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1. Relevanceto Great Lakes Atmospheric Deposition Priorities:

We propose to invedigate the history of ar depostion of polybrominated diphenyl ethers
(PBDES) in the Great Lakes by retrieving sedimentary records. The project fdls into the EPA’s
priority area of “ar depogtion and source characterization monitoring”. The Sgnificance of this
work stems from the following considerations.

Although not a group of persgtent bicaccumulative toxics (PBTS) paticularly specified in EPA’s
RFP, PBDEs are more environmentaly perastent than PCBs due to ther higher resstance to
various degradations (de Boer et a., 1998). Ther high lipophilicity (log Kow = 4.3 to 9.9,
compared with 4.5 to 8.0 for PCBs) indicates a strong bioaccumulation potentia. Evidence of
therr toxic, carcinogenic, and hormone-disrupting effects is dso mounting rapidly. A review of
the current state of knowledge on PBDEs is given by Darnerud, et a. (2001). The Abstracts of
the Second Internationa Workshop on Brominated Flame Retardants (BFR, 2001; Betts, 2001)
compile the mogt up-to-date research achievements.

While many chlorinated pesticides and PCBs are legecies of the past, PBDEs are currently being
produced at a rate of 50,000 tones a year worldwide (Darnerud et al., 2001). The widespread uses
of PBDE as flame retardants in dectronic devices, textiles, furniture, plagtics, and vehicles, has
made them globdly ubiquitous They have been found in measurable amounts in literdly
everywhere scientists looked (Renner, 2001). For example, PBDEs were found in degp ocean
whales (de Boer et d., 1998), giving evidence of ther long-range trangport via the atmosphere.
The sum concentration of eight PBDES in Swedish mother's milk increased exponentidly from
the early 1970s to the late 1990s (Meronyte et d., 1999). The concentrations of PBDEs were
found 70 times higher than norma in the blood of occupationdly exposed workers (Sodin,
1999). All of these foreshadows that a potentidly severe environmentd problem related to
PBDEs may be on itsway (de Boer et d., 1998).

There should be no doubt about the presence of PBDES in the Great Lakes. About 40% of the
world tota consumption of PBDEs occurs in North America (Manchester et d., 2001). The
concentration of PBDEs in the ar of four land locations near the Great Lakes ranged from 140 to
3,100 pg m?3, and did not show significant variations from 1997 to 1999 (Strandberg et d.,
2001). PBDEs were found in the fish of dl the five lakes (Luross et d., 2000), and Lake
Michigan fish contained sx times more PBDEs than the Bdtic sdmon (Asplund et d., 1999).
The corrdaion of PBDE tissue concentration with age in Lake Michigan sdlmon implies that
PBDEs have been in the lake for many years (Manchester et d., 2001).

Air depostion has poved to be the mgor source of many PBTS, including PCBs and dioxins, to
the Great Lakes. This has been paticularly true in the last decade when emissons from most
known point sources have been greatly reduced (Ddta Indtitute, 2001). For PBDES, the mgor
point sources are thought to be the incineration of disposed commercia products, as wel as
sewage and dudge releases (Darnerud et a., 2001). Due to their widespread use, volatilization
from various products can be a source of PBDES in the air with even more Sgnificant amounts
than from the point sources. In addition, because PBDEs are mostly found in the technosphere
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and ready-made plagtic products, their uncontrolled release into the environment will continue
for yearsto come (Darnerud et d., 2001).

Sedimentary records have been used to recondruct historical input of persstent pollutants. At
locations where ar depodtion is the mgor pathway of input, chronology of ar depostion can be
directly reveded from data obtained from laminated sediment cores. Two such studies on PBDES
have been published in Europe (Nylund et a., 1992; Sdistrom et d., 1989). In contrast to PCBs
and DDT, PBDE concentrations in the sediment core collected south of Batic Proper near
Sweden showed an exponentid increase after the late 1970s, more than doubling from 1986 to
1987 (Darnerud et a., 2001; Nylund et d., 1992).

2. Problem Statement:

To our best knowledge, no informeation is avalable on the inventory, spatid distributions, and
tempord trends of PBDE concertration and flux in the water and sediments of the Great Lakes
This lack of information hinders the assessment of the fate and transport of PBDEs and their
impact on the ecosystern and human hedth in the region.

Our research plan is based on the following hypotheses:

Hypothess-1: Air deposition is the major source of PBDEs to the sediments of the Great Lakes.
The vapor pressure of PBDESs ranges from 10° to 10"? Pa at 25°C (Wong et d, 2001; Tittlmier
and Tomy, 2001). Nevertheless, 80% of BDE-47, 55-65% of BDE-100 and BDE-99, and 30% of
BDE-153 in the ar were found in the gas phase while the rest were associated with air-borne
particulates (Strandberg et d., 2001). Consdering the rdativey rapid equilibrium between air
and water phases of smilar organic pollutants such as PCBs (Mackay and Bentzen, 1997), the
drong afinity of PCB-like compounds for particulates in the water column, and their high
resstance to degradation, it is expected that the sedimentary record will provide an accurate
record of air deposition of PBDEs in the Great Lakes region.

Hypothesis-2: In contrast to recent trends in PCB deposition rates, the sedimentary record of
PBDEs will show an increase in recent years. Although there have been reports of a strong
corrdlation between PBDEs and PCBs concentrations in both air (Strandberg, et a, 2001) and
fish (Manchester et d., 2001) collected in the Great Lakes, such a correation may not exist in an
chronological order in the sediment column. The concentration of PCBs in the Great Lakes has
declined during the last decades, as reflected by the sediment core and fish data (Hillery et d.,
1997; Smith, 1995). Given the increasng uses of PBDE in the past decades, and the direct
evidence of steady air concentration in the Great Lake regon in recent years (Strandberg et dl.,
2001), we expect the chronology of PBDESs ar depodtion to be sgnificantly different from that
of PCBsin the same sedimentary record.

Hypothesis-3: The spatial distribution of PBDES in Great Lakes sediment will indicate that
PBDEs are predominantly from anthropogenic sources. For PCBs, higher concentrations are
often found in ar and sediments closer to urban centers and indudtrid areas. Although naturd
synthess of brominated aromatics have been reported (Renner, 2001), the finding that Chicago
ar contains as high as 10 times the PBDEs concentrations of non-urban areas in the Grest Lakes
region (Strandberg et d., 2001) underscores the anthropogenic origin of PBDE.

Hypothesis-4: The sediment will have a different PBDE congener pattern than those found in air
and fish. The reative abundance of congeners is an important tool for tracking pollution sources
and rik assessment. Despite the fact that 75% of the commercid PBDEs are deca-BDE
(Manchester et al., 2001), those found in environmenta samples, induding ar and fish samples
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collected in the Great Lakes region, mostly resemble the composition of commerciad penta- BDE.
Disagreement exists on whether decaBDE undergoes debromingion in the environment
(Renner, 2001). From a limited number of European and Japanese studies, deca-BDE was found
in sediments, ranging from < 25 to > 11,600 ppb (dry weight). With the Great Lakes sediments,
we will investigate PBDEs with 3 to 10 bromines to gain more ingght into this issue.

3. Proposed Work and Outcomes:
Sampling Locetions

Sampling locations in the Great Lakes will be sdected from the pre-established stations. Three or
four points in Lake Michigan and one or two in each of the other lakes will be sampled. A few
cores will be collected a locaions near the sampling points where ar concentrations were
previoudy measured (Strandberg, et d, 2001).

We will dso sample two or three inland seepage lakes within the Great Lakes basn. The only
source of PBDES to these lakes is aimospheric deposition. Therefore, comparison between the
chronology of PBDE accumulation in these lakes and in the Great Lakes will provide additiona
information, which enables the assessment of the contribution from ar depostion to tota burden
of PBDEsin the sediment of the Great Lakes.

The potentid dtes for inland seepage lake sampling include Ide Royde Nationd Park in Lake
Superior and the North Temperate Lakes Long Term Ecologicd Research (NTL-LTER) areain
northern Wisconsin. Both of these Stes contain seepage lakes with a large body of data from
long term ecologicd sudies, including studies of ar depodtion to the Great Lakes basin. Ide
Royde is ided for ar depodtion research due to its location and prisgine nature. The
predominant wind direction a Ide Royde is from the upper Midwestern United States (Thurman
and Corwdll, 2000), the ar plume from urban Thunder Bay, Ontario, 52 km northwest, may aso
bring pollutant chemicas to the idand. A number of studies have been dore on Ide Royade for
the time trends of ar depostion of PCBs (Swackhamer et al., 1988; Strachan, 1985), dioxins
(Baker and Hites, 2000; Asdtle et d., 1987; Czuczwa and Hites, 1986a, 1986b), PAHs (McVesety
and Hites, 1988), and pegticides (Thurman and Cromwaell, 2000; Sergeant et a., 1993; Strachan,
1985; Swain, 1978). The NTL-LTER dgte is in northern Wisconsn near the Michigan border. It
is close to three of the Great Lakes and gpproximately 300 miles northwest of Chicago. The
LTER program is funded by the Nationd Science Foundation and run by the Universty of
Wisconsn-Madison. We aso propose to sdlect a seepage lake in a region closer to a mgjor urban
center (Chicago) than Ide Royde and northern Wisconsin. Effort is being made to identify a
auitable lake in upper Illinois to lower Wisconsin or in western centrd Michigan. Sediment cores
in a carefully chosen lake closer to urban sources will be compared with those obtained from the
remote Stes and the Great Lakes. This comparison should provide evidence on the atmospheric
trangport and the anthropogenic origin of PBDES.

Specific lakes will be identified from these Stes according to the following criteria (1) they are
seepage or recharge lakes with no dgnificat surface inflow; (2) the ecosysem is not
ggnificantly dtered by human activities (eg. acidified lekes are not suitable); (3) leves of
biologica activities is close to that of the Great Lakes (eg. eutrophic lakes will not be sdected
due to potentidly extensive biodegradations); (4) sediment characteritics (e.g. organic carbon
content and nature, grain Sze didribution, etc.) are not ggnificantly different from those of the
Great Lakes, and (5) lake bottom topographic feature have prevented extensve sediment
movement and mixing. The information needed for sdecting the lakes will be collected from
various sources including the databases of NTL-LTER and State Depatment of Naturd
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Resources. Discussion with our project consultants and other researchers in the fidd will aso be
held. The find decison will be made with consultation of the Air Depostion team & EPA. Exact
sampling locations will be referenced to latitude and longitude using GPS.

Sampling

Sediment sampling in the Great Lakes will teke place onboard the EPA R/V Lake Guardian
during its regular biannuad monitoring survey trips. The box corer on the R/V Lake Guardian is
capable of reaching 3-feet deep into the sediment and taking a cube cleanly (Ison, persond
communication). Given the known sediment depostion raes for the sampling locations, this
depth is sufficient to cover the deposition periods for PBDEs. Subsamples (cores) will be taken
from this cube using a polycarbonate cylindrica corer tube. Multiple cores may be taken, each
core will be diced a 05 to 5 cm intervas, and corresponding intervals will be combined to
ensure sufficient amounts of each sample for sediment characterization, dating, and chemicd
andyss (detalled beow). For each dice, @out 2 mm sediment in contact with the wal of the
cylindricd corer will be discarded to minimize the smearing effects which may occur during
subsampling the cube and extruding the corer. The dices will be placed into solvent-washed
glass jars with duminum fail lined lids, and kept frozen until use.

In sdlected inland lakes, particular spots of sampling will be chosen in a degp and flat location
where the effects of light penetration and sediment movement are minima. The spots will be
found usng a depth finder and topographic maps. A push corer will be used on board of a
rowboat or motorboat, as we did four year ago on the Lake Caumet, Chicago. The corer
equipment and accessories are avalable from the Center for Great Lakes Studies of the
Univergty of Wisconsn-Milwaukee. Multiple cores will be taken and sectioned in a dmilar
manner as described above.

The total number of sediment samples will be 250 to 350 with 10 to 15 cores.
Sediment Characterization and Dating

Sediment samples will be characterized for water content, specific gravity, and porosty
according to the standard methods (ASTM 1998a, 1998b). In addition, particle size, surface area,
and pore dructure, as well as naurd organic matter (NOM) content will be determined. We will
firg fractionate the sediment based on Sze usng wet Seves and xray sedigraphy. For each sze
fraction of sdected samples, we will conduct dementd andyss (C, N, O, and H usng a Carlo
Erba Flash EA1112 dementd andyzer), and andyze organic matter (mass loss of dry sediment
after combustion a 375° C), and soot carbon (organic carbon after combustion a 375° C;
Gudafsson et d. 1997). The physcd dructure of the bulk sediment will be characterized by
mercury porismetry  (Micromeritics 9320 porismeter; Micromeritics 1996c), nitrogen gas
adsorption/BET  surface area (Micromeritics ASAP 2010 surface  area/porosimeter;
Micromeritics 1996ab), and particle sze by x-ray sedigraphy (Micromeritics 5100 particle sze
andyzer). All of these techniques are in routine use in our laboratories (Rockne et d. 2000,
Rockne et d. 1999). Such a detalled characterization of sediment samples will dlow us to
compare the sorption/sequedtration behavior of PBDEs with other PBT chemicas beng
investigated in our lab, such as PCBs and PAHs, and to better understand the mechanism of
phase transfer process between water and sediments.

Sediment dating will be done a the Center for Great Lakes Studies in Milwaukee, using %*°Pb
and *"Cs techniques. The sedimentation rate will be caculated from the dating results. The flux
of PBDEs into the sediment will be determined from the measured chemica concentretion, the
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in-situ dengty, the sedimentation rate, and a focusing factor, as we have done previoudy for
PAHs and PCBs (Jang and Li, 2001; Ab Razak et d., 1996). The in-situ sediment density will be
cdculated from the measured porosity and specific gravity. The edimaion of the focusing
factor, which is the ratio between actud inventory of 2*°Pb or »*’Cs in the sediments and that
expected form the amospheric input, is described in Zhang et d. (1993) and Christensen et d.
(1997).

Chemicd Anayses of PBDESs and PCBs

Procedures of sample treatment and instrumenta analyss for PBDEs will be developed based on
our extensve experience with PCBs as well as previoudy published work on PBDESs. Briefly,
the samples will be mixed thoroughly after being warmed to room temperature. An diquot will
be weighted and mixed with sufficient amount of precleaned unhydrous N&SO, to make a
fridble mixture. This mixture will be Soxhlet-extracted usng hexaneiacetone (1:1) for 24 hours.
The volume of the extract will be reduced on a Kuderna-Danish concentrator for cleanup.
Vaious operationd parameters in dlica gd fractionation and cleanup have been intengvey
investigated in our lab (Jang and Li, 2001; Li et d., 1998). In this work, the parameters,
induding the glica gd activation levd, duting solvent, and fraction volumes, ec., will be
optimized for PBDE andyses. Concentrations of selected PCB congeners will aso be measured
in order to compare with PBDES. All concentrations will be reported on dry weight basis.

PBDE congeners will be purchased from Cambridge Isotope Laboratories (Andover, MA). All of
the equipment for the andyses outlined in this proposd are avalable in ather the PI’s, co-PI’s,
or cooperating laboratories. Our Environmental Chemisgtry lab is equipped with Hewlett-Packard
Model 6890+/5973 GC/MS (EI/NCI/PCI) and Model 5890 Il GC/ECD/FID. The GC/MS has a
gpecid inlet for large volume injection using the programmable temperature vaporization (PTV)
technique, which dlows 60 niL injection (compared with only 1 or 2 ni with traditiond splitless
inlet) for each run in our routine andyss. This has dgnificantly lowered the detection limits in
our current project with PAHs (Norlock et a., 2001). This feature is particularly important for
our proposed work, because environmentd PBDEs levels reported in the literature are
ggnificantly lower than those of PCBs. There is a posshility that this advanced technique could
dlow us to detect PBDES in naturd waters, on which no successful monitoring has been done to
date (Darnerud et d., 2001).

QA/QC protocols will be submitted for gpprova before fidd sampling and lab work begin.
Standard operation procedures (SOPs) will be developed. Commercidly available 3C labeled
PDPEs and PCBs (CIL, Andover, MA) will be used as andytica surrogates and internd
dandards. Standard reference materia (SRM) with certified PBDE concentrations will be used to
check the overal performance, when it becomes avallable (Nationa Inditute of Standard and
Technology, Gaithersburg, MD). The andyticd difficulty for decaBDE reported by Standberg,
et d. (2001) will be carefully dedlt with.

Outcomes

Thefollowing will be project ddliverables:

(1) The gpatiad didribution and tempora variation of PBDES concentration in the sediment for
each of the Great Lakes and the selected inland |akes.

(2) Comparison between the chronology of PBDE fluxes in the Great Lakes and the sdected
inland lakes, and a reconstructed history of PBDE ar depostion fluxes into the Great Lakes
Sediment.
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(3) A comparison between PBDE and PCB concentrations and time trend of air depostion fluxes
to the Gresat Lakes watershed.

(4) Comparisons between PBDE concentrations in the sediment and fish (Manchester, et d.,
2001; Luross et d., 2000; Asplund et d., 1999), and between sediment and air (Strandberg et
al., 2001).

(5) Comparisons between PDBE leves in the Great Lakes and in other regions of the US and of
the world.

(6) Dependence of PBDE concentrations on the physcochemica characteridics of the
Sediments.

(7) A comparison among different PBDE congeners in their concentrations and fluxes, as well as
dependence of the variaions on the chemicd dructure and physicochemica properties
(vapor pressure, Kow, water solubility) of the congeners.

Reaults of this ressarch will be disssminated through the publication in high-qudity peer-
reviewed scientific journas such as Environmental Science and Technology. We will work with
EPA to respond to any information request regarding the results of this study, and to design the
most effective way to disseminate the results to various clients.

Tentative Schedule
10/01-12/01 | 01/02 - 07/02 08/02 — 06/03 | 07/03—-09/03 |
Sampling
Andytica method development
Sediment characterization
Sediment dating
Chemicd andyss

Dataandyss
Fina reporting

4. Budget:

Personnel Fringe  Travel Supplies Contract Tuition Indirect Totd

Year-1 38,484 3,310 6,700 6,000 3,000 8,006 32,122 97,623
Year-2 40,409 3,476 2,810 3,000 2,500 8,407 29,161 89,762
Total 78,893 6,786 9,510 9,000 5500 16413 61,283 187,385

Brief Judtificaions
Sdary and Fringe Bendfit:

Dr. Li: one summer month per year, fringe benefit rate 25.61%.

Dr. Rockne: 0.5 summer month per year, fringe benefit rate 25.61%.

Dr. Mills. one summer month per year, fringe benefit rate 13.42%.

1 PhD student (50%): sampling, chemical andlys's, laboratory maintenance.
1 MS student (25%): sampling, sediment characterization and dating.

Travd:

Sampling trips. include car rentd ($15/day, university rate) and mile charges ($0.39/mile),
lodging, and per diem; based on 3 people, 10 trips, and an estimated $250 miles per trip.

Conferences. include regigration, airfare, hote, and per diem; based on 1 person-conference
inthefirg year, and 2 person-conferences in the second year.
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Supplies.
Consumables: include chemicds, sandards, glassware, instrument consumables, etc.
Sampling supplies: indude sampling boat and equipment rentas for inland lake sampling.
Note: There is no cogt for usng R/V Lake Guardian for sampling the Greet Lakes during
itsthe regular survey trips (persond communication with Georgy 1son, EPAS)

Contract: (estimated costs)
Sadiment dating using 2*°Pb and *3’Cs at the Center for Great Lakes Studies, Milwaukee,
Tuition: 34.5% of student salary.
Indirect: 55.87% of total direct cost.
5. Key Personnel:
The curriculum vitae of dl key personnd listed below are attached as gppendices.

Principd _Invedigator: An Li, Ph.D., Assgant Professor in Environmentd chemisry, School of
Public Hedlth, The University of lllinois a Chicago. 2121 West Taylor St. (M/C 922), Chicago,
lllinois 60612, Td: (312)996-9597; Fax: (312)423-9898; E-Mail: anli@uic.edu; Webpage:
http:/Aww.uic.edu/~anli.

Dr. Li dated her environmentad research career in 1979 with sampling sediments of the Boha
Sea and analyzing petroleum fractions in sediment and water samples. She was the key personne
in the projects on PAHs, PCBs, and pedticides in the sediments of the Milwaukee Harbor, and
participated in Great Lake sediment sampling in 1995-6. Recently, one of her major projects a
UIC, “Spaid and tempora digtribution and source apportionment of priority organic pollutants
in the sediments of Lake Cdumet, Chicago”’, was accomplished with four journa publications.
Dr. Li will take the overdl responghility for this project, incdluding overseeing the directions and
progress, ensuring data qudity, Student assdants hiring and training, coordinating among
participating parties, and budget management.

Co-Invedtigator: Karl J Rockne, Ph.D. Asssant Professor of Environmenta Engineering.
Depatment of Civil and Materids Engineering, University of lllinois a Chicago. 3077 ERF, 842
W. Taylor Street (M/C 246), Chicago, Illinois 60607-7023. Td: (312)413-0391; Fax: (312)996-
2426; Emall: krockne@uic.edu; Webpage: www.uic.edu/~krockne/

Dr. Rockne's research focuses on aplied and fundamenta dudies of environmenta
biogeochemica processes. He has systematicadly studied microbiad transformations and the fate
of contaminants in sediment and has demondrated proof-of-concept for anaerobic PAH
biodegradation through coupled eectron donor and electron acceptor transformations. He has
extensve experience working with hydrophobic organic contaminants in sediments during his
time a the Universty of Minnesota, the Universty of Washington, Rutgers Universty, and the
Univergty of lllinois-Chicago. Dr. Rockne will assst the Pl in project oversght and will be
responsible for the sediment characterization phase of the study.

Co-Invedtigator: Bill Mills, Ph. D. Research Assgant, Air Pollution Training Inditute, School of
Public Hedth, Universty of lllinois a Chicago. 2121 West Taylor &. (M/C 922), Chicago,
Illinois 60612, Td: (312)996-2094; Fax: (312)423-9898; E-Mall: wmillsl@icarus.uic.edu.

Dr. Mills research encompasses the development of new andyticd methods and sudy of the
environmental fate and transport of chemicds. His firgd work in this fidd was as a member of
prestigious team of scientigs a the Experimenta Lakes Area in Canada looking a the changes
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in lake water and sediments from acid depostion.. Dr. Mills has over 18 years experience on the
occurrence and chemica fae of numerous dasses of organic pollutants including the chlorinated
and polybrominated diphenylethers. Dr. Mills will assgt the Pl with i) andyticd methodology,
i) Quadity Assurance/Qudity Control issues, iii) assdance on the datidica data andyss
including geostatical methods, iv) data interpretation on amospheric deposition related matters.

Consultant: William C. Sonzogni, Ph. D., Professor, Environmentd Chemisry and Technology,
College of Enginering, Universty of Wiscondan-Madison. Director, Water Science and
Engineering Laboratory, 660 North Park Street, Madison, WI 53706. Td: 608/262-4554, Fax:
608/262-0454, Email: sonzogni @facstaff.wisc.edu.

Research Interestss Common theme is interdisciplinary environmental research that can be
goplied to better manage our resources. Topics include trace toxic contamination of the aquatic
environment, quantification of pollutant loads, and the chemicd limnology of the Great Lakes
and other water bodies. Some specific problems addressed include the biologica degradetion of
contaminants and the redive risks of various pollutants. The andyticd chemistry of detecting
pollutants (as well as biologica-based techniques such as bioassays) has been an important
component of the research. In recent years, Dr. Sonzogni has directed research projects on
PBDEs in the Great Lakes (Sonzogni and Manchester, 2001; Manchester et d., 2001)

6. Great L akes Region Collaboration:

The proposed research is a collaboretive effort between the School of Public Hedth and the
College of Engineering a the Universty of lllinois a Chicago. Information exchange and
technicd discussons will be held with the researchers a the Water Chemistry Program,
Univergty of Wisconan-Madison, and Civil Engineering, Universty of Wisconsn-Milwaukee.
The Great Lakes Center (GLC) for Occupationd and Environmental Safety and Hedth at
Univergty of lllinois at Chicago is currently conducting a comprehensive assessment of policies
and practice on PCBs in the Great Lakes region, with the support from the Joyce Foundation
(Chicago, IL) and in collaboration with the Canadian Environmental Law Association. We will
collaborate with GL C to develop exposure and risk assessment programs on PBDES.

7. Other Funding Sour ces.

Matching funds will include faculty sdary during the school year and equipment (computers and
software) costs to be provided by the Universty of lllinois a Chicago. Laboratory management
funds (up to $15,000 per year) are avalable from the UIC School of Public Hedth. This fund can
be used for andyticd insrument maintenance if necessary.
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