FLOYD | SNIDER

Sediment Phthalates Work Group

ATTENDEES

Sediment Phthalates Work Group
Technical Committee Meeting
Source Control and Treatment

March 23, 2007

John O’Loughlin

City of Tacoma

joloughl@cityoftacoma.org

Kris Flint EPA flint.kris@epa.gov

Bill Moore WA Dept. of Ecology Bmoo461@ecy.wa.gov
Kathryn DeJesus WA Dept. of Ecology Kbco461@ecy.wa.gov

Jeff Stern King County Jeff.stern@metrokc.gov
Bruce Tiffany King County Bruce.tiffany@metrokc.gov
Pete Rude City of Seattle Pete.rude@seattle.gov
Seth Preston WA Dept. of Ecology spre461@ecy.wa.gov

Beth Schmoyer City of Seattle beth.schmoyer@seattle.gov

Kate Snider

Floyd|Snider (facilitation)

kate.snider@floydsnider.com

This meeting summary was prepared by Kate Snider. It is based on a transcription of the flip
charts used during the meeting to document the discussion. Action items are identified in bold

script.

PURPOSE OF THE MEETING

The purpose of this meeting was to reach agreement on and document the key messages that
are apparent from the material collected and reviewed regarding the source control and
treatment of phthalates as it relates to sediment contamination.

AGENDA

Additional Information

Primary Source Control

e Bans

e Alternatives

e Reduction of off-gassing
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FLOYD I SNIDER Sediment Phthalates Work Group

Secondary Source Control and Treatment

Removal from air

Street cleaning

Stormwater treatment and BMPs
Chemical water treatment

Bio water treatment

Low impact drainage—increase permeability TSS effect

ADDITIONAL INFORMATION

Beth provided additional information on treatment system costs.
Jeff to find other cost information included in stormwater manual update.

Beth to pull Ecology cost information off website to see how relevant and best
to present.

Beth to receive additional info regarding Port of Seattle Seatac treatment
system cost and expected maintenance.

SOURCE CONTROL AND TREATMENT—KEY MESSAGES

Primary Source Control—Bans

A national ban on phthalates as plasticizers could potentially be effective in the long
term; however, it does not seem that local bans would be effective in terms of
pathways to sediments or sediment impacts over the next several decades due to
the reservoir of material in the environment and its continued release of DEHP.

Local bans don't address the significant amount of product generated nationally and
internationally.

Bans have the most potential to be effective for special products and human health
pathway (e.g., medical and toys). These represent only a small volume of the
plasticized PVC that contributes phthalates to sediments and thus limit the potential
effectiveness of bans.

Potential incentives could be useful in limiting the use of plasticized PVC, such as
Leadership in Energy and Environmental Design (LEED) certification, Envirostars or
“certified non-toxic.” Plasticized PVC was recently reviewed by LEED but the
decision was made to not currently address it.

All the information considered indicates that phthalate loading to the environment is
directly tied to population growth—quantity of materials will increase with more uses
and more products. Future challenges will likely be bigger than those we have now.
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Primary Source Control—Substitution and Coatings

e Alternative plasticizers—many present similar or worse environmental problems than
phthalates.

o Phthalate alternatives are generally more expensive and not as versatile: they may
be less toxic, although we do not know for sure.

e Overall, there is very little data regarding coatings that would reduce off-gassing from
phthalate-plasticized PVC.

* Medical applications show the most focus on phthalate substitutes and
minimizing direct tissue exposure. Coatings for plasticized PVCs in medical
applications are not likely viable controls for phthalate paths to sediments.

e Sediment endpoint for phthalates in the environment will likely require focus on
construction materials and the construction industry, which is a heavy user of
plasticized PVC.

Bans and Substitutions—Motivation

o Need to understand what drives society and what directly or personally affects
individuals in order to motivate change.

o Direct effect of phthalates in sediments to society appears relatively small.

¢ Changes required to make a difference to phthalate concentrations in sediments
would need to be at the national or international level.

e There are not any good precedents for sediment quality as a driver for a ban on
phthalates.

o Phthalate reductions motivated by human health direct exposure (medical apparatus,
toys, cosmetics) could potentially develop and publicize information about production
substitutes or increase their availability—all of which might have an impact on
sediment phthalates.

e Matters of disproportion to consider:

* From now into the future, sediment phthalate sources and concern will increase
due to population and product growth, which relate to the effort and resources
available to identify and control phthalate sources.

* Changes to affect sediment phthalate concentrations would likely need to occur
at societal scale and we expect they would have significant economic impact.

* More often human health (i.e., lead in gasoline) or clear obvious animal impacts
(i.e., DDT effects on bald eagles) drive change at the levels needed to affect
sediment phthalate concentrations.

Secondary Source Control and Treatment—Removal from Air

¢ Particulate removal, in general, can be used as surrogate for phthalates removal—air
filters, low impact development, water treatment, etc.

o Filters to remove particulates would likely have an effect on phthalate removal
(provided they do not contain phthalates themselves).
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Indoor air filters could be applied for other reasons.

Air filters would unlikely affect outdoor air particulates and the sediment pathway.

Secondary Source Control and Treatment—Street Cleaning

Effectiveness is dependent, in part, on the type of sweepers used; however, high-
efficiency sweepers are expensive and don’'t work on all types of street surfaces and
there are some concerns regarding effectiveness on wet streets. Please note—The
Work Group notes that these conclusions on street cleaning were based on
only a few studies and some contradictory information.

High-efficiency street sweepers still leave measurable percentage of small particles
and phthalates that still enter drains.

Street sweeping shows very low efficiency in removing silt and smaller sized
particles, which have higher concentrations of phthalates.

Street sweeping only affects a small percentage of an impervious watershed
because the percent of total impervious surface area is limited. Limits include
parking and other activities in the right-of-way, and the fact that most impervious
surface (roofs, parking lots and driveways) are outside of the public right-of-way.

Street sweeping would not likely have significant percentage removal effect on the
total amount of phthalates reaching sediments; however, it is important to recognize
that sweeping has additional benefits beyond phthalate removal.

Information from Seattle sweeping pilot will be helpful.

Sweeping may be an important element of a multi-component source control
solution.

Catch basin cleaning may also play an important role in the big picture.

The percentage removal from catch basin cleaning versus street sweeping needs to
be evaluated as data becomes available.

Secondary Source Control and Treatment—Stormwater Treatment

Any treatment alternative that is effective for particle removal will have beneficial
effect on phthalates loading.

Most removal methods are limited effectiveness at small particle sizes—phthalates
most associated with smaller particles.

Small-scale treatments (smaller drainage areas) tend to be more effective and
efficient than large scale treatments.

Breaking large basins to smaller watersheds is useful to implement stormwater
treatment, but can drive up total costs for construction and operation/maintenance.
Expensive to implement many small scale systems over entire watershed—
particularly in already-developed areas.

It is difficult (if not impossible) to remove contaminants at low concentration levels
(ppb) with traditional stormwater treatment methods designed to be effective at larger
scales (drainage basins).
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e We do not know what percentage TSS in sediment phthalate loading needs to be
removed in order to prevent problems in sediments. It would be good to know what
percent removal of a given particle size range would effectively control phthalates in
sediments; however, this formula would be different for all locations because it is
directly relates to the characteristics of the watershed and receiving environment.

e Traditional stormwater source control focuses on finding and controlling problem
point sources early in their path to sediments and before the treatment happens at
the basin level. The huge role of air deposition in the phthalates path to sediments is
a problem because it is not a point source that can be controlled with existing
technologies or regulations.

o Traditional stormwater treatment does not scale up well—requires very large storage
area and land commitment.

e There are passive versus non-passive treatment alternatives—each type of
treatment has implementation constraints.

¢ Chemical or biological waste water treatment facilities are not feasible for stormwater
from large watersheds because natural flows are not steady and thus efficient to
engineer treatment for. In turn, this means a lot great deal of storage (land area) is
needed to provide steadier flows that could be efficiently treated. Current options are
impractical.

e Chemical oxidation treatment:

* In queue for pilot study for treatment plant application.

* Concern re: potential application as a distribution system through the
watershed—potential for unintended consequences.

* Concern regarding regulatory prohibition against introduction of chemicals into
environment—cannot use environment as treatment system.

e Treatment would not necessarily eliminate phthalate recontamination and a
requirement for sediment cleanup. Loading of particulates exceeding CSL is hard to
prevent because of the small size particles.

e Would need to analyze watershed, receiving environment and treatment
characteristics to determine possible effect on recontamination potential.

* Applicable treatment alternatives likely would not prevent sediment
recontamination.

*  Potentially they would defer, but not eliminate, the need for sediment cleanup.
*  Could perform cost-benefit analysis of treatment versus cleanup if CSL enforced.

o For large urban watersheds with fairly quiescent receiving environments, unlikely that
conventional stormwater treatment would prevent recontamination relative to CSL,
but might delay need for additional cleanup.

e Could consider management of recontamination through thin layer capping in lieu of
prevention — but the capping option brings issues too: instead of a chemical effect on
the benthic infauna you have a physical effect from capping; and filling in of the
waterway.
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Could compare treatment cost and size requirements to cost of cleanup, using 50-
year time frame and different levels/types of treatment versus timing of cleanup.

Evaluations of that sort would need to be presented so that reader could understand
public expenditures for all alternatives and links to big picture that the funds are
being expended for benthic protection.

For treatment alternatives, could evaluate/compare the costs per acre of watershed,
cost per amount of TSS removed.

Acknowledge that treatment would need to meet several other objectives—other
than only removing phthalates.

Could design a receiving environment to treat the discharge (e.g., wetland
treatment); however, having the receiving environment provide functions of treatment
facility raises regulatory concerns.

Likely Practical Source Control and Treatment Alternatives

Brainstorm of likely practical alternatives given research on bans and treatment:

Disconnect portions of watershed from outfall.
Increase permeability of watershed to reduce discharge.

* City of Tacoma study at the landfill regarding low-impact drainage alternatives
will be helpful. Results are about 1 year away.

*  Other sources of data regarding low impact development would be beneficial.
Implement periodic sediment cleanup like thin layer capping.
Increased catch basin O&M and potential street sweeping.

* Consider pilot regarding aggressive catch basin cleaning or targeting most
efficient balance of cleaning and sweeping.

Implement other alternatives to reduce particulates.
Enhance dispersion of receiving environment to reduce deposition.
Discharge to different receiving environment.

Acknowledge Sediment Impact Zone (SIZ; recognize regulations currently establish
SlZ as “temporary measure”).

Consider potential pilot projects to improve understanding of the problems:

Effect of aggressive maintenance sweeping and catch basin cleaning—must be done
in conjunction with in-line sediment traps (before and after implementation) to
measure effectiveness.

Air monitoring to really document pathway (Puget Sound Clean Air Agency data?).
Work to document particulate size related to air pathway.
Particle size in stormwater and relation to phthalates—relation to maintenance.

Particle size versus deposition in sediments.
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Focus on particular particle size of concern for phthalate air to sediment pathway and
what treatment or maintenance actions would be effective.

Reduction of key patrticle size in air emissions is a potential source control action.
Bench tests?

Recognize transformation in transport through media — air — stormwater.

More clinical look at chemistry and emissions.

Could this piggyback on other human health concerns for airborne particles of similar
sizes?

Low impact development—need for data regarding TSS removal.

PARKING LOT

Add to the “parking lot” regarding action items and alternatives development:

DRCC, USEPA Innovation office could work to lobby for product substitution, etc., if
we developed good message.

Develop another illustration regarding types of plastic using phthalates.
Consider role of tax on cars.
Consider single-family homes regulation.

Phthalates in indoor/outdoor air are not targeted by air quality agencies because the
air exposure pathway is not a driver for human health.

DEHP does not exceed Puget Sound Clean Air Agency’s screening levels as air
toxic compound.

Phthalate levels in our urban waterway sediments are not a concern for human
health (other than tribal child subsistence) or macrofauna as far as we can tell. We
have only documented benthic effects.

The primary path of phthalates-to-sediments is from solids to air particulates followed
by air deposition to impervious surfaces and stormwater. Note, however, that
phthalates in air are not a concern for human health and are not regulated.

Reduction of sediment phthalates will not apparently be driven by human health
concern.
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Production Bans and Use Restrictions

EU. 2005. Directive 2005/84/EC of the European Parliament and of the Council of 14 December
2005 amending for the 22nd time Council Directive 76/769/EEC on the approximation of
the laws, regulations and administrative provisions of the Member States relating to
restrictions on the marketing and use of certain dangerous substances and preparations
(phthalates in toys and childcare articles). The European Union.

Kay, J. TOXIC TOYS San Francisco prepares to ban certain chemicals in products for
kids, but enforcement will be tough -- and toymakers question necessity.
http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/2006/11/19/TOXICTOYS. TMP.

Lazaroff, C. Cosmetics Industry Approves Controversial Chemicals. http://www.ens-
newswire.com/ens/nov2002/2002-11-20-06.asp.

PVC Toys Information Centre. EU Restrictions on the use of phthalates in toys.
http://www.pvc-toys.com/restrictions.

State of Maryland. 2007. Public Health - Phthalates and Bisphenol-A - Prohibitions -
Toys, Child Care Articles, and Cosmetics. Maryland General Assembly. 2006 Session.

House Bill 52 (January 1, 2008).

State of Washington. 2007. Washington safe cosmetics act of 2007. 60th Legislature,
2007 Regular Session. House Bill 2166 (February 12, 2007).

Taylor, JM. 2007. San Francisco Phthalates Ban Under Fire from Scientists and
Retailers. Environment & Climate News. February.
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Alternatives to Phthalates as a Plasticizer for PVC

®Amass, W., A. Amass, and B. Tighe. 1999. A review of biodegradable polmers: uses,
current developments in the synthesis and characterization of biodegradable polyester,
blends of biodegradable poymers and recent advances in biodegradation studies.

Polymer International 47(2):89-144.

®Arendt, W.D. and J. Lang. 1998. New benzoate plasticizers for polyvinyl chloride:
Introduction and performance example. Journal of Vinyl and Additive Technology 4(3):184—

188.

®Author unknown. 2004a. Processing, performance and evaluation of biopolymers and
composites. ANTEC Papers.

®Author unknown. 2004b. Sustainable plastics: From a glorious past to a bright future.
ANTEC Papers.

® Author unknown. 2004c. The performance of polyvinyl chloride/thermoplastic
polyurethane blends. ANTEC Papers.

®Author unknown. 2004d. Thermal and mechanical properties of functional monomer
modified soy protein plastic by reactive extrusion technology. ANTEC Papers.

®Author unknown. 2007. Thermal stability characterization of plasticized PVC
compounds using calcium and zinc stearates. ANTEC Papers.

Benecke, H.P,, B.R. Vijayendran, and ].D. Elhard. 2004. Battelle Memorial Institute,
assignee, Plasticizers derived from vegetable oils. patent 6797753.

Bohnert, T., R. Izadi, S. Pittman, and B. Stanhope. 2007. Recent developments: Benzoate
esters in polyvinyl resilient flooring. To be determined

Bush, R., E. Carney, S. Wy, F. Jachimowicz, T.G. Grasel, and T. Takeuchi. 1995.
W.R.Grace & Co.-Conn,, assignee, New York, NY. Styrene sodium sulfonate copolymer
for plastisol. patent 5387633.

Coggins, E.L. and W.D. Vanderwerff. 1984. Sun Tech Inc., assignee, Philadelphia, PA.
Phenyltetralylbutane as vinyl plasticizer. patent 4444938,

CSTEE. 1999. Opinon on the toxicological characteristics and risks of certain citrates
and adipates used as a substitute for phthalates as plasticisers in certain soft PVC
products. Scientific Committee on Toxicity, Ecotoxicity and the Environment, Brussels.

@ = indicates the reference in relevant o the topic area but is not provided in this binder
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®Czuba, L. 1996. An Alternative to DEHP plasticized polyvinyl chloride in
chemotherapy drug delivery systems. Journal of Vinyl and Additive Technology 2(4):314—

320.

Danisco. 2005. Danisco Launches food-safe plasticizer. Additives for Polymers March
2005 pg 2.

®Dieckmann, D. and Eldridge W. 2004. High purity non-stain plasticizers for floor and
wall coverings. Journal of Vinyl and Additive Technology 12(4):217-221.

®Griffin, ER. 2000. High molecular weight flexibilizers in low smoke flane retardent
PVC compounds. ANTEC Papers.

Hull, E.H. and E.P. Frappier. 1990. Morflex Chemical Company Inc., assignee,
Greensboro, NC. Method for producing citrates. patent 4954649,

Jimenz, A, J. Lopez, A.Iannoni, and J.M. Kenny. 2001. Formulation and mechanical
characterization of PVC plastisols based on low-toxicity additives. Journal of Applied
Polymer Science 81:1881-1890.

Krauskopf, L.G. 2003. How about alternatives to phthalate plasticizers? Journal of Vinyl
and Additive Technology 9(4):159-171.

Lu, Z. 2005. Summary of results from literature survey on current research contributing
to the science and technology of poly(vinyl chloride). Loughborough University, U.K.

Narajan, R. 2004. Drivers & rational for use of biobased materials based on life cycle
assessment (LCA). GPEC

®Neuse, EW. and ].D. Van Schalkwyk. 2003. Cardanol derivatives as PVC plasticizers.
II. Plasticizer evaluation. Journal of Applied Polymer Science 21(11):3023-3033.

®Peiia, R, M. Hidalgo, and C. ijangos. 2000. Plastification of poly(vinyl chloride) by
polymer blending. Journal of Applied Polymer Science 75(10):1303-1312.

®Pielichowski, K. and B. Aswierz-Motysia. 2006. Influence of polyesterurethane
plasticizer on the kinetics of poly(vinyl chloride) decomposition process. Journal of
Thermal Analysis and Calorimetry V83(1):207-212.

®Pol, H.V. and A.A. Ogale. 2000. Laminated protein films. ANTEC Papers.

®Rahman, M. and C. Brazel. 2006. Ionic liquids: New generation stable plasticizers for
PVC. Polymer Degradation and Stability 91(12):3371-3382.

Rahman, M. and C.S. Brazel. 2004. The plasticizer market: an assessment of traditional
plasticizers and research trends to meet new challenges. Prog Polym Sci 29:1223-1248.

@ = indicates the reference in relevant to the topic area but is not provided in this binder
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®Rudin, A., S. Bloembergen, and S. Cork. 2004. Blends of rigid PVC and polystyrene.
Journal of Vinyl and Additive Technology 7(3):103—-106.

Schmitt, J.A. 1986. High Voltage Engineering Corporation, assignee, Burlington, MA.
Tri-layer tubing. patent 4627844,

®Scott, M.P., M. Rahman, and C.S. Brazel. 2003. Application of ionic liquids as low-
volatility plasticizers for PMMA. European Polymer Journal 39:1947—1953.

Stuer-Lauridsen, F., S. Mikkelsen, S. Havelund, M. Birkved, and L.P. Hansen. 2001.
Environmental and health assessment of alternatives to phthalates and flexible PVC.
Environmental Project No. 590-2001. Milojostyrelsen.

Sunny, M.C,, P. Ramesh, and K.E. George. 2007. Use of Polymeric Plasticizers in
polyvinyl chloride to reduce conventional plasticizer migration for critical applications.
Available at http://jep.sagepub.com/cgi/content/abstract/36/1/19.

Tickner, J. 1999. The use of di-2-ethylhex] phthalate in PVC medical devices: exposure,
toxicity, and aiternatives. Lowell Center for Sustainable Production, Lowell, MA.

Tukker, A. 2004. Alternatives to phthalates-Results of a study for the Dutch policy
paper.Paper for the Plasticizers 2004 Conference, Brussels. In: Plasticisers 2004
Conference, Brussels, 28-29 September.

Tullo, A.-H. Cutting out phthalates: polyvinyl chloride applications haven't been flexible

enough to accept alternatives to phthalate esters.
http://www.pubs.acs.org/cen/coverstory/83/8346specialtychem4.html. Chemical and

Engineering News.

Vijayendran, B.R., H. Benecke, ].D. Elhard, V.D. McGinniss, and K.F. Ferris. 2001. In:
ANTEC 2001.

®Wehlmann, J. 1999. Use of esterified rapeseed oil as plasticizer in plastics processing.
Fett/Lipid 101(7):249-256.

Weng, D., ]. Andries, K. Saunders, ].M. acaluso, and R. Brookman. 2007. A new
generation of high-performance PVC alloyes. Teknor Apex Company, Pawtucket, RI.

@ = indicates the reference in relevant to the topic area but is not provided in this binder
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Reduction/Release of phthalate off-gassing

®Author unknown. 2004. Nanocoat prevents phthalate migration. Additives for Polymers
2004(10):12-12.

Breme, F., ]. Buttsteadt, and G. Emig. 2000. Coating of polymers with titanium-based
layers by a novel plasma-assisted chemical vapor deposition process. Thin Solid Films

377-378:755-759.

Clausen, P.A., V. Hansen, L. Gunnarsen, A. Afshari, and P. Wolkoff. 2004. Emission of
Di-2-ethylhexyl Phthalate from PVC Flooring into Air and Uptake in Dust: Emission and
Sorption Experiments in FLEC and CLIMPAQ. Environmental Science & Technology
38(9):2531-2537.

Hildenbrand, S.L., H.D. Lehmann, R. Wodarz, G. Ziemer, and H.P. Wendel. 2005. PVC-
plasticizer DEHP in medical products: do thin coatings really reduce DEHP leaching
into blood? Perfusion 20(6):351-357.

Jayakrishnan, A., M.C. Sunny, and M.N. Rajan. 2003. Photocrosslinking of azidated
poly(vinyl chloride) coated onto plasticized PVC surface: Route to containing plasticizer
migration. Journal of Applied Polymer Science 56(10):1187-1195,

®Kambia, K., Dine, T., Azar, R,, Gressier,_B., Luyckx, M., Brunet, and C. 2001. )
Comparative study of the leachability of di(2-ethylhexyl) phthalate and tri(2-ethylhexyl)
trimellitate from haemodialysis tubing. Int ] Pharm 229(1-2):139-146.

Krishnan, VK., A. Jayakrishnan, and ].D. Francis. 1990. Radiation grafting of
hydrophilic monomers on to plasticized poly(vinlychloride) sheets. Journal of Materials
Science: Materials in Medicine 1(4):185-191.

Lakshmi, S. and A. Jayakrishnan. 1998. Migration resistant, blood-compatible
plasticized polyvinyl chloride for medical and related applications. Artif. Organs
22(3):222-229.

Messori, M., M. Toselli, F. Pilati, E. Fabbri, P. Fabbri, L. Pasquali, and 5. Nannorone.
2004. Prevention of plasticizer leaching from PVC medical devices by using organic-
inorganic hybrid coatings. Polymer 45:805-813.

®Wendel, H.P,, S. Hildenbrand, R. Wodarz, and G. Ziemer. 2004. DEHP release from
polyvinyl chloride is diminished by heparin-coating. Thrac cardiovasc Surg 52

® = indicates the reference in relevani to the topic area but is not provided in this binder
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Non-Point/Atmospheric Contamination: other examples

®Burkow, I.C. and R. Kallenborn. 2000. Sources and transport of persistent pollutants to
the Arctic. Toxicol Lett 112-113:87-92.

®Datta, E.A. 1998. Evidence for atmospheric transport and deposition of
polychlorinated biphenyls to the Lake Tahoe basin, California-Nevada. Environ Sci

Technol 32:1378-1385.

Macdonal, R.W,, L.A. Barrie, T.F. Bidleman, M.L. Diamond, D.J. Gregor, R.G. Semkin, et
al. 2000. Contaminants in the Canadian Arctic: 5 years of progress in understanding
sources, occurrence and pathways. Sci Total Environ 254(2-3):93-234,

®Meijer, S.N., W.A. Ockenden, A. Sweetman, K. Breivik, ].O. Grimalt, and K.C. Jones.
2003. Global distribution and budget of PCBs and HCB in background surface soils:
Implications for sources and environmental processes. Environmental Science &
Technology 37(4).667—672.

Peijnenburg, W.]. and J. Struijs. 2006. Qccurrence of phthalate esters in the environment
of The Netherlands. Ecotoxicol. Environ Saf 63(2):204-215.

®Sorenson, J.A., G.E. Glass, K.W. Schmidt, ].K. Huber, and G.R. Rapp. 1990. Airborne
mercury deposition and watershed characteristics in relation to mercury concentrations
in water, sediments, plankton, and fish of eighty northern Minnesota lakes. Environ Sci

Technol 24(11)

®Ter Schure, A.F., Larsson P., C. Agrell, and ].P. Boon. 2004. Atmospheric transport of
polybrominated diphenyl ethers and polychlorinated biphenyls to the Baltic Sea.
Enwiron Sci Technol 38(5)

Thuten, A. and P. Larsson. 1990. Phthalate esters in the Swedish atmosphere. Environ
Sci Technol 24:554-559.

USGS. 2000. A mass-balance approach for assessing PCB movement during
remediation of a PCB-contaminated deposit on the Fox River, Wisconsin. USGS Water-

Resources Investigations Report 00-4245.

Wania, Frank, Dugani, and B. Chandrasagar. 2003. Assessing the long-range transport
potential of polybrominated dipheny! ethers: a comparison of four multimedia models.
Environmental Toxicology and Chemistry 22(6):1252-1261.

®Wania, F.5.Y. 2004. Quantifying the global fractionation of polychlorinated biphenyls.
Ambio 33(3):161-168.

Xie, Z., R. Ebinghausa, C. Temmea, A. Cabaa, and W. Ruck. 2005. Atmospheric
concentrations and air-sea exchanges of phthalates in the North Sea (German Bight).
Atmospheric Environment 39:3209-3219.
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Removal from Air

®Martin, S.B., Jr. and E.S. Moyer. 2000. Electrostatic respirator filter media: filter
efficiency and most penetrating particle size effects. Appl. Occup. Environ. Hyg.
15(8):609-617.

®Mitchell, R.N., D.A. Bevis, and E.C. Hyatt. 1971. Comparison of respirator filter
penetration by dioctyl phthalate and sodium chloride. Am. Ind. Hyg. Assoc. | 32(6):357~

364.

®Pilat, M.]., S.A. Jaasund, and L.E. Sparks. 1975. Collection of Aerosol Particles by
Electrostatic Droplet Spray Scrubbers. Environ Sci Technol

& = indicates the reference in relevant fo the topic area but is not provided in this binder
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Street Sweeping/Cleaning*

Breault, R.E,, K.P. Smith, and ]J.R. Sorenson. 2005. Residential Street-Dirt Accumulation
Rates and Chemical Composition, and Removal Efficiencies by Mechanical- and
Vacuum-Type Sweepers, New Bedford, Massachusetts, 2003-04. Scientific Investigations

Report 2005-5184. U.S. Geological Survey.

Pitt, R., R. Bannerman, and R. Sutherland. 2004. The role of street cleaning in
stormwater management. Water World and Environmental Resources Conference 2004,
Environmental and Water Resources Institute of the American, Society of Civil
Engineers, Salt Lake City, Utah. May 27 - June 1, 2004.
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