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EXECUTIVE SUMMARY

This document, upon approval by the U.S. Environmental Protection Agency (EPA), establishes
Total Maximum Daily Loads (TMDLs) of Polychlorinated Biphenyls (PCBs) in the Baltimore
Harbor, Curtis Creek/Bay, and Bear Creek portions of the Patapsco River Mesohaline Tidal
Chesapeake Bay Segment. Section 303(d) of the federal Clean Water Act (CWA) and the EPA’s
implementing regulations direct each State to identify and list waters, known as water quality
limited segments (WQLSs), in which current required controls of a specified substance are
inadequate to achieve water quality standards (WQSs). For each WQLS, the State is to either
establish a TMDL of the specified substance that the waterbody can receive without violating
WQSs, or demonstrate that WQSs are being met (CFR 2011b).

Maryland WQSs specify that all surface waters of the State shall be protected for water contact
recreation, fishing, and the protection of aquatic life (COMAR 2011a). Additionally, the specific
designated use of the Baltimore Harbor, Curtis Creek/Bay, and Bear Creek portions of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment is Use II — Support of Estuarine and
Marine Aquatic Life and Shellfish Harvesting (COMAR 2011b). The Maryland Department of
the Environment (MDE) has identified the Patapsco River Mesohaline Tidal Chesapeake Bay
Segment (Integrated Report Assessment Unit ID: PATMH) on the State’s 2010 Integrated Report
as impaired by nutrients — nitrogen and phosphorus (1996), sediments (1996), trash and debris
(2008), and impacts to biological communities (2004). The Baltimore Harbor portion of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment (Integrated Report assessment unit
ID: MD-PATMH-02130903) has been individually identified on the State’s 2010 Integrated
Report as impaired by: PCBs in fish tissue (1998), chlordane (1998), bacteria — Furnace Creek,
Marley Creek, Rock Creek, and all tidal waters upstream of the harbor tunnel (1998), zinc —
Middle and Northwest Branches (1998), chromium — Northwest Branch (1998), and lead -
Northwest Branch (1998). In addition, the Curtis Creek/Bay portion of the Patapsco River
Mesohaline Tidal Chesapeake Bay Segment (Integrated Report assessment unit ID: MD-
PATMH-CURTIS BAY_ CREEK) has been individually identified on the State’s 2010
Integrated Report as impaired by PCBs in both fish tissue and sediment (1998) and zinc (1998),
and the Bear Creek portion of the Bay Segment has been individually identified on the State’s
2010 Integrated Report (Integrated Report assessment unit ID: MD-PATMH-BEAR CREEK) as
impaired by PCBs in both fish tissue and sediment (1998), zinc (1998), and chromium (1998)
(MDE 2011a).

The entire Patapsco River Mesohaline Tidal Chesapeake Bay Segment, also referred to as an
embayment, includes more than the individual segments identified within this report as impaired
for PCBs, for which TMDLs have been developed. This includes areas such as Bodkin Creek. It
should also be noted that the Baltimore Harbor portion of the Patapsco River Mesohaline Tidal
Chesapeake Bay Segment encompasses both Curtis Creek/Bay and Bear Creek. Thus, since the
Curtis Creek/Bay and Bear Creek segments were individually identified as impaired for PCBs
due to sediment data, in addition to the impairment listing for the entire Baltimore Harbor
portion of the Bay Segment (based on PCB fish tissue concentrations), there is a spatial overlap
between the various PCB impairment listings for the Bay Segment. As a result, the baseline and
TMDL loads for the Baltimore Harbor portion of the Bay Segment described within this report
include the baseline and TMDL loads for the Curtis Creek/Bay and Bear Creek segments. For the
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purposes of this report, the spatial unit defined as the Baltimore Harbor embayment will refer
solely to the Baltimore Harbor portion of the Patapsco River Mesohaline Tidal Chesapeake Bay
Segment (i.e., the portion of the Bay Segment impaired for PCBs in fish tissue), which
encompasses the Curtis Creek/Bay and Bear Creek segments. The spatial units defined as Curtis
Creek/Bay and Bear Creek will refer solely to these individual segments of the Baltimore Harbor
embayment, which are specifically impaired for PCBs in sediment, in addition to fish tissue.
Figure 1 on page 6 of the main report depicts the spatial relationship between the areas of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment that are identified as impaired for
PCBs in both fish tissue and sediments and the remaining area of the Bay Segment that is not
identified as impaired for PCBs, as well as the watershed areas draining to each.

The TMDLs established herein by MDE will address the total PCB (tPCB) listings for the
Baltimore Harbor embayment, Curtis Creek/Bay, and Bear Creek, for which a data solicitation
was conducted, and all readily available data from the past 5 years have been considered.
Bacteria TMDLs for Marley and Furnace Creeks of the Baltimore Harbor embayment were
submitted to the EPA in 2010. The bacteria impairment for Rock Creek of the Baltimore Harbor
embayment was delisted in 2004. Chlordane and nutrient (nitrogen and phosphorus) TMDLs for
the Baltimore Harbor embayment were approved by the EPA in 2001 and 2007, respectively.
Then, in 2010, the Chesapeake Bay nutrient and sediment TMDLs were developed by the EPA,
which addressed the nutrient and sediment impairment listings for the entirety of the Patapsco
River Mesohaline Tidal Chesapeake Bay Segment. WQAs for the chromium, lead, and zinc
impairment listings in the Northwest Branch of the Baltimore Harbor embayment, the zinc
impairment listing in the Middle Branch of the Baltimore Harbor embayment, the zinc
impairment listing in Curtis Creek/Bay, and the zinc and chromium impairment listings in Bear
Creek were developed by MDE in 2004; however, they were not approved by EPA, as the
information to support the delisting was insufficient at the time. Studies are currently underway
to determine whether these metals listings will require TMDLs to be developed in the future. The
listing for impacts to biological communities, trash, and bacteria upstream of the harbor tunnel
will be addressed at a future date.

PCB:s are a class of man-made, carcinogenic compounds with both acute and chronic toxic
effects, which are also bioaccumulative and do not readily breakdown in the natural environment.
There are 209 possible chemical arrangements of PCBs known as congeners, which consist of
two phenyl groups and one to ten chlorine atoms. The congeners differ in the number and
position of chlorine atoms along the phenyl groups. PCBs were manufactured and used for a
variety of industrial applications and sold as mixtures under various trade names commonly
known as Aroclors (QEA 1999). Sixteen different Aroclor mixtures were produced, each
formulated based on a specific chlorine composition by mass. PCBs are a concern to human
health, since regular consumption of fish containing elevated levels of PCBs will cause
bioaccumulation within the fatty tissues of humans, which can potentially lead to the
development of cancer.

Since the Baltimore Harbor embayment was identified as impaired for PCBs in fish tissue, the
overall objective of the tPCB TMDLs established in this document is to ensure that the “fishing”
designated use, which is protective of human health related to the consumption of fish, in the
embayment is supported; however, these TMDLs will also ensure the protection of all other
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applicable designated uses within the embayment. This objective is achieved via the use of
extensive field observations and a three-dimensional numeric model that simulates
hydrodynamics, organic carbon (OC) species, and PCB homologs. In the model, the transport
and fate processes of PCBs are associated with OCs and include mechanisms of
adsorption/desorption, surface volatilization, exchanges with bottom sediments from
settling/resuspension, and exchanges between the Baltimore Harbor embayment and the open
waters of the Chesapeake Bay mainstem. The conceptual basis of the model is that the transport
and fate of toxic chemicals, especially hydrophobic organic chemicals (HOCs), such as PCBs, is
strongly influenced by their adsorption to OCs and exchanges between the water column and
bottom sediments (Haywood and Buchanan 2007). The tPCB fish tissue listing threshold of 39
nanograms/gram (ng/g, ppb) (wet weight) is used to derive the water column and sediment
TMDL endpoints (MDE 2011a). The model incorporates the long term influences of freshwater
tributary inputs, full estuarine dynamics, and exchanges between the water column and bottom
sediments, thereby representing realistic dynamic transport within the Baltimore Harbor
embayment. The model is used to:

1. Estimate and predict PCB transport and fate based on PCB adsorption and associated OC
transport, settling/resuspension, and air-water exchanges.

2. Validate predicted PCB concentrations via comparison to 1996-1998 observed
concentrations.

3. Simulate long-term PCB homolog concentrations in the water column and bottom
sediments.

4. Estimate the load reductions necessary to meet the water column and sediment TMDL
endpoint tPCB concentrations, which are derived from the Integrated Report fish tissue
listing threshold and site specific total Bioaccumulation Factors (tBAFs).

5. Estimate the amount of time necessary for tPCB concentrations within the embayment to
reach the water column and sediment TMDL endpoints, given the required load
reductions from the individual source sectors and an estimated rate of decline in the tPCB
concentrations at the boundary between the embayment and the Chesapeake Bay
mainstem.

The CWA, as recently interpreted by the United States District Court, requires TMDLs to be
protective of all the designated uses applicable to a particular waterbody (US District Court for
the District of Columbia 2011). Within the Baltimore Harbor embayment, these designated uses,
as described previously, include “water contact recreation”, “fishing”, “the protection of aquatic
life”, and “marine and estuarine aquatic life and shellfish harvesting”. The TMDLs presented
herein were developed specifically to be protective of the “fishing” designated use, which is
protective of human health related to the consumption of fish, since each segment of the
embayment was identified as impaired for “PCBs in fish tissue” on the Integrated Report.
Additionally, Curtis Creek/Bay and Bear Creek were also identified on the Integrated Report as
impaired for PCBs in sediment. These PCB sediment impairment listings were assessed based on
sediment concentrations exceeding the sediment quality guideline (SQG) effects-range median
(ERM) for PCBs (Buchman 1999). Concentrations above the ERM are likely to result in
toxicological impacts to sediment dwelling organisms. Though the ERM is sufficient for
providing an official assessment (i.e., Integrated Report listing purposes) of PCB sediment
impairments, since it provides reasonable certainty that concentrations above this threshold do in
fact result in toxicity, concentrations below this threshold may still be representative of
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conditions that adversely impact benthic life, in some instances. Conversely, the SQG Threshold
Effects Level (TEL) for PCBs in marine sediments indicates that concentrations below this
threshold are highly unlikely to result in toxicity and will therefore be protective of benthic life.
Thus, the TEL will be used as a reference for comparison, rather than the ERM, when evaluating
the sediment TMDL endpoint tPCB concentration for Cutis Creek/Bay and Bear Creek.

The water column and sediment TMDL endpoint tPCB concentrations applied within this
analysis, which are derived from Maryland’s Integrated Report fish tissue listing threshold tPCB
concentration and site specific tBAFs, are lower than 1) EPA’s human health criterion tPCB
water column concentration relative to fish consumption, 2) both Maryland’s freshwater and
saltwater aquatic life chronic criteria tPCB water column concentrations, and 3) the SQG |TEL
for PCBs (see Section 3 for further details). This indicates that these TMDLs are not only
protective of the “fishing” designated use but also the “aquatic life”” designated use, specifically
the protection of “marine and estuarine aquatic life and shellfish harvesting” (i.e., water column
TMDL endpoint tPCB concentration < saltwater aquatic life chronic criteria), and in particular,
they are also protective of benthic aquatic life (i.e., sediment TMDL endpoint tPCB
concentration < SQG TEL). Since the sediment TMDL endpoint tPCB concentration applied
within the analysis is less than the SQG TEL, this indicates that that the impairment listings for
PCBs in sediment for Curtis Creek/Bay and Bear Creek will be addressed as well. Lastly, the
designated use for "water contact recreation" is not associated with any potential human health
risks due to PCB exposure. Dermal contact and consumption of water from activities associated
with "water contact recreation" are not a significant pathway for the uptake of PCBs. The EPA
human health criterion was developed solely based on organism consumption, as drinking water
consumption does not pose any risk for cancer development at environmentally relevant levels.
The only human health risk associated with PCB exposure is through the consumption of aquatic
organisms, which is addressed by the water column and sediment tPCB endpoint concentrations
applied within these TMDLs developed to be supportive of the "fishing" designated use for the
embayment.

As part of this analysis, both point and non-point sources of PCBs have been identified
throughout the Baltimore Harbor embayment’s watershed. Nonpoint sources include loads from
direct atmospheric deposition to the embayment, identified contaminated sites, resuspension and
diffusion from bottom sediments, tidal influence from the Chesapeake Bay mainstem, tributaries
outside of the embayment’s direct drainage, and runoff from non-regulated watershed areas
within the embayment’s direct drainage. Point sources include loads from two municipal
wastewater treatment plants (WWTPs), five industrial process water facilities, two dredged
material containment facilities (DMCFs), and National Pollutant Discharge Elimination System
(NPDES) regulated stormwater runoff from watershed areas within the embayment’s direct
drainage. Model estimated tPCB loads from these point and nonpoint sources represent the
baseline conditions to the embayment.

Although the transport of PCBs to the embayment from bottom sediments via resuspension and
diffusion is currently estimated to be a major source of PCBs to the embayment (net transport of
9,107.3 grams/year (g/year)), this load contribution is resultant from other point and nonpoint
source inputs (both historic and current) within the embayment’s watershed. Thus, this source is
not considered to be directly controllable and will not be considered for reductions within the
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scope of this TMDL. Also, the transport of PCBs into the embayment due to tidal influxes from
the Chesapeake Bay mainstem could be a major source of PCBs to the system; however, under
current conditions, due to the high water column concentration of PCBs within the embayment,
there is a net transport of PCBs out of the embayment into the Bay’s mainstem (1,112.9 g/year).
Thus, through tidal influences, PCBs are being removed from the Baltimore Harbor embayment.
Even if the Bay mainstem served as a source of PCBs to the water column, the load contribution
is resultant from other point and nonpoint source inputs throughout the Upper Chesapeake Bay
watershed. Thus, this source is also not considered to be directly controllable and will not be
considered for reductions within the scope of this TMDL.

The objective of the TMDLs established herein is to reduce current PCB loads to the Baltimore
Harbor embayment, Curtis Creek/Bay, and Bear Creek so that the water column and sediment
TMDL endpoint tPCB concentrations are achieved. All TMDLs need to be presented as a sum of
Wasteload Allocations (WLAs) for the identified point sources and Load Allocations (LAs) for
nonpoint source loads generated within the assessment unit, and where applicable, natural
background, tributary, and adjacent segment loads. Furthermore, all TMDLs must include a
margin of safety (MOS) to account for the lack of knowledge and the many uncertainties in the
understanding and simulation of water quality parameters in natural systems (i.e., the
relationship between modeled loads and water quality) (CFR 2011b). The MOS is intended to
account for such uncertainties in a manner that is conservative from the standpoint of
environmental protection. An explicit MOS of 5% was incorporated into this analysis to account
for such uncertainty.

A summary of the baseline conditions and TMDLs for the Baltimore Harbor embayment, Curtis
Creek/Bay, and Bear Creek are presented in Tables ES-1 through ES-3. The baseline loads and
TMDL allocations for the Baltimore Harbor embayment include loads from Curtis Creek/Bay
and Bear Creek. Additionally, the baseline loads and TMDL allocations only consider current
sources of PCBs to the embayment that are considered to be directly controllable, positive net
loads (reducible loads), and therefore do not include resuspension and diffusion from bottom
sediments and the tidal influence of the Chesapeake Bay mainstem. When implemented, these
TMDLs, will ensure that the resulting tPCB loads are at levels supportive of the “fishing”
designated use in these segments.

The water quality model developed for simulating ambient sediment and water column tPCB
concentrations within the Baltimore Harbor embayment was used to determine the specific load
reductions for each reducible source category that would result in simulated tPCB concentrations
in the sediment and water column that meet the TMDL endpoints. The results of this scenario
establish the load reductions per reducible source category and the associated WLAs and LAs
necessary to achieve the TMDL, except for certain reducible source sector loads, described as
follows. Loads from contaminated sites were not reduced from their baseline loads, since they
have already undergone some degree of remediation and their baseline loads constitute a
relatively small percentage of the Total Baseline Load to the embayment (0.2% - Baltimore
Harbor Embayment; 1.3% - Curtis Creek/Bay). The WLAs for the industrial process water
facilities and municipal WWTPs were assigned based on the water column TMDL endpoint and
the facility design flow for municipal WWTPs/average observed flow for industrial process
water facilities. Loads from DMCFs will not be reduced from their baseline as these facilities are
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not capable of treating their discharge for PCBs. Furthermore, any PCBs in their discharge are
due to PCBs in the bottom sediments that were dredged, thus indicating a pass through condition
(i.e., no additional PCBs are generated during the containment process), and at this time, there
are no alternative options for the disposal of dredged material from the embayment. The TMDL
modeling scenario was used to develop the load reductions, WLAs, and LAs for the tributary,
non-regulated watershed runoff, NPDES regulated stormwater, and atmospheric deposition
source categories. The resultant TMDL scenario requires a 91.5 % reduction for all watershed
sources (i.e., tributaries, non-regulated watershed runoff, and NPDES regulated stormwater),
with slight variations in the regulated stormwater sector due to the locations of the contaminated
sites, and a 57.6% reduction for atmospheric deposition, in order to achieve the sediment and
water column TMDL endpoint tPCB concentrations. A smaller reduction for atmospheric
deposition is required since it has less of an impact on water quality than the watershed land
sources. The atmospherically deposited load is evenly distributed over the surface water of the
entire embayment. However, watershed sources will vary relative to their impact on water
quality throughout the embayment, thus resulting in higher tPCB concentrations in specific
portions of the embayment, thereby requiring a greater reduction to achieve the TMDL condition.
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Table ES-1: Summary of tPCB Baseline Loads, TMDL Allocations, Load Reductions, and
Maximum Daily Loads (MDLs) in the Baltimore Harbor Embayment

Percent
Baseline of Total Load
PCB Source Load Baseline T;VIDIF Reduction I\;I(?L
(g/year) Load (g/year) (%) (g/day)
(%)

Direct Atmospheric Deposition
(to the Surface of the Embayment) 1,360.88 22% 576.47 57.6 5.30
Tributaries'

Jones Fall 299.34 4.8 25.59 91.5 0.24

Gwynns Fall 541.42 8.7 46.29 91.5 0.43

Patapsco River Lower North Branch 688.85 11.1 58.90 91.5 0.54
Non-regulated Watershed Runoff® 362.49 5.9 30.99 91.5 0.29
Contaminated Sites 14.51 0.2 14.51 0.0 0.13
Nonpoint Sources/LAs 3,267.49 52.7 752.75 77.0 6.93
Industrial Process Water 859.38 13.9 498.60 42.0 4.24
WWTPs 366.81 59 32.83 91.1 0.28
DMCFs 77.60 1.3 77.60 0.0 0.66
NPDES Regulated Stormwater™”

Anne Arundel County 850.74 13.7 66.97 92.1 0.62

Baltimore County 338.50 5.5 28.94 91.5 0.27

Baltimore City 435.27 7.0 30.44 93.0 0.28
Point Sources/WLAs 2,928.31 47.3 735.22 74.9 6.34
MOS (5%) - - 78.31 - 0.70
Total 6,195.79 100.0 1,566.29 74.7 13.96

Notes: ' Although the tributary loads are reported here as a single nonpoint source value, they could include both

point and nonpoint source loads.

* Load applies to the direct drainage portion of the applicable watershed only.
? Load per jurisdiction applies to all NPDES stormwater dischargers within the direct drainage area of the

jurisdiction to the Baltimore Harbor embayment. These dischargers are identified in Appendix H.

* 18.66 g/year of the 498.6 g/year allocated to industrial process water point sources is assigned to the
Back River WWTP Outfall 002, since the effluent from the outfall is routed to RG Steel for use in their
industrial processes. The allocation to the Back River WWTP Outfall 002 is calculated as the part of the
WWTP design flow allocated to the outfall, which is 50 Million Gallons per Day (MGD), multiplied by

the water column TMDL endpoint, which is 0.27 ng/L.
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Table ES-2: Summary of tPCB Baseline Loads, TMDL Allocations, Load Reductions, and

MDLs in the Curtis Creek/Bay

Percent of
. Total Load
PCB Source' sl [Loge Baseline TMDL | poduction | MPL
(9/year) Load (9lyear) (%) (9/day)
(%)
Direct Atmospheric Deposition
(to the Surface of the Embayment) 121.26 20.5 51.37 57.6 0.47
Non-regulated Watershed Runoff® 77.19 13.1 6.60 91.5 0.06
Contaminated Sites 7.84 1.3 7.84 0.0 0.07
Nonpoint Sources/LAs 206.29 35.0 65.81 68.1 0.61
Industrial Process Water’ - - - - -
WWTPs’® - - - - -
DMCFs’ - - - - -
NPDES Regulated Stormwater™*
Anne Arundel County 357.68 60.6 23.13 93.5 0.21
Baltimore City 26.22 4.4 291 88.9 0.03
Point Sources/WLASs 383.89 65.0 26.05 93.2 0.24
MOS (5%) - - 4.83 - 0.04
Total 590.18 100.0 96.68 83.6 0.89
Notes: ' None of the upstream tributaries (i.e., Jones Falls, Gwynns Falls, and the Patapsco River Lower North

Branch) drain directly into the Curtis Creek/Bay portion of the embayment.
2 Load applies to the direct drainage portion of the applicable watershed only.
* No industrial process water facilities, WWTPs, or DMCFs have been identified in the applicable

watershed.

* Load per jurisdiction applies to all NPDES stormwater dischargers within the direct drainage area of the
jurisdiction to Curtis Creek/Bay. These dischargers are identified in Appendix H.
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Table ES-3: Summary of tPCB Baseline Loads, TMDL Allocations, Load Reductions, and

MDLs in the Bear Creek

Baseline | Percent of Total Load
PCB Source' Load Baseline Load T}VIDL Reduction '\;I(?L
(glyear) (%) (g/year) (%) (g/day)
Direct Atmospheric Deposition 79.32 18.5 33.60 57.6 0.31
(to the Surface of the Embayment)
Non-regulated Watershed Runoff® 26.33 6.1 2.25 91.5 0.02
Contaminated Sites® - - - - -
Nonpoint Sources/LAs 105.65 24.7 35.85 66.1 0.33
Industrial Process Water® - - - - -
WWTPs' - - - - -
DMCFs* - - - - -
NPDES Regulated Stormwater”
Baltimore County’ 322.85 75.3 27.60 91.5 0.25
Point Sources/WLAs 322.85 75.3 27.60 91.5 0.25
MOS (5%) - - 3.34 - 0.03
Total 428.50 100.0 66.80 84.4 0.61
Notes: ' None of the upstream tributaries (i.e., Jones Falls, Gwynns Falls, and the Patapsco River Lower North

Branch) drain directly into the Bear Creek portion of the embayment.

Load applies to the direct drainage portion of the applicable watershed only.
One outfall from the RG Steel facility discharges to Bear Creek. However, this facility falls under an

aggregate WLA for all industrial process water discharges, which is accounted for in the TMDL for the
Baltimore Harbor embayment. An individual baseline load and WLA for this outfall will therefore not be

presented in this table.
No WWTPs, DMCFs, or contaminated sites have been identified in the applicable watershed.
Load applies to all NPDES stormwater dischargers within the direct drainage area of the jurisdiction to

Bear Creek. These dischargers are identified in Appendix H.

Federal regulations require that TMDL analysis take into account the impact of critical
conditions and seasonality on water quality (CFR 2011b). The intent of these requirements is to

ensure that load reductions under this TMDL when implemented will produce water quality

conditions supportive of the designated use at all times. Given that 1) at the observed
concentrations, acute conditions are not a concern, and 2) since PCB levels in fish tissue become
elevated due to long-term exposure, the selection of the average annual tPCB water column and
sediment concentrations for comparison to the TMDL endpoints adequately considers the impact
of seasonal variations and critical conditions on the “fishing” designated use. Thus, the TMDLs
for the Baltimore Harbor embayment, Curtis Creek/Bay, and Bear Creek implicitly account for
seasonal variations as well as critical conditions.

Resuspension and diffusion of PCBs from the bottom sediments largely dictates the recovery
time of the Baltimore Harbor embayment. However, despite the fact that PCB loads from
resuspension and diffusion are not considered to be directly controllable, these load contributions
are still expected to decrease over time as the result of 1) the implementation of directly
controllable point and nonpoint source reductions within the embayment’s watershed and 2) the
natural attenuation of PCBs in the environment.
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After the initial decline in PCB water column concentrations within the embayment, due to the
natural attenuation of PCBs in the environment, in addition to the expected decrease of point and
nonpoint source inputs within the embayment’s watershed, the net exchange of PCBs at the tidal
boundary between the embayment and the Chesapeake Bay mainstem may shift as well. As a
result, instead of loads being exported from the embayment into the Bay’s mainstem, loads may
be imported from the Bay’s mainstem into the embayment, meaning that this boundary condition
may start to dominate the recovery time of the impaired embayment. Should this occur, however,
observations show that the average tPCB concentration in the Upper Chesapeake Bay is
decreasing at a rate of 6.5% per year (MDE 2009). Thus, as a conservative estimate, a 5% per
year decrease of tPCB concentrations can be expected at the tidal boundary between the
embayment and the Bay mainstem, which is equivalent to a 91% reduction of tPCB
concentrations over a 45 year period. Given this natural rate of decline in the boundary
concentrations, tPCB levels in the embayment are expected to continue to decline over time.
Thus, discovering and remediating any existing PCB land sources throughout the upper
Chesapeake Bay watershed via future TMDL development and implementation will further aid
in the decline of the boundary condition tPCB concentrations and meeting water quality goals in
the Baltimore Harbor embayment.

Once EPA has approved this TMDL, MDE will begin an iterative process of implementation that
will first identify specific sources, or areas of PCB contamination, within the embayment’s
watershed, and second, target remedial action to those sources with the largest impact on water
quality, while giving consideration to the relative cost and ease of implementation. The
implementation efforts will be periodically evaluated, and if necessary, improved, in order to
further progress toward achieving the water quality goals. Given that a number of contaminated
sites have already undergone some degree of remediation and their baseline loads constitute a
relatively small percentage of the Total Baseline Loads (i.e., 0.2% - Baltimore Harbor
Embayment; 1.3% - Curtis Creek/Bay Portion of the Baltimore Harbor Embayment), these sites
are not intended to be targeted during the initial stages of implementation and thus at this point
were not subjected to any reductions (as discussed previously). However, if in the future it
becomes clear that the TMDL goals cannot be achieved without load reductions from these sites,
additional reduction measures might need to be considered. As part of Maryland’s Watershed
Cycling Strategy, follow-up monitoring and assessment will be routinely conducted to evaluate
the implementation status in the Baltimore Harbor embayment. MDE also monitors and
evaluates concentrations of contaminants in recreationally caught fish, shellfish, and crabs
throughout Maryland. MDE will use these monitoring programs to evaluate progress towards
meeting the “fishing” designated use in the embayment.
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1. INTRODUCTION

This document, upon approval by the U.S. Environmental Protection Agency (EPA), establishes
Total Maximum Daily Loads (TMDLs) of Polychlorinated Biphenyls (PCBs) in the Baltimore
Harbor, Curtis Creek/Bay, and Bear Creek portions of the Patapsco River Mesohaline Tidal
Chesapeake Bay Segment. Section 303(d) of the federal Clean Water Act (CWA) and the EPA’s
implementing regulations direct each State to identify and list waters, known as water quality
limited segments (WQLSs), in which current required controls of a specified substance are
inadequate to achieve water quality standards (WQSs). For each WQLS, the State is to either
establish a TMDL of the specified substance that the waterbody can receive without violating
WQSs, or demonstrate that WQSs are being met (CFR 2011b).

TMDLs are established to determine the pollutant load reductions needed to achieve and
maintain WQSs. A WQS is the combination of a designated use for a particular body of water
and the water quality criteria designed to protect that use. Designated uses include activities such
as swimming, drinking water supply, protection of aquatic life, fish and shellfish propagation and
harvest, etc. Water quality criteria consist of narrative statements and numeric values designed to
protect the designated uses. Criteria may differ among waters with different designated uses.

Maryland WQSs specify that all surface waters of the State shall be protected for water contact
recreation, fishing, and the protection of aquatic life (COMAR 2011a). Additionally, the specific
designated use of the Baltimore Harbor, Curtis Creek/Bay, and Bear Creek portions of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment is Use II — Support of Estuarine and
Marine Aquatic Life and Shellfish Harvesting (COMAR 2011b). The Maryland Department of
the Environment (MDE) has identified the Patapsco River Mesohaline Tidal Chesapeake Bay
Segment (Integrated Report Assessment Unit ID: PATMH) on the State’s 2010 Integrated Report
as impaired by nutrients — nitrogen and phosphorus (1996), sediments (1996), trash and debris
(2008), and impacts to biological communities (2004). The Baltimore Harbor portion of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment (Integrated Report assessment unit
ID: MD-PATMH-02130903) has been individually identified on the State’s 2010 Integrated
Report as impaired by PCBs in fish tissue (1998), chlordane (1998), bacteria — Furnace Creek,
Marley Creek, Rock Creek, and all tidal waters upstream of the harbor tunnel (1998), zinc —
Middle and Northwest Branches (1998), chromium — Northwest Branch (1998), and lead -
Northwest Branch (1998). In addition, the Curtis Creek/Bay portion of the Patapsco River
Mesohaline Tidal Chesapeake Bay Segment (Integrated Report assessment unit ID: MD-
PATMH-CURTIS BAY CREEK) has been individually identified on the State’s 2010
Integrated Report as impaired by PCBs in both fish tissue and sediment (1998) and zinc (1998),
and the Bear Creek portion of the Bay Segment has been individually identified on the State’s
2010 Integrated Report (Integrated Report assessment unit ID: MD-PATMH-BEAR CREEK) as
impaired by PCBs in both fish tissue and sediment (1998), zinc (1998), and chromium (1998)
(MDE 2011a).

The entire Patapsco River Mesohaline Tidal Chesapeake Bay Segment, also referred to as an
embayment, includes more than the individual segments identified within this report as impaired
for PCBs, for which TMDLs have been developed. This includes areas such as Bodkin Creek. It
should also be noted that the Baltimore Harbor portion of the Patapsco River Mesohaline Tidal
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Chesapeake Bay Segment encompasses both Curtis Creek/Bay and Bear Creek. Thus, since the
Curtis Creek/Bay and Bear Creek segments were individually identified as impaired for PCBs
due to sediment data, in addition to the impairment listing for the entire Baltimore Harbor
portion of the Bay Segment (based on PCB fish tissue concentrations), there is a spatial overlap
between the various PCB impairment listings for the Bay Segment. As a result, the baseline and
TMDL loads for the Baltimore Harbor portion of the Bay Segment described within this report
include the baseline and TMDL loads for the Curtis Creek/Bay and Bear Creek segments. For the
purposes of this report, the spatial unit defined as the Baltimore Harbor embayment will refer
solely to the Baltimore Harbor portion of the Patapsco River Mesohaline Tidal Chesapeake Bay
Segment (i.e., the portion of the Bay Segment impaired for PCBs in fish tissue), which
encompasses the Curtis Creek/Bay and Bear Creek segments. The spatial units defined as Curtis
Creek/Bay and Bear Creek will refer solely to these individual segments of the Baltimore Harbor
embayment, which are specifically impaired for PCBs in sediment, in addition to fish tissue.
Table 1 provides further details regarding the 2010 Integrated Report PCB impairments listings,
and Figure 1 on page 6 of the main report depicts the spatial relationship between the areas of the
Patapsco River Mesohaline Tidal Chesapeake Bay Segment that are identified as impaired for
PCBs in both fish tissue and sediments and the remaining area of the Bay Segment that is not
identified as impaired for PCBs, as well as the watershed areas draining to each.

Table 1: Maryland’s 2010 Integrated Report PCB Impairment Listings for the Patapsco
River Mesohaline Tidal Chesapeake Bay Segment

Listing Basin Name Assessment Unit County Specn‘_lc PCB
Year ID Impairment
Patapsco River
Mesohaline Chesapeake MD-PATMH- Anne Arundel, PCBs in
1998 Baltimore, i )
Bay Segment - 02130903 Baltimore Cit Fish Tissue
Baltimore Harbor Y
Patapsco River -
1998 Mesohaline Chesapeake MD-PATMH- Baltimore P](;i]::ulen;;h
Bay Segment - Bear BEAR_CREEK .
- Sediment
Creek
Patapsco River MD-PATMH- PCBs in Fish
Mesohaline Chesapeake Anne Arundel, .
1998 Bay Segment - Curti CURTIS Baltimore Cit Tissue and
Y Segiment - Lurtls BAY_CREEK e MY 1 Sediment
Creek/Bay - -

The TMDLs established herein by MDE will address the total PCB (tPCB) listings for the
Baltimore Harbor embayment, Curtis Creek/Bay, and Bear Creek, for which a data solicitation
was conducted, and all readily available data from the past 5 years have been considered.
Bacteria TMDLs for Marley and Furnace Creeks of the Baltimore Harbor embayment were

submitted to the EPA in 2010. The bacteria impairment for Rock Creek of the Baltimore Harbor
embayment was delisted in 2004. Chlordane and nutrient (nitrogen and phosphorus) TMDLs for
the Baltimore Harbor embayment were approved by the EPA in 2001 and 2007, respectively.
Then, in 2010, the Chesapeake Bay nutrient and sediment TMDLs were developed by the EPA,
which addressed the nutrient and sediment impairment listings for the entirety of the Patapsco
River Mesohaline Tidal Chesapeake Bay Segment. WQAs for the chromium, lead, and zinc
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impairment listings in the Northwest Branch of the Baltimore Harbor embayment, the zinc
impairment listing in the Middle Branch of the Baltimore Harbor embayment, the zinc
impairment listing in Curtis Creek/Bay, and the zinc and chromium impairment listings in Bear
Creek were developed by MDE in 2004; however, they were not approved by EPA, as the
information to support the delisting was insufficient at the time. Studies are currently underway
to determine whether these metals listings will require TMDLs to be developed in the future. The
listing for impacts to biological communities, trash, and bacteria upstream of the harbor tunnel
will be addressed at a future date.

PCBs are a class of man-made compounds that were manufactured and used for a variety of
industrial applications. They consist of 209 related chemical compounds (congeners) that were
manufactured and sold as mixtures under various trade names, commonly referred to as Aroclors
(sixteen different Aroclor mixtures were produced, each formulated based on a specific chlorine
composition by mass) (QEA 1999). Each of the 209 possible PCB compounds consists of two
phenyl groups and one to ten chlorine atoms. The congeners differ in the number and position of
the chlorine atoms along the phenyl group. From the 1940s to the 1970s, they were extensively
used as heat transfer fluids, flame retardants, hydraulic fluids, and dielectric fluids because of
their dielectric and flame resistant properties. They have been identified as a pollutant of concern
due to the following:

1. They are bioaccumulative and can cause both acute and chronic toxic effects.
2. They have carcinogenic properties.
3. They are persistent organic pollutants that do not readily breakdown in the environment.

In the late 1970s, concerns regarding potential human health effects led the US government to
take action to cease PCB production, restrict PCB use, and regulate the storage and disposal of
PCBs. Despite these actions, PCBs are still being released into the environment through fires or
leaks from old PCB containing equipment, accidental spills, burning of PCB containing oils,
leaks from hazardous waste sites, etc. Since PCBs tend to bioaccumulate in aquatic organisms,
including fish, people who consume fish may become exposed to PCBs. In fact, elevated levels
of PCBs in edible parts of fish tissue are one of the leading causes of fish consumption advisories
in the United States.

The Baltimore Harbor embayment, Curtis Creek/Bay, and Bear Creek were first identified as
impaired by PCBs on Maryland’s 1998 Integrated Report based on fish tissue PCB data from
MDE’s monitoring program that exceeded the tPCB fish tissue listing threshold of 39
nanograms/gram (ng/g), or parts per billion (ppb) (wet weight) (MDE 2011a). In addition to
identifying impaired waterbodies on the State’s Integrated Report, MDE also issues statewide
and site specific fish consumption advisories (ranging from 0 to 4 meals per month) and
recommendations (ranging from 4 to 8 meals per month). Current recreational fish consumption
advisories suggest limiting the consumption of the following fish species caught in the Baltimore
Harbor, Curtis Creek/Bay, and Bear Creek: American Eel, Brown Bullhead, Channel Catfish,
White Perch, Striped Bass, and White Catfish (MDE 2011b). Additionally, Curtis Creek/Bay and
Bear Creek were listed as impaired for PCBs in sediment, as well as fish tissue, in 1998. The
PCB sediment concentrations exceeded the sediment quality guideline (SQG) effects range
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median (ERM) concentration of 180 ng/g, or ppb, thus indicating toxicological impacts to
benthic organisms (Buchman 1999).
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2. SETTING AND WATER QUALITY DESCRIPTION
2.1 General Setting

Location

The Patapsco River Mesohaline Chesapeake Bay Segment is a tidal estuary, or embayment,
located on the western shore of the Chesapeake Bay. The total watershed draining to the Bay
Segment covers 1,514 square kilometers (km?) (374,040 acres) and spans Baltimore City, Carroll,
Howard, Anne Arundel, and Baltimore Counties. The Baltimore Harbor Maryland 8-Digit (MD
8-Digit) watershed comprises the majority of the Patapsco River Mesohaline Chesapeake Bay
Segment. Curtis Creek/Bay and Bear Creek are specific segments within the Baltimore Harbor
portion of the Bay Segment, which have been specifically identified as impaired for PCBs in
sediments, in addition to fish tissue. Curtis Creek/Bay is located on the southwest shore of the
Harbor within both Baltimore City and Anne Arundel County, while Bear Creek is located on the
northwest shore of the Harbor within solely Baltimore County. The total watershed area draining
to the Baltimore Harbor portion of the Bay Segment covers 1,491 km” (368,388 acres) and spans
Baltimore City, Carroll, Howard, Anne Arundel, and Baltimore Counties; however, the direct
drainage portion of this watershed area only covers 219 km” (53,994 acres) and spans Baltimore
City, Anne Arundel County, and Baltimore County. As stated within the introduction, throughout
this report, for simplicity, the spatial unit defined as the Baltimore Harbor embayment will refer
solely to the Baltimore Harbor portion of the Patapsco River Mesohaline Tidal Chesapeake Bay
Segment (i.e., the portion of the Bay Segment impaired for PCBs in fish tissue), which
encompasses the Curtis Creek/Bay and Bear Creek segments. The spatial units defined as Curtis
Creek/Bay and Bear Creek will refer solely to these individual segments of the Baltimore Harbor
embayment, which are specifically impaired for PCBs in sediment, in addition to fish tissue. The
location of the Patapsco River Mesohaline Tidal Chesapeake Bay Segment and the various
portions of the Bay Segment impaired for PCBs in fish tissue and sediment (i.e., the Baltimore
Harbor embayment, Curtis Creek/Bay, Bear Creek) are shown in Figure 1.

It is estimated that 60 percent of the total freshwater entering the Baltimore Harbor embayment
comes from the nontidal Patapsco River (Quirk, Lawler, and Matusky Engineers 1973). The two
other major tributaries entering the embayment are the Gwynns Falls and Jones Falls (see Figure
1). The tidal range of the embayment is 0.3 meters (m) based on the United States National
Oceanic and Atmospheric Administration (NOAA) tidal station at in the Middle Branch Patapsco
River. There are several “high quality,” or Tier II, stream segments (Benthic Index of Biotic
Integrity (BIBI) and Fish Index of Biotic Integrity (FIBI) aquatic life assessment scores > 4
(scale 1-5)) located within the embayment’s watershed (none within the direct drainage portion
however) requiring the implementation of Maryland’s anti-degradation policy including at least
portions of: Beaver Run, Cooks Branch, Gillis Falls, Joe Branch, Keyser’s Run, Morgan Run,
Little Morgan Run, an unnamed tributary to Morgan Run, Middle Run, Red Run, the North
Branch Patapsco River, an unnamed tributary to the North Branch Patapsco River, and an
unnamed tributary to the South Branch Patapsco River (COMAR 2011d; MDE 2010).
Approximately 0.9% percent of the embayment’s drainage area is covered by water (i.e., streams,
ponds, etc). The total population in the embayment’s watershed is approximately 1,351,190 (US
Census Bureau 2000).
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Land Use

According to the United States Geological Survey’s (USGS) 2006 land cover data (USGS 2011),
which was specifically developed to be applied within the Chesapeake Bay Program’s (CBP)
Phase 5.3.2 watershed model, land use in the Baltimore Harbor embayment’s watershed is
predominantly urban. Urban land occupies approximately 45.1% of the watershed, while 29.0%
is forested and 21.8% is agricultural. The remaining 4.1% is classified as barren, natural

grassland, water, or wetland. The land use distribution is displayed and summarized in Figures 2
and 3 as well as Table 2.
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Figure 1: Location Map of the Patapsco River Mesohaline Tidal Chesapeake Bay Segment
with Specific PCB Impaired Areas and Associated Watersheds
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Figure 2: Land Use in the Baltimore Harbor Embayment’s Watershed
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Table 2: Land Use Distribution in the Baltimore Harbor Embayment’s Watershed

Segment Land Use Area (km®) | Percent of Total (%)
Water 12.7 0.9
Urban 673.0 45.1
Barren 3.9 0.3
Baltimore Harbor' | Forest 431.9 29.0
Agriculture 324.8 21.8
Natural grass 10.1 0.7
Wetland 353 2.4
Total 1,491.7 100.0
Water 0.2 0.2
Urban 80.6 84.7
Barren 0.8 0.8
Curtis Creek/Bay | Forest 10.8 11.3
Agriculture 0.7 0.7
Natural grass 0.1 0.1
Wetland 2.0 2.1
Total 95.2 100.0
Water 0.3 1.3
Urban 21.3 92.6
Barren 0.1 0.4
Bear Creek Forest 0.4 1.7
Agriculture 0.0 0.0
Natural grass 0.0 0.0
Wetland 0.9 3.9
Total 23.0 100.0

Note: ' Includes Curtis Creek/Bay and Bear Creek acres due to spatial overlap.
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Note: Land use distribution matches the Baltimore Harbor distribution in Table 2, since
the Curtis Creek/Bay and Bear Creek acres are incorporated in the Baltimore
Harbor acres.

Figure 3: Land Use Distribution in the Baltimore Harbor Embayment’s Watershed
2.2 Water Quality Characterization and Impairment

Maryland WQSs specify that all surface waters of the State shall be protected for water contact
recreation, fishing, and the protection of aquatic life (COMAR 201 1a). The specific designated
use of the Baltimore Harbor embayment, Curtis Creek/Bay, and Bear Creek is Use II — Support
of Estuarine and Marine Aquatic Life and Shellfish Harvesting (COMAR 2011b). The State of
Maryland has adopted three separate water column tPCB criteria: criterion for protection of
human health associated with the consumption of PCB contaminated fish, as well as fresh and
saltwater chronic tPCB criteria for protection of aquatic life. The Maryland human health tPCB
criterion is set at 0.64 nanograms/liter (ng/L), or parts per trillion (ppt), (COMAR 2011c; US
EPA 2006). This criterion is based on a cancer slope factor (CSF) of 2 milligrams/kilogram-day
(mg/kg-day), a bioconcentration factor (BCF) of 31,200 liters/kilogram (L/kg), cancer risk level
of 107, a lifetime risk level and exposure duration of 70 years, and a fish intake of 17.5 g/day. A
cancer risk level provides an estimate of the additional incidence of cancer that may be expected
in an exposed population. A risk level of 10~ indicates a probability of one additional case of
cancer for every 100,000 people exposed. The Maryland fresh and saltwater aquatic life chronic
tPCB criterion are set at 14 ng/L and 30 ng/L, respectively (COMAR 2011c; US EPA 2006). The
water column mean tPCB concentration within the embayment exceeds the human health criteria
of 0.64 ng/L; however, only a single water column sample exceeds the saltwater aquatic life
tPCB criterion of 30 ng/L.

A sediment tPCB criterion has not yet been established in Maryland; however, in order to assess
waters of the State for toxic impairments in sediment, an Integrated Report assessment
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methodology has been established. If toxicity and a degraded benthic community are present
within the sediment, and the sediment concentration of a given toxic substance exceeds the ERM,
the waterbody will be listed as impaired on the Integrated Report for that substance (MDE
2011a). The Curtis Creek/Bay and Bear Creek segments were listed as impaired for PCBs in
sediment due to the presence of toxicity, a degraded benthic community, and exceedances of the
sediment tPCB ERM concentration of 180 ng/g, or ppb. The sediment tPCB concentration data
for these listings are presented in Appendix K.

In addition to the water column and sediment criteria described above, fish tissue monitoring can
serve as an indicator of PCB water quality conditions. The Maryland fish tissue monitoring data
is used to issue fish consumption advisories/recommendations and determine whether Maryland
waterbodies are meeting the “fishing” designated use. Only data results from the analysis of
skinless fillets, the edible portion of fish typically consumed by humans, is used for assessment
purposes and development of this TMDL. Currently Maryland applies 39 ng/g as the tPCB fish
tissue listing threshold (MDE 2011a). MDE collected fish tissue samples for PCB analysis in the
Baltimore Harbor embayment, including Curtis Creek/Bay and Bear Creek, from 2001 to 2003.
In 2008, additional fish tissue samples were collected in support of these TMDLs. The tPCB
concentrations for all of the fish samples (several species of fish including channel catfish, white
perch, etc. were collected) exceed the listing threshold, demonstrating that a PCB impairment
exists within the Baltimore Harbor embayment. The PCB fish tissue concentration data is
presented in Appendix K.

From 1996 to 2003, monitoring surveys were conducted under the Comprehensive Harbor
Assessment and Regional Modeling Study (CHARM) (Baker et al. 2002) to measure tidal and
non-tidal water column tPCB concentrations at stations throughout the Baltimore Harbor
embayment and watershed. Sediment samples were collected in 1996 under the Baltimore
Harbor Sediment Mapping Study to characterize tPCB sediment concentrations throughout the
embayment. From 2008 to 2009, MDE collected additional fish tissue, water column (non-tidal
and tidal), and stormwater samples for PCB analysis to further support TMDL development.
Table 3 summarizes the tPCB data for fish tissue, water column (embayment only — nontidal data
not included), and sediment samples (Curtis Creek/Bay and Bear Creek only) that were applied
in this analysis. Appendix K contains figures of the sampling locations and tables containing all
of the PCB water quality data.
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Table 3: Summary of Fish Tissue, Water Column, and Sediment tPCB Data

. Sampling | Sample tPCB Concentration
LHGS e units Years Size Mean Maximum | Minimum
Fish Tissue ng/g 20021(;(7;;)03’ 41 4943 1,774.1 77.4
1 1996-2003,
Water Column ng/L 2008-2009 189 4.17 31.5 0.54
Sediment (Curtis 1995-1996,
Creck/Bay) ne/g 2008 12 326.1 827.1 1.6
Sediment (Bear Creek) 1996, 2008 11 255.1 1,175.9 0.1
Note: ' Water column data presented here is for the embayment (i.e., tidal areas) only and does not include the

nontidal or stormwater sampling data that was collected, since this data does not actually characterize the
PCB impairment in the actual embayment. Additionally, the sediment data presented here is for Curtis
Creek/Bay and Bear Creek only and does not include the sediment data that was collected in the other
portions of the embayment, since this data does not actually characterize the specific areas of the
embayment identified as impaired for PCBs in sediments.

PCB analytical services were provided by the University of Maryland Center for Environmental
Science (UMCES). Specific PCB congeners were identified and quantified by high resolution
gas chromatography with electron capture detection. UMCES uses a slightly modified version of
the PCB congener specific method described in Ashley and Baker (1999), in which the identities
and concentrations of each congener in a mixed Aroclor standard (25:18:18 mixture of Aroclors
1232, 1248, and 1262) are determined based on their chromatographic retention times relative to
the internal standards (PCB 30 and PCB 204). Based on this method, 86 chromatographic peaks
can be quantified. Some of the peaks contain one PCB congener, while many are comprised of
two or more co-eluting congeners. The PCB analysis presented in this document is based on
tPCB concentrations that are calculated as the sum of the detected PCB congeners/congener
groups representing the most common congeners that were historically used in the Aroclor
commercial mixtures. A list of the congeners detected under this analytical method is presented
in Appendix A.

3. WATER COLUMN AND SEDIMENT TMDL ENDPOINTS

As described in Section 2.2, MDE evaluates whether a waterbody meets PCB related WQSs via
1) the use of the tPCB Integrated Report fish tissue listing threshold (39 ng/g, or ppb), 2) for
PCBs in the water column, the human health tPCB water column criterion (0.64 ng/L, or ppt)
and the fresh and saltwater chronic tPCB criteria for protection of aquatic life (14 ng/L and 30
ng/L, or ppt, respectively), or 3) for PCBs in sediments, the tPCB ERM (180 ng/g, or ppb), if
there is toxicity present and a degraded benthic community in the sediment. Since the Baltimore
Harbor embayment, Curtis Creek/Bay, and Bear Creek were identified as impaired for PCBs in
fish tissue, the overall objective of the tPCB TMDLs established in this document is to ensure
that the “fishing” designated use, which is protective of human health related to the consumption
of fish, in the embayment is supported; however, these TMDLs will also ensure the protection of
all other applicable designated uses within the embayment.
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Since the overall objective of the tPCB TMDLs for the Baltimore Harbor embayment, Curtis
Creek/Bay, and Bear Creek is to ensure the support of the “fishing” designated use, the tPCB fish
tissue listing threshold was translated into an associated water column tPCB threshold
concentration (see Equation 3.1 and Calculation 3.1) to apply within this analysis as the water
column TMDL endpoint. This was done using the Adjusted Total Bioaccumulation Factor (Adj-
tBAF) of 145,344 L/kg for the Baltimore Harbor embayment, the derivation of which follows the
method applied within the Potomac River PCB TMDLs (Haywood and Buchanan 2007). A total
Bioaccumulation Factor (tBAF) is calculated per fish species, and subsequently the tBAFs are
normalized by the median species lipid content and median dissolved water column tPCB
concentration in the species home range to produce the Adj-tBAF per species (see Appendix B
for further details regarding the calculation of the Adj-tBAF). The most environmentally
conservative of the Adj-tBAFs is then selected to calculate the water column TMDL endpoint
tPCB concentration. This final water column tPCB concentration was then subsequently
compared to the water column tPCB criteria concentrations, as described in Section 2.2, to
ensure that all applicable criteria within the embayment would be attained (Calculation 3.1).

tPCB Water Column Concentration = (tPCB Fish Tissue Concentration/
(Adj-tBAF x Unit Conversion)) (Equation 3.1)

Substituting 39 ng/g into the equation results in:

tPCB Water Column Concentration =

(39 ng/g + (145,344 L/kg x 1,000 g/kg)) = 0.27 ng/L,

which is < 0.64 ng/L (human health tPCB water column criterion); and

< 14 ng/L (freshwater aquatic life chronic tPCB water column criteria); and

<30 ng/L (saltwater aquatic life chronic tPCB water column criteria) (Calculation 3.1)

Based on this analysis, the water column tPCB concentration and TMDL endpoint of 0.27 ng/L
for the Baltimore Harbor embayment, derived from the tPCB fish tissue listing threshold, is less
than both the human health water column tPCB criterion of 0.64 ng/L as well as the fresh and
saltwater aquatic life chronic tPCB criteria of 14 ng/L and 30 ng/L, respectively.

Similarly, in order to establish a sediment tPCB concentration that is protective of the “fishing”
designated use within the embayment, a tPCB sediment concentration was derived from the
tPCB fish tissue listing threshold (see Equation 3.2 and Calculation 3.2) to apply within this
analysis as the sediment TMDL endpoint concentration. This was done using the Adjusted
Sediment Bioaccumulation Factor (Adj-SediBAF) of 12.4 (unitless) for the Baltimore Harbor
embayment, the derivation of which follows the method applied within Potomac River PCB
TMDLs (Haywood and Buchanan 2007). Similar to the calculation of the Adj-tBAF, a sediment
Bioaccumulation Factor (SediBAF) is calculated per fish species, and subsequently the
SediBAFs are normalized by the median species lipid content and median organic carbon tPCB
sediment concentration in their home range to produce the Adj-SediBAF per species (see
Appendix B for further details regarding the calculation of the Adj-SediBAF). The most
environmentally conservative of the Adj-SediBAFs is then selected to calculate the sediment
TMDL endpoint tPCB concentration.
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Though the ERM is sufficient for providing an official assessment (i.e., Integrated Report listing
purposes) of PCB sediment impairments, since it provides reasonable certainty that
concentrations above this threshold do in fact result in toxicity, concentrations below this
threshold may still be representative of conditions that adversely impact benthic life, in some
instances. Conversely, the SQG Threshold Effects Level (TEL) of 21.6 ng/g, or ppb, for PCBs in
estuarine sediments indicates that concentrations below this threshold are highly unlikely to
result in toxicity and will therefore be protective of benthic life. Thus, the final target sediment
tPCB concentration was compared to the tPCB TEL of 21.6 ng/g, since the endpoint
concentration must be protective of benthic life within Curtis Creek/Bay and Bear Creek, in
order to address the specific sediment PCB impairment listings for these two segments
(Calculation 3.2).

tPCB Sediment Concentration = (tPCB Fish Tissue Threshold/
Adj-SediBAF) (Equation 3.2)

Substituting 39 ng/g into the equation results in:

tPCB Sediment Concentration = (39 ng/g + 12.4) = 3.1 ng/g,
Which is <21.6 ng/g (tPCB sediment TEL) (Calculation 3.2)

Based on this analysis, the sediment tPCB concentration and TMDL endpoint of 3.1 ng/g for the
Baltimore Harbor embayment, derived from the tPCB fish tissue listing threshold, is less than the
TEL of 21.6 ng/g. By establishing a tPCB TMDL endpoint for sediments protective of the
“fishing” designated use in the embayment, the benthic life in Curtis Creek/Bay and Bear Creek
will also be protected when this endpoint is achieved (i.e., the impairment listings for PCBs in
sediment for the Curtis Creek/Bay and Bear Creek portions of the embayment will be addressed).

The CWA, as recently interpreted by the United States District Court, requires TMDLs to be
protective of all the designated uses applicable to a particular waterbody (US District Court for
the District of Columbia 2011). In addition to the “fishing” designated use, the TMDLs presented
herein are also supportive of the other applicable designated uses within the embayment, as
described in the Introduction to this report and Section 2.2. These include “water contact
recreation”, “the protection of aquatic life”, and “marine and estuarine aquatic life and shellfish
harvesting”. Specifically, the TMDLs are protective of the “aquatic life” designated use, in
particular the protection of “marine and estuarine aquatic life and shellfish harvesting” and
benthic aquatic life, since 1) the water column TMDL endpoint tPCB concentration is less than
the saltwater aquatic life chronic criterion, and 2) the sediment TMDL endpoint tPCB
concentration is less than the SQG TEL. Lastly, the designated use for "water contact recreation”
is not associated with any potential human health risks due to PCB exposure. Dermal contact and
consumption of water from activities associated with "water contact recreation" are not a
significant pathway for the uptake of PCBs. The EPA human health criterion was developed
solely based on organism consumption, as drinking water consumption does not pose any risk for
cancer development at environmentally relevant levels. The only human health risk associated
with PCB exposure is through the consumption of aquatic organisms, which is addressed by the
water column and sediment endpoints applied within this TMDL developed to be supportive of
the "fishing" designated use for the embayment.
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4. SOURCE ASSESSMENT

PCBs do not occur naturally in the environment. Therefore, unless existing or historical
anthropogenic sources are present, their natural background levels are expected to be zero.
Although PCBs are no longer manufactured in the United States, they are still being released to
the environment via accidental fires, leaks, or spills from PCB-containing equipment; potential
leaks from hazardous waste sites that contain PCBs; illegal or improper dumping; and disposal of
PCB-containing products (e.g., transformers, old fluorescent lighting fixtures, electrical devices
or appliances containing PCB capacitors, old microscope oil, and old hydraulic oil) into landfills
not designed to handle hazardous waste. Once in the environment, PCBs do not readily break
down and tend to cycle between various environmental media such as air, water, and soil.

PCBs exhibit low water solubility, are moderately volatile, strongly adsorb to organics, and
preferentially partition to upland and bottom sediments. The major fate process for PCBs in
water is adsorption to sediment or other organic matter. Adsorption and subsequent
sedimentation may immobilize PCBs for r