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" BRISTLECONE

S tHAENTAL TECHNOLOGY CORP

April 19, 1993

Dr. Joel S. O'Connor

Ocean Policy Coordinator

U S. Environmental Protection Agency
Rcgion I

Jacob K. Javits Federal Building

Ncw York, New York 10278

Dear Joel:

Enclosed is a proposal entitled, "Project to Define an Indicator of Responsible Stewardship: Toxicant Loss
from Manufactured Products in the Lake Ontario Basin® I proposed the sixteen-week project to begin on
June 1, 1993 and end on September 17, 1993 in order to make maximum use of the intern who will be
working on the indicator this summer. I would be the Principal Investigator, and would work on the project
half-time (320 hours between Junc 1 and September 17). The intern would be expected to work full time
during the period he or she is available to the project. The total project cost is propoased to be $20,000.

Please write or call me if you have any questions, would like additional information, or would like to modify
the proposal in any way. Thank you for your eonsideration. I am looking forward to speaking to you again
soon. ,

Samuel R. Rod, Ph.D.
President

cnclosure

cc: AKR, BETC
file

11673 NEWBRIDGE COURT, RESTON, VIRGINIA 22001-3818 (703) 620.2337
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PROJECT TO DEFINE AN INDICATOR OF RESPONSIBLE STEWARDSHIP:
TOXICANT LOSS FROM MANUFACTURED PRODUCTS IN THE LAKE ONTARIO BASIN

Background

* Under the Great Lakes Water Quality Agreement of 1978 between the United States and Canada, as amended
in 1987, an ecosystem objective with associated indicators for Lake Superiar was adopted and a commitment was
made to develop ccosystem objectives and indicators for each of the other Great Lakes. Building upon  history
of activities within the International Joint Commission related to the development of ecosystem indicators, a
binational Ecosystem Objectives Work Group (EOWG) was established by the U.S. and Canada and charged
with developing ecosystem objectives for the Great Lakes, beginning with Lake Ontario. The approach of the
EOWG was to identify broad ecosystem goals, a suitc of objectives whose attainment would ensure achievement
of the goals. and one or more measurable indicators of progress toward meeting each objective [1).

In 1992, the EOWG Stewardship Indicator Subcommittee issued guidance for documenting indicators of
responsible environmental stewardship to be applicd to the sclection and refincment of indicators of
cnvironmental conditions in the Lake Ontario Basin. In the guidance document [2], the Subcommittee listed
seven critcria for ranking proposed indicators:

Uscfulness of information provided to environmental managers/policymakers and the public,
Sensitivity to anthropogenic change in the environment,

Scientific dcfensibility,

Cost clfeetiveness,

Ability to be expresscd quantitatively and, if possible, in probabilistic terms,

Ability to reflcct as much as possible of the overall "ecosystem health," and

Abilily to evoke action toward more responsible stewardship.

NS RN

At the end of 1992, an indicator entitled "Toxicant Loss from Manufactured Products’ was one of the stewardship
indicators undcr consideration. The status of this indicator at that time was summarized by the Stewardship
Subcommittee as follows {3]:

Toxicant Loss from Manufactured Products

Measurement: Mass of individual and of total toxicants incorporated in manufactured products, and
rates of toxicant loss from products to the L. Ontario Basin. This measure permits the only apparent
cstimate of toxicants lost to the environment from use, disposal and breakdown of manufactured
products (often largest fraction of toxicant rclease, but estimated only qualitatively as non-point sources).

Effcct on Decisionmaking: For at least some chemicals, these estimatcs may improve reliability of
existing mass balances (which do not quantify toxicant loss from products). For many chemicals seldom
measured in the environment, mass balances can not be estimated. But these estimates may pravide the
missing components nceded for mass balances for these additional chemicals. Also, new knowledge of
large loadings of particular toxicants, and the products from which large loadings derive, would be
important in decisions to impose or eacourage pollution prevention, recycling and modifying consumer
hehavior (public, corporate and governmental).

Anticipatcd Products: Report every 3-5 years, estimating individual and total toxicant loss to
environment from products manufactuted within the Basin, and within watersheds.

Schedule and Cost: Requires consultation with experts having experience with the estimates required.
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Praposal

Bristlecone Environmental Technology Corporation (BETC) herein proposes to the United States Environmental
Protcction Agency (EPA) to conduct a pilot project to define a practical and cost-cffective indicator of
responsible stewardship in the Lake Ontario Basin, The specific indicator to be defined is "Toxicant Loss from
Manufactured Produets,” derived from mass balance principles applied to the release and transport of
anthropogenic pollutants in the cnvironment.

Ohjectives of the Pilot Project

The objectives of the proposed pilot project are to (1) define the indicator, *Toxicant Loss from Manufactured
Products,” both in terms of quantitative measurcs and procedures, (2) demonstrate the application of the
indicator on a selected priority pollutant in the Lake Ontario basin, and (3) evaluate the indicator on the basis
of the seven criteria listed above (from EOWG guidance materials).

Approach

The first objective invalves developing an analytical framework for interpreting and integrating a sct of diverse
indirect pollution data into a quantitative description of pollutant loadings in the Lake Ontario Basin. The
proposed method is intended to reduce the uncertainty associated with estimating pollution loadings into
environmental media. The second objective involves tailoring the analytical approach to the needs and limitations
of national, statc, province, and county environmental agencies, which are considered to be the principle uscrs.
To achieve this goal, the entire analysis will be performed on personal computers, using commercially available
software and analytical tools as the building blocks of the methodology. The third objcctive is self-explanatory.

The condition, or "health" of a large-scale environmental system such as Lake Ontario is detcrmincd, in part, by
the amounts of toxic substances entering the systcm and accumulating in it. Therefore, pollutant loadings,
measured in mass per unit time (e.g., tons/ycar), are likely to be valuable indicators environmental health.
Changes in the levels anthropogenic releases of ¢nvironmental contaminants over time can be interpreted in
terms of “stewardship” Anthropogenic toxicant relcases and loadings into environmental media (i.e., toxicant
losses from manufaclured products) can be estimated using existing documentary evidence, completely
independently of environmental measurements in the receiving media (and consequently at considerably lower
cost for large regions).

The definition and demonstration of the toxicant loss indicator is based on mass balance principles applicd both
to human activitics that release pollutants onto the land and into the air and water of the Lake Ontario Basin,
and to natural mechanisms which transport the pollutants throughout the environment. The mass balance
mcthodology models a river or lake basin as a source-receptor matrix, The basin is divided both geographically
and by environmental medium. The apportionment of primary emissions among sourccs of pollutants is
accomplished by applying mass balance constraints to industrial activities, end-use consumption of products,
“agricultural activitics and natural processes. Information to complete material cycles and quantitative mass
balances is taken from existing economic, industrial, agricultural, demographic, and related data or derived from
existing transport models. The method can identify major pollutant source catcgories, key pathways and
conccntration points within the basin, and contaminant accumulations over long time periods.

The mass balance approach has been used in several recent studies of pollutant release and transport in the
Great Lakes and ncarby regions, for example, en Bay/Fox Ri Bzl dy, (Lake Michigan) (4],

Contribution of Technology to Prevent the Generation of Persjstent Toxic Substances - Mcreury, (Great Lakes
Busin) [5], and Reconstruction of Historical Loadings of Heavy Metals and Chlorinated Hydracarbgn Pesticides
i the Hudson-Raritan Basin, 1880-1980 [6). ’
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- Mereury provides an illustrative example of the mass balanee approach to estimating losses from manufacturcd
products in river and lake basins. Figures 1 and 2 (from the Great Lakes study [S] and the Hudson-Raritan
Basin study [6], respectively) included at the end of this proposal show similar basic models of mecrcury sources
and transport, including releases from manufacturing processes in the basins, combustion releases, relcascs from
consumer cnd uscs of products (both during use and after disposal), and multimedia transport to [inal
environmental fates, Table 1 (from [6]) lists typical source categories for mercury emissions and the economic
and/or demographic factors used to apportion mercury usage among geographic subdivisions of a basin.

In the Hudson-Raritan Basin study [6], the historical loadings of mercury (and lead, cadmium, copper, chlordane
and DDT) onto land and into surface waters of the Hudson and Raritan River Basins were reconstructed to
demonstrate an application of mass balance principles to multimediz poltution transport modeling. Trends of
mcreury cmissions and river loadings were presented from 1880 to 1980. Figures 3 (from [6]) shows the results
of the analysis from the perspective of mercury sources (metallurgical plants, fuel combustion, automotive uses,
general industry uses, consumer end uses, airborne advection into the basin, and soil erosion). Figure 4(1'0111
[6]) shows the study resulis from the receptor perspective (surface waters, permanent immobilization or advection
out of the basin, and retention on rural land).

The lower Jimits of spatial resolution achicvable by the mass balamce approach were also been explored.
Quantitative contaminant flows were estimated for the 47 counties, sized from 20 to 1000 square miles (50 to
2600 square kilometers) in area, and for the fifteen river sub-basins, sized from 150 to 2,500 square miles (400
to 6,500 squarc kilometers), that comprise the Hudson-Raritan Basin, The county and sub-basin rcsults were
aggregated into estimates for the basin as a wholc, a region of about 16,300 square miles (42,200 square
kilometers). Figure 5 (from {6]) shows the basin's fifieen sub-basins, which are similar in structure and scale
to the twelve sub-basins of the Lake Ontario Basin, shown in Figure 6 (from [7]). In fact, Lake Ontario sub-
basins 07 and 8 (Sencca/Oncida/Oswego Rivers and Black River) adjoin Hudson sub-basin 02020004. Rome,
New York, straddlcs the border between the Lake Ontario and Hudson River basins.

To verify the ability of the mass balance wethodology to track trends in mercury emissions accurately, the
Hudson-Raritan Basin study included eomparisons of estimated mercury emissions and river loadings to actual
mcasurcments of mercury in river sediments. Figure 7 (from [6]) compares the estimatcs of historical mercury
emissions and river loadings to the mercury deposition rate in a sediment core taken in Tivoli marsh (river mile
100 (km 259) on the Hudson River) and dated back to the early 1800°s [8]. For the comparisons, the three scales
in the figure were adjusted so that the variables' values in the chosen early reference ycar (1880 in this casc)
coincide.  This cffectively normalizes the trend lines.

The historical profiles of mercury emissions and loadings into the river match the dcposition trend well from
1880 through 1980, substantialing, at least qualitatively, the correctness of the mass balance method. Comparing
the cmissions profile to the observed deposition ratc, the value of the R? parameter sthe fraction of the variation
in the observed variable accounted for by the regression variable) was found tobe R°,... . = 0.77. Comparing
river loading to the corc deposition rate, Rzl,-“,Br toadings= 0.82. River loadings appear to be slightly better
predictors of deposition rates for mercury.
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Statement of Work

BETC will develop the cnvironmental stewardship indicator, “toxicant losses from manufactured products,” using
indircet measures related to chemical production, distribution, use and disposal 10 reconstruct both the spatial
and temporal patterns of pollutant rcleases. The tasks that make up the four-month project include:

1,

10,

Recommend for the client’s selection a priority toxicant for the pilot study. Polychlorinated biphenyls
(PCBs), mercury, chlordane, or dieldrin are suggested, based on (1) their high rankings on numerous
priority pollutant lists (including their appearance on a list of toxic substances exceeding fish tissue
standards, critcria, or guidelines in Lake Ontario [8]) and, (2) the relative abundance of available
information related to the production and uses of these materials.

Define the physical boundaries and subdivisions of the system (the Lake Ontario Basin, tributary basins,
the accompanying political divisions of land, etc.).

Construct a qualitative matcrial cycle for the selected toxicant to show all links aniong system inputs,
intermediate stages and “final” environmental fates.

Collect economic, industrial, demographic, meteorological, environmental, and other data to develop
quantitative material balances throughout the cycle, :

Where documentary evidence is inadequate to establish quantitative material flows, use environmental
transport models with statc, province or national data to complete the quantitative mass balances.

Formulate a vector of primary emission sources.

Formulate an environmental transport matrix from the material cycle and quantitative mass balance
within the system.

Calculate environmental loadings. The values yielded by the matrix calculation of loadings of the
selected toxicant into surface water, land, air, and other environmental media are the Toxic Loss
Indicators for those media,

Check the material cyclc model, source vector, transport matrix, and toxicant loss indicators with actual
environmental measurements, to the extent possible (depeading oo the availability of relevant
environmental measurements).

Submil a fina) report on all findings.

Steps 1, 2, and 3 arc problem formulation steps. Steps 4 and S are data collection steps that provide the
squantitative input to the analytical schcme in steps 6, 7, and 8,

Deliverables
1. Informal progress reports due at one month intervals throughout the project
2. A final report, duc at the end of the project (September 17, 1993), presenting all findings and
conclusions concerning the utility of Toxicant Loss from Manufactured Products as a responsible
stewardship indicator for the Lake Ontario Basin.
3. All notes and malcrials collected as part of the project, due at the end of the project

3
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Personnel

Principal Investigator:  Dr. Samucl R. Rod

Intern:

Duties include principal responsibility for the pcrfonnince of technical work on the project - tasks 1
through 9 listed above, budgeting and scheduling, and communication with the client agency's
rcpresentatives and the on-site intern (see below),

Dr. Rod is the principal author of the Hudson-Raritan Basin report [6) and has extensive cxperience
in modcling and analysis of large-scale industrial and environmental systems. His previous work includes
analyses and simulations of the handling and transport of radicactive materials, "mixed” radioactive and

hazardous waste, PCB’s, metals, pesticides, military nerve agents, and chemical munitions. {Resume
included as attachment)

Under an agreement between EPA, Region II and the Atlantic States Legal Foundation (ASFL), the
ASFL will hire a summer intern to assist the EPA on-site in developing the stewardship indicator, Toxic
Loss from Manufactured Products. Thc intern will be a graduate student in a field such as
environmental sciences or the law.

The intern’s duties uader the direction of the principal investigator will includc gathering and reducing
data (4 major part of the work effort on the project), assisting in the analysis of various industrial and
eavironmental parameters, and providing on-site support in New York to both the principle investigator
and the client agency’s coordinator on this project.

Schedule

BETC proposes the projcct to begin on June 1, 1993, continue for siteen weeks, and conclude on September
17, 1993. Thc following is an outline of the project schedule:

WEEK DATE(S) FROJECT EVENT

1

59

10-13

14-16

16

6/1 "Kick-off" meeting - travel to New York by the principal investigator and the project
intern for the initial project meeting with EPA’s project coordinator.

6/11 Select toxicant for study.

6/1-6/27 Establish mass balance framework for the owerall analysis.

Conduet literature searches and collect quantitative data.
Provide informal written progress report to EPA coordinator.

6/28-8/1 Compile data and formulate specific methodelogy for the Indicator,

Provide informal written progress report to EPA coordinator.
8/2-8-29 Complete numerical analyses.
Compare Indicator predictions of spatially distributed environmental loadings to actual
cnvironmental measurements.
Summary meeting - EPA /principal investigatar/intern.
8/30-9/17 Wirite final report.

9/17 Submit final report and project notes.

6
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Cent

Personnel Costs:
Principal Investigator:

Intern:

Travel Costs:

Principal Investigator:

Intern;

Miscellaneous Expenses:

TOTAL PROJECT COST:

320 hours @ $59.00/bour”

640 bours
(paid for by ASFL)

Two one-day trips from Reston,
VA to New York City
@ $215.00 per trip -
RT train fare = $180.00
per diem (meals)=  25.00
" local transport = 10,00

One two-day (ovcrnight) trip from

New York City to Syracuse to
meet with intern on location -
RT train fare = $150.00
per diem total
(lodging/mcals) = $150.00
local transport =  __20.00

Two one-day trips from

Syracuse to New York City

@ $185.00 per trip -
RT train fare = $150.00
per diem (meals)= 25,00
local transport = 10.00

$18,830.00

320.00

(included in burdened rate for Principle

Investigator)

$18,880.00

1,120.00

0.00

$20,000.00

Notes * Essentially all work by the principal ivestigator will be performed using Bristlecone
Corporation’s facilities, equipment, and supplies (imclyding all postage, copying, tclcphone,
facsimilc and overnight delivery expenses for communications originating at Bristleconc). The

- rate of $59.00/hour for the principal investigator m BETC's total burdened rate. It includes
a base hourly rate of $56.00/hour for Dr. Rod and $3.00/hour (5.36 pcreent) overhead.

Bittiag

Invoiccs will be submitted at the end of each month during the project. Paymeat is due within 30 days of invoice

(net 30 days).
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Lake Ontario Basin and Major Sub-Basins
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Sub-Basins
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New Yok
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02 Central Seclion
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04 - Genesee Rivar
07 - Seneca - Oneida - Oswego Rivers
08 - Black River
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