 0.000007% 0.000018% 0 0 

HWl:Waste Tech Golden ro USA 1 1 5.0E+01 3 0.000007"/o 0.000024% 0 0 

HWl:Duoont Oeeowater NJ USA 2 1 7.3E+01 3 0.000007"/o 0.000012% 0 0 

HWl:TThermal I Conshohock PA USA 2 1 8.1E+01 3 0.000007"!. 0.000011% 0 0 

HWl:NIEHS ATP NC USA 2 1 6.1E+01 3 0.000006% 0.000012% 0 0 

HWl:Rohm and Ha Philadeloh PA USA 2 1 7.3E+01 3 0.000006% 0.000010% 0 0 

HWl:Camill Forest Par GA USA 2 1 5.0E+01 3 0.000006% 0.000013% 0 0 

HWl:G.vvivear Beaumont TX USA 2 1 2.9E+01 3 0.000005% 0.000016% 0 0 

HWl:Dow Chemica Gales Ferr GT USA 2 1 1.1E+02 3 0.000005% 0.000011% 0 0 

HWl:Ashland Che Commerce CA USA 2 1 1.3E+02 3 0.000004% 0.000009% 0 0 

HWl:Allied Sion Philadeloh PA USA 2 1 4.2E+01 3 0.000003% 0.000006% 0 0 

HWl:Zeneca Bavonne NJ USA 2 1 4.2E+01 3 0.000003% 0.000006% 0 0 

HWl:Union Carbi Piscatawav NJ USA 2 1 2.9E+01 3 0.000002% 0.000004% 0 0 

HWl:Bostik Middleton MA USA 2 1 5.8E+01 3 0.000002% 0.000006% 0 0 

HWl:Providence Pawtucket RI USA 2 1 5.3E+01 3 0.000002% 0.000005% 0 0 

HWl:Hone"""'ll Clearwater FL USA 2 1 3.6E+01 3 0.000002% 0.000006% 0 0 

HWl:BPOil Belle Chas LA USA 2 1 1.4E+01 3 0.000002% 0.000005% 0 0 

HWl:Camill Res Lvnwood CA USA 2 1 6.0E+01 3 0.000002% 0.000004% 0 0 

HWl:Lubrizol Co Painesvill Gi USA 2 1 2.5E+OO 3 0.000001% 0.000004% 0 0 

HWl:Hoechst Cel Mt. Hollv NC USA 2 1 7.0E+OO 3 0.000001 % 0.000001"!. 0 0 

HWl:Moore Busin Stillwater OK USA 2 1 8.4E-01 3 0.000000% 0.000001% 0 0 

HWl:US DOE K-25 OekRidge TN USA 1 1 1.2E+OO 3 0.000000% 0.000001% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facility Name Cltv Province Country Code (a} APCD(b} ThrOU!lhPut Unit (cl TEQ HCB TEQ HCB 

HWl:Purina Mill Bridoeton M:) USA 2 1 4.4E-01 3 0.000000% 0.000000% 0 0 

HWl:Dow Chemica Pitts burn CA USA 2 1 6.9E+OO 3 0.000000% 0.000000% 0 0 

HWl:Hoechst Cel Pamoa TX USA 2 1 3.SE-01 3 0.000000% 0.000000% 0 0 

HWl:Washinaton Pullman WA USA 2 1 1.0E+OO 3 0.000000% 0.000000% 0 0 

HWl:Air Product Pasadena TX USA 2 1 1.7E-01 3 0.000000% 0.000000% 0 0 

HWl:Exxon Chemi Baton RN on LA USA 2 1 1.SE-01 3 0.000000% 0.000000% 0 0 

HWl:Lonza PasadenaB TX USA 6 1 1.2E-01 3 0.000000% 0.000000% 0 0 

HWl:Hercules Ae Maona UT USA 2 1 2.4E-01 3 0.000000% 0.000000% 0 0 

HWl:Rolvn and Ha Deer Park TX USA 2 1 4.7E-02 3 0.000000% 0.000000% 0 0 

HWl:Natural Gas Bavtown TX USA 2 1 1.2E-02 3 0.000000% 0.000000% 0 0 

HWl:Gnnnv-ar La Port TX USA 2 1 9.0E-03 3 0.000000% 0.000000% 0 0 

HWl:Aerojet Sacramento CA USA 2 1 4.0E-02 3 0.000000% 0.000000% 0 0 
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S·Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposltloln Lake (1 =lyes) 

Facllitv Name Cltv Province Countrv Code (al APCD(b) Throughput Unlt(c) TEQ HCB TEQ HCB 

Se\!ag~ _§!ud_g~_ !!'.'<:lne_~~!il)ll .. _~ •. , .. ,. .......... , 
-~ ..... ,., -···----·· ... " ...•.... ...... ··~---- . ~- ···:.:--·--. •••• - ~~-·-···- u•••-•v- ·~ -- .. .... ,,y,,...•••ooo-A._,. -._, ..,.,,, , ooM "'" ' .... -· · ····· ·· -~---· --·-~·.····- ~·· 

Ashbridoes Bav Toronto GI CAN 1 1 4.1E+06 1 0.10% 0.20% 1 1 

Hiohland Creek Toronto GI CAN 1 1 3.0E+06 1 0.08% 0.14% 1 1 

Detroit2 Detroit Ml USA 1 1 6.0E+06 1 0.07% 0.21% 0 1 

Detroit 1 Detroit Ml USA 1 1 3.6E+06 1 0.04% 0.13% 0 1 

Metrooolitan TP St Paul MN USA 1 1 6.9E+06 1 0.04% 0.15% 0 1 

Wvandotte STP wa~ eoun Ml USA 1 1 2.2E+06 1 0.03% 0.08% 0 1 

Birds Island ST Buffalo NY USA 1 1 1.6E+06 1 0.02% 0.05% 0 0 

Hamilton Hamilton GI CAN 1 1 1.2E+06 1 0.02% 0.04% 0 0 

lndianaoolis Be lndianaool IN USA 1 1 3.2E+06 1 0.02% 0.05% 0 0 

Sou1hertv WWTP Cleveland Oi USA 1 1 2.3E+06 1 0.02% 0.04% 0 0 

London London GI CAN 1 1 2.0E+06 1 0.02% 0.04% 0 0 

Westertv STP Cleveland Oi USA 1 1 1.7E+06 1 0.01% 0.03% 0 0 

Bissel Point ST St Louis M'.) USA 1 1 2.9E+06 1 0.01% 0.03% 0 0 

Erie Erie PA USA 1 1 1.2E+06 1 O.Q1% 0.02% 0 0 

Millcreek Cincinnati Oi USA 1 1 1.5E+06 1 0.008% 0.019% 0 0 

Frank E Van Ler Rochester NY USA 1 1 6.4E+05 1 0.007% 0.014% 0 0 

Pontiac STP Pontiac Ml USA 1 1 5.8E+05 1 0.007% O.Q18% 0 0 

Yosilanti WWTP Yosilanti Ml USA 1 1 4.8E+05 1 0.006% O.Q17% 0 0 

Kiski Vallev WP IAnnnlo PA USA 1 1 1.2E+06 1 0.006% 0.011 ~. 0 0 

Sou1htowns Adva Buffalo NY USA 1 1 3.8E+05 1 0.006% 0.011% 0 0 

Ann Amor Ann Arbor Ml USA 1 1 4.8E+05 1 0.005% 0.015% 0 0 

Green Bav WWTP Green BAv WI USA 1 1 7.8E+05 1 0.005% 0.019% 0 0 

LenavSTP St Louis M'.) USA 1 1 1.3E+06 1 0.005% 0.016% 0 0 

Niaora Countv Niaorra Co NY USA 1 1 3.1E+05 1 0.005% 0.009% 0 0 

NWQuadSTP Rochester NY USA 1 1 4.3E+05 1 0.005% 0.009% 0 0 

Two Mile Creek Tonawanda NY USA 1 1 3.1E+05 1 0.005% 0.009% 0 0 

Amherst Amherst NY USA 1 1 3.1E+05 1 0.005% 0.009% 0 0 

Hamburo Erie Count NY USA 1 1 3.1E+05 1 0.004% 0.008% 0 0 

Trenton WWTP Trenton Ml USA 1 1 3.1E+05 1 0.004% 0.011% 0 0 

Gates Chile Clod Rochester NY USA 1 1 3.2E+05 1 0.004% 0.007% 0 0 

Dunkir1< STP Dunkir1< NY USA 1 1 3.1E+05 1 0.004% 0.007% 0 0 

Canton WWTP Canton Oi USA 1 1 4.4E+05 1 0.003% 0.007% 0 0 

NW Quadrant TP Greece NY USA 1 1 3.1E+05 1 0.003% 0.006% 0 0 

Kalamzoo WWTP Kalamazoo Ml USA 1 1 4.3E+05 1 0.003% 0.010% 0 0 

OwossoWWTP Owosso Ml USA 1 1 3.1E+05 1 0.003% 0.008% 0 0 

Commun Urb de M Montreal aJ CAN 1 1 3.6E+06 1 0.003% 0.008% 0 0 

NilesWWTP Niles Ml USA 1 1 3.1E+05 1 0.003% 0.010% 0 0 

Warren Warren Ml USA 1 1 2.3E+05 1 0.003% 0.008% 0 0 

Lansino WWTP Lansino Ml USA 1 1 3.1E+05 1 0.003% 0.008% 0 0 

Bav Countv STP BavCountv Ml USA 1 1 3.1E+05 1 0.003% 0.008% 0 0 

Younostown WWTP Younostown Oi USA 1 1 3.6E+05 1 0.003% 0.006% 0 0 

East Lansina East Lansi Ml USA 1 1 2.9E+05 1 0.003% 0.008% 0 0 

Lorain Lorain Oi USA 1 1 3.1E+05 1 0.003% 0.006% 0 0 

AdronWWTP Akron Oi USA 1 1 3.5E+05 1 0.003% 0.006% 0 0 

Columbus Sou1h Columbus Oi USA 1 1 4.0E+05 1 0.003% 0.006% 0 0 

Central WWTP Nashville TN USA 1 1 8.2E+05 1 0.002% 0.007% 0 0 

Battle Creek Battle Cre Ml USA 1 1 3.1E+05 1 0.002% 0.007% 0 0 

Warren Countv Franklin Oi USA 1 1 3.1E+05 1 0.002% 0.005% 0 0 

Jackson Pike WW Columbus Oi USA 1 1 3.5E+05 1 0.002% 0.005% 0 0 

Grand Raoids Grand Raoi Ml USA 1 1 2.9E+05 1 0.002% 0.006% 0 0 

Bath Bath NY USA 1 1 3.1E+05 1 0.002% 0.004% 0 0 

Ambridoe STP Ambridae PA USA 1 1 3.1E+05 1 0.002% 0.004% 0 0 

Dubuaue DubLKlue IA USA 1 1 5.0E+05 1 0.002~. 0.007% 0 0 

DecaturSTP Decatur IL USA 1 1 3.1E+05 1 0.002% 0.006% 0 0 

Davenoart Davenoart IA USA 1 1 3.2E+05 1 0.002% 0.006% 0 0 

Alcosan WWTP Pittsburah PA USA 1 1 3.1E+05 1 0.002% 0.004% 0 0 

Little Miami WW Cincinnati Oi USA 1 1 3.1E+05 1 0.002~. 0.004% 0 0 

Dulu1h Dulu1h MN USA 1 1 3.0E+05 1 0.002% 0.006% 0 0 

Clar1<sbura STP Clar1<sbura WV USA 1 1 3.1E+05 1 0.002% 0.003% 0 0 

r.vnthiana I r.vnthiana KY USA 1 1 3.1E+05 1 0.002% 0.004% 0 0 

EuclidWWTP Euclid Oi USA 1 1 1.9E+05 1 0.002% 0.003% 0 0 

Kansas Citv Kansas Cit M'.) USA 1 1 4.0E+05 1 0.002% 0.005% 0 0 

Willouahbv East Willouahbv Oi USA 1 1 1.9E+05 1 0.001 % 0.003% 0 0 
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5-Lake Average Within Top 85% of 

·1 
Percent of Total Depoaltlon to any 

State/ Type Deposition Lake (1 =yes) 

Faclllty Name City Province Country Code(a) APCD(b) Throughput Unit (c\ TEQ HCB TEQ HCB 

Kenton Countv Kenton Cou KY USA 1 1 3.1E+05 1 0.001% 0.003% 0 0 

Hartford WPCF Hartford er USA 1 1 3.0E+06 1 0.001% 0.004% 0 0 

Lower Potomac S Fairfax VA USA 1 1 8. 1 E+-05 1 0.001% 0.002% 0 0 

New Point Kansas Cit KA USA 1 1 3.6E+-05 1 0.001% 0.005% 0 0 

Huntinaton Huntinaton WV USA 1 1 3.1E+-05 1 0.001% 0.003% 0 0 

Pataosco Baltimore MD USA 1 1 8.8E+05 1 0.001% 0.002% 0 0 

Auburn Auburn NY USA 1 1 3.6E+-05 1 0.001 % 0.002% 0 0 

Atlanta Bolton Atlanta GA USA 1 1 1.2E+06 1 0.001 % 0.003% 0 0 

Cedar Raoids WP CedarRaoi IA USA 1 1 2.2E+05 1 0.001% 0.004% 0 0 

Senecal? St Paul MN USA 1 1 1.7E+05 1 0.001% 0.004% 0 0 

Fairfax Fairfax VA USA 1 1 5.8E+05 1 0.001 % 0.002% 0 0 

Schenectadv ST? Schenectad NY USA 1 1 1.2E+-06 1 0.0010% 0.0020% 0 0 

Albanv North Albanv NY USA 1 1 1.2E+06 1 0.0009% 0.0018% 0 0 

West ST? I~ NY USA 1 1 3.1E+05 1 0.0009% 0.0018% 0 0 

East ST? ln.u-.., NY USA 1 1 3.1 E+05 1 0.0009% 0.0018% 0 0 

Milwaukee Milwaukee WI USA 1 1 6.3E+04 1 0.0008% 0.0029% 0 0 

Wavne Wavne NJ USA 1 1 8.5E+05 1 0.0007% 0.0013% 0 0 

Lamberts Point Norfolk VA USA 1 1 5.1E+05 1 0.0007% 0.0013% 0 0 

Williamsbura WP Williarnsbu VA USA 1 1 5.0E+05 1 0.0007% 0.0013% 0 0 

Trout Run WPCC UnN11rMari PA USA 1 1 3.1E+05 1 0.0007% 0.0012% 0 0 

Port Huron Port Huron Ml USA 1 1 6.8E+04 1 0.0007% 0.0019% 0 0 

Hershev Hershev PA USA 1 1 3.6E+-05 1 0.0007% 0.0011% 0 0 

Stamford Stamford er USA 1 1 8.4E+-05 1 0.0006% 0.0013% 0 0 

Albanv South Albanv NY USA 1 1 8.2E+-05 1 0.0006% 0.0013% 0 0 

Watertown Watertown N'.' USA 1 1 3.1E+05 1 0.0006% 0.0013% 0 0 

ParsinnAnv Parsiooanv NJ USA 1 1 6.9E+-05 1 0.0006% 0.0011% 0 0 

York York PA USA 1 1 3.5E+05 1 0.0006% 0.0010% 0 0 

Cumbertand Citv Lemovne Bo PA USA 1 1 3.1E+-05 1 0.0006% 0.0010% 0 0 

Kansas Citv Kansas Cit KA USA 1 1 1 .6E+-05 1 0.0006% 0.0021% 0 0 

Turkev Creek Shawnee Mi KA USA 1 1 1.6E+05 1 0.0006% 0.0020% 0 0 

Natchitoches Natchitoch LA USA 1 1 3.1E+-05 1 0.0006% 0.0021% 0 0 

Mission Townshi Johnson Co KA USA 1 1 3.1E+-05 1 0.0006% 0.0022% 0 0 

Utica OneidaCou NY USA 1 1 5.3E+-05 1 0.0005% 0.0011°/. 0 0 

Potomac River S Woodbridae VA USA 1 1 3.1E+-05 1 0.0005% 0.0009% 0 0 

Two Bridoes Lincoln Pa NJ USA 1 1 5.9E+05 1 0.0005% 0.0009% 0 0 

Artinnton COWPC Artinaton VA USA 1 1 3.1E+-05 1 0.0005% 0.0009% 0 0 

Alexandria STP Alexandria VA USA 1 1 3.1E+-05 1 0.0005% 0.0009% 0 0 

Lake Chartes Pl Lake Chart LA USA 1 1 3.1E+-05 1 0.0005% 0.0018% 0 0 

Lake Chartes Pl Lake Chart LA USA 1 1 3.1E+-05 1 0.0005% 0.0018% 0 0 

Annaoolis Citv Annaoolis MD USA 1 1 3.1E+-05 1 0.0005% 0.0008% 0 0 

Cox Creek WWTP Riviera Be MD USA 1 1 3.1E+-05 1 0.0005% 0.0008% 0 0 

Harrisbum Harrisbum RI USA 1 1 1.2E+-06 1 0.0004% 0.0013% 0 0 

Lower Leckawann Old Force PA USA 1 1 3.1E+-05 1 0.0004% 0.0007"/. 0 0 

Wvomino Vallev Wilkes Bar PA USA 1 1 2.9E+05 1 0.0004% 0.0007"/o 0 0 

First Bank STP NewOrtean LA USA 1 1 3.6E+-05 1 0.0004'¥. 0.0016% 0 0 

Decatur Decatur GA USA 1 1 4.0E+-05 1 0.0004°/. 0.0011% 0 0 

Boat Harbor WPC Newnnrt Ne VA USA 1 1 3.0E+-05 1 0.0004% 0.0008% 0 0 

Commun Um de 0 Quebec Cit OJ CAN 1 1 4.9E+-05 1 0.0004% 0.0010% 0 0 

Greensboro Greensboro l>C USA 1 1 4.0E+05 1 0.0004°/. 0.0009% 0 0 

Brookfield ST? Brookfield WI USA 1 1 3.5E+04 1 0.0004% 0.0015% 0 0 

Watertown Watertown NY USA 1 1 1.9E+05 1 0.0004'¥. 0.0008% 0 0 

New Orteans W B Aloi ors LA USA 1 1 3.1E+-05 1 0.0004% 0.0013% 0 0 

lnde""""""ce lnd""""""n M'.) USA 1 1 8.6E+04 1 0.0003% 0.0012% 0 0 

H"""rionWWTP Plava Oel CA USA 1 1 2.4E+-06 1 0.0003'¥. 0.0018'V. 0 0 

Oelcora Chester Chester PA USA 1 1 1.7E+-05 1 0.0003•;. 0.0006% 0 0 

RM Clavton WWTP Atlanta GA USA 1 1 3.1E+-05 1 0.0003% 0.0009°/. 0 0 

Stonv Brook RSA Princeton NJ USA 1 1 3.5E+-05 1 0.0003% 0.0005% 0 0 

Durvea 0UN98 PA USA 1 1 2.3E+-05 1 0.0003% 0.0006% 0 0 

Armv Base WWTP Norfolk VA USA 1 1 2.3E+-05 1 0.0003% 0.0006% 0 0 

Centre Rive Sud unknown OJ CAN 1 1 3.7E+-05 1 0.0003% 0.0008% 0 0 

First Bank ST? NowOrtoan LA USA 1 1 2.7E+-05 1 0.0003% 0.0012% 0 0 

Thtr Lawrence S North Ando MA USA 1 1 8.1E+-05 1 0.0003% 0.0009'¥. 0 0 

E Norristown Pl Norristown PA USA 1 1 3.1E+-05 1 0.0003'Vo 0.0005% 0 0 

UnnAr Moreland WillowGro PA USA 1 1 3.1E+-05 1 0.0003% 0.0005% 0 0 

Bridgeport ST? Bridgeport PA USA 1 1 3.1E+-05 1 0.0003% 0.0005% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code Cal APCD(b) ThrouQhDut Unltlcl TEQ HCB TEQ HCB 

Chesaoeake Eliz Viroinia B VA USA 1 1 2.0E+05 1 0.0003% 0.0005% 0 0 

Rockawav Vallev Parsiooanv NJ USA 1 1 3.1E+05 1 0.0003% 0.0005% 0 0 

Mountain View S WavneTown NJ USA 1 1 3.1E+05 1 0.0003% 0.0005% 0 0 

Bav Citv STP Bav Citv Ml USA 1 1 2.8E+04 1 0.0003% 0.0007% 0 0 

New Canaan NewCanaan CT USA 1 1 3.5E+05 1 0.0003% 0.0005% 0 0 

North Charlesto North Char SC USA 1 1 3.1E+05 1 0.0003% 0.0006% 0 0 

New Rochelle SD NewRocl\el f'N USA 1 1 3.1E+05 1 0.0003% 0.0005% 0 0 

Pensacola WWTP Pensacola FL USA 1 1 3.1E+05 1 0.0003% 0.0009% 0 0 

Port Washinoton PortWashi f'N USA 1 1 3.1E+05 1 0.0003% 0.0005% 0 0 

Port Chester SD Port Chest f'N USA 1 1 3.1E+05 1 0.0002% 0.0005% 0 0 

Bavshore Reoion Union Beac NJ USA 1 1 2.7E+05 1 0.0002% 0.0004% 0 0 

Charleston Charleston SC USA 1 1 2.9E+05 1 0.0002% 0.0006% 0 0 

Norwalk Norwalk CT USA 1 1 3.2E+05 1 0.0002% 0.0005% 0 0 

Saratoaa Saratooa f'N USA 1 1 3.1E+05 1 0.0002% 0.0005% 0 0 

Glens Falls Glens fall f'N USA 1 1 3.1E+05 1 0.0002% 0.0005% 0 0 

Atlantic Citv AtlanticC NJ USA 1 1 2.3E+05 1 0.0002% 0.0004% 0 0 

New London WPCF New London CT USA 1 1 4.6E+05 1 0.0002% 0.0006% 0 0 

Citv of Johnsto Johnstown PA USA 1 1 7.2E+04 1 0.0002% 0.0004% 0 0 

Marwille Reaio Man""lle TN USA 1 1 1.2E+05 1 0.0002% 0.0005% 0 0 

West Haven West Haven CT USA 1 1 3.1E+05 1 0.0002% 0.0004% 0 0 

Bristol Bristol TN USA 1 1 1.4E+05 1 0.0002% 0.0004% 0 0 

Cobb Countv Marietta GA USA 1 1 1.8E+05 1 0.0002% 0.0005% 0 0 

Disoosal Distri Southamcto f'N USA 1 1 3.1E+05 1 0.0002% 0.0004% 0 0 

Glen Cove New York f'N USA 1 1 2.2E+05 1 0.0002% 0.0003% 0 0 

Mattabassett Cromwell CT USA 1 1 3.1E+05 1 0.0002% 0.0004% 0 0 

East Shore WPCF New Haven CT USA 1 1 2.6E+05 1 0.0002% 0.0004% 0 0 

Jacksonville Jacksonvil FL USA 1 1 2.5E+05 1 0.0001% 0.0005% 0 0 

Vancouver Vancouver WA USA 1 1 3.0E+OS 1 0.0001% 0.0009% 0 0 

New Beman Cnty Waldwick NJ USA 1 1 1.6E+05 1 0.0001% 0.0002% 0 0 

Fttchburo East Fitchburo MA USA 1 1 3.5E+05 1 0.0001% 0.00040/o 0 .o 

Willimantic WPC Willimanti CT USA 1 1 3.1E+05 1 0.0001% 0.0004% 0 0 

Manchester WWTP Manchester NH USA 1 1 3.1E+05 1 0.0001% 0.0003% 0 0 

Shelbv Shelby NC USA 1 1 1.4E+OS 1 0.0001% 0.0003% 0 0 

Orancetown DPW Orancetown f'N USA 1 1 1.SE+OS 1 0.0001% 0.0002% 0 0 

Merrimack WWTP Merrimack NH USA 1 1 3.1E+05 1 0.0001% 0.0003% 0 0 

Somerset Ranta Bridaewate NJ USA 1 1 1.2E+OS 1 0.0001% 0.0002% 0 0 

Fall River Fall River MA USA 1 1 3.1E+OS 1 0.0001% 0.0003% 0 0 

Uooer Blackston Millburv MA USA 1 1 3.1E+OS 1 0.0001% 0.0003% 0 0 

Providence Providence RI USA 1 1 3.1E+OS 1 0.0001% 0.0003% 0 0 

Attleboro Advan Attleboro MA USA 1 1 3.1E+OS 1 0.0001% 0.0003% 0 0 

Lvnn Lvnn MA USA 1 1 3.1 E+05 1 0.0001% 0.0003% 0 0 

Newnnrt Ne"""'rt TN USA 1 1 6.9E+04 1 0.0001% 0.0003% 0 0 

West Side STP Jersey Cit NJ USA 1 1 12E+OS 1 0.0001% 0.0002% 0 0 

Prince Albert Prince Alb SK CAN 1 1 6.4E+04 1 0.00010/. 0.0006% 0 0 

Tvrone Tvrone PA USA 1 1 4.SE+04 1 0.0001% 0.0002% 0 0 

Hocewell Hocewell VA USA 1 1 7.2E+04 1 0.0001% 0.0002% 0 0 

Savannah Savannah GA USA 1 1 1.1E+05 1 0.00009% 0.00024% 0 0 

Lake Charles Lake Chart LA USA 1 1 5.3E+04 1 0.00008% 0.00032% 0 0 

Gloucester Town Blackwood NJ USA 1 1 8.SE+04 1 o.oooo8e;. 0.00013% 0 0 

RockvMount Roclcv Moun NC USA 1 1 6.7E+04 1 0.00008% 0.00016% 0 0 

Atlanta Utov Atlanta GA USA 1 1 7.2E+04 1 0.00008% 0.000210/. 0 0 

Ocean Citv OceanCitv MD USA 1 1 7.1E+04 1 0.00007% 0.00013% 0 0 

BeaconWPCP Beacon f'N USA 1 1 8.6E+04 1 0.00007% 0.00013% 0 0 

Gainesville Gainesvill GA USA 1 1 4.9E+04 1 0.00007% 0.00016'!. 0 0 

Cranston Cranston RI USA 1 1 1.8E+OS 1 0.00007% 0.00019% 0 0 

Lulu Island Lulu lslan BC CAN 1 1 1.3E+OS 1 0.00006% 0.00041% 0 0 

Columbia Columbia SC USA 1 , 7.3E+04 1 0.00006% 0.00014% 0 0 

naaard Tio a rd ~ USA 1 1 1.3E+OS 1 0.00006% 0.00038% 0 0 

Hazelton West Hazel PA USA 1 1 4.0E+04 1 0.000060/. 0.00010% 0 0 

Artinoton Ar1inoton f'N USA 1 1 7.5E+04 1 0.000060/. 0.00012% 0 0 

Mattabassett Cromwell CT USA 1 1 1.1E+05 1 0.00006% 0.00014% 0 0 

New Bedford WWT NewBedfor MA USA 1 1 1.4E+05 1 0.00006% 0.00016% 0 0 

Hatfield T ownsh Colmar PA USA 1 1 5.1E+04 1 0.00005% 0.00008% 0 0 

Central Contra Martinez CA USA 1 1 3.9E+05 1 0.00004% 0.00025% 0 0 

Waterbury WPCF Waterbury CT USA 1 1 5.8E+04 1 0.00004% 0.00008% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code lal APCDlbl Throuahout Unlt(c) TEQ HCB TEQ HCB 

Lebanon WWTP Lebanon NH USA 1 1 6.4E+04 1 0.00003% 0.00009% 0 0 

Tahoe Truckee Truckee CA USA 1 1 3.1E+05 1 0.00003% 0.00023% 0 0 

Little Falls Little Fal NY USA 1 1 3.5E+04 1 0.00003% 0.00006% 0 0 

RedwoodCitv RedwoodCi CA USA 1 1 3.1E+05 1 0.00003% 0.00020% 0 0 

Martinez Martinez CA USA 1 1 3.1E+05 1 0.00003% 0.00020% 0 0 

Chknnee Chi""""' MA USA 1 1 6.4E+04 1 0.00003% 0.00008% 0 0 

Round Hill ·nn.~1as Co I# USA 1 1 8.0E+04 1 0.000009% 0.000061% 0 0 

UnnAr Gwvnedd North Wale PA USA 1 1 9.8E+03 1 0.000009% 0.000015% 0 0 

Edmonds Edmonds WA USA 1 1 1.4E+04 1 0.000007% 0.000046% 0 0 

Sacramento Sacramento CA USA 1 1 6.4E+04 1 0.000006% 0.000043% 0 0 

Lake Arrowhead Lake Arrow CA USA 1 1 4.3E+04 1 0.000006% 0.000033% 0 0 

Doualas Countv ZeohvrCov I# USA 1 1 4.4E+04 1 0.000005% 0.000034% 0 0 

Palo Alto Palo Alto CA USA 1 1 5.3E+04 1 0.000005% 0.000035% 0 0 

San Mateo San Mateo CA USA 1 1 4.4E+04 1 0.000004% 0.000028% 0 0 

Yosemite Yosemite N CA USA 1 1 3.0E+04 1 0.000003% 0.000023% 0 0 

Barstow Barstow CA USA 1 1 2.2E+04 1 0.000003% 0.000018% 0 0 

Lvnnwood LYmwood WA USA 1 1 6.2E+03 1 0.000003% 0.000020% 0 0 

Petersburo Petersburo AK USA 1 1 3.1E+05 1 0.000001% 0.000001% 0 0 

Honolulu Honolulu HI USA 1 1 3.1E+05 1 0.000001% 0.000001% 0 0 

Oahu Oahu HI USA 1 1 3.1E+05 1 0.000001% 0.000001% 0 0 

South Lake T aho Lake Tahoe CA USA 1 1 7.1E+03 1 0.000001% 0.000005% 0 0 

Main Island WWT Honolulu HI USA 1 1 2.3E+05 1 0.000001% 0.000001% 0 0 

Anchoraae AnchoraM AK USA 1 1 9.8E+03 1 0.000000% 0.000000% 0 0 

Wrangell Wrangell AK USA 1 1 1.8E+03 1 0.000000% 0.000000% 0 0 
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-·· -· · .. ·-·· •• • h .... , • . , _, _, '• ···•-••-.•-•• •w• ,. .... ,. .... .............. .............. ..... _ ... 

H•o'f""~··· ,_.•<•t ····•· 

FeS:USS Div of Garv IN USA 2.2E+06 4 2.79% 0.25% 

FeS:Bethlehem S Chesterton IN USA 1.5E+06 4 1.70% 0.15% 

FeS:L TV Steel East Chica IN USA 7.0E+05 4 1.06% 0.10% 

FeS:lnland Stee East Chica IN USA 6.0E+05 4 0.91 % 0.08% 

FeS:WCI Steel Warren CJ-i USA 8.4E+05 4 0.50% 0.03% 0 

FeS:Stalco Stee Hamilton °" CAN 3.1E+05 4 0.38% 0.02% 0 

FeS:Weirton Ste Wierton WV USA 6.5E+05 4 0.36% 0.02% 0 

FeS:Bethlehem S Baltimore MO USA 2.0E+06 4 0.25% 0.01°1. 0 

FeS:AK Steel Co Middletown CJ-i USA 4.6E+05 4 0.22% 0.01% 0 

FeS:Wheelino Pi EastSteub WV USA 2 .4E+05 4 0.13% 0.01% 0 

FeS:Alaomo Inc Wawa °" CAN 2 4.0E+OS 4 0.12% 0.01 % 0 0 

FeS:Geneva Slee Orem UT USA 3.9E+05 4 0.02% 0.00°1. 0 0 

Secondary Copper Smelters 
••• , •. .. -- - ..... ... _ ·-- ?,· - ·--· - -- · --·· . -- - - . ... - -:-· ~,-v •. -- • •- ... . . - ~ •--·-·• ••• • ·•···- . , ••• ., - --·-· -

CHEMETCO HARTFORD IL USA 1.2E+07 1.51 % 0.08% 0 

CERAO COFPER PR SAUGET IL USA 5.5E+06 0.65% 0.03% 0 

NO RANDA ROlJYN.NORA OJ CAN 1.0E+07 0.64% 0.03% 0 

WOOLVERINE LONDON °" CAN 2.8E+06 0.62% 0.03% 0 

SOUTHWIRE COPPE CARROLLTON G4. USA 1.1E+07 0.36% 0.02% 0 

GASTONNASSAUC GASTON SC USA 1.0E+07 0.27% 0.01 % 0 

FRANKLIN CORP PHILADELPH PA USA 1.5E+06 0.04% 0.00% 0 0 

RECONTEK NEWMAN IL USA 8.3E+04 0.01% 0.00% 0 0 

Secondary Copper Refiners . - " · ...... .......... -.._ .... . , . ' · -~· -· .... ,_··"· -· · · · - ~·~· - · - - •••Y"'•M •.,• •·~" """"( '' ' ,_,,, ,....,,__,..~ . ... ~ . ., ''"" "V• •••v , ,....,,,,; ,, , ,,,_. . .....,, .._ •• , ••v_, , ,,....,_~...,. •••--- -·• · ~ ""'''-'"""•·•• •r-·••• ' , ._.,.,._., '°" .......... ._._ ,,.·•·-· ·••W••••• ·....,._,, ~~~··• ••·•"• ' 

CERAO COFPER PR SAUGET IL USA 9.5E+06 0 .027% 0.005% 0 0 

SOUTHWIRE COPPE CARROLLTON G4. USA 1.1E+07 0.010% 0.001% 0 0 

WARRENTON WARRENTON MO USA 2.9E+06 0.008% 0.001 % 0 0 

GASTON NASSAU C GASTON SC USA 1.1E+07 0.007% 0.001 % 0 0 

ESSEX GROUP MARION IN USA 1.6E+06 0.006% 0.001% 0 0 

REA!ltNG TUBE CO READING PA USA 6.3E+06 0.004°/1> 0.001% 0 0 

N CHICAGO REF & NORTH CHIC IL USA 4.5E+04 0.000% 0.000% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type oepos1uoi" Lake (1 =yes) 

Facility Name City Province Country Code (a) APCD (b) Throughput Unlt(c) TEQ HCB TEQ I HCB 

Hexachlorobenzene Waste Incineration ___ .. .. ..... . ¥_. __ .............. ·~· ··· ·· · .••• ,, • ..•. _.,. ·••A>-. ... . ··- . ··~··· ... ..., . ..,. ----~ -·· . · ···~·•4••·~ ·-··- ..... . .. .- ... ---····· ...... ,,_ . A ooO••o-.-No •o,, • -.;-... •• ~··· ·· · -·- -·· - . ,...,, .. -~~- ... --·-- .... -- -·-·-··· ·- ······· ··~- ..•. ..... 

Westlake Monome Calvert Ci KY USA 4 , 1.1E+05 , 0.00% 1.82% 0 , 
DuPont Comus C lnoleside TX USA 4 , 1.5E+05 , 0.00% 1.10% 0 1 

BF Goodrich Co La Porte TX USA 4 , 1.5E+05 1 0.00% 1.08% 0 1 

Occidental Chem Deer Park TX USA 4 1 1.2E+05 , 0.00% 0.85% 0 1 

Dow Chemical Co Plaouemine LA USA 4 1 1.4E+05 , 0.00% 0.84% 0 1 

Georaia Gulf Plaouemine LA USA 4 1 1.3E+05 1 0.00% 0.80% 0 1 

Formosa Baton RN~ LA USA 4 1 1.3E+05 1 0.00% o.n% 0 1 

Formosa PointComf TX USA 4 1 8.5E+04 1 0.00% 0.73% 0 1 

Dow Chemical Co Free co rt TX USA 4 1 9.6E+04 , 0.00% 0.70% 0 1 

Vista Lake Char1 LA USA 4 1 8.9E+04 1 0.00% 0.66% 0 1 

Borden Chemical Geismar LA USA 4 1 9.8E+04 1 0.00% 0.58% 0 1 

PPG Lake Char1 LA USA 4 1 7.7E+04 1 0.00% 0.57% 0 1 

PPG Industries Lake Char1 LA USA 2 , 6.5E+04 , 0.00% 0.48% 0 1 

Vulcan Chemical Geismar LA USA 2 1 4.9E+04 1 0.00% 0.29% 0 1 

Dow Chemical Ca Fort Saska AL CAN 4 1 4.1E+04 , 0.00% 0.28% 0 1 

Monsanto Sa'""'t IL USA 5 1 1.7E+04 1 0.00% 0.25% 0 1 

Vulcan Chemical Wichita KS USA 2 1 1.6E+04 1 0.00% 0.23% 0 1 

Vulcan Wichita KS USA 8 1 1.3E+04 1 0.00% 0.18% 0 1 

AKZO Lem"""" AL USA 1 1 4.2E+04 1 0.00% 0.18% 0 1 

Dow Plaouemine LA USA 2 1 2.9E+04 , 0.00% 0.18% 0 1 

PPG New Martin WV USA 5 , 4.2E+03 , 0.00% 0.07% 0 1 

Dow Plaauemine LA USA , 1 2.0E+04 1 0.00% 0.12% 0 0 

Vulcan Geismar LA USA 1 1 1.4E+04 1 0.00% 0.09% 0 0 

PPG Industries LakeChar1 LA USA 3 , 8.4E+03 1 0.00% 0.06% 0 0 

Monsanto Sa'""'t IL USA 7 1 3.3E+03 1 0.00% 0.05% 0 0 

PPG New Martin WV USA 7 1 3.0E+03 1 0.00% 0.05% 0 0 

Dow Freeoort TX USA 3 1 5.1E+03 , 0.00% 0.04% 0 0 

Standard Chlori DelawareC DE USA 5 , 1.4E+04 1 0.00% 0.03% 0 0 

PPG New Martin WV USA 6 1 2.1E+03 1 0.00% 0.03% 0 0 

Cornwall Chemic Com wall Oj CAN 1 1 7.1E+03 1 0.00% 0.02% 0 0 

LCP Chemicals Mounds viii WV USA 1 , 1.3E+03 1 0.00% 0.02% 0 0 

Standard Chlori Delaware C DE USA 8 1 8.7E+03 1 0.00% 0.02% 0 0 

Standard Chlori Delaware C DE USA 7 , 7.6E+03 , 0.00% 0.02% 0 0 

Monsanto Sa'""'t IL USA 6 1 1.2E+03 1 0.00% 0.02% 0 0 

Standard Chlori Delaware C DE USA 6 1 5.3E+03 1 0.00% 0.01% 0 0 

Dow Pittsburg CA USA 1 1 1.3E+04 1 0.00% 0.01% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facility Name City Province Country Code(&) APCD(b) Throu11hput Unit (cl TEQ I HCB TEQ 1· HCB 

Ce~e!:l.t Kli,!1S ~u~l_ng .,tt,az.a.rdous Waste 
• .-.N , , • o •• -.-~ ,, .. ~ - ' " " ····· .. o -- - ~-· -··-·--• • -·vo ~·,. • ,•- M.-~- · ···• .. o,.• • ---~ ·''"" •v , . ,,,..,,,. .• _ . .,.. , ' · ---~..,,.,---. --·--···· .. ·----· ··· ·o.N ___ «N•-··,._.,.,..,. _.,~, , 

· · - - · ~ · ·· '#" .... .. ,. ,. ... . . ........ -.. -.-... • .•• . .• w .. . 

CAK:Saint Lawre Mississau!"'.I GI CAN 3 1 1.5E+06 4 1.32% 4.52% 1 1 

CAK:Svstech Env Aloena Ml USA 3 1 1.8E+06 4 0.83% 2.56% 1 1 

CAK:Holnam Clarkville M'.) USA 3 1 1.2E+06 4 0.39% 1.01% 1 1 

CAK:Lone Star I Cana Girar M'.) USA 3 1 9.9E+05 4 0.33% 0.81% 1 1 

CAK:Cemtech LP Festus M'.) USA 3 1 1.1E+06 4 0.32% 0.77% 1 1 

CAK:Svstech Env Greencastl IN USA 3 1 6.5E+05 4 0.29% 0.77% 1 1 

CAK:Cadence Env Louisville NE USA 3 1 8.8E+05 4 0.26% 0.76% 1 1 

CAK:Solite Kent Brooks KY USA 3 1 6.8E+05 4 0.27% 0.64% 1 1 

CAK:Cemtech LP Wamoum PA USA 3 1 6.3E+05 4 0.26% 0.62% 1 1 

CAK:Essroc Mate Loaansoort IN USA 3 1 4.1E+05 4 0.21% 0.60% 1 1 

CAK:Svstech Env Pauldina CH USA 3 1 4.4E+05 4 0.20% 0.55% 1 1 

CAK:MFR Inc Hannibal M'.) USA 3 1 5.4E+05 4 0.19% 0.50% 1 1 

CAK:Southdown I Fairbom CH USA 3 1 5.5E+05 4 0.21% 0.48% 1 1 

CAK:Texas Indus Midlothian TX USA 3 1 1.2E+06 4 0.18% 0.48% 1 1 

CAK:Cadence Env Foreman AR USA 3 1 8.6E+05 4 0.16% 0.43% 1 1 

CAK:Cadence Env Chanute KS USA 3 1 4.5E+05 4 0.13% 0.33% 1 1 

CAK:Laf•mA Can Exshaw AL CAN 3 1 7.7E+05 4 0.06% 0.28% 0 1 

CAK:Medusa Demooolis AL USA 3 1 7.3E+05 4 0.11% 0.26% 0 1 

CAK:Lafame Cor Fredonia KS USA 3 1 3.3E+05 4 0.09% 0.25% 0 1 

CAK:Svstech Env lndeoenden KS USA 3 1 3.0E+05 4 0.08% 0.22% 0 1 

CAK:Chemtech LP Artesia MS USA 3 1 4.5E+05 4 0.08% 0.18% 0 1 

CAK:Southdown I Knoxville TN USA 3 1 5.4E+05 4 0.08% 0.16% 0 1 

CAK:Solite Com Arvonia VA USA 3 1 6.8E+05 4 0.08% 0.13% 0 1 

CAK:Saletv Klee HollvHill s:: USA 3 1 9.9E+05 4 0.07"/o 0.12% 0 1 

CAK:Solite Vim ca.cade VA USA 3 1 6.8E+05 4 0.07"/o 0.11% 0 1 

CAK:Solite Flor Green Cove FL USA 3 1 6.8E+05 4 0.03% 0.09% 0 0 

CAK:Solile Caro Norwood NC USA 3 1 6.8E+05 4 0.05% 0.08% 0 0 

CAK:Norlite Cor Cohoes NY USA 3 1 6.8E+05 4 0.04% 0.07"/o 0 0 

CAK:Kevstone Ce Bath PA USA 3 1 5.4E+05 4 0.04% 0.07"/o 0 0 

CAK:National Ce Le bee CA USA 3 1 5.9E+05 4 0.01% 0.03% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type DeposltlT Lake (1 =lyes) 

Facllltv Name Cltv Province Countrv Code Cal APCDlbl Throuahaut Unit lcl TEQ HCB TEQ HCB 

Cement Kiins Not Reporting Hazardous Waste Combustion ,, ..... ···-~ ... .... ----··· ·--- .. ... , ....................... -•· .... ' ,· .... , . . . .... ... . . ,. ' "- ' _, , .. ... '··" ' ... '"'' ·"'. ··- ~- -- ' • ~ ~r• . • ' .. . , ... ,.. ... , .. , ... ....... , .. . -- . '" ~·- - ·~ .. "~··· • H-• ,.. ···· ··""'"' " ..... ...... 
CAK:St Marvs Ce Bowman viii CN CAN 4 1 1.2E+06 4 0.11% 0.37% 1 1 

CAK:Mart>lehead Thom ton IL USA 4 1 6.8E+o5 4 0.09% 0.35% 0 1 

CAK:Lone Star I nn1esbv IL USA 4 1 4.9E+o5 4 0.07% 0.29% 0 1 

CAK:Holnam Dundee Ml USA 4 1 9.0E+05 4 0.07% 0.24% 0 1 

CAK:Medusa Chartevoix Ml USA 4 1 1.3E+06 4 0.06% 0.21% 0 1 

CAK:St Marvs Pe Detroit Ml USA 4 1 5.9E+o5 4 0.05% 0.17% 0 1 

CAK:Lalarae Grand Chai IL USA 4 1 1.1E+06 4 0.05% 0.12•/o 0 1 

CAK:Essroc Mate S""""' IN USA 4 1 9.0E+05 4 0.05% 0.12'% 0 1 

CAK:St Marvs Ce St Marvs CN CAN 4 1 5.0E+o5 4 0.03% 0.10% 0 1 

CAK:National Li Ca rev Cl-! USA 4 1 6.8E+05 4 0.04% 0.11 % 0 1 

CAK:Lat•~ Can Woodstock CN CAN 4 1 4.3E+05 4 0.03% 0.09% 0 1 

CAK:Holnam Mason Citv IA USA 4 1 7.7E+05 4 0.04% 0.12% 0 1 

CAK:Lehioh Port Mitchell IN USA 4 1 6.8E+05 4 0.04% 0.09% 0 0 

CAK:Environment Brooks KY USA 4 1 6.8E+o5 4 0.03% 0.08% 0 0 

CAK:Lalame Whitehall PA USA 4 1 7.8E+05 4 0 .03% 0.08% 0 1 

CAK:Lehioh Port Mason Citv IA USA 4 1 6.8E+05 4 0.03% 0.11% 0 1 

CAK:Komos Cemen Kosmosdale KY USA 4 1 6.3E+05 4 0.03% 0.08% 0 0 

CAK:Dixon Marou Dixon IL USA 4 1 4.7E+05 4 0.03% 0.11% 0 1 

CAK:Centex Le Salle IL USA 4 1 4.1E+05 4 0.03% 0.11% 0 1 

CAK:Lefarae Buffalo IA USA 4 1 8.0E+05 4 0.03% 0.09% 0 1 

CAK:Essroc Cana Picton CN CAN 4 1 8.4E+05 4 0.02% 0.06% 0 1 

CAK:Lone Star I Pedro Cl-! USA 4 1 6.8E+05 4 0.03% 0.06% 0 0 

CAK:Cartow Grou East Fulto Cl-! USA 4 1 5.5E+05 4 0.03% 0.07% 0 1 

CAK:Hercules West Eliza PA USA 4 1 6.8E+o5 4 0.03% 0.06% 0 0 

CAK:Monarch Cem Humboldt KS USA 4 1 6.0E+05 4 0.02% 0.06% 0 0 

CAK:Lone Star I Prvor OK USA 4 1 6.2E+o5 4 0.02% 0.05% 0 0 

CAK:Essroc Mate Bessemer PA USA 4 1 5.0E+05 4 0.02% 0.05% 0 0 

CAK:Lalame SuoarCree M) USA 4 1 4.8E+05 4 0.02% 0.05% 0 0 

CAK:Lehioh Texa Buda TX USA 4 1 9.9E+o5 4 0.02% 0.05% 0 0 

CAK:Boxcrow Cem Midlothian TX USA 4 1 9.0E+05 4 0.02% 0.05% 0 0 

CAK:Blue Circle Tulsa OK USA 4 1 5.4E+05 4 0.02% 0.05% 0 0 

CAK:Caoitol Cem Martins bur WV USA 4 1 8.6E+05 4 0.02% 0.03% 0 0 

CAK:Dac:otah Cem Raoid Citv SD USA 4 1 6.8E+05 4 0.02% 0.06% 0 0 

CAK:Lefarae NewBraunf TX USA 4 1 7.9E+o5 4 0.02% 0.04% 0 0 

CAK:Holnam Theodore AL USA 4 1 1.3E+06 4 0.02% 0.04% 0 0 

CAK:C'..,nitol Ann San Antoni TX USA 4 1 7.7E+o5 4 0.02% 0.04% 0 0 

CAK:Roanoke Cem Cloverdale VA USA 4 1 8.9E+o5 4 0.01% 0.03% 0 0 

CAK:Kosmos Ceme Pittsbumh PA USA 4 1 3.5E+o5 4 0.01% 0.03% 0 0 

CAK:Lehioh Port Union Brid MD USA 4 1 8.9E+o5 4 0.01% 0.02% 0 0 

CAK:Texas Indus NewBraunf TX USA 4 1 6.8E+o5 4 0.01 "· 0.04•/. 0 0 

CAK:Svstech Env Demooolis AL USA 4 1 6.8E+o5 4 0.01% 0.03% 0 0 

CAK:Alamo Cemen San Antoni TX USA 4 1 6.8E+o5 4 0.01% 0.04% 0 0 

CAK:Lalaroe Can Bath CN CAN 4 1 8.4E+o5 4 0.01 "· 0.02% 0 0 

CAK:National Ce Raoland AL USA 4 1 8.0E+o5 4 0.01% 0.03% 0 0 

CAK:Annstrona C Cabot PA USA 4 1 2.9E+05 4 0.01% 0.03% 0 0 

CAK:Holnam Florence ro USA 4 1 7.3E+05 4 0.01% 0.03% 0 0 

CAK:Federal Whi Woodstock CN CAN 4 1 1.2E+05 4 0.01% 0.02% 0 0 

CAK:Blue Circle Ravena NY USA 4 1 1.4E+06 4 0 .01". 0.02% 0 0 

CAK:Oldover Cor Arvonia VA USA 4 1 6.8E+o5 4 0.010% 0.017% 0 0 

CAK:Southdown Odessa TX USA 4 1 4.8E+05 4 0.010% 0.027% 0 0 

CAK:Essroc Mate Nazareth PA USA 4 1 9.9E+05 4 0.010% 0.015% 0 0 

CAK:Lone Star I Sweetwater TX USA 4 1 4.5E+05 4 0.009% 0.026% 0 0 

CAK:Lehiah Port Leeds AL USA 4 1 5.9E+05 4 0.009% 0.020'/o 0 0 

CAK:Allentown C Blandon PA USA 4 1 8.1E+05 4 0.009% 0.014% 0 0 

CAK:Hercules Fr Franklin VA USA 4 1 6.8E+05 4 0.009"/o 0.014% 0 0 

CAK:Oldover Cor Cascade VA USA 4 1 6.8E+05 4 0.009% 0.01 5% 0 0 

CAK:lnde.-v!ent Haoerstown MD USA 4 1 4.7E+05 4 0.008% 0.016% 0 0 

CAK:Blue Circle Calera AL USA 4 1 5.4E+05 4 0.008% O.Q18% 0 0 

CAK:Ciment Oueb St Basile aJ CAN 4 1 8.4E+05 4 0.006•1. 0.015"· 0 0 

CAK:RC Cement ChallAn<l<ln TN USA 4 1 3.9E+05 4 0.008% O.Q16% 0 0 

CAK:St Lawrence Joliette aJ CAN 4 1 7.7E+05 4 0.006% 0.014% 0 0 

CAK:l.afaroe Can St Constan aJ CAN 4 1 7.7E+o5 4 0.006% 0.014"· 0 0 

CAK:lnland Ceme Winnjnan MB CAN 4 1 2.7E+05 4 0.006% 0.032% 0 0 
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S·lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code la) APCD(b) Throuahput Unit lcl TEQ HCB TEQ HCB 

CAK:Tilburv Cem Delta BC CAN 4 1 8.4E+o5 4 0.005% 0.022% 0 0 

CAK:Blue Circle Atlanta GI\ USA 4 1 5.4E+05 4 0.007% 0.013% 0 0 

CAK:lnland Came Edmonton Al CAN 4 1 5.6E+o5 4 0.005% 0.026% 0 0 

CAK:RC Cement Stockertow PA USA 4 1 6.8E+o5 4 0.006% 0.010% 0 0 

CAI<: Holnam Fort Colli ro USA 4 1 4.2E+05 4 0.006% 0.019% 0 0 

CAK:Oldover Cor Albema~e NC USA 4 1 6.8E+05 4 0.006% 0.010% 0 0 

CAI<: Southdown Brooksvill FL USA 4 1 1.1E+06 4 0.006% O.Q18% 0 0 

CAK:Essroc Mate Frederick MD USA 4 1 3.4E+05 4 0.006% 0.011% 0 0 

CAK:Blue Circle Ha~evvill SC USA 4 1 6.3E+05 4 0.006% 0.010% 0 0 

CAI<: Centex Laramie WY USA 4 1 3.9E+o5 4 0.006% 0.018% 0 0 

CAK:Califomia Rillito f\Z. USA 4 1 1.2E+06 4 0.006% 0.015% 0 0 

CAI<: Southdown Lvons ro USA 4 1 3.8E+05 4 0.006% 0.017% 0 0 

CAK:Lone Star I Nazareth PA USA 4 1 5.7E+05 4 0.005% 0.009% 0 0 

CAK:Holnam Tiieras NM USA 4 1 4.3E+05 4 0.005% 0.015% 0 0 

CAK:Ke"""""'Ce Bath PA USA 4 1 5.4E+05 4 0.005% 0.008% 0 0 

CAK:Lehiah Port Waco TX USA 4 1 2.6E+o5 4 0.005% 0.014% 0 0 

CAK:Pemsuco Ce Medlev FL USA 4 1 9.0E+05 4 0.005% 0.014% 0 0 

CAK:Ash Grove Neohi UT USA 4 1 5.8E+05 4 0.005% 0.014% 0 0 

CAK:St Lawrence Quebec Cit cu CAN 4 1 4.7E+o5 4 0.004% 0.008% 0 0 

CAK:Grant Count Lind WA USA 4 1 6.8E+05 4 0.004% 0.018% 0 0 

CAI<: Southdown Victorvill CA USA 4 1 1.4E+06 4 0.004% 0.010% 0 0 

CAK:Ash Grove C Seattle WA USA 4 1 6.1E+o5 4 0.004% 0.017% 0 0 

CAK:lnland Ceme Reaina SK CAN 4 1 1.8E+o5 4 0.003% 0.014% 0 0 

CAK:Lehioh Port Cement on NY USA 4 1 5.0E+05 4 0.004% 0.007% 0 0 

CAK:Califomia Moiave CA USA 4 1 1.2E+06 4 0.003% 0.008% 0 0 

CAK:lndeoendent Catskill NY USA 4 1 4.7E+o5 4 0.003% 0.006% 0 0 

CAK:Rivernide C Oro Grande CA USA 4 1 1.1E+06 4 0.003% 0.007% 0 0 

CAK:Lafaroe Can Richmond BC CAN 4 1 3.6E+o5 4 0.002% 0.010% 0 0 

CAK:Phoenix Cem Clarkdale f\Z. USA 4 1 6.4E+o5 4 0.003% 0.008% 0 0 

CAK:Glens Falls Glens Fall NY USA 4 1 4.6E+o5 4 0.003% 0.006% 0 0 

CAK:Lafaroe Can Brookfield NS CAN 4 1 4.1E+o5 4 0.002% 0.005% 0 0 

CAK:Florida Cru Brooksvill FL USA 4 1 5.1E+05 4 0.003% 0.008% 0 0 

CAK:Holnam Three Fork MT USA 4 1 2.7E+05 4 0.003% 0.012% 0 0 

CAK:Ash Grove Montana Ci MT USA 4 1 2 .7E+05 4 0.003% 0.012% 0 0 

CAI<: Holnam Seattle WA USA 4 1 4.0E+o5 4 0.003% 0.011% 0 0 

CAK:Mitsubishi Lucerne Va CA USA 4 1 1.5E+06 4 0.003% 0.009% 0 0 

CAK:Rinker Port Miami FL USA 4 1 5.0E+05 4 0.003% 0.008% 0 0 

CAK:Ash Grove Durkee CR USA 4 1 4.4E+o5 4 0.003% 0.010% 0 0 

CAI<: Holnam Mo roan UT USA 4 1 2.9E+o5 4 0.002% 0.007% 0 0 

CAK:Kaiser Came Pennanente CA USA 4 1 1.4E+06 4 0.002% 0.008% 0 0 

CAK:Califomia Colton CA USA 4 1 6.8E+05 4 0.002% 0.004% 0 0 

CAK:Draaon Prod Thomaston ME USA 4 1 3.9E+o5 4 0.002% 0.004% 0 0 

CAK:Calaveras C Tehachaoi CA USA 4 1 6.7E+o5 4 0.002% 0.004% 0 0 

CAK:Ash Grove Inkom ID USA 4 1 2.1E+05 4 0.002% 0.006% 0 0 

CAK:Lafaroe Can Kamlooos BC CAN 4 1 1.5E+05 4 0.001% 0.005~. 0 0 

CAK:Lehiah Port York PA USA 4 1 8.9E+04 4 0.001% 0.002% 0 0 

CAK:Calaveras C Reddina CA USA 4 1 5.7E+05 4 0.001% 0.004% 0 0 

CAK:RMC Lonesta Davenoort CA USA 4 1 7.2E+05 4 0.001% 0.004% 0 0 

CAK:Centex Femlev NV USA 4 1 3.9E+05 4 0.0009% 0.0028% 0 0 

CAK:North Star Comer Bro NF CAN 4 1 1.2E+05 4 0.0007% 0.0015% 0 0 

CAK:Rivernide C Riverside CA USA 4 1 9.9E+04 4 0.0003% 0.0007% 0 0 

CAI<: Hawaiian Ewa Beach HI USA 4 1 2.3E+05 4 0.0000% 0.0000% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Cltv Province Countrv Code {al APCD {b) Throu11hput Unit {cl TEQ I HCB TEQ I HCB 

Medical Waste Incineration ... ............ .... . _ . ._ •... ., .,, .. .. ....... .. ., ._ .. , ... ·-·- ... . ,., ··· ··· -·· --·-- -··--·-- -- ·-··- --- .. ..... . ..,, . ,, , ........ ..... . ~ · ····· .... ·- ._., ... .. ., "'' " « .. .. . . .. --·~ .. ,_., ~· -··· . ........ ,. . .,.,. . .......... -., .. , . ... .. ........ ~ -- - ·· · · ..... • v_ •• 

MWl:IL entire state IL USA 1 0 1.5E+07 1 7.16% 0.17% 1 1 

MWl:MI entire state Ml USA 1 0 1.3E+07 1 4.03% 0.09% 1 1 

MWl:OH entire state ()i USA 1 0 1.6E+07 1 3.65% 0.06% 1 0 

MWl:WI entire state WI USA 1 0 1.1E+07 1 3.19% 0.07% 1 0 

MWl:TX entire state lX USA 1 0 3.3E+07 1 2.94% 0.05% 1 0 

MWl:PA entire state PA USA 1 0 2.6E+07 1 2.18% 0.03% 1 0 

MWl:MO enti re state MO USA 1 0 1.1E+07 1 1.97% 0.03% 1 0 

MWl:MN entire state MN USA 1 0 9.6E+06 1 1.89% 0.05% 1 0 

MWl:IN entire state IN USA 1 0 7.3E+06 1 1.n% 0.03% 1 0 

MWl:KY entire state KY USA 1 0 8.1E+06 1 1.51% 0.02% 1 0 

MWl:TN entire state TN USA 1 0 1.1E+07 1 1.35% 0.02% 1 0 

MWl:NY entire state NY USA 1 0 2.3E+07 1 1.25% 0.02% 1 0 

MWl:IA entire state IA USA 1 0 6.0E+06 1 1.16% 0.02% 1 0 

MWl:MS entire state MS USA 1 0 1.0E+07 1 0.99% O.Q1% 1 0 

MWl:OK entire state OK USA 1 0 6.9E+06 1 0.92% 0.02% 1 0 

MWl :VA entire state VA USA 1 0 1.4E+07 1 0.88% 0.01% 1 0 

MWl:KS enti re state KS USA 1 0 5.3E+06 1 0.86% O.Q1% 1 0 

MWl:AR entire state AR USA 1 0 5.2E+06 1 0.74% O.Q1% 1 0 

MWl:GA enti re state GA USA 1 0 1.5E+07 1 0.74% 0.01% 1 0 

MWl:FL entire state FL USA 1 0 2.9E+07 1 0.69% 0.01'/o 1 0 

MWl:AL entire state AL USA 1 0 1.0E+07 1 0.66% 0.01% 1 0 

MWl:NC entire state !IC USA 1 0 1.5E+07 1 0.65% 0.01% 1 0 

MWl:MD entire state MD USA 1 0 1.1E+07 1 0.61% 0.01% 1 0 

MWl:ND entire state No USA 1 0 4.6E+06 1 0.59% 0.02% 1 0 

MWl:LA entire state LA USA 1 0 7.9E+06 1 0.57% 0.01% 1 0 

MWl:NE enti re state NE USA 1 0 3.5E+06 1 0.56% 0.01% 1 0 

MWl:ON entire crov CN CN>I 1 0 2.1E+06 1 0.54% 0.01'/o 1 0 

MWl:CO entire state 00 USA 1 0 7.4E+06 1 0.51% 0.01% 1 0 

MWl:WV entire state WV USA 1 0 3.9E+06 1 0.47% 0.01% 1 0 

MWl:SC entire state s: USA 1 0 7.7E+06 1 0.35% 0.00% 1 0 

MWl:NJ entire state NJ USA 1 0 7.0E+06 1 0.25% 0.00% 1 0 

MWl :MA entire state MA USA 1 0 1.3E+07 1 0.22% 0.00% 1 0 

MWl:SD entire state SD USA 1 0 1.6E+06 1 0.22% 0.00% 1 0 

MWl:NM entire state NM USA 1 0 3.5E+06 1 0.19% 0.00% 1 0 

MWl:AZ entire state AZ USA 1 0 8.3E+06 1 0.17% 0.00% 1 0 

MWl:CT entire state er USA 1 0 7.0E+06 1 0.16% 0.00% 1 0 

MWl:OR entire state Cfl USA 1 0 6.4E+06 1 0.15% 0.00% 1 0 

MWl:UT entire state UT USA 1 0 3.9E+06 1 0.15% 0.00% 1 0 

MWl:MT entire state MT USA 1 0 2.4E+06 1 0.12% 0.00% 1 0 

MWl:WA entire state WA USA 1 0 3.3E+06 1 0.1 0% 0.00% 1 0 

MWl:MB entire crov MB CN>I 1 0 8.8E+05 1 0.08% 0.00% 1 0 

MWl:QU entire orov OJ CN>I 1 0 2.7E+06 1 0.08% 0.00% 0 0 

MWl:OC entire state DC USA 1 0 1.3E+06 1 0.08% 0.00% 0 0 

MWl:ID entire state ID USA 1 0 2.3E+06 1 0.07% 0.00% 0 0 

MWl:WY entire state WY USA 1 0 1.0E+06 1 0.07% 0.00% 0 0 

MWl:ME entire state ME USA 1 0 2.7E+06 1 0 .06% 0.00% 0 0 

MWl:DE entire state DE USA 1 0 1.5E+06 1 0.06% 0.00% 0 0 

MWl:BC enti re nrov BC CAN 1 0 1.7E+06 , 0.05% 0.00% 0 0 

MWl:CA ' enti re state CA USA 1 0 4.0E+06 1 0.05% 0.00% 0 0 

MWl:NH entire state NH USA 1 0 2.0E+06 1 0.04% 0.00% 0 0 

MWl:NV entire state NV USA 1 0 2.9E+06 1 0.04% 0.00% 0 0 

MWl:VT entire state VT USA 1 0 1.2E+06 1 0.03% 0.00% 0 0 

MWl:AB entire orov AB CAN 1 0 7.0E+05 1 0.03% 0.00% 0 0 

MWl:SK entire orov SK CN>I 1 0 4.3E+05 1 0.03% 0.00% 0 0 

MWl:RI entire state RI USA 1 0 1.1E+06 1 0.02% 0.00% 0 0 

MWl:NS entire nrov NS CN>I 1 0 3.1E+05 1 0.008% 0.000% 0 0 

MWl:NF entire orov NF CN>I 1 0 1.7E+05 1 0.006% 0.000% 0 0 

MWl:PE entire orov PE CN>I 1 0 7.4E+04 1 0.002% 0.000% 0 0 

MWl:NW entire orov NW CN>I 1 0 2.2E+04 1 0.001% 0.000°1. 0 0 

MWl:NB entire orov NB CN>I 1 0 1.4E+04 1 0 .0004% 0.0000% 0 0 

MWl:HI entire state HI USA 1 0 2.5E+06 1 0.0003% 0.00009/o 0 0 

MWl:YK entire nrov YK CN>I 1 0 6.9E+03 1 0.000291. 0.0000% 0 0 

MWl:AK entire state AK USA 1 0 1.3E+06 1 0.0002% 0.0000'.4 0 0 
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S·Lake Average Within Top 85°k of 

Percent of Total Deposition to any 

Stat et Type Deposition Lake (1 = lyes) 

Facilitv Name Citv Province Countrv Code lal APCD lbl Throuahout Unlt (cl TEQ I HCB TEQ HCB 
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coal:IN entire sta IN USA 1 1 6.3E+09 1 0.33% 0.02% 1 0 

coal:OH entire sta Gi USA 1 1 6.1E+09 1 0.31 % 0.02% 1 0 

coal:MI entire sta Ml USA 1 1 3.6E+09 1 0.23% 0.02% 1 0 

coal:IL entire sta IL USA 1 1 3.5E+09 1 0.18% 0.01% 1 0 

coal:PA entire sta PA USA 1 1 6.4E+09 1 0.11 % 0.00% 1 0 

coal:WI entire sta WI USA 1 1 2.1E+09 1 0.10% 0.01 % 1 0 

coal:ND entire sta ND USA 1 1 2.9E+09 1 0.08% 0.01 % 1 0 

coal:MN enti re sta MN USA 1 1 1.9E+09 1 0.08% 0.01 % 1 0 

coal:TX entire sta TX USA 1 1 9.3E+09 1 0.16% 0.01 % 0 0 

coal: KY enti re sta KY USA 1 1 3.6E+09 1 0.14% 0.01 % 0 0 

coal:WV entire sta WV USA 1 1 3.6E+09 1 0.10% 0.00% 0 0 

coal: MO entire sta MO USA 1 1 2.7E+09 1 0.10% 0.01 % 0 0 

coal: IA entire sta IA USA 1 1 1.9E+09 1 0.07% 0.01% 0 0 

coal:TN enti re sta TN USA 1 1 2.6E+09 1 0.06% 0.00% 0 0 

coal: KS entire sta KS USA 1 1 1.6E+09 1 0.05% 0.00% 0 0 

coal:OK entire sta OK USA 1 1 1.6E+09 1 0.04%, 0.00% 0 0 

coal:ON entire sta Cl'>J CAN 1 1 1.8E+09 1 0.04% 0.00% 0 0 

coal:AR enti re sta AR USA 1 1 1.3E+09 1 0.04% 0.00% 0 0 

coal:AL enti re sta AL USA 1 1 2.9E+09 1 0.04% 0.00% 0 0 

coal:WY entiresta WY USA 1 1 2.6E+09 1 0.03% 0.00% 0 0 

coal :GA enti re sta GO. USA 1 1 3.1E+09 1 0.03% 0.00% 0 0 

coal: NE entire sta NE USA 1 1 7.7E+08 1 0.02% 0.00% 0 0 

coal:CO entire sta CD USA 1 1 1.7E+09 1 0.02% 0.00% 0 0 

coal:AL entire sta AL CAN 1 1 2.4E+09 1 0.02% 0.00% 0 0 

coal:VA entire sta VA USA 1 1 1.4E+09 1 0.02% 0.00% 0 0 

coal:NC entire sta t..c USA 1 1 2.2E+09 1 0.02% 0.00% 0 0 

coal:LA entire sta LA USA 1 1 1.3E+09 1 0.02% 0.00% 0 0 

coal:NM entire sta NM USA 1 1 1.6E+09 1 0.02% 0.00% 0 0 

coal:NY entire sta NY USA 1 1 1.3E+09 1 0.01 % 0.00% . 0 0 

coal: MD entire sta MD USA 1 1 1.0E+09 1 0.01 % 0.00% 0 0 

coal:SA enti re sta SA CAN 1 1 8.7E+08 1 0.01 % 0.00% 0 0 

coal:UT enti re sta UT USA 1 1 1.6E+09 1 0.01% 0.00% 0 0 

coal:FL entire sta FL USA 1 1 2.6E+09 1 0.01 % 0.00% 0 0 

coal: SC entire sta s:: USA 1 1 1.2E+09 1 0.01% 0.00% 0 0 

coal: MT entire sta MT USA 1 1 1.0E+09 1 0.010% 0.001% 0 0 

coal:MS entire sta MS USA 1 1 4.3E+OB 1 0.008% 0.001 % 0 0 

coal: SD entire sta SD USA 1 1 2.7E+08 1 0.008% 0.001 % 0 0 

coal:AZ entire sta AZ USA 1 1 1.7E+09 1 0.006% 0.000% 0 0 

coal:WA entire sta WA USA 1 1 5.3E+08 1 0.003% 0.000% 0 0 

coal: NJ enti re sta NJ USA 1 1 3.1E+08 1 0.003% 0.000% 0 0 

coal:DE entire sta DE USA 1 1 2.4E+08 1 0.002% 0.000% 0 0 

coal: NV entire sta IN USA 1 1 8.6E+OB 1 0.002% 0.000% 0 0 

coal:MA entire sta MA USA 1 1 4.5E+08 1 0.002% 0.000% 0 0 

coal: NS enti re sta NS CAN 1 1 2.5E+08 1 0.001o/o 0.000% 0 0 

coal: MN entire sta MN CAN 1 1 5.3E+07 1 0.001'/o 0.000% 0 0 

coal:CA enti re sta CA USA 1 1 3.0E+08 1 0.0006% 0.0000% 0 0 

coal: NH entire sta NH USA 1 1 1.2E+08 1 0.0005% 0.0000% 0 0 

coal:CT entire sta CT USA 1 1 1.0E+08 1 0.0005% 0.0000% 0 0 

coal:QU entire sta OJ CAN 1 1 7.5E+07 1 0.0005% 0.0000% 0 0 

coal:OR entire sta CA USA 1 1 9.7E+07 1 o.0004cr. 0.0000°1. 0 0 

coal: ID enti re sta ID USA 1 1 5.7E+07 1 0.0003% 0.0000% 0 0 

coal:NB entire sta NB CAN 1 1 5.7E+07 1 0.0003% 0.0000% 0 0 

coal:BC enti re sta BC CAN 1 1 2.7E+07 1 0.0002% 0.0000% 0 0 

coal:ME entire sta ME USA 1 1 2.8E+07 1 0.0001% 0.0000% 0 0 

coal:DC entire sta DC USA 1 1 7.2E+06 1 0 .0001°1. 0.0000% 0 0 

coal: VT entire sta VT USA 1 1 8.3E+05 1 0.000004% 0.000000% 0 0 

coal:PE entire sta PE CAN 1 1 8.1E+05 1 0.000004% 0.000000% 0 0 

coal:AK entire sta AK USA 1 1 8.1E+07 1 0.000002% 0.000000% 0 0 

coal: RI entire sta RI USA 1 1 5.2E+05 1 0.000002% 0.000000% 0 0 

coal:NF enti re sta NF CAN 1 1 1.8E+05 1 0.000001°!. 0.000000% 0 0 

coal: NW entire sta NW CAN 1 1 1.2E+04 1 0 .000000°/o 0.000000% 0 0 

coal:HI entire sta HI USA 1 1 2.9E+06 1 0.000000% 0.000000% 0 0 

coal:YK enti re S18 YK CAN 1 1 1.2E+04 1 0.000000% 0.000000'% 0 0 
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S·Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake <1 =res> 

Facilltv Name Cltv Province Countrv Code Cal APCD(bl Throucihput Unit(c) TEQ I HCB TEO HCB 
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wood:MI entire sta Ml USA 1 1 7.6E+OB 1 0.17% 0.01% 1 0 

wood: MN enti re sta MN USA 1 1 7.SE+OB 1 0.12% 0.01% 1 0 

wood:ON entire sta GI CAN 1 1 1.3E+09 1 0.11% 0.01% 1 0 

wood:AR entire sta AR USA 1 1 1.0E+09 1 0.12% 0.01% 0 0 

wood:IL entiresta IL USA 1 1 5.9E+OB 1 0.12% 0.01% 0 0 

wood:OH entire sta Gi USA 1 1 6.1E+08 1 0.11% 0.01% 0 0 

wood:GE entire sta GE USA 1 1 2.7E+09 1 0.11% o.ooo;. 0 0 

wood: MS entire sta MS USA 1 1 1.2E+09 1 0.10% 0.01% 0 0 

wood:AL entire sta AL USA 1 1 1.8E+09 1 0 .09% 0.00% 0 0 

wood: LA entire sta LA USA 1 1 1.5E+09 1 0.09% 0.01% 0 0 

wood:TN entire sta TN USA 1 1 8.3E+08 1 0.08% 0.00% 0 0 

wood: KY entire sta KY USA 1 1 5.1E+08 1 0.08% 0.00% 0 0 

wood:IN entire sta IN USA 1 1 3.SE+OB 1 0.07% 0.00% 0 0 

wood: MO entire sta MO USA 1 1 4.7E+08 1 0.07% 0.00% 0 0 

wood:VA entire sta VA USA 1 1 1.0E+09 1 0.06% 0.00% 0 0 

wood:WI entire sta WI USA 1 1 3.0E+OS 1 0.06% 0.00% 0 0 

wood:NC entire sta NC USA 1 1 1.5E+09 1 0.05% 0.00% 0 0 

wood:PA entiresta PA USA 1 1 6.3E+08 1 0.04% 0.00% 0 0 

wood: NY enti re sta NY USA 1 1 9.0E+OS 1 0.04% 0.00% 0 0 

wood: SC enti re sta &: USA 1 1 9.5E+08 1 0.03% 0.00% 0 0 

wood: IA entire sta IA USA 1 1 1.6E+08 1 0.02% 0.00% 0 0 

wood: FL entiresta FL USA 1 1 1.2E+09 1 0.02% 0.00% 0 0 

wood:OU entire sta OJ CAN 1 1 8.SE+OS 1 0.02% 0.00% 0 0 

wood: WV entire sta wJ USA 1 1 2.1E+08 1 0.02% 0.00% 0 0 

wood: WA entire sta WA USA 1 1 8.5E+08 1 0.02% 0.00% 0 0 

wood:OR entire sta CR USA 1 1 1.0E+09 1 0.02% 0.00% 0 0 

wood:OK entire sta OK USA 1 1 1.6E+08 1 0.02% 0.00% 0 0 

wood:CA entire sta CA USA 1 1 1.7E+09 1 0.01% 0.00% 0 0 

wood: TX entire sta TX USA 1 1 1.8E+08 1 0.01% 0.00% 0 0 

wood:MD entire sta MD USA 1 1 2.6E+08 1 0.01% 0.00% 0 0 

wood:CO entire sta ro USA 1 1 2.2E+08 1 0.01% o.ooo;. 0 0 

wood:CT entire sta er USA 1 1 5.9E+08 1 0.01% 0.00% 0 0 

wood: MN enti re sta MN CAN 1 1 1.4E+08 1 0.01% 0.00% 0 0 

wood: ME entiresta ME USA 1 1 5.3E+08 1 0.01% 0.00% 0 0 

wood:AL entire sta AL CAN 1 1 3.2E+08 1 0.01% 0.00% 0 0 

wood:BC entire sta BC CAN 1 1 4.1E+08 1 0.01% 0.00% 0 0 

wood: SA entire sta SA CAN 1 1 1.3E+08 1 0.007% 0.001% 0 0 

wood: NM entire sta NM USA 1 1 UE+OS 1 0.006% 0.000% 0 0 

wood: MA entire sta MA USA 1 1 4.3E+08 1 0.006% 0.000% 0 0 

wood: MT entire sta MT USA 1 1 UE+OS 1 0.006% 0.001% 0 0 

wood: NJ entire sta NJ USA 1 1 1.6E+08 1 0.005% 0.000% 0 0 

wood:ID entire sta ID USA 1 1 2.0E+OB 1 0.005% 0.000% 0 0 

wood:NH entire sta NH USA 1 1 2.8E+08 1 0.005% 0.000% 0 0 

wood: VT entire sta VT USA 1 1 1.8E+08 1 0.004% 0.000% 0 0 

wood: KA entire sta KA USA 1 1 2.3E+07 1 0.003% 0.000% 0 0 

wood: DE entiresta DE USA 1 1 8.1E+07 1 0.003% 0.000% 0 0 

wood: NE entire sta NE USA 1 1 2.1E+07 1 0.003% 0.000% 0 0 

wood: NS entire sta NS CAN 1 1 1.2E+08 1 0.002% 0.000% 0 0 

wood: NF entire sta NF CAN 1 1 7.4E+07 1 0.002% 0.000% 0 0 

wood: NB entire sta NB CAN 1 1 9.4E+07 1 0.002% 0.000"!. 0 0 

wood:lJT entire sta lJT USA 1 1 •UE+07 1 0.001% 0.000% 0 0 

wood: SD entire sta SD USA 1 1 1.2E+07 1 0.001% 0.000% 0 0 

wood:WY entire sta WY USA 1 1 2.2E+07 1 0.001% 0.000% 0 0 

wood:AZ entire sta AZ USA 1 1 4.5E+07 1 0.0007"/o 0.0000% 0 0 

wood: RI entire sta RI USA 1 1 4.9E+07 1 0.0007"/o 0.0000'¥. 0 0 

wood:ND entire sta ND USA 1 1 5.1E+06 1 0.0005% 0.0001% 0 0 

wood:NV entire sta NV USA 1 1 4.0E+07 1 0.0004% O.OOO<W. 0 0 

wood:PE entire sta PE CAN 1 1 1.7E+07 1 0.0004% 0.0000% 0 0 

wood:NW enti re sta NW CAN 1 1 7.0E+06 1 0.0003% 0.0000% 0 0 

wood:DC entire sta DC USA 1 1 2.6E+06 1 0.0001% 0.0000% 0 0 

wood:YK entire sta YK CAN 1 1 3.4E+06 1 0.0001% 0.0000"!. 0 0 

wood: HI entire sta HI USA 1 1 1.5E+08 1 0.00002% 0.00000"!. 0 0 

wood:AK entire 1111 AK USA 1 1 3.4E+07 1 0.000004% 0.000000% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposltl°i" Lake (1 =lyes) 

Facility Name City Province Country Code(a) APCD(b) Throuqhput Unlt(cl TEQ HCB TEQ HCB 
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HDD:IL entire state IL US<\ 1 1 9.2E+OO 2 0.24% 0.01% 1 0 

HDD:OH entire state Qi US<\ 1 1 9.3E+OO 2 0.12% 0.00% 0 0 

HDD:IN entire state IN US<\ 1 1 8.5E+OO 2 0.10% 0.00°/o 0 0 

HDD:MI entire state Ml US<\ 1 1 5.3E+OO 2 0.10% 0.00% 0 0 

HOD: TX entire state TX US<\ 1 1 2.4E+01 2 0.09% 0.00% 0 0 

HDD:WI entire state WI US<\ 1 1 4.5E+OO 2 0.07% 0.00% 0 0 

HDD:KY entire state KY US<\ 1 1 6.7E+OO 2 0.06% 0.00% 0 0 

HDD:MO entire state MO US<\ 1 1 6.5E+OO 2 0.05% 0.00% 0 0 

HDD:MN entire state MN US<\ 1 1 4.2E+OO 2 0.04% 0.00% 0 0 

HDD:PA entire state PA US<\ 1 1 9.3E+OO 2 0.04% 0.00% 0 0 

HDD:TN entire state TN US<\ 1 1 7.0E+OO 2 0.04% 0.00% 0 0 

HDD:ON entire orov O'J CAN 1 1 1.6E+OO 2 0.03% 0.00% 0 0 

HDD:IA entire state IA US<\ 1 1 3.3E+OO 2 0.03% 0.00% 0 0 

HDD:KS entire state KS US<\ 1 1 3.7E+OO 2 0.03% 0.00% 0 0 

HDD:OK entire state OK US<\ 1 1 4.3E+OO 2 0.03% 0.00% 0 0 

HOO.NY entire state NY US<\ 1 1 7.5E+OO 2 0.03% 0.00% 0 0 

HOO.AR entire state AR US<\ 1 1 3.9E+OO 2 0.03% 0.00% 0 0 

HDD:NE entire state NE US<\ 1 1 3.3E+OO 2 0.02% 0.00% 0 0 

HOO.LA entire state LA US<\ 1 1 7.2E+OO 2 0.02% 0.00% 0 0 

HDD:VA entire state VA US<\ 1 1 6.3E+OO 2 0.02% 0.00% 0 0 

HDD-.AL entire state AL US<\ 1 1 6.7E+OO 2 0.02% 0.00% 0 0 

HDD:GA entire state GI\ US<\ 1 1 8.5E+OO 2 0.02% 0.00% 0 0 

HOD:MS entire state MS US<\ 1 1 3.9E+OO 2 0.02% 0.00% 0 0 

HDD:WV entire state WV US<\ 1 1 2.3E+OO 2 0.01% 0.00% 0 0 

HDD:NC entire state NC US<\ 1 1 6.3E+OO 2 0.01% 0.00% 0 0 

HDD:MD entire state MD US<\ 1 1 3.5E+oo 2 0.01% 0.00% 0 0 

HDD:FL entire state FL US<\ 1 1 9.9E+oo 2 0.010% 0.001% 0 0 

HDD:NJ entire state NJ US<\ 1 1 5.1E+OO 2 0.009% 0.000% 0 0 

HDD:CA entire state CA US<\ 1 1 2.0E+01 2 0.009% 0.000% 0 0 

HDD:ND entire state ND US<\ 1 1 1.2E+OO 2 0.008% 0.001% 0 0 

HDD:SC entire state s: US<\ 1 1 3.9E+OO 2 0.008% 0.000% 0 0 

la>:co entire state co US<\ 1 1 2.6E+OO 2 0.008% 0.000% 0 0 

HOO.SD entire state SD US<\ 1 1 9.9E-01 2 0.007% 0.000% 0 0 

HDD:WY entire state WY US<\ 1 1 2.3E+OO 2 0.007% 0.000% 0 0 

HDD:NM entire state NM US<\ 1 1 2.9E+OO 2 0.007% 0.000% 0 0 

HDD:WA entire state WA US<\ 1 1 4.6E+OO 2 0.006% 0.000% 0 0 

HDD:OR entire state CJ'l US<\ 1 1 4.2E+OO 2 0.004% 0.000% 0 0 

HDD:MT entire state MT US<\ 1 1 1.7E+OO 2 0.004% 0.000% 0 0 

HDD:UT entire state UT US<\ 1 1 2.0E+OO 2 0.003% 0.000% 0 0 

HOO.AZ entire state AZ US<\ 1 1 3.2E+OO 2 0.002% 0.000% 0 0 

HDD:MB entire orov MB CMI 1 1 4.7E-01 2 0.002% 0.000% 0 0 

HOO.SK entire nrov SK CAN 1 1 7.0E-01 2 0.002% 0.000% 0 0 

HDD:MA entire state MA US<\ 1 1 2.7E+OO 2 0.002% 0.000% 0 0 

HDD:CT entire state er US<\ 1 1 1.8E+OO 2 0.002% 0.000% 0 0 

HOO.BC entire orov BC CMI 1 1 1.4E+OO 2 0.002% 0.000% 0 0 

HDD:AB entire orov AB CAN 1 1 9.7E-01 2 0.002% 0.000% 0 0 

HDD:ID entire state ID US<\ 1 1 1.4E+OO 2 0.002% 0.000°1. 0 0 

HOD: ME entire state ME US<\ 1 1 1.2E+OO 2 0.001% 0.000% 0 0 

HDO:OO entire orov OJ CMI 1 1 8.3E-01 2 0.001% 0.000% 0 0 

HDD:DE entire state DE US<\ 1 1 5.1E-01 2 0.001% 0.000% 0 0 

HOO.NV entire state NV US<\ 1 1 1.4E+OO 2 0.0007% 0.0000°1. 0 0 

HDD:VT entire state VT US<\ 1 1 5.5E-01 2 0.0007% 0.0000•1. 0 0 

HOO.NH entire state NH US<\ 1 1 4.7E-01 2 0.0005% 0.0000% 0 0 

HDD:NS entire orov NS CAN 1 1 3.7E-01 2 0.0005% 0.0000% 0 0 

HDD:RI entire state RI US<\ 1 1 4.2E-01 2 0.0004% 0.0000% 0 0 

HDD:NB entire orov NB CAN 1 1 2.5E-01 2 0.0003% 0.0000% 0 0 

HOO.NF entire orov NF CAN 1 1 1.6E-01 2 0.0003% 0.0000% 0 0 

HDD:NW entire orov NW CAN 1 1 3.2E-02 2 0.00009% 0.00001% 0 0 

HOO.PE entire orov PE CAN 1 1 4.3E-02 2 0.00005% 0.00000% 0 0 

HDD:YK entire orov YK CAN 1 1 3.4E-02 2 0.00005% 0.00000% 0 0 

HDD-.AK entire state AK US<\ 1 1 1.BE+OO 2 0.00001% 0.00000% 0 0 

HDD:HI entire state HI US<\ 1 1 9.6E-01 2 0.000006% 0.000000% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllltv Name Citv Province Countrv Code lal APCD lbl Throuqhput Unit (cl TEQ I HCB TEO I HCB 

Mobile Sources (unleaded gasoline vehicles) -··· " . ,, ....... . ,.,.~- ....... .•.. .... " .... ., . , ,•, " .... .- .-.... . , .... ·•··• . . ~ --- - .... ,, "-·~·'"' •.. ·-·--- . ·- ''d·· ·-- ........ , .. -.. -. ···-· --·····-·-... . -··--..,.._ .. -· -- ·~- - -- ..... ·--·------·--··-·--·-····--- .. ....... · ·- · ·- . ., ... ~ .. .. , ·--- ··•·• ....... _ .. . ,. ··--~-,·--· " ·~-

UNL:IL entire state IL USA 2 1 1.4E+02 2 0.003% 0.000% 0 0 

UNL:MI entire state Ml USA 2 1 1.3E+02 2 0.002% 0.000% 0 0 

UNL-QH entire state Oi USA 2 1 1.4E+02 2 0.001% 0.000% 0 0 

UNL:TX entire state TX USA 2 1 2.6E+02 2 0.0008% 0.0001% 0 0 

UNL:Wl entire state WI USA 2 1 6.6E+01 2 0.0007% 0.0001% 0 0 

UNL:IN entire state IN USA 2 1 8.2E+01 2 0.0007% 0.0000% 0 0 

UNL:ON entire orov GI CAN 2 1 5.5E+01 2 0.0007% 0 .0001•1. 0 0 

UNL:MO entire state ~ USA 2 1 8.7E+01 2 0.0005% 0.0000% 0 0 

UNL:MN entire state MN USA 2 1 6.4E+01 2 0.0005% 0.0000% 0 0 

UNL:PA entire state PA USA 2 1 1.4E+02 2 0.0005% 0 .0000% 0 0 

UNL:KY entire state KY USA 2 1 5.BE+01 2 0.0004% 0.0000% 0 0 

UNL:NY entire state NY USA 2 1 1.7E+02 2 0.0004% 0 .0000% 0 0 

UNL:TN entire state TN USA 2 1 7.BE+01 2 0.0003% 0 .0000% 0 0 

UNL:IA entire state IA USA 2 1 4.0E+01 2 0.0003% 0.0000% 0 0 

UNL'OK entire state OK USA 2 1 5.3E+01 2 0.0002% 0.0000% 0 0 

) ) 
UNL:VA entire state VA USA 2 1 9.5E+01 2 0.0002% 0.0000% 0 0 

UNL:KS entire state KS USA 2 1 3.6E+01 2 0.0002% 0.0000% 0 0 

UNL-GA entire state ~ USA 2 1 1.1E+02 2 0.0002% 0.0000% 0 0 

UNL:AR enti re state AR USA 2 1 3.9E+01 2 0.0002% 0.0000% 0 0 

UNL:NC entire state t>.c USA 2 1 1.0E+02 2 0.0002% 0.0000% 0 0 

UNL:AL enti re state AL USA 2 1 6.7E+01 2 0.0002% 0 .0000% 0 0 

UNL-CA entire state CA USA 2 1 4.2E+02 2 0.0001% 0.0000% 0 0 

UNL:FL entire state FL USA 2 1 1.9E+02 2 0.0001% 0.0000% 0 0 

UNL:LA entire state LA . USA 2 1 6.0E+01 2 0.0001% 0.0000% 0 0 

UNL:MD entire state MD USA 2 1 6.5E+01 2 0.0001% 0.0000% 0 0 

UNL:NJ entire state NJ USA 2 1 1.0E+02 2 0.0001% 0.0000% 0 0 

UNL:MS entire state MS USA 2 1 4.0E+01 2 0.0001% 0.0000% 0 0 

UNL:NE entire state NE USA 2 1 2.3E+01 2 0.0001% 0.0000% 0 0 

UNL:WV entire state WV USA 2 1 2.6E+01 2 0.0001% 0.0000% 0 0 

UNL-CO enti re state CD USA 2 1 4.7E+01 2 0.0001% 0.0000% 0 0 

UNL:SC entire state s:: USA 2 1 5.7E+01 2 0.00009% 0.00000% 0 0 

UNL:WA entire state WA USA 2 1 7.3E+01 2 0.00007"/o 0.00001% 0 0 

UNL:SD entire state SD USA 2 1 1.2E+01 2 0.00006% 0.00001% 0 0 

UNL:ND entire state ND USA 2 1 1.0E+01 2 0.00005% 0.00001% 0 0 

UNL:NM entire state NM USA 2 1 2.6E+01 2 0.00005% 0.00000% 0 0 

UNL:MA enti re state MA USA 2 1 7.4E+01 2 0.00004% 0.00000% 0 0 

UNL-00 entire orov OJ QllN 2 1 3.2E+01 2 0.000049/o 0.00000% 0 0 

UNL:AZ entire state AZ USA 2 1 5.5E+01 2 0.00003% 0.00000% 0 0 

UNL:CT entire state CT USA 2 1 4.2E+o1 2 0.00003% 0.00000% 0 0 

UNL{)A entire state CFl USA 2 1 4.2E+o1 2 0 .00003% 0.00000% 0 0 

UNL:UT entire state UT USA 2 1 2.4E+01 2 0.00003% 0.00000% 0 0 

UNL:MT entire state MT USA 2 1 1.4E+01 2 0.00002% 0.00000% 0 0 

UNL:MB entire orov MB QllN 2 1 6.0E+OO 2 0.00002% 0.00000% 0 0 

UNL:WY entire state WY USA 2 1 9.2E+OO 2 0.00002% 0 .00000•1. 0 0 

UNL:AB entire orov AB CAN 2 1 1.4E+01 2 0.00002% 0.00000% 0 0 

UNL:ME entire state ME USA 2 1 1.9E+01 2 0.00002% 0.00000% 0 0 

UNL:DE entire state DE USA 2 1 1.1E+01 2 0.00002% 0.00000% 0 0 

UNL:ID entire state ID USA 2 1 1.5E+01 2 0.00001% 0.00000% 0 0 

UNL:BC entire orov BC QllN 2 1 1.4E+01 2 0.00001% 0.00000% 0 0 

UNL:NH entire state NH USA 2 1 1.6E+01 2 0.00001% 0.00000% 0 0 

UNL:SK entire orov SK CAN 2 1 4.5E+OO 2 0.00001% 0.00000% 0 0 

UNL:NV entire state NV USA 2 1 2.1E+01 2 0.000009% 0.000001 % 0 0 

UNL:VT entire state VT USA 2 1 9.1E+OO 2 0.000008% 0.000000% 0 0 

UNL:RI entire state RI USA 2 1 1.2E+01 2 0.000007% 0.000000% 0 0 

UNL:NB entire orov NB CAN 2 1 4.1E+OO 2 0.000004% 0.000000"/o 0 0 

UNL:NS entire nrov NS CAN 2 1 4.0E+OO 2 0.000003% 0.000000"/o 0 0 

UNL:NF entire orov NF CAN 2 1 2.2E+OO 2 0.000003% 0.000000"/o 0 0 

UNL:PE entire orov PE CAN 2 1 8.1E-01 2 0.000001% 0.000000"/o 0 0 

UNL:NW entire nrov NW CAN 2 1 2.6E-01 2 0.000001% 0.000000°.4 0 0 

UNL:YK entire orov YK CAN 2 1 1.3E-01 2 0.000000% 0.000000"/o 0 0 

UNL:HI entire state HI USA 2 1 1.2E+01 2 0.000000% 0.000000"/o 0 0 

UNL:AK entire state AK USA 2 1 7.7E+OO 2 0 .000000% 0.000000% 0 0 
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S·Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposition Lake (1 =yes) 

Facllitv Name Cltv Province Countrv Codelal APCDlbl Throuohout Unit (C) TEQ I HCB TEQ I HCB 

~.~_b.!'11.!>our~~s (lea~ed ga!loline vehicles) ·- ,. ... ~ . ,. . ~ -. .. ., •.. ,, ·~ .h • • -·-·· ·---~ 
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LEAD: IL entire state IL USA 3 1 7.4E+OO 2 0.004% 0.000% 0 0 

LEAD: Ml enti re state Ml USA 3 1 7.1E+OO 2 0.003% 0.000% 0 0 

LEAO:OH entire state Oi USA 3 1 7.5E+OO 2 0.002% 0.000% 0 0 

LEAO:TX entire state TX USA 3 1 1.4E+01 2 0.001% 0.000% 0 0 

LEAO:Wl entire state Wl USA 3 1 3.5E+OO 2 0.001% 0.000% 0 0 

LEAD: IN enti re state IN USA 3 1 4.4E+OO 2 0.001% 0.000% 0 0 

LEAO:ON entire orov GI CAN 3 1 2.9E+OO 2 0.001% 0.000% 0 0 

LEAO:MO entire state MO USA 3 1 4.5E+OO 2 0.0008% 0.0001% 0 0 

LEAD: MN entire state MN USA 3 1 3.4E+OO 2 0.0008% 0.0001% 0 0 

LEAD: PA entire state PA USA 3 1 7.4E+OO 2 0.0007% 0.0000% 0 0 

LEAD: KY entire state KY USA 3 1 3.0E+OO 2 0.0006% 0.0000% 0 0 

LEAO:NY entire state NY USA 3 1 9.0E+OO 2 0.0006% 0.0000% 0 0 

LEAD: TN entire state TN USA 3 1 4.1E+OO 2 0.0005% 0.0000% 0 0 

LEAD: IA entire state IA USA 3 1 2.1E+OO 2 0.0004%1 0.0000% 0 0 

LEAO:OK entire state OK USA 3 1 2.8E+OO 2 0.0004% 0.0000% 0 0 

LEAD:VA enti re state VA USA 3 1 5.0E+OO 2 0.0004% 0.0000% 0 0 

LEAO:KS entire state KS USA 3 1 1.9E+OO 2 0.0003% 0.0000% 0 0 

LEAO:GA enti re state GA USA 3 1 5.8E+OO 2 0.0003% 0.0000% 0 0 

LEA!MR entire state AR USA 3 1 2.0E+OO 2 0.0003% 0.0000% 0 0 

LEAO:NC entire state NC USA 3 1 5.4E+OO 2 0.0002% 0.0000% 0 0 

LEAO:AL entire state AL USA 3 1 3.5E+OO 2 0.0002% 0.0000% 0 0 

LEAO:LA entire state LA USA 3 1 3.1E+OO 2 0.0002% 0.0000% 0 0 

LEAD: FL entire state FL USA 3 1 1.0E+01 2 0.0002% 0.0000% 0 0 

LEAO:CA entire state CA USA 3 1 2.2E+01 2 0.0002% 0.0000% 0 0 

LEAD: MO entire state MO USA 3 1 3.4E+OO 2 0.0002% 0.0000% 0 0 

LEAD: NJ entire state NJ USA 3 1 5.3E+OO 2 0.0002% 0.0000% 0 0 

LEAD:MS entire state MS USA 3 1 2.1E+OO 2 0.0002% 0.0000% 0 0 

LEAD: NE entire state NE USA 3 1 1.2E+OO 2 0.0002% 0.0000% 0 0 

LEAO:WV entire state WV USA 3 1 1.4E+OO 2 0.0002% 0.0000% 0 0 

LEAD.CO entire state ro USA 3 1 2.4E+OO 2 0.0002% 0.0000% 0 0 

LEAO:SC entire state SC USA 3 1 3.0E+OO 2 0.0001% 0.0000% 0 0 

LEAO:WA entire state WA USA 3 1 3.9E+OO 2 0.0001% 0.0000% 0 0 

LEAD: SO entire state so USA 3 1 6.2E.01 2 0.00010% 0.00001% 0 0 

LEAD:NO entire state NO USA 3 1 5.3E.01 2 0.00008% 0.00001% 0 0 

LEAO:NM entire slate NM USA 3 1 1.4E+OO 2 0.00007% 0.00001% 0 0 

LEAD:MA entire state MA USA 3 1 3.8E+OO 2 0.00007% 0.00001% 0 0 

LEAO:OO enti re crov QJ ~ 3 1 1.7E+OO 2 0.00006% 0.00000% 0 0 

LEAD.AZ entire state AZ USA 3 1 2.9E+OO 2 0.00005% 0.00000% 0 0 

LEAD:CT entire state CT USA 3 1 2.2E+OO 2 0.00005% 0.00000% 0 0 

LEAO:OR entire state al USA 3 1 2.3E+OO 2 0.00005% 0.00001% 0 0 

LEAO:UT entire state UT USA 3 1 1.3E+OO 2 0.00005% 0.00000% 0 0 

LEAO:MT entire state MT USA 3 1 7.1E.01 2 0.00004% 0.00000% 0 0 

LEAD: MB enti re orov MB ~ 3 1 3.2E.01 2 0.00003% 0.00001% 0 0 

LEAO:WY enti re state WY USA 3 1 4.8E.01 2 0.00003% 0.00000% 0 0 

LEAD: AB entire orov AB CAN 3 1 7.3E.01 2 0.00003% 0.00000% 0 0 

LEAD:ME entire state ME USA 3 1 9.9E.01 2 0.00003% 0.00000% 0 0 

LEAO:OE entire state OE USA 3 1 5.7E.01 2 0.00003% O.OOOOO'Yo 0 0 

LEAO:IO entire state ID USA 3 1 7.9E.01 2 0.00002% 0.00000% 0 0 

LEAO:BC entire orov BC ~ 3 1 7.2E-01 2 0.00002% 0.00000% 0 0 

LEAO:NH entire state NH USA 3 1 8.5E-01 2 0.00002% 0.00000% 0 0 

LEAD: SK entire orov SK CAN 3 1 2.4E-01 2 0.00002% 0.00000°1. 0 0 

LEAO:NV entire state NV USA 3 1 1.1E+OO 2 0.00001% 0.00000% 0 0 

LEAO:VT entire state VT USA 3 1 4.BE-01 2 0.00001'Yo 0.00000% 0 0 

LEAO:RI entire state RI USA 3 1 6.1E-01 2 0.00001% 0.00000% 0 0 

LEAO:NB entire orov NB CAN 3 1 2.1E.01 2 0.000006% O.OOOOOO"k 0 0 

LEAO:NS entire crov NS CAN 3 1 2.1E.01 2 0.000006% 0.000000°k 0 0 

LEAO:NF entire orov NF CAN 3 1 1.2E-01 2 0.000005% 0.000000% 0 0 

LEAO:PE enti re orov PE CAN 3 1 4.3E-02 2 0.000001'Yo 0.000000% 0 0 

LEAO:NW entire orov NW CAN 3 1 1.4E-02 2 0.000001 % 0.000000% 0 0 

LEAO:YK entire orov YK CAN 3 1 7.0E-03 2 O.OOOOOO'Yo 0.000000% 0 0 

LEAD: HI entire state HI USA 3 1 6.1E-01 2 0.000000"/o 0.000000"/o 0 0 

LEAD.AK entire state AK USA 3 1 4.1E-01 2 0.000000% 0.000000% 0 0 
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5-Lake Average Within Top 85% of 

Percent of Total Deposition to any 

State/ Type Deposltl°i" Lake (1 =lyes) 

Facllltv Name Cltv Province Countrv Code (a) APCD(b) Throuahout Unltlcl TEQ HCB TEO HCB 
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PEST:ON entire crov al CAN 1 0 4.6E+01 1 0.00% 11.49% 0 1 

PEST: TX entire state TX USA 1 0 5.7E+01 1 0.00% 3.42% 0 1 

PEST:MI entire state Ml USA 1 0 1.4E+01 1 0.00% 2.93% 0 1 

PEST:GA entire state G4. USA 1 0 1.2E+02 1 0.00% 2.91% 0 1 

PEST:IL entire state IL USA 1 0 9.6E+OO 1 0.00% 1.58% 0 1 

PEST: CA entire state CA USA 1 0 2.1E+02 1 0.00% 1.55% 0 1 

PEST:AL entire state AL USA 1 0 4.1E+01 , 0.00% 1.45% 0 , 
PEST:AR entire state AR USA 1 0 1.4E+01 , 0.00% 1.30% 0 1 

PEST:MN entire state MN USA , 0 7.0E+OO 1 0.00% 1.26% 0 1 

PEST:WI entire state WI USA 1 0 6.3E+OO , 0.00% 1.26% 0 1 

PEST:OH entire state ()! USA 1 0 7.9E+OO 1 0.00% 1.05% 0 1 

PEST:WA entire state WA USA 1 0 3.4E+01 1 0.00% 1.03% 0 1 

PEST:FL entire state FL USA 1 0 5.7E+01 1 0.00% 1.00% 0 1 

PEST:MS entire state MS USA 1 0 1.4E+01 1 0.00% 0.78% 0 1 

PEST:NY entire state NY USA 1 0 3.2E+01 1 0.00% 0.74% 0 1 

PEST:IN entire state IN USA 1 0 4.7E+OO 1 0.00% 0.72% 0 1 

PEST:CO entire state ro USA 1 0 1.2E+01 1 0.00% 0.56% 0 1 

PEST:LA entire state LA USA 1 0 1.2E+01 1 0.00% 0.56% 0 1 

PEST:MO entire state M:) USA 1 0 5.2E+OO 1 0.00% 0.54% 0 1 

PEST: TN entire state TN USA 1 0 7.2E+OO 1 0.00% 0.47% 0 1 

PEST:NE entire state NE USA 1 0 3.9E+OO 1 0.00% 0.46% 0 1 

PEST:KS entire state KS USA 1 0 4.1E+OO 1 0.00% 0.44% 0 1 

PEST:NM entire state NM USA 1 0 1.1E+01 1 0.00% 0.43% 0 1 

PEST:IA entire state IA USA 1 0 3.0E+OO 1 0.00% 0.43% 0 1 

PEST:NC entire state NC USA 1 0 2.4E+01 1 0.00% 0.42% 0 1 

PEST:OK entire state OK USA 1 0 4.3E+OO 1 0.00% 0.37% 0 1 

PEST:PA entire state PA USA 1 0 8.8E+OO 1 0.00% 0.30% 0 1 

PEST:OR entire state Cl'l USA 1 0 1.4E+01 1 0.00% 0.29% 0 1 

PEST:SD entire state SD USA 1 0 1.8E+OO 1 0.00% 0.22% 0 1 

PEST:MN entire orov MN CAN 1 0 1.6E+OO 1 0.00% 0.21% 0 1 

PEST:KY entire state KY USA 1 0 2.0E+OO 1 0.00% 0.21% 0 1 

PEST: MT entire state MT USA 1 0 3.3E+OO 1 0.00% 0.17"/o 0 1 

PEST:WY entire state WY USA 1 0 3.2E+OO 1 0.00% 0.16% 0 1 

PEST:VA entire state VA USA 1 0 5.2E+OO 1 0.00% 0.15% 0 1 

PEST:OU entire orov OJ CAN 1 0 7.2E+OO 1 0.00% 0.14% 0 1 

PEST:SC entire state s:: USA 1 0 6.6E+OO 1 0.00% 0.13% 0 1 

PEST:NJ entire state NJ USA 1 0 8.7E+OO 1 0.00% 0.12% 0 1 

PEST: UT entire state UT USA 1 0 4.3E+OO 1 0.00% 0.12% 0 1 

PEST:MD entire state MD USA 1 0 4.7E+OO 1 0.00% 0.12% 0 , 
PEST:ND entire state ND USA 1 0 7.7E-01 1 0.00% 0.11% 0 1 

PEST:AL entire orov AL CAN 1 0 2.0E+OO 1 0.00% 0.10% 0 1 

PEST:ID entire state ID USA 1 0 3.2E+OO 1 0.00% 0.09% 0 1 

PEST:AZ entire state AZ USA 1 0 6.5E+OO 1 0.00% 0.08% 0 0 

PEST:BC entire orov BC QIN 1 0 2.0E+OO 1 0.00% 0.07% 0 0 

PEST:WV entire state WV USA 1 0 8.1E-01 1 0.00% 0.05% 0 0 

PEST:PE entire pro PE CAN 1 0 3.3E+OO 1 0.00% 0.05% 0 0 

PEST:ME entire state ME USA 1 0 3.2E+OO 1 0.00% 0.04% 0 0 

PEST:SA Saskatoon SA CAN 1 0 6.1E-01 1 0.00% 0.04% 0 0 

PEST:MA entire state MA USA 1 0 3.0E+OO 1 0.00% 0.03% 0 0 

PEST:NS entire orov NS CAN 1 0 2.0E+OO 1 0.00% 0.03% 0 0 

PEST:CT entire state CT USA 1 0 1.4E+OO 1 0.00% 0.02% 0 0 

PEST:NB entire orov NB CAN 1 0 9.3E-01 1 0.00% 0.01% 0 0 

PEST: DE entire state DE USA 1 0 7.9E-01 1 0.00% 0.01% 0 0 

PEST:DC entire state DC USA 1 0 2.1E-01 1 0.000% 0.006% 0 0 

PEST:NH entire state NH USA 1 0 4.SE-01 1 0.000% 0.005% 0 0 

PEST: NV entire state 1-N USA 1 0 5.4E-01 1 0.000% 0.005"/o 0 0 

PEST: RI entire state RI USA 1 0 4.7E-01 1 0.000% 0.005% 0 0 

PEST:NF entire prov NF CAN 1 0 3.0E-01 1 0.000% 0.004% 0 0 

PEST:VT entire state VT USA 1 0 2.7E-01 1 0.000% 0.004% 0 0 

PEST:NT entire prov NT CAN 1 0 2.9E-02 1 0.000% 0.002% 0 0 

PEST: YT entire oro YT CAN 1 0 UE-02 1 0.0000"/. 0.0005% 0 0 

PEST:HI entire state HI USA 1 0 4.SE-01 1 0.0000()0/o 0.00002% 0 0 

PEST:AK entire state AK USA 1 0 2.4E-01 1 0.0000()0/o 0.00001% 0 0 
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Summarv of Estimated Contribution• of PCDD/PCDF to the Great Lakes in 1993 from liquid effluents from Pulp and Paoer Mill• 
Estimated #of 

Water Estimated contribution of actual 
Transfer PCDD/PCDF to Lake samples 

State Coefficient (grams TEO per year) on which 
or for PCDD/F (see notes b and c) estimate 

Comoanv Citv Prov Cntrv LAKE lsee note al minimum medium maximum notes is h,..,.,,. 
International Paper Erie PA USA erie 75% 0.0082 0.0195 0.0308 d,o 

E.B. Eddv Espanola ON CAN huron 100% 0.0560 0.1010 0.1460 d 
Thorold Soecialtv Paoers Thor old ON CAN ontario 75% 0.0004 0.0104 0.0205 e 

S.D. Warren (Scott Paper) Muskegon Ml USA michigan 25% 0.0000 0.0286 0.0571 d,f 
Mead Escanaba Ml USA michigan 100% 0.0133 0.0368 0.0629 d,g 

Champion International Quinnesec Ml USA michigan 75% 0.0119 0.0237 0.0475 h 
Badger Paper Mills Peshtigo WI USA michigan 100% 0.0000 0.0041 0.0083 d,i 

Ponderosa Pulp Products Oshkosh WI USA michigan 50% 0.0000 0.0004 0.0007 d,j,o 
Wisconsin Tissue Mills Menasha WI USA michigan 75% 0.0000 0.0064 0.0127 d 

James River Green Bay WI USA michigan 75% 0.0000 0.0142 0.0285 d,o 
Fort Howard Green Bay WI USA michigan 100% 0.0012 0.0211 0.0409 d 

Fox River Fiber De Pere WI USA michigan 50% 0.0000 0.0008 0.0016 h,o 
Eco Fibre De Pere WI USA michigan 75% 0.0000 0.0006 0.0013 h 

P.H. Glatfelter Neenah WI USA michigan 75% 0.0000 0.0042 0.0084 d 
Scott Paper Oconto Falls WI USA michigan 75% 0.0000 0.0009 0.0019 d,k 

Kerwin Paper Anoleton WI USA michigan 50% 0.0000 0.0098 0.0197 d,o 
Potlatch Cloquet MN USA superior 75% 0.0000 0.0284 0.0568 d,o 

James River Ashland WI USA superior 100% 0.0000 0.0029 0.0058 d,I 
Ave nor Thunder Bay ON CAN superior 100% 0.0551 0.1281 0.2011 e 

James River Marathon ON CAN superior 100% 0.0016 0.0356 0.0696 e 
Kimberlv-Clark Terrace Bav ON CAN superior 100% 0.3372 0.4174 0.4977 e,m 

TOTAL for Great Lakes 0.4847 0.8950 1.3197 n 

(a) The water transfer coefficient (WTC) is the fraction of the PC 00/F discharged from the plant that is estimated to make it to one of the 
Great Lakes. For direct discharge to one of the lakes or to a tributary within a few miles of the lake, the WTC is assumed to be 100%. H 
the discharge is treated by a POTW, we have reduced the WTC by 25%. H the effluent is discharged to a tributary more than a few miles 
from the lake, the WTC is assumed to be reduced by 25%. 

(b) For all estimates, the basic methodology was to multiply the appropriate flow rate of the liquid effluent stream (e.g .. in units of liters 
per day) by the measured or estimated concentration of PCOD/F in the effluent (e.g., in units of grams per liter). The minimum estimated 

1 
7 
5 
1 
6 
0 
2 
0 
1 
2 
4 
0 
0 
1 
1 
1 
3 
1 

11 
9 
12 
68 

discharge amount was estimated by assuming that all non-detects were zero; the medium estimated discharge amount was estimated by assuming 
all non-detects were at one-haH the detection limit; and the maximum estimated discharge amount was estimated by assuming that all 
non-detects were at the reported detection limit of the measurement. 

(c) The estimates of PCOO/F discharge were calculated using only the available data for 2,3,7,8-TCDD (with a toxic equivalency of 1) and 
2,3,7,8-TCOF (with an assumed toxic equivalency of 0.1). These were the only two congeners for which data were available for the U.S. pulp 
and paper mills, and these two congeners are believed to contribute the majority of the PCDD/F toxic equivalents in mill effluents. Data 
from Canadian mills showed that other congeners were occasionally detected in effluents, and did add somewhat to the toxic equivalents in 
the discharge. 

(d) The estimate of PCDD/F discharged from the mill was based on data supplied to CBNS by the National Council of the Paper Industry for Air and 
Stream Improvement, Inc. (NCASI). 

(e) The estimate of PCDD/F discharged from the mill was based on data supplied to CBNS by the Ontario Forest Industries Association. 

(I) This mill's effluent is applied to the land, and so only a small fraction of the dioxin in its effluent would make it to the Great Lakes. 
The estimate water transfer coefficient is highly uncertain, and the value of 25% chosen may be an overestimate. 

(g) The measured concentrations of PC 00/F and the flow rate of the bleach plant effluent were used to make the discharge estimate, rather than 
the comparable parameters in the final effluent. When the final effluent has concentrations of dioxins and furans that are less than the 
detection limit, this may be a more accurate procedure to estimate the plant's emissions. 

(h) Estimated by CBNS based on data from similar plants 

(i) No data for 1993 were available; data from 1992 and 1994 were averaged to estimate the 1993 discharge amount. 

Ul No data for 1993 were available; 1989 data which showed concentrations less than a probable detection limit of 10 pg/lit were used forthe estimate. 

(k) 2,3,7,8-TCOF was not measured; it was assumed to be present at less than the detection limit of 1.6 pg/lit which was reported for the 
measurement of 2,3,7,8-TCOD at this plant. 

(I) No data for 1993 were available; data from 1991 were used. 

(m) The company has stated that their research identified a contaminated sewage pipe as the primary source of PCDD/F in their discharge. They 
replaced the pipe in April 1994, and effluent samples taken since then have indeed shown decreased levels of PCDD/F. In 8 samples taken 
from May 1994 to Dec 1994, the PCDD/F levels in the effluent (considering only 2,3,7,8 TCDD and 2,3,7,8 TCDF as with all the other plants) 
correspond to an annual medium-estimate loading of approximately 0.096 grams TEQ/year. 

(n) Only pulp and paper mills which use chlorine-containing compounds in their processes (e.g., chlorine, chlorine dioxide, sodium hypochlorite) 
have been included in this list. Some of the facilities on this list have reported process changes and/or effluent data which suggest that 
PCDD/F discharges have decreased since 1993. 

(o) The effluent from the plant is treated at a POTW; the estimated water transfer coefficient reflects this fact, in an approximate way. 



Summary of Contribution• of HCB and PCDD/F to the Great Lake• from Chemic al Manufacturing and Other lnduetrlal Sources (a) 

estimated Estinated Water estinated 
date amount of Transfer pollutant load 

STATE of pollutant discharged Coefficients to Lake 
or Source discharge HCB I PCDD/F for I for HCB I PCDD/f 

COMPANY CITY PROV CNTRY LAKE of Data data ka/vr a TEQ/vr notes HCB PCDD/F kn/ur aTEQ/vr 

HMurphyOll !Superior IWI IUSA !superior I 1 I 1993 \?>I I o .70451 e I 50%1 75%11 I o.52~~U 
. .. . . .. . . . .. .··· · . . . 

Celanese Millhaven ON CAN ontario 2 1989- 90 0 b 100% 100% 0 
Cyanamid Canada Niaaara Falls ON CAN ontario 3 1989-91 0 b 50% 75% 0 
DuPont Kinaston ON CAN ontario 2 1989-90 0.3988 100% 100% 0.3988 
Ge on Thorold ON CAN ontario 2 1989- 90 0 .000061 50% 75% 0 .000046 
Occldental Chemical Durez Div. N. Tonawanda NY USA ontario 4 1992-93 0.4 c,d 50% 75% 0.2196 
Petro Canada Oakvile ON CAN ontario 5 1988- 89 0 .1 00 .0.0002 100% 100% 0.1004 0.0002 
UCAR Carbon Welland ON CAN ontario 3 1989- 91 0 .0001 50% 75% 0.0001 

....... . .: • . -_ . . :· ··_ . . · ··.· . .. .· •· •· · ····· :·· . 
Allied Chem Amherstburg ON CAN erie 3 1989- 91 0 .0002 50% 75% 0 .0002 
Chinook Som bra ON CAN erie 2 1989-90 0 .0002 50% 75% 0.0001 
Dow Chemical Samia ON CAN erie 2 1989-90 1.282 0 .2772 f 50% 75% 0.6411 0.2079 
DuPont Corunna ON CAN erie 2 1989-90 0 .050 0 .0012 50% 75% 0.0250 0.0009 
General Chemical Amherstbura ON CAN erie 3 1989-91 0 .4973 50% 75% 0.3730 
IMC Port Maitland ON CAN erie 3 1989-91 0.000043 100% 100% 0.000043 
Imperial Oil Chemicals Div. Samia ON CAN erie 2 1989- 90 0 b 50% 75% 0 
Linde Moore Township ON CAN erie 3 1989- 91 0.0000005 50% 75% 0.0000004 
Linde Samia ON CAN erie 3 1989- 91 0.0002 50% 75% 0.0001 
Polysar Samia ON CAN erie 2 1989- 90 0 .635 50% 75% 0.3173 
SCM Corp Huron OH USA erle 4 1992 0.023 d 100% 100% 0.0230 
Sun Refining & Marketina Toledo OH USA erie 4 1992- 93 d 100% 100% 
Suncor Inc. Samia ON CAN erie 5 1988 - 89 0 .0008 50% 75% 0.0006 
Uniroyal Chemical Em Ira ON CAN erie 2 1989-90 0.0086 50% 75% 0.0064 

.:>: > :-:> . . -

········· 
.. · .. ··· . 

.· .. 
II Dow Chemical Midland Ml USA huron I 4 1992-93 0 .1 190 50% 75% 0.089311 
II Linde Sault Ste. Marie ON CAN huron 3 1989-91 0.0076 50% 75% 0.005711 

IlAmerlcan Oil Company I Whiling llN I USA I michigan I 4 .· I 1992.:.931 I 0 .0164 i . I 100% I 100%11 .. ··. I .· o.~16~il 

TOTAL for Lake Suoerior 0 .0000 0 .7045 0.0000 0.5284 
TOTAL for Lake Ontario 0.5395 0 .3991 0.3200 0.3991 

TOTAL for Lake Erie 1.9895 0.7857 1.0062 0.5893 

TOTAL for Lake Huron 0 .0000 0 .1 266 0 .0000 0.0950 
TOTAL for Lake Michiaan 0 .0000 0.0164 0.0000 0 .0164 

Ii TOTALfor All LAKES I 2.5291 I 2 .0324 I I II 1.3262 I 1.628211 

Data Soun:es 

1. USE PA: Freedom of Information Act request 
2. OMOEE: MISA Organic Chem. Manuf. Sector 
3. OMOEE: MISA Inorganic Chem. Manuf. Sector 
4. USEPA: Permit Compliance System 
5. OMOEE: MISA Petroleum Refining Sector 

"OMO EE" = the Ontario Ministry of 
Environment and Energy 

NOTES 

(a) In general, only sources with detected levels of HCB or PCDD/F in their effluents were considered. There have been 
very few tests of industrial effluents for these compounds for sources in the Unites States and thus this list Is 
amost certainly not complete for U.S. sources. The monitoring program in Canada is far more comprehensive, 
extensive and precise, and so the Canadian facilities In this table are probably much closer to being a 
complete list of facilities discharging HC B and/or PCDD/F. 

(b) The effluent loading was less than the lnffuent loading, and so the facility was assumed to not be adding PCDD/F to Its effluent 
(c) HCB was below the detection limit and was assigned a value corresponding to 10% of the detection limit. 
(d) This facility may be a potential source of PCDD/F, but test data for PCDD/F in the effluent from this facility, II they exist, were 

not Included in the Permit Compliance System data we received from the U.S. EPA. 
(e) This company is reported to have ceased direct discharge of a waste stream heavily 

contaminated with PCDD/F; this may have substantially lowered its discharge of PCDD/F. 
(I) This company reportedly·ceased production of chlorinated compounds after these tests were 

conducted; their discharge of HCB and PCDD/F may have been slgniflcantly reduced by this action. 
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