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EXECUTIVE SUMMARY

This study represents a “ rst-order’, thought experiment with the goal of estimating the poten-
tial incremental impact of maintenance dredging activities on contaminant levels in resident biota.
Existing eld data on contaminant levels in Bay water and sediment were combined with infor-
mation regarding routine maintenance dredging operations to estimate the incremental change in
sediment and water contaminant concentrations as a function of distance from the dredge site.

Existing eld data from a number of studies that have measured trace organic contaminant
concentrations in Bay sediment and water (e.g., RMP, 2006; U.S. EPA, 2004; CalTrans, 2000;
Battelle, 1992a,b,c; EVS, 1998; Battelle, 1994) were combined with eld observations of dredging
plume characteristics (e.g., MEC, Inc., 2004) to estimate the potential impact of dredging on food
web bioaccumulation. Data were compiled into four different spatial regions (Figure [1/A; dredge
site, near- eld, mid- eld, and far- eld) to address the question of ‘incremental” impacts (i.e, How
do the potential impacts change as a function of distance from the dredge site?).

A steady-state non-equilibrium food web model originally developed to assess uptake of non-
polar organic contaminants in food webs (Gobas, 1993) was used to evaluate potential impacts on
biaccumulation in resident biota. The model simulates organic contaminant transfer from sediment
and water through a multi-species food web by combining contaminant kinematics in biota and
food web dynamics (Gobas, 1993).

Six DDT compounds were modeled as part of this study (o,p-DDD, o,p-DDE, 0,p-DDT, p,p-
DDD, p,p-DDE, p,p-DDT). Eight different scenarios were modeled, representing the dredge site,
near-, mid-, and far- elds both before and during dredging activities. The impacts of maintenance
dredging on food web bioaccumulation were assumed to be driven by changes in water column
exposure to DDTs.

Results indicate that the potential impact of dredging on contaminant levels in resident biota is
100 times greater at the dredge site than in the near- eld. Impacts in the mid- and far- elds were
negligable, with predicted percent increases in biota contaminant levels less than 1%.
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. INTRODUCTION

There is concern that incremental pollutant loads to the San Francisco Bay ecosystem from
dredging and in-Bay disposal of dredged sediment could potentially impact aquatic biota. How-
ever, to date limited work has been conducted to put numeric bounds on just how much mass of a
given pollutant could be potentially incorporated into the food web as a result of dredged sediment
exposure. The few impairment assessments conducted for the San Francisco Bay (e.g., Hg, PCBs,
and dioxins) have primarily focused on accumulation of pollutants in sport sh tissues, and several
of the most impacted sh were identi ed as benthic foragers that are known to frequent harbor
and marina environments. Thus, there remains a need to develop a method for measuring potential
pollutant transfer to benthic-foraging sh species from dredging activities.

Dredgers move sediment around the Bay, from places where it obstructs business to places
where it does not. Many of the priority contaminants in the Bay do not readily dissolve in water
and tend to become associated with sediments. So for two reasons - navigation and pollution
control - dredging and dredged material disposal are regulated by virtually every agency that has
any connection with water and waterways. Sediments are regularly tested for contaminant levels,
results of which govern when and how the material is dredged and where it is disposed. Often,
federal permits require formal consultation under the Endangered Species Act, prompting dredgers
to adjust their activities to allay fears that dredging will cause toxicity in endangered species or
injure them through exacerbated bioaccumulation of contaminants in the Bay’s food web. Still,
no independent estimates exist on the potential for increased contaminant bioaccumulation in the
Bay’s food web resulting from dredging operations.

This study represents a * rst-order’, thought experiment with the goal of estimating the poten-
tial incremental impact of maintenance dredging activities on contaminant levels in resident biota.
Existing eld data on contaminant levels in Bay water and sediment were combined with infor-
mation regarding routine maintenance dredging operations to estimate the incremental change in
sediment and water contaminant concentrations as a function of distance from the dredge site. The
resulting estimates subsequently served as inputs to a sophisticated food web model to estimate
the potential for increased contaminant bioaccumulation in resident biota resulting from dredging
operations.

Il. METHODS

A. COMPILATION OF EXISTING FIELD DATA

This study combined existing eld data from a number of studies that have measured trace
organic contaminant concentrations in Bay sediment and water (e.g., RMP, 2006; U.S. EPA, 2004;
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CalTrans, 2000; Battelle, 1992a,b,c; EVS, 1998; Battelle, 1994) with eld observations of dredging
plume characteristics (e.g., MEC, Inc., 2004) to estimate the potential impact of dredging on food
web bioaccumulation. Data were compiled into four different spatial regions (Figure [1A; dredge
site, near- eld, mid- eld, and far- eld) to address the question of ‘incremental” impacts (i.e, How
do the potential impacts change as a function of distance from the dredge site?). The methods of
compositing/averaging the various data sources into the four elds are described in the following
sections. After review of available data, DDTs were found to have the best overlap in all data
sources. DDTs (including o,p-DDD, 0,p-DDE, o,p-DDT, p,p-DDD, p,p-DDE, and p,p-DDT) were
therefore selected as the contaminant evaluated in this case study. Additional contaminants can be
evaluated in future studies.
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Figure 1: A) Map of San Francisco Bay indicating elds used in this study (Areas: dredge site
0:02km?, near- eld  203km?, mid- eld  1200km?, far- eld  3200km?. B)

Zoomed-in map of the Port of Oakland with locations of sediment cores sampled by

various studies. Colors indicate the composite sediment DDT concentrations at each

location.
1. Sediment
Port of Oakland

A number of studies have measured contaminant levels in sediments at the Port of Oakland (e.g.,
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CalTrans, 2000; Battelle, 1992a,b,c; EVS, 1998; Battelle, 1994). These studies range from evalu-
ation of maintenance dredging material to assessments of Port widening and deepening projects.
Figure 1B indicates the locations of the sediment cores sampled by these studies. The concentra-
tions reported in these studies represent the composite (average) contaminant concentration over
the entire depth of the sediment core. The vertical distribution of DDT concentrations in sediment
cores is illustrated in Figure|2. The data suggest that there is no signi cant trend of DDT concentra-
tion with depth. Thus, for the purpose of this study, the geometric mean DDT concentration (8.603
ng/g dry wt) is used to represent the concentration of DDTs in sediment at the Port of Oakland.
This approach is reasonable as a rst approximation, and ts well with sediment concentrations
observed in Figure 3,
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Figure 2: Vertical pro le of DDTs in sediment cores from the Port of Oakland. The dashed line
indicates the geometric mean of all samples (8.603 ng/g dry wt).

A number of assumptions were made when determining concentrations of DDTSs to use at the
Port of Oakland (also referred to as the dredge site). The rst of which was mentioned above
(i.e., using the geometric mean of all samples). The second assumption deals with sediment con-
centrations before and during dredging activities. This study is meant to evaluate the effects of
maintenance dredging. Maintenance material is characterized by unconsolidated ne-grained sed-
iments - typically young Bay muds - that are transported into the Port between routine dredging
episodes (Port of Oakland, 2005). It is expected that maintenance material therefore has contam-
inant concentrations that are very similar to those found in nearby Central Bay. Thus, for the
purpose of this study, it is assumed that there is no net change in sediment concentrations of DDTs

3



© O ~NOO O W NP

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30

31

32
33
34

DRAFT REPORT Dredge Impacts

during dredging operations. The incremental effect of dredging is therefore driven by changes in
water column contaminant levels at the dredge site (see Section 3.).

The nal assumption surrounding data at the Port addresses the fact that data for individual
DDT compounds were not available, only data for the sum of DDTs. Since the food web model
described in SectionB. models individual DDT compounds, it was necessary to estimate the levels
of these individual compounds at the Port. To Il this data gap, the ratios of individual DDT com-
pounds to the sum of DDTSs observed in EMAP data were used to estimate the levels of individual
DDT compounds in maintenance material. The concentration of individual DDT compounds in
sediment at the dredge site are shown in Figure 4.

The Bay

The two largest programs that monitor Bay surface sediments are the Regional Monitoring
Program (RMP) and the Environmental Monitoring and Assessment Program (EMAP; U.S. EPA
(2004)). The RMP monitors annually for trace contaminants with results reported in the Annual
Monitoring Results publication. EMAP monitors the Bay intermittently, with the most recent large
scale sampling in 2000 and 2001. This study used surface sediment DDT concentrations reported
by EMAP as ambient levels for all elds. The choice to use EMAP data in this study was based on
the high spatial coverage of the sampling protocol and the fact that the data were already processed
and investigated as part of the San Francisco Bay synthesis paper of legacy pesticides submitted to
Environmental Research in Connor et al. (2005).

The distribution of DDTs in Bay surface sediments from EMAP is illustrated in Figure 3. The
contours seen in Figure|3/were generated by interpolating the eld observations onto a regular grid
by the method of krigging - a method of geospatial interpolation that relies on the spatial correlation
structure of known data when estimating the value at unsampled locations (Journel and Huijbregts,
1981). The concentration of each individual DDT compound in each eld was estimated by taking
the geometric mean of all samples within the given eld (Figure(4). It was assumed that dredging
of maintenance material and the subsequent disposal at in-Bay disposal sites causes a zero net
change ona eld basis. That is, dredging simply moves material from one location withina eld
(near-, mid-, or far- eld) to another location within the eld. The geometric mean of all samples
within that eld is therefore unchanged. The resulting geometric mean concentrations then served
as input to the food web model (SectionB.).

2. Water

The distribution of total DDTSs in the water column from RMP eld observations is shown in
Figure 5. The contours in Figure [5/were generated by interpolating the eld observations onto a
regular grid by the method of kriging. The concentration of each individual DDT compound at
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NOAA- EMAP (2000- 2001)
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Figure 3: Distribution of DDTs in Bay surface sediments from NOAA-EMAP (U.S. EPA, 2004).
Contours were generated by geospatial interpolation. Original sampling locations are
included as scatter points.

each eld, Ci, was estimated by taking the geometric mean of all points within the given eld as
follows
1

X IOg(Cti) + IOg(cplume)Aplume ) Af
N At N1+ Aplume:Af)

log(Cy,) = )

i=1

where N is the number of points (i.e., interpolated grid cells) within the given eld, Cy is the
contaminant concentration at the i*" point within the  eld, Cpjume is the contaminant concentration
in the dredge plume, Apume is the area of the plume, and Ag¢ is the surface area of water in the
given eld. Apjume and Cpiume are equal to zero for the before dredging scenarios. Estimation of
Aplume and Cpume for the during dredging scenarios is described in Section /3. Water column con-
centrations of DDTs in the various elds before dredging are presented in Figure 6. The resulting
concentration of individual DDT compounds in water for the various elds before dredging is
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Figure 4: Geometric mean concentration of DDTs in surface sediment in the various elds used in
this study. These concentrations served as input used as input to the food web model for
scenarios with and without dredging activities.

indicated in Figure 6. Water concentrations of DDTs at the dredge site were not available, so the
near- eld concentrations were used to represent the ambient concentration of DDTs in water at the
dredge site (Campient in Equation|5).

3. Dredge Plume Characteristics

In order to estimate the incremental effect of dredging on contaminant levels in biota, it is
necessary to know how much contaminant mass becomes suspended in the water column during
dredging activities. Field data regarding contaminant concentrations in dredging plumes were not
available at the time of writing. It was therefore necessary to estimate the concentration of contam-
inants in a dredging plume by combining eld studies of the physical characteristics of a dredging
plume with eld data on the chemical characteristics of dredged material. MEC, Inc. (2004) con-
ducted a detailed eld study of a dredging plume in Oakland Harbor. Results showed a measurable
plume area, Apiume, Of approximately 5 acres (0.02 km?) at the surface during dredging, with a
somewhat wider plume at depth. Total suspended solids concentrations in the plume generally
ranged from 75 to 100 mg/L, with occasional concentrations as high as 150 mg/L. Ambient sus-
pended sediment concentrations were approximately 25 mg/L. Observations of plume duration
(i.e., how long does the plume last?) were less successful, largely because the plume becomes in-
distinguishable from background within a tidal cycle (approx. 13 hours; (Port of Oakland, 2005)).

6
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