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Project Summary

Applied Marine Sciences, Inc. (AMS) submits this report to the Monterey Bay National Marine
Sanctuary (MBNMS), with investigators from the Central Coast Long-term Environmental
Assessment Network (CCLEAN), and the Central Coast Regional Water Quality Control Board
(Regional Board). The objectives of this study were to

* characterize environmental contaminants present in sea otter habitats that may affect

population recovery,
* synthesize existing data on contaminant concentrations and
* map their distribution.

The literature search was focused on sources of anthropogenic contaminants. Several classes of
chemical contaminants may affect otters. These include trace metals and organic compounds,
such as polynuclear aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
chlorinated pesticides (e.g., chlordane and DDT), butyl tins (BTs), and organophosphorous
pesticides (e.g., diazinon). The search was concentrated on organic compounds and those metals
with the greatest potential for toxicity (e.g., lead and mercury).

Numerous sources of relevant data were searched, as follows:

* Data from peer-reviewed publications

* Bay Protection and Toxic Cleanup Program of the California State Water Resources Control
Board sediment chemistry data for 1992—-1997

e Central Coast Long-term Environmental Assessment Network sediment and bivalve
chemistry data from 2002-2004

¢ Coastal Fish Contamination Program of the California State Water Resources Control Board
bivalve and fish tissue chemistry data for 1999-2000

* Moss Landing Harbor District sediment chemistry data related to dredging activities from
1993-2002

e National Status and Trends Mussel Watch Program (NS&T) of the National Oceanic and
Atmospheric Administration sediment chemistry data from 19861997 and bivalve chemistry
data from 1986-2003

* Santa Cruz Harbor District sediment chemistry data related to dredging activities from
1995-2003

e State Mussel Watch Program of the California State Water Resources Control Board bivalve
tissue chemistry data for 1977-2000

* Toxic Substances Monitoring Program of the California State Water Resources Control
Board sediment and fish tissue chemistry data for 1978-2000

Several other state, municipal, or industrial sources of data were identified as follows:

* California Coastal Commission 1997 compilation of monitoring data for the Elkhorn Slough
Watershed and the lower Salinas River drainage area

* (California Department of Fish and Game sea otter prey contamination chemistry data for
bivalves and other invertebrates from 1999 in Elkhorn Slough

e Central Coast Regional Water Quality Control Board special investigative report on the lead
slagpile near Monterey from 2003
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* City and County of San Francisco Southwest Ocean Outfall monitoring program sediment
and fish chemistry data from 1997-2002

* City of Santa Cruz sediment and fish chemistry data from 1988-1997

* City of Watsonville sediment, fish and shrimp chemistry data from 1988-1996

* Monterey Regional Water Pollution Control Agency sediment chemistry data from
1977-1994, and fish and shrimp chemistry data from 1982-1991

e Union Pacific report on the historic lead slagpile near Monterey from 2003

Data were screened for geographic relevance (i.e., between San Francisco and Point Conception)
and entered into an Excel workbook. The large number of parameters entered into separate
columns in the workbook required that the data span multiple worksheets. The database includes
3,432 rows (one row per sample) and over 900 columns (one column per analyte per
measurement basis; e.g., dry weight, lipid weight, or wet weight).

Inconsistencies among datasets in the analytes measured, matrices analyzed and measurement
bases complicated comparisons across programs to determine areas with high contaminant
concentrations. Visual determination of areas with higher contaminant concentrations was made
possible by converting contaminant concentrations into percentiles and graphing the most
common matrices for a single group of contaminants on one figure. Using this method, the
Elkhorn Slough and Salinas River areas, as well as more urbanized areas, contained samples that
often had higher percentile concentrations of contaminants. Most of the organic contaminants
evaluated in this study have been banned from use since the 1970s or 1980s. Nevertheless,
analysis of mussel data from NS&T indicated no significant (p <0.05) downward trends in
contaminant concentrations and some marginally significant (p <0.10) increases in PAHs and
PCBs and concentrations of DDT is sea otter livers have not declined significantly since 1970,
which was three years before agricultural use of this pesticide was banned. Sediment data
collected by CCLEAN also indicate that concentrations of DDT from several locations in
Monterey Bay have not significantly declined since 1970. The concentrations of dieldrin, DDT
and PCBs in mussels at some locations varied according to rainfall, suggesting storm runoff as a
pathway from the land into nearshore waters. Moreover, only for dieldrin at Lovers Point and
DDT at Point Santa Cruz have there been significant or marginally significant declines in the
amount of contaminant relative to rainfall, suggesting no discernable decline in contaminant
concentrations from most legacy terrestrial sources.

Final Report to Monterey Bay National Marine Sanctuary, May 1, 2007 i1



Contaminants That May Affect The Southern Sea Otter APPLIED tharvie SCIENCES

TABLE OF CONTENTS
1.0 INTRODUCTION 1
2.0 APPROACH AND METHODS 1
2.1 LITERATURE SEARCH.......cociiiiiitiiiiiititiiiiice ittt 2
2.2 DATA SCREENING AND FORMATTING........ccuiuiiiiimiiiiitiiiiieneietse sttt 3
3.0 RESULTS 4
3.1 CONSTRUCTING THE DATABASE .......cocuiiiiiiiiiiiiiiciiitcci st 4
32 CONTAMINANT RESULTS ..ottt 6
3201 BUIPITIRS .ottt sttt a et a ettt n et n et nene e 7
3.2.1.1 Background 7
3.2.1.2 Spatial Patterns 7
3.2.1.3 Temporal Trends 7
3.2.2 CRIOTAGNES ...ttt bbbt s bbb b bbb et e b et e st et et e be b e benbebenbenbensen 10
3.2.2.1 Background 10
3.2.2.2 Spatial Patterns 11
3.2.2.3 Temporal Trends 13
3.2.3 DichlorodiphenyltrichlOTOEIRANE ................cc.ccoueceriieirinieinieiiiecinteteeeee ettt ettt 14
3.2.3.1 Background 14
3.2.3.2 Spatial Patterns 16
3.2.3.3 Temporal Trends 16
3.204 DEELATTI .ttt sttt b bbb bbb b bbb bbbt e b et e b e be st e be b e benbebebenbentes 16
3.2.4.1 Background 16
3.2.4.2 Spatial Patterns 19
3.2.4.3 Temporal Trends 19
3.2.5 Polynuclear Aromatic HYdroCarBbOms ..................cccoceuvivuecinieciiieciniiieiieieisetsteeeeeeiee ettt 23
3.2.5.1 Background 23
3.2.5.2 Spatial Patterns 23
3.2.5.3 Temporal Trends 23
3.2.6 Polychlorinated BIPRERYLS ..............co.ccoivuiinieciniiciiieieiieeeteeetseetsteteie ettt ettt st 26
3.2.6.1 Background 26
3.2.6.2 Spatial Patterns 27
3.2.6.3 Temporal Trends 29
4.0 DISCUSSION 30
5.0 ACKNOWLEDGEMENTS 37
6.0 LITERATURE CITED 37
7.0 APPENDIX 1: RELEVANT CITATIONS 41

Final Report to Monterey Bay National Marine Sanctuary, May 1, 2007 iii



Contaminants That May Affect The Southern Sea Otter APPLIED arvie SCIENCES

LIST OF TABLES
Table 1. Concentrations of chlorinated organic contaminants in sea otter liver tissues reported by
Bacomn €1 Al (1999). .....ooviiieieeeeeeeeeee ettt e e e e e e e e eaaaaaaaas 1
Table 2. Databases and search words used to find published literature related to chemical
contaminants that could affect S€a OtLETS. .......cccovuiiiiiiiiiiiiiiiec e 5

Table 3. Results of linear regressions of lipid-normalized butyltin concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.. 10
Table 4. Results of linear regressions of lipid-normalized chlordane concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch Program. 13
Table 5. Results of linear regressions of lipid-normalized DDT concentration in mussels versus
time at six sites monitored by National Status and Trends Mussel Watch program. ........... 18
Table 6. Results of linear regressions of lipid-normalized dieldrin concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program..22
Table 7. Results of linear regressions of lipid-normalized PAH concentration in mussels versus

time at six sites monitored by National Status and Trends Mussel Watch program. ........... 25
Table 8. Uses 0f various ATOCIOTS. ........ccccuiiiiiiiiiiiiiiiiiiiiiciicccccee e 27
Table 9. Results of linear regressions of lipid-normalized PCB concentration in mussels versus

time at six sites monitored by National Status and Trends Mussel Watch program. ........... 29

LIST OF FIGURES
Figure 1. Spatial distribution and percentile of concentrations for samples in which MBTs were

ANALYZEA. ...t e e e e e ettt e e e e e e et ta et e e e e e e e aabraaes 8
Figure 2. Spatial distribution and percentile of concentrations for samples in which DBTs were

ANALYZEA. . e e e ettt e e e e e e ettt e e e e e e e e e e aaataaes 9
Figure 3. Concentrations of butyltins in mussels analyzed by the National Status and Trends

Mussel Watch program from six sites between 1989 and 2004. ..........cccoooviviiniiieeinnnneeen. 10
Figure 4. Relationship between lipid-normalized butyltin concentrations in mussels and rainfall

at six National Status and Trends Mussel Watch program Sites............ccccuvveeeeeereernnninennnen. 11
Figure 5. Spatial distribution and percentile of concentrations for samples in which chlordanes

WETE ANALYZEA. ....eeiiiiiiiiiiei et e e e e e ettt e e e e e e ettt e e e e e e e e e e 12
Figure 6. Concentrations of chlordanes in mussels analyzed by the National Status and Trends

Mussel Watch program from six sites between 1986 and 2004. ..........cccoccveveiniiieeennnneeen. 13
Figure 7. Relationships between lipid-normalized chlordane concentrations in mussels and

rainfall at S1IX NS&T SILES. ...cccuiiiiiiiiiiiiiiiiiii e 14
Figure 8. Temporal variation in DDT concentrations near four CCLEAN sites...........cccceeeennnee. 15
Figure 9. Spatial distribution and percentile of concentrations for samples in which DDT was

ANALYZEA. .ot e et e e s aneee e e 17
Figure 10. Concentrations of DDTs in mussels analyzed by the National Status and Trends

Mussel Watch program from six sites between 1986 and 2004. ..........cccoccveveeniiieeennnneeen. 18
Figure 11. Relationships between lipid-normalized DDT concentrations in mussels and rainfall at

six National Status and Trends Mussel Watch program Sites..........ccccuvveveeeeeeeerniiiiineeeeeennn. 19
Figure 12. Spatial distribution and percentile of concentrations for samples in which dieldrin was

ANALYZEA. et e e et e et e e s anaeeeeeaas 20

Final Report to Monterey Bay National Marine Sanctuary, May 1, 2007 iv



Contaminants That May Affect The Southern Sea Otter APPLIED tharvie SCIENCES

Figure 13. Comparison of dieldrin concentrations in mussels at Scott Creek, Laguna Creek, Point
Santa Cruz, The Hook, Moss Landing Beach, Lovers Point, Pacific Grove, Fanshell

Overlook and Carmel River Beach with the OEHHA human health screening value.......... 21
Figure 14. Concentrations of dieldrin in mussels analyzed by the National Status and Trends
Mussel Watch program from six sites between 1986 and 2004. ..........cccoccvveeiniiieeennnneeen. 21
Figure 15. Relationship between lipid-normalized dieldrin concentrations in mussels and rainfall
at six National Status and Trends Mussel Watch program Sites............ccccuveeeeeeeeeernnninennnen. 22
Figure 16. Spatial distribution and percentile of concentrations for samples in which PAHs were
ANALYZEA. .. e e e ettt e e e e e st e et e e e e e s e e anbeaaes 24
Figure 17. Concentrations of PAHs in mussels analyzed by the National Status and Trends
Mussel Watch program from six sites between 1989 and 2004. ..........cccocoiveeiniieeeennnneeen. 25
Figure 18. Relationship between lipid-normalized PAH concentrations in mussels and rainfall at
six National Status and Trends Mussel Watch program Sites..........ccccuvvvveeeeeeeirniiiiiieeeeeennn. 26
Figure 19. Spatial distribution and percentile of concentrations for samples in which PCBs were
ANALYZEA. ..t e e e ettt et e e e ettt et e e e e e e e aabeeaes 28
Figure 20. Concentrations of PCBs in mussels analyzed by the National Status and Trends
Mussel Watch program from six sites between 1988 and 2004. ..........cccocovieeiniiiieeinnnneeen. 29
Figure 21. Relationships between lipid-normalized PCB concentrations in mussels and rainfall at
six National Status and Trends Mussel Watch program Sites..........ccccuvveveeeeeeerrniiiiiieeeeeennn. 30

Figure 22. Temporal trends in concentrations of DDTs in sea otter livers in central California. .33
Figure 23. Comparison of replicate values for two studies of DDTs in the livers of sea otters

from central California. ...........ccocciiiiiiiiiiiiiiii 33
Figure 24. Concentrations of the DDD, DDE and DDT isomers in water samples analyzed by
CCLEAN from the Pajaro and Salinas TVETS. .........cceoviiiiiiiriiieeeeniieeeenieeee e 35
Figure 25. Concentrations of DDTs in sediments at eight CCLEAN sites measured over a five-
D221l 013 (01 PP UUPPPTPPPPPPRN 36
Figure 26. Concentrations of DDTs measured in mussels at five CCLEAN sites over a four-year
period compared to a coastal background site and a contaminated estuarine site................. 36

Final Report to Monterey Bay National Marine Sanctuary, May 1, 2007 \Y4



Contaminants That May Affect The Southern Sea Otter APPLIED arvie SCIENCES

1.0 INTRODUCTION

The southern sea otter, Enhydra lutris nereis, was thought to be extinct after it was heavily
hunted for its pelts in the 18" and 19" centuries. A small remnant population was rediscovered
near Big Sur in the 1930s, and the species was designated as threatened by the United Stated Fish
and Wildlife Service in 1977. Recovery of the southern sea otter has been slow, with the
California population growing at a rate that is only 25-30% of the growth rate for populations in
Alaska (Estes, 1990). Moreover, in the late 1990s, counts of southern sea otters indicated that the
population was either stable or declining. The population currently is approximately 2,200
animals. Causes of this lack of population growth are uncertain, but concerns exist for fishery
operations, malnutrition, disease, and chemical contaminants.

Concerns for the effects of chemical contaminants on the southern sea otter are based on the
results of several articles in the scientific literature. High concentrations of chlorinated organic
contaminants have been reported in sea otters from the Monterey Bay area, relative to otters from
Alaska (Bacon et al., 1999) (Table 1). It also has been reported that sea otters in the Central
California area that die from disease have higher concentrations of some organic contaminants
than sea otters that die from other causes (Kannan et al., 1998; Nakata et al., 1998).

Table 1. Concentrations of chlorinated organic contaminants in sea otter liver tissues
reported by Bacon ef al (1999).

Location Pollutant Concentration
Aleutian Islands Total PCB 310 pug/kg
Total DDT 40 ug/kg

Southeast Alaska Total PCB 8 ug/kg
Total DDT 1 ug/kg"

Monterey Bay Total PCB 190 pg/kg
Total DDT 850 ug/kg’

® = Concentrations given for wet weight.

This project provides valuable information to help determine the effects of chemical
contaminants on sea otters and will contribute to the fulfillment of several research and
monitoring efforts in the Monterey Bay National Marine Sanctuary (MBNMS).

2.0 APPROACH AND METHODS

The objectives of this study are to characterize environmental contaminants present in sea otter
habitats that may affect population recovery, synthesize existing data on contaminant
concentrations, and map their distributions. To achieve these objectives, the literature search was
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focused on sources of anthropogenic contaminants. Several classes of anthropogenic chemical
contaminants could affect otters. These include trace metals and organic compounds, such as
polynuclear aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), chlorinated
pesticides (e.g., chlordane and DDT), tributyl tins (TBTs), and organophosphorous pesticides
(e.g., diazinon). The search was concentrated on organic compounds and those metals with the
greatest potential for toxicity (e.g., lead and mercury).

2.1 Literature Search

Two methods of literature search were used to obtain both published and unpublished (“grey
literature™) data. First, the project team compiled a list of sampling programs and principal
investigators in the region. Internet searches were performed for data available from major
monitoring programs in the region and personal contacts were made with principal investigators
to obtain data that were not available via the internet. When investigators were contacted and the
literature search was described, they often provided information regarding other monitoring
programs or sources of data. The second method of searching for literature and data involved
general and specific electronic searches for pertinent published literature. In many cases,
references taken from initial literature findings suggested other sources of material, which were
then pursued.

Through the first method of searching for literature and data, several institutional monitoring
programs were identified and the data were obtained, as follows:

* Bay Protection and Toxic Cleanup Program of the California State Water Resources Control
Board sediment chemistry data for 1992-1997

e Central Coast Long-term Environmental Assessment Network (CCLEAN) sediment and
bivalve chemistry data from 2002-2004

* Coastal Fish Contamination Program of the California State Water Resources Control Board
bivalve and fish tissue chemistry data for 1999-2000

* Moss Landing Harbor District sediment chemistry data related to dredging activities from
1993-2002

e National Status and Trends Mussel Watch Program (NS&T) of the National Oceanic and
Atmospheric Administration sediment chemistry data from 19861997 and bivalve chemistry
data from 1986-2003

* Santa Cruz Harbor District sediment chemistry data related to dredging activities from
1995-2003

e State Mussel Watch Program of the California State Water Resources Control Board bivalve
tissue chemistry data for 1977-2000

* Toxic Substances Monitoring Program of the California State Water Resources Control
Board sediment and fish tissue chemistry data for 1978-2000

Several other state, municipal, or industrial sources of data were identified as follows:

* California Coastal Commission 1997 compilation of monitoring data for the Elkhorn Slough
Watershed and the lower Salinas River drainage area

Final Report to Monterey Bay National Marine Sanctuary, May 1, 2007 2
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* (California Department of Fish and Game sea otter prey contamination chemistry data for
bivalves and other invertebrates from 1999 in Elkhorn Slough

e Central Coast Regional Water Quality Control Board special investigative report on the lead
slagpile near Monterey from 2003

* City and County of San Francisco Southwest Ocean Outfall monitoring program sediment
and fish chemistry data from 1997-2002

* City of Santa Cruz sediment and fish chemistry data from 1988-1997

* City of Watsonville sediment, fish and shrimp chemistry data from 1988-1996

* Monterey Regional Water Pollution Control Agency sediment chemistry data from
1977-1994, and fish and shrimp chemistry data from 1982-1991

e Union Pacific report on the historic lead slagpile near Monterey from 2003

The second method of searching for literature and data used broad search strategies to explore
Cambridge Scientific Abstracts for pertinent literature. The Aquatic Science and Fisheries
Abstracts database was searched from 1977 to 2004 and Environmental Sciences and Pollution
Management database was searched from 1968 to 2004 with 20 combinations of words that were
allowed to appear anywhere in the citation records (Table 2). These searches resulted in 2,217
records, which were all imported into an EndNote (version 6.0.2, ISI ResearchSoft)
bibliography. Duplicates were eliminated and the resulting bibliography of 1,039 citations was
visually searched for citations that are specifically relevant to chemical contaminants in water,
sediment or animal tissues in the Monterey Bay National Marine Sanctuary. The Sanctuary-
specific bibliography includes 71 citations (Appendix 1). Every effort was made to obtain all of
these relevant citations and any data they contained were entered into the database. The GIS
coordinates for these data are imprecise because latitudes and longitudes were not included in
most of the published manuscripts. Both the entire bibliography, minus the duplicate citations,
and the Sanctuary-specific bibliography are included as appendices to this report and the original
EndNote files have been provided.

In all cases, priority was placed on populating the database with data that came from within the
Sanctuary, that came from within the known range of the southern sea otter, or that could inform
assessments about sources of contaminants coming into the Sanctuary.

2.2 Data Screening and Formatting

Data were initially screened for geographic relevance (i.e., between San Francisco and Santa
Barbara) and entered into a single database. The database fields (columns) included:

* data source (i.e., monitoring program or publication author)

* site name

* site code

e Jatitude

* longitude

* matrix (e.g., sediment, prey species)

* date

* one column for the concentration of each chemical contaminant

* data qualifiers (i.e., identification of concentrations that are below detection limits)
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The data were then screened for discrepancies in nomenclature so that all the data for one
chemical appear in a single column. According to discussions with MBNMS, the data were put
into an Excel spreadsheet for importing into the MBNMS’ GIS system to facilitate detailed
mapping. Due to the large number of fields entered in the database and Excel’s limitation of 256
columns per worksheet, the data spanned several worksheets. The sheets included one that lists
all sites (Sites), one with general information (General), one for metals and related data (Metals),
two for organic compound data (Orgl, Org2), and two for PCB data (PCB1, PCB2). Data on the
General sheet were repeated on all other data sheets to allow cross-referencing. In addition, there
were duplicate data sheets (“BDL” suffix, e.g., Metals_BDL) with concentration values replaced
by a coding variable that corresponds to data that were below detection limits.

The necessary ancillary data (i.e., percent fines, percent total organic carbon, percent lipids) were
included to allow normalization for each type of data (e.g., sediment and tissue) to adjust for
temporal trends in these parameters. Because many organic contaminants are associated with the
surfaces of sediment particles or organic material, trends could be obscured if there is high
annual variation, or high spatial variation that appears as temporal variation, in percent fines or
total organic carbon. Moreover, since many organic contaminants are lipophilic, trends in tissue
contaminants are often best detected by normalizing to percent lipid content. This normalization
effectively reduces variation in the data due to interannual variation in lipid content.

Initial database development was based upon templates used for the Central Coast Regional
Water Quality Control Board’s Central Coast Ambient Monitoring Program (CCAMP) and the
State of California Surface Water Ambient Monitoring Program (SWAMP). Both of these
databases have been configured to easily export data to the EPA STORET system. Discussions
were held with Dave Paradies (CCAMP) and Chad King (MBNMS) to ensure that the project
database would be compatible with the Sanctuary’s GIS requirements.

3.0 RESULTS
3.1 Constructing the Database

Synthesizing contaminant data from a variety of literature sources and entering them into the
database in a consistent and efficient manner proved to be more difficult than expected. Because
data were obtained from many sources, including different authors and funding agencies, the
data varied greatly in format. For example, inconsistencies in analyte name, concentration units,
matrix description (e.g., wet weight or dry weight for sediment, mussels, fish muscle, sea otter
liver), latitude and longitude notation, identification of values below detection limits, and
physical arrangement of data fields and records were common. These differences required
careful renaming, conversion, and rearrangement of data from each source before values could
be manually entered into the database. Because the number of data values entered was large, a
series of computer macros was developed to reformat the data for each source more rapidly and
accurately than could be done otherwise. Despite the speed improvements provided by these
efforts to automate data preparation, the additional formatting and calculations necessary at each
step of data entry added a significant amount of time to the original estimates for constructing
the database.
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Table 2. Databases and search words used to find published literature related to chemical
contaminants that could affect sea otters.

Database Search Words Citations Found
Aquatic Science and Fisheries Abstracts
California Contaminant Coast 12
California Contaminant Marine 110
California Hydrocarbon Coast 25
California Hydrocarbon Marine 202
California Pesticide Coast 10
California Pesticide Marine 39
California Pollutant Coast 31
California Pollutant Marine 237
California Polychlorinated Coast 32
California Polychlorinated Marine 125
Monterey Contaminant 3
Monterey Hydrocarbon 16
Monterey Pesticide 4
Monterey Pollutant 8
Monterey Polychlorinated 9
Sea Otter Contaminant 3
Sea Otter Hydrocarbon 4
Sea Otter Pesticide 4
Sea Otter Pollutant 4
Sea Otter Polychlorinated 4
Environmental Sciences and Pollution Management
California Contaminant Coast 24
California Contaminant Marine 125
California Hydrocarbon Coast 56
California Hydrocarbon Marine 219
California Pesticide Coast 20
California Pesticide Marine 80
California Pollutant Coast 123
California Pollutant Marine 388
California Polychlorinated Coast 27
California Polychlorinated Marine 143
Monterey Contaminant 9
Monterey Hydrocarbon 23
Monterey Pesticide 14
Monterey Pollutant 28
Monterey Polychlorinated 33
Sea Otter Contaminant 3
Sea Otter Hydrocarbon 6
Sea Otter Pesticide 1
Sea Otter Pollutant 5
Sea Otter Polychlorinated 8
Total 2,217
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3.2 Contaminant Results

The inconsistencies in analytes reported and matrices analyzed for the various datasets
obtained in this literature search made analysis of spatial and temporal patterns difficult.
Consequently, for purposes of this report, emphasis was placed upon showing spatial patterns
for a select set of persistent organic pollutants (POPs) that had been measured in numerous
investigations within the range of the southern sea otter. Although trace metal data are included
in the database, they are not considered in this report, as published articles have suggested that
the greatest contaminant risk to sea otters in the central California region is from POPs
(Kannan et al., 1998; Nakata et al., 1998). In an attempt to show spatial patterns across several
different matrices, data within each of several common matrices (i.e., sea otter liver, sea otter
kidney, mussels, sediments, and fish fillets/muscle/tissue) were converted to percentiles and
displayed together for each analyte group (i.e., dibutyl tins, monobutyl tins, sum of chlordanes,
dieldrin, sum of DDTs, sum of PAHs, and sum of PCBs). In this way, spatial patterns across
numerous matrices could be observed, regardless of differences in the original concentrations
or data reporting conventions for each matrix. Because many of the datasets included in this
analysis are based upon repeated sampling at fixed locations, there are many sampling points
that have numerous samples. These sampling points are displayed in the following figures as
the mean percentile for all samples in a given matrix from that location. This has had the
tendency to reduce the percentiles displayed for locations with periodic high concentrations.

Analysis of temporal trends must be based upon consistent long-term, site-specific monitoring
and account for environmental and biological variation that could affect contaminant
concentrations. Mussel data from some NS&T central California sites go back to 1986 and the
analysis of temporal trends was based on these data. Because many of the organic contaminants
in the database are lipophilic, their concentrations in samples can vary according to the lipid
content (Hebert & Keenleyside, 1995). Not all programs analyze lipid content, but fortunately
NS&T does. Consequently, variation due to lipid content of the mussels was corrected by
examining lipid-normalized data (dry-weight concentrations + percent lipid). Because an initial
screening of the mussel data suggested some interannual variation might be related to differences
among years in rainfall, the significance of this relationship was examined by performing linear
regressions of mussel pollutant concentrations against the cumulative rainfall in the three months
prior to each mussel sampling date. It has previously been shown that mussels require 90-100
days to come to equilibrium for most contaminants (Stephenson, 1992). For Monterey Bay sites,
rainfall at Salinas was used for this analysis, and for San Simeon and Point San Luis, rainfall at
San Luis Obispo was used. For sites where significant relationships were observed between
rainfall and contaminant concentrations, a linear regression was performed between
contaminant/rainfall and time to see whether there have been trends in this relationship (i.e.,
increase or attenuation in contaminant concentration relative to rainfall). Results of statistical
tests with probabilities <0.05 are termed significant and those with probabilities from 0.05-0.10
have been termed marginally significant. Sediment data from several investigations that sampled
similar locations also were analyzed for temporal variation in DDT.
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3.2.1 Butyltins

3.2.1.1 Background

Butyltins are used in antifouling bottom paints on boat hulls, as well as stabilizers in PVC pipe
and catalysts in the production of electrodeposited coatings. The primary compound in
antifouling paints is tributyltin oxide, whereas mono- and dibutyltins are used in PVC pipe and
electrodeposited coatings (World Health Organization, 2006). Tributyltin degrades in the
environment and can be metabolized to dibutyltin and monobutyltin by mammals. Regulation of
butyltins began after the collapse of oyster growing in Arcachon Bay, France in the late 1970s
and early 1980s (Bray & Langston, 2006). This collapse was traced to high concentrations of
butyltins from antifouling paints. Subsequently, the use of butyltin paints on boat hulls became
regulated in most industrial countries. In the United States, several states enacted laws limiting
the use and allowable concentrations of butyltins in water. As a result of inconsistent regulations
among states, the federal government enacted the Organotin Antifouling Paint Control Act of
1988. This act prohibited the use of butyltin paints on boats shorter than 25 feet long, except for
aluminum boats. In 1990, regulations were enacted that limited the leaching of butyltins from
bottom paint on larger vessels to no more than 4 mg/cm®/day for boats longer than 25 feet and
required that butyltin paints be applied only by certified applicators.

Butyltins are fairly persistent in the environment. They exhibit low solubility in water and
readily adhere to sediment particles (Extension Toxicology Network Pesticide Information
Profiles, 1996). In sediments, butyltins have a half-life of 122 days (World Health Organization,
2006) and breakdown takes longer in anaerobic conditions (Extension Toxicology Network
Pesticide Information Profiles, 1996).

Butyltins have exhibited low acute toxicities to laboratory animals. Laboratory toxicity tests have
reported LDy, concentrations from oral exposure in rats ranging from 58 mg/kg body weight for
dibutyltin to 2,300 mg/kg body weight for monobutyltin. The lowest observable adverse effect
level (LOAEL) reported for immunological effects in rats was 2.5 mg/kg body weight (World
Health Organization, 2006).

3.2.1.2 Spatial Patterns

Butyltins were analyzed in relatively fewer samples than many of the other contaminants
discussed in this report and were generally reported separately for monobutyltin (MBT) and
dibutyltin (DBT). Figures showing the spatial patterns of butyltin percentiles are presented here
separately for these two compounds (Figure 1 and Figure 2). In both cases, the highest
percentiles occurred in Elkhorn Slough and at the mouth of the Salinas River (sediments) and in
Monterey Harbor (sea otters).

3.2.1.3 Temporal Trends

Concentrations of monobutyltin and dibutyltin were added together to show temporal trends in
the NS&T mussel data (Figure 3). There was substantial variation among years, with generally
lower concentrations since 2000. Trends in lipid-normalized concentrations were downward at
all sites except Lovers Point and San Simeon, although none was significant (Table3). Temporal
variation in butyltins was not related to rainfall (Figure 4).
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Figure 1. Spatial distribution and percentile of concentrations for samples in which MBTs
were analyzed.
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Figure 2. Spatial distribution and percentile of concentrations for samples in which DBTs
were analyzed.
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Figure 3. Concentrations of butyltins in mussels analyzed by the National Status and
Trends Mussel Watch program from six sites between 1989 and 2004.

Table 3. Results of linear regressions of lipid-normalized butyltin concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.

Regression Results

Site R’ Slope p

Point Santa Cruz 0.0925 down 0.3928
Elkhorn Slough 0.3756 down 0.1062
Moss Landing 0.0312 down 0.5829
Lovers Point 0.0077 up 0.8097
San Simeon 0.0001 up 0.9820
Point San Luis 0.0870 down 0.4410
3.2.2 Chlordanes

3.2.2.1 Background

Chlordane was an insecticide first registered in the U.S. in 1948. Before 1978, chlordane was
applied to a wide variety of uses, including agricultural crops, lawns and gardens. It was
regularly used to control turf insects on golf courses (Baskin C.G., 1975; Miami-Dade County
Department of Environmental Resource Management, 2002). From 1983 to 1988, chlordane’s
only approved use was for controlling termites in homes and the registration of chlordane for
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Figure 4. Relationship between lipid-normalized butyltin concentrations in mussels and
rainfall at six National Status and Trends Mussel Watch program sites. Rainfall data from
Salinas were used for Point Santa Cruz, Elkhorn Slough, Moss Landing and Lovers Point.
Rainfall data from San Luis Obispo were used for Point San Luis and San Simeon.

commercial production, delivery, sale and use in the United States was canceled in April 1988
(Agency for Toxic Substances and Disease Registry, 1994).

Chlordane is a mixture of compounds, primarily including frans-chlordane, cis-chlordane, trans-
nonachlor, cis-nonachlor, oxychlordane, heptachlor and heptachlor epoxide. It is relatively
insoluble in water and required mixing with a wetting agent or emulsifier in order to be sprayed.
The half-life of chlordane in cropped and fallow sandy loam has been measured at 93.2 and 154
days, respectively (Agency for Toxic Substances and Disease Registry, 1994). LOAEL doses in
rats have ranged from 40 mg/kg/day to 590 mg/kg/day. The oral dose below which there was no
observed adverse effect (NOAEL) for immunosuppression in mice was 8 mg/kg/day (Agency for
Toxic Substances and Disease Registry, 1994). The LDy, for acute toxicity in mink was observed
at an oral dose of 63.84 mg/kg/day (Parametrix, 2001). In humans, chlordane exposure has been
linked to breast tumors, liver damage and increased incidence of leukemia in agricultural
workers. Chlordane has been found in human fat samples at concentrations of 0.03-0.4 mg/kg
(Oregon State University, 1996a) and is also transmissible through lactation to nursing offspring.

3.2.2.2 Spatial Patterns

Most of the samples with high percentile concentrations of chlordanes came from the Elkhorn
Slough and Salinas Valley areas, although high percentile sediment and fish samples were found
in the Santa Cruz and Point San Luis areas and high percentile otter samples occurred at Half
Moon Bay (Figure 5).
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3.2.2.3 Temporal Trends
Concentrations of chlordanes in mussels from most of the central California NS&T sites varied
little among years, except for a very high concentration at Elkhorn Slough in 2000 (Figure 6). The
direction of temporal trends in lipid-normalized concentrations was inconsistent among sites and
none were significant (Table 4). Variation in chlordanes also was not related to rainfall at any of
the sites (Figure 7).
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Figure 6. Concentrations of chlordanes in mussels analyzed by the National Status and
Trends Mussel Watch program from six sites between 1986 and 2004.

Table 4. Results of linear regressions of lipid-normalized chlordane concentration in
mussels versus time at six sites monitored by National Status and Trends Mussel Watch

Program.
Regression Results
Site R’ Slope p

Point Santa Cruz 0.0014 up 0.9032
Elkhorn Slough 0.0471 up 0.6057
Moss Landing 0.0142 up 0.7125
Lovers Point 0.0266 down 0.5944
San Simeon 0.0024 up 0.8786
Point San Luis 0.1546 down 0.2060
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Figure 7. Relationships between lipid-normalized chlordane concentrations in mussels and
rainfall at six NS&T sites. Rainfall data from Salinas were used for Point Santa Cruz,
Elkhorn Slough, Moss Landing and Lovers Point. Rainfall data from San Luis Obispo were
used for Point San Luis and San Simeon.

3.2.3 Dichlorodiphenyltrichloroethane

3.2.3.1 Background

Dichlorodiphenyltrichloroethane (DDT) was one of the most widely used pesticide chemicals
used in the United States. It was first synthesized in 1874, but its effectiveness as an insecticide
was only discovered in 1939 (U.S. Environmental Protection Agency, 1975). During World War
IT it was most widely used in combating the vector-borne diseases spread by mosquitoes such as
typhus and malaria. Agricultural and commercial uses of DDT increased after 1945 with a total
of approximately 1,350,000,000 pounds applied domestically during the next 30 years (U.S.
Environmental Protection Agency, 1975). On December 2, 1970 all major responsibility of
Federal regulation of pesticides went to the EPA and on December 31, 1973 the EPA cancelled
all remaining crop uses of DDT (U.S. Environmental Protection Agency, 1975).

DDT is extremely persistent in the environment with a half-life ranging from 2-15 years and is
immobile in most soils (Oregon State University, 1996b). The DDT breakdown products in soil
are dichlorodiphenylethane (DDE) and dichlorodiphenyldichloroethane (DDD), which also are
highly persistent in the environment and have similar chemical and physical properties. Because
DDT is highly insoluble in water it is more likely to be retained to a greater degree in soils with
higher proportions of organic matter. DDT has been widely detected in ambient surface water
sampling in the United States at a mean level of 1 ng/L (Oregon State University, 1996b)
probably associated with soil erosion. Despite the length of time since the use of DDT was
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banned for crops in the U.S., CCLEAN has consistently reported discharges of all DDT isomers
from area wastewater treatment plants and rivers, with river discharges, especially from the
Pajaro and Salinas rivers, contributing 394 times the loads coming from wastewater during the
period 2002-2006 (i.e., 24 kg versus 62 g) (CCLEAN, 2007). Moreover, sediment data for
Monterey Bay spanning the period from 1970 to 2004 indicated only one out of four sites that
were sampled over that time span exhibited a significant decline in DDT concentrations (Figure
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Figure 8. Temporal variation in DDT concentrations near four CCLEAN sites. Non-
CCLEAN data are from (Phillips et al., 1975) and (Stephenson et al., 1997). Only SedDep
04 exhibited a significant decline in DDT concentrations since 1970.

Effects of DDT in the environment have historically been widespread, but have declined in the
United States since its use was banned. Some bird species were exposed to DDT by preying on
contaminated prey with body burdens of DDT. In some bird species chronic exposure caused
detrimental effects on reproduction, such as eggshell thinning and embryo deaths (Oregon State
University, 1996b). The LD, of orally administered DDT has been reported from 113-800
mg/kg in rats, to 300 mg/kg in guinea pigs, 400 mg/kg in rabbits and 500-750 mg/kg in dogs
(Oregon State University, 1996b). Tests with minks, which provide a mustelid surrogate for sea
otters, have indicated LDy;s for food-administered p,p-DDD, p,p-DDE and p,p-DDT of 94.39,
676.86, and 576.87 mg/kg body weight/day, respectively (Parametrix, 2001). Chronic exposure
in animals has caused effects on the nervous system, liver, kidneys, and immune systems
(Oregon State University, 1996b). DDT is equivocally a carcinogen in humans causing increased
production of tumors mainly in the liver and lungs (Agency for Toxic Substances and Disease
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Registry, 2002b). DDT is still used in some developing countries to combat mosquito-borne
malaria. It has been detected in children from these areas and has been implicated in the early
onset of puberty in young girls (Parent et al., 2005).

3.2.3.2 Spatial Patterns

With the exception of two sea otter liver samples from near Half Moon Bay and Morro Bay, all
samples with high percentiles of DDT concentrations came from Monterey Bay near or within
Elkhorn Slough or the Salinas Valley (Figure 9). This pattern is consistent with sources of DDT
that are associated with previous agricultural applications.

3.2.3.3 Temporal Trends

Concentrations of DDT in mussels collected in Elkhorn Slough and other nearby sites have
shown substantial variation through time (Figure 10), but there have been no significant trends
at any site (Table 4). Rainfall accounted for most of the temporal variation in lipid-normalized
DDT concentrations at Elkhorn Slough and Point Santa Cruz (Figure 11), with significant
positive relationships between DDT concentrations and rainfall at Elkhorn Slough, Moss
Landing and Point Santa Cruz. Nevertheless, regressions of DDT/rainfall against time
indicated that only at Point Santa Cruz has there been a decrease in the amount of DDT relative
to rainfall (R* = 0.3476, p = 0.0340), suggesting that concentrations of DDT in the legacy
agricultural sources nears Elkhorn Slough have not appreciably decreased with time.

3.2.4 Dieldrin

3.2.4.1 Background

Dieldrin is a chlorinated hydrocarbon, with a ring structure based on naphthalene. It was
originally produced as an alternative to DDT. Dieldrin was first synthesized in the United States
in 1948 by the epoxidation of aldrin. Sunlight and bacteria can degrade aldrin into dieldrin.
Dieldrin was used as an insecticide and in mothproofing and is active through contact or
ingestion. Both dieldrin and aldrin were used as insecticides on crops such as corn, cotton and
citrus (Agency for Toxic Substances and Disease Registry, 2002a). The USDA cancelled all
food-crop uses of aldrin and dieldrin in 1970. In 1972, EPA approved their below-ground
insertion for killing termites, which continued until 1987 when the main manufacturer

voluntarily cancelled the chemicals’ registrations. EPA halted the remaining uses of aldrin and
dieldrin in 1989.

Dieldrin is persistent in the environment and readily adheres to soil. Its half-life in temperate
soils is approximately 5 years (Agency for Toxic Substances and Disease Registry, 2002a).
LOAEL for oral doses in rats have ranged from 6 mg/kg/day to 168 mg/kg/day, depending on the
selected toxicity endpoint. It has been found that dieldrin can act as a mutagen and has an LD,
for oral ingestion by rats of 38 mg/kg (National Toxicology Program, 2000). The
immunosuppressive effects of dieldrin in mice were documented by impaired antigen processing
by macrophages that was observed at a food-borne dose of 0.065 mg/kg/day (Agency for Toxic

Substances and Disease Registry, 2002a). The LDy, for acute toxicity in mink was observed at an
oral dose of 4.08 mg/kg/day (Parametrix, 2001).
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Figure 9. Spatial distribution and percentile of concentrations for samples in which DDT
was analyzed.
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Figure 10. Concentrations of DDTs in mussels analyzed by the National Status and Trends
Mussel Watch program from six sites between 1986 and 2004.

Table 5. Results of linear regressions of lipid-normalized DDT concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.

Regression Results

Site R’ Slope p
Point Santa Cruz 0.0176 up 0.6655
Elkhorn Slough 0.0066 up 0.8484
Moss Landing 0.1675 up 0.1864
Lovers Point 0.0304 down 0.5686
San Simeon 0.0891 down 0.3640
Point San Luis 0.0831 down 0.3636
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Figure 11. Relationships between lipid-normalized DDT concentrations in mussels and
rainfall at six National Status and Trends Mussel Watch program sites. Rainfall data from
Salinas were used for Point Santa Cruz, Elkhorn Slough, Moss Landing and Lovers Point.
Rainfall data from San Luis Obispo were used for Point San Luis and San Simeon.

3.2.4.2 Spatial Patterns

The samples with the highest percentile concentrations of dieldrin came from the Elkhorn
Slough and Salinas Valley areas, except for high-percentile sediment samples from the mouth of
the Carmel River and Point San Luis and a high-percentile fish sample in the drainage from Oso
Flaco Lake (Figure 12). Recent analyses by the CCLEAN program have shown that mussels
from numerous sites in Monterey Bay exceed the human health alert level for dieldrin
established by the California Office of Environmental Health Hazard (Brodberg & Pollock,
1999) (Figure 13).

3.2.4.3 Temporal Trends

There was high interannual variability in concentrations of dieldrin in mussels sampled by
NS&T in central California (Figure 14), but no long-term trends in lipid-normalized data (Table
6). Similar to the findings for DDT, much of the temporal variation in lipid-normalized dieldrin
concentrations at Elkhorn Slough, Moss Landing and Point Santa Cruz was due to rainfall, with
significant positive relationships between rainfall and dieldrin at all three sites (Figure 15).
Regressions of lipid-normalized dieldrin/rainfall against time indicated that there has been no
significant change in the relationship between rainfall and dieldrin concentrations (e.g., Elkhorn
Slough R* = 0.0246, p = 0.7108). As was the case for DDT, this indicates there has been no
change in the amount of dieldrin relative to rainfall, suggesting that concentrations of dieldrin in
the legacy sources have not changed.
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Figure 12. Spatial distribution and percentile of concentrations for samples in which
dieldrin was analyzed.
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Figure 13. Comparison of dieldrin concentrations in mussels at Scott Creek, Laguna Creek,
Point Santa Cruz, The Hook, Moss Landing Beach, Lovers Point, Pacific Grove, Fanshell
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the right. CC = CCLEAN; NST = National Status and Trends Mussel Watch program;
SMW = State Mussel Watch program (CCLEAN, 2007).
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Figure 14. Concentrations of dieldrin in mussels analyzed by the National Status and
Trends Mussel Watch program from six sites between 1986 and 2004.
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Table 6. Results of linear regressions of lipid-normalized dieldrin concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.

Regression Results

Site R’ Slope p
Point Santa Cruz 0.1078 up 0.2733
Elkhorn Slough 0.0011 down 0.9391
Moss Landing 0.1137 up 0.2838
Lovers Point 0.0083 up 0.7669
San Simeon 0.0097 up 0.7604
Point San Luis 0.0943 down 0.3316
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Figure 15. Relationship between lipid-normalized dieldrin concentrations in mussels and
rainfall at six National Status and Trends Mussel Watch program sites. Rainfall data from
Salinas were used for Point Santa Cruz, Elkhorn Slough, Moss Landing and Lovers Point.
Rainfall data from San Luis Obispo were used for Point San Luis and San Simeon.
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3.2.5 Polynuclear Aromatic Hydrocarbons

3.2.5.1 Background

PAHs consist of a group of over 100 compounds that are present in crude oil, coal and other
petroleum products. They also are formed during the incomplete oxidation of garbage, or other
organic substances, such as wood, tobacco or charbroiled meat (Agency for Toxic Substances
and Disease Registry, 1995). Chemically, PAHs are composed of five- or six-sided fused carbon
rings, with hydrogen atoms attached to available bonds on the carbon atoms. They range in
complexity from biphenyl, with two rings, to indeno[1,2,3-cd]pyrene, with six rings. In addition,
methyl groups can be attached to the carbon atoms of some PAHs, instead of hydrogen atoms,
providing dozens of alkylated compounds. PAHs are released to the environment primarily from
volcanoes, forest fires, burning coal, motor vehicle exhaust and oil spills. There also are
numerous natural oil seeps in central California (United States Geological Survey, 2001).

PAHs tend to not be as persistent in the environment as chlorinated hydrocarbons. Most PAHs
can be broken down by microorganisms in soil or water after a period of time. Laboratory studies
have shown that the rate of degradation of PAHs depends on the number of rings. Two-ring
PAHs in sandy soils have half-lives of approximately 2 days. Three-ring PAHs in sandy soil
have half-lives of 16134 days, whereas four- to six-ring PAHs generally have half-lives >200
days (Agency for Toxic Substances and Disease Registry, 1995).

PAHs induce the P450-1A enzyme system in vertebrates and are relatively easily metabolized.
Consequently, high body burdens of PAHs normally are found only in acute situations, such as
oil spills. The toxic effects of PAHs differ among the individual compounds, with NOAEL for
oral doses in mice ranging from 10 mg/kg/day to 1000mg/kg/day. PAHs have been shown to be
related to increased cancer risks in humans and the NOAEL oral dose related to gastric tumors
in mice is 1.3 mg/kg/day (Agency for Toxic Substances and Disease Registry, 1995).
Investigations related to the Exxon Valdez oil spill found significantly higher mortality rates,
compared to controls, for salmon embryos exposed to a PAH concentration 1.0 ug/L derived
from very weathered oil (Heintz et al., 1999). Moreover, salmon exposed to a PAH
concentration of 5.4 ug/L experienced a 15% decrease in marine survival compared to
unexposed salmon (Heintz et al., 2000).

3.2.5.2 Spatial Patterns

The samples with the highest percentile concentrations of PAHs came from Elkhorn Slough and
the Monterey Peninsula, although a relatively small number of programs report total PAHs,
which provided a correspondingly smaller number of sample points (Figure 16).

3.2.5.3 Temporal Trends

Most sites displayed little variation through time, although high PAH concentrations were
periodically measured at Elkhorn Slough, Moss Landing and Point San Luis (Figure 17).
Marginally significant increases in lipid-normalized PAHs have occurred over time at Point
Santa Cruz, Moss Landing and Lovers Point (Table 7). The very high concentration at Point San
Luis in 1991 predates the oil spill from the Unocal pipeline, which occurred in August 1992.
None of the sites exhibited a significant relationship between PAHs and rainfall (Figure 18).
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Figure 16. Spatial distribution and percentile of concentrations for samples in which PAHs
were analyzed.
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Figure 17. Concentrations of PAHs in mussels analyzed by the National Status and Trends

Mussel Watch program from six sites between 1989 and 2004.

Table 7. Results of linear regressions of lipid-normalized PAH concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.

Regression Results

Site R’ Slope p
Point Santa Cruz 0.3150 up 0.0914%*
Elkhorn Slough 0.0107 down 0.8077
Moss Landing 0.2965 up 0.0672*
Lovers Point 0.3522 up 0.0705%*
San Simeon 0.1711 up 0.2684
Point San Luis 0.0970 down 0.4147

* = Result is marginally significant (p = 0.10-0.05)
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Figure 18. Relationship between lipid-normalized PAH concentrations in mussels and
rainfall at six National Status and Trends Mussel Watch program sites. Rainfall data from
Salinas were used for Point Santa Cruz, Elkhorn Slough, Moss Landing and Lovers Point.
Rainfall data from San Luis Obispo were used for Point San Luis and San Simeon.

3.2.6 Polychlorinated Biphenyls

3.2.6.1 Background

PCB’s are oily or waxy substances that are relatively non-flammable, environmentally stable,
have a high boiling point and are good electrical insulators. For these reasons, they were used in
numerous industrial and commercial applications. The first PCB-like chemical was discovered in
1865 as a by-product of coal tar but it was not until 1881 that the first PCB was synthesized
(Katers, 2004). By 1914 enough PCB’s had already been released into the environment to leave
measurable amounts in the feathers of birds in

museums today (Katers, 2004). PCBs were manufactured in the U.S. between 1929 and 1977.
Annual U.S. production peaked in 1970 at 39,000,000 kg (Agency for Toxic Substances and
Disease Registry, 2000).

There are 209 PCB congeners that differ according to the number and position of chlorine

atoms attached to a biphenyl base. PCBs often were sold as products called Aroclors, which
differed in the proportions of individual congeners they contained. The last two digits of each
Aroclor name indicates the approximate percent weight of chlorine it contained. Each Aroclor
had slightly different physical properties and certain Aroclors predominated in different types of
uses (Table 8). More than 1.5 billion pounds of PCB’s were manufactured in the U.S. prior to
the halt in production in 1977 (U.S. Environmental Protection Agency, 2006). Widespread
concern over the toxicity and persistence of PCB’s in the environment led the Congress in 1976
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to enact Section 6(e) of the Toxic Substances Control Act (TSCA) that outlined prohibitions of
the manufacture, processing and distribution in commerce of PCB’s (U.S. Environmental
Protection Agency, 2000).

Table 8. Uses of various Aroclors (Agency for Toxic Substances and Disease Registry,
2000).

ook

Al e 1016 1221 232 il 1240 1254 1200 122 1Xa

The environmental persistence of PCB congeners differs according to the number of chlorine
atoms. The reported half-life of PCB18 (three chlorines) ranges from 0.02-0.03 years, while the
half-life of PCB170 (seven chlorines) ranges from 3.9-71 years (Agency for Toxic Substances
and Disease Registry, 2000).

Determining the toxicity of PCBs is problematic because they are complex mixtures of different
compounds. In general, the most toxic congeners are those that have no or one chlorine atom in
the ortho position on the biphenyl rings, some of which approach dioxins in toxicity. The
LOAEL in rats exposed through PCB-laced food ranged from 0.74 ug/kg/day to 425 ug/kg/day
for hepatic effects (Agency for Toxic Substances and Disease Registry, 2000). Moreover,
immunosuppression caused by PCB mixtures in experiments on monkeys has been observed at
doses ranging from 5 ug/kg/day to 7.5 ug/kg/day (Agency for Toxic Substances and Disease
Registry, 2000). PCBs are endocrine disrupters, with reported effects on the thyroid and both
agonistic and antagonistic effects of estrogen production.

3.2.6.2 Spatial Patterns

As with DDT, most of the samples with high percentile concentrations of PCBs came from the
Elkhorn Slough and Salinas Valley area (Figure 19). Nevertheless, there were relatively high
sediment concentrations of PCBs indicated for Santa Cruz and Point San Luis and high sea otter
liver concentrations indicated for the Half Moon Bay area.
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Figure 19. Spatial distribution and percentile of concentrations for samples in which PCBs
were analyzed.
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3.2.6.3 Temporal Trends

Concentrations of PCBs in mussels from all the central California NS&T sites have exhibited
high interannual variability, with Elkhorn Slough and Point San Luis being the most variable
(Figure 20). There has been a marginally significant increase in lipid-normalized PCBs at Moss
Landing (Table 9). There were significant relationships between rainfall and lipid-normalized
PCB concentrations in mussels at Point Santa Cruz and Lovers Point and marginally significant
relationships between rainfall and PCBs at Elkhorn Slough and Moss Landing (Figure 21).
Nevertheless, regressions of lipid-normalized PCB/rainfall against time revealed no significant
changes in the relationship between rainfall and PCB concentrations at any site (e.g., Lovers

Point R* = 0.0725, p = 0.4233), which suggests no attenuation in the terrestrial background of
PCBs at these sites.
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Figure 20. Concentrations of PCBs in mussels analyzed by the National Status and Trends
Mussel Watch program from six sites between 1988 and 2004.

Table 9. Results of linear regressions of lipid-normalized PCB concentration in mussels
versus time at six sites monitored by National Status and Trends Mussel Watch program.

Regression Results

Site R’ Slope p
Point Santa Cruz 0.1503 up 0.2387
Elkhorn Slough 0.2329 down 0.2258
Moss Landing 0.2874 up 0.0724%*
Lovers Point 0.1043 up 0.3326
San Simeon 0.0322 down 0.6200
Point San Luis 0.0714 up 0.4555

* = Result is marginally significant (p = 0.10-0.05)
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Figure 21. Relationships between lipid-normalized PCB concentrations in mussels and
rainfall at six National Status and Trends Mussel Watch program sites. Rainfall data from
Salinas were used for Point Santa Cruz, Elkhorn Slough, Moss Landing and Lovers Point.
Rainfall data from San Luis Obispo were used for Point San Luis and San Simeon.

4.0 DISCUSSION

The analysis of spatial and temporal patterns in contaminants that could affect sea otters has been
hampered by a general lack of consistent long-term data and differing analytical and reporting
conventions among programs. Nevertheless, analysis of the available data has shown the highest
concentrations of many of the contaminants in the database have occurred in the Elkhorn Slough
and Salinas Valley areas and are probably associated with legacy agricultural applications. High
percentile samples also were noted in populated and industrial areas, such as Santa Cruz,
Monterey and Point San Luis. No statistically significant declines have been observed in lipid-
normalized mussel data from NS&T over the last 15-20 years and marginally significant
increases have been noted for PAHs and PCBs at some sites. Moreover, significant relationships
between rainfall and lipid-normalized concentrations of dieldrin, DDT and PCB in mussels from
Elkhorn Slough, Moss Landing and Point Santa Cruz suggest storm runoff as the pathway into
the marine environment for some contaminants. Steeper slopes of regressions of lipid-normalized
contaminant concentrations against rainfall in Elkhorn Slough are consistent with erodible legacy
sources in surrounding watersheds. Only for DDT at Point Santa Cruz has there been a
significant decrease through time in the amount of contaminant relative to rainfall. For other
contaminants and other locations, there has been no measurable attenuation in the legacy
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contaminants. This is surprising, given that most of the organic contaminants considered in this
study have been banned from use for 20-30 years.

There are numerous processes and human activities that could account for high contaminant
concentrations in the Monterey Bay National Marine Sanctuary. These processes include
agricultural practices, urbanization with increasing areas of impervious surfaces, and
recreational activities. Agricultural and rural lands have different hydrological processes from
urbanized areas, since most of the land is not developed into impervious surfaces. The
CCLEAN program has demonstrated that discharges from the Pajaro and Salinas rivers
contribute large loads of legacy agricultural and other POPs to Monterey Bay. For example, an
average of nearly 50 kg per year of PAHs and 5 kg per year of DDTs are discharged from the
rivers around Monterey Bay.

Urban runoff also is widely acknowledged as a source of contaminants to aquatic systems (U.S.
Environmental Protection Agency, 2000). Petroleum hydrocarbons from motor vehicles, current
and historic residential and municipal pesticide use, degraded electrical equipment and accidental
spills all contribute to POPs in urban runoff. Construction and installation of impervious surfaces
like streets and parking lots increases the chances of contaminants reaching the ocean, rather
than being kept on land, by increasing runoff rates and attendant resuspension of sediment
particles. Permitting practices that allow inappropriate or conflicting land uses adjacent to
waterways also are problematic. There currently are no monitoring programs measuring a wide
range of POPs in urban watersheds that discharge directly into the ocean around Monterey Bay.

Many POPs, especially chlorinated pesticides, are found predominantly in the particulate phase,
rather than in the dissolved phase, from both riverine and urban runoff sources (Leatherbarrow et
al., 2005; McKee et al., 2006). Leatherbarrow et al (2005) found significant positive correlations
in the lower Sacramento-San Joaquin Delta between concentrations of suspended sediments and
chlorinated pesticides, but not for PCBs, whereas McKee et al (2006) found significant positive
correlations between suspended sediment concentrations and PCBs and polybrominated
diphenylethers (PBDEs) in the Guadalupe River in San Jose, CA. Dr. Donald Weston of
University of California, Berkeley, has found that cultivated soils of the Salinas Valley are
especially erodible, when compared to those in the Central Valley of California (personal
communication). Consequently, sedimentation from flooding and erosion of agricultural and
urban lands is probably a major pathway for contaminants entering aquatic ecosystems. These
findings suggest that actions taken to reduce concentrations of suspended sediments in runoff
from all sources could reduce loads of organic contaminants into the Sanctuary.

Marinas and boating recreation also can contribute to the loads of contaminants in the Bay
through maintenance and construction of boats and boating facilities, as well as incidental spills
directly into the water. Boatyard and underwater hull cleaning including pressure washing to
remove marine growth on the hulls of ships done in boatyards or physical removal by divers
underwater removes heavy metals and other toxics to the adjacent environment. Petroleum
products are common toxics in harbors due to accidental or illegal discharge or improper
disposal of fuel and oil, bilge water, sewage discharge, vessel flooding, and parking lot or
boatyard runoff.
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Permitted discharges of wastewater also contribute to contaminants. Permitted discharges
receive considerable regulatory scrutiny and are a much smaller source of POPs than are the
rivers. For example, CCLEAN has reported that rivers discharge many times more DDTs and
other POPs to Monterey Bay than do permitted wastewater discharges. Nevertheless, there are
other emerging contaminants of concern, such as PBDEs and endocrine disrupting compounds,
that are not widely measured, and which have been measured in high concentrations in
wastewater (North, 2004).

The general absence of declines in POPs reported in this project conflicts with some other studies.
Many investigators have reported declines in DDTs in wildlife over the last 30 years, whereas
PCBs, depending on the mixture of congeners, have not consistently shown similar declines. PCB
degradation is complex due to the existence of different congeners and the different chemical
properties and interactions with the environment of each congener or mix of congeners. The
global inventory of PCB’s in soils is greater than in surface waters for all congeners, with larger
differences for highly chlorinated PCB’s (Jurado et al., 2004) but the ocean is enriched in lower
chlorinated PCBs, probably because they are more soluble in water and, therefore, not as
effectively removed by the settling of particulate matter as are those congeners with more chlorine
atoms. Estimated global half lives of PCB congeners in water and sediment have ranged from 20
years for PCB 101 to 170 years for PCB 194 (Wania & Daly, 2002). Nevertheless, a recent study
of PCBs and DDTs in sea lions off the coast of California reported mean PCB concentrations in
California sea lions collected during 1991-1997 were 5 times higher than those measured in 2000
(Kannan et al., 2004) and there were significantly higher concentrations of PCBs in central
California sea lions than in those from the north or the south.

Historic declines in DDTs have been reported in some marine mammals. Kannan et al (2004)
reported 10-fold declines in DDT concentrations in California sea lions between 1970 and 2000.
Moreover, comparisons of historic DDT concentrations in sea otters from California also suggest
substantial declines. A publication that was not found in time to include in this database reported
DDT concentrations in 10 sea otters that stranded in central California in 1969 and 1970 (Shaw,
1971). Shaw (1971) reported total DDT residues in livers ranging from 0.032 ppm wet weight to
15 ppm wet weight. Shaw’s mean value was 1.6-3.4 times higher than those from two more
recent studies (Figure 22), which analyzed otters that died between 1988 and 1996 (Bacon et al.,
1999; Nakata et al., 1998), with an R* of 0.6477 in the downward trend. Nevertheless, when
replicate values in Shaw (1971) and Nakata et al (1998) are considered, it is apparent that the
difference between the mean concentrations for these two studies was due to two 1970 otters
with extremely high concentrations (Figure 23) and the differences between 1970 and 1994 are,
in fact, not statistically significant (p = 0.3427). This suggests that maximum values in sea otters
might be declining, but exposure of the overall population has not changed since before the
agricultural application of DDT in the United States was halted in 1973.
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On a regional scale, POPs may not show declines because of inputs from nearby sources or
because of transport from distant locations. One such transportation pathway that is not normally
considered is via migrating wildlife. For example, high concentrations of PCBs in wildlife from
the Aleutian Archipelago appear to be due to local contamination from old military bases (Arctic
Monitoring and Assesment Programme, 2004). Many wildlife species migrate from higher
latitudes in the winter to lower latitudes in the summer and the Arctic Monitoring and Assessment
Programme (2004) estimated that the total load of PCB’s and DDT’s contained in the Eastern
Pacific stock of grey whales was 20-150 kg and 1-40 kg respectively. This estimate suggests that
loads of POPs deposited in the Sanctuary in dead whale carcasses may not be trivial.

The general lack of declines in POPs observed in mussels in this study also is an indication of
nearby, continuing discharges from large “reservoirs” of contaminated sediments. For example,
CCLEAN data have shown high concentrations of the DDT isomer of DDTs in samples from the
Salinas and Pajaro rivers (Figure 24), especially in wet-season samples (CCLEAN, 2006). In the
environment, DDT degrades into DDE in aerobic conditions and into DDD in anaerobic
conditions (Aislabie et al., 1997). Leatherbarrow et al (2005) suggest that greater than 10% DDT
isomers in total DDTs indicates recent inputs of undegraded DDT. Consequently, consistently
high proportions of the DDT isomer in wet-season samples from the Salinas and Pajaro rivers
indicate fresh DDT is being transported into the Sanctuary and the high proportions of DDE
indicate that whatever degradation is taking place is occurring in aerobic conditions, probably in
surficial sediments or the water.

Concentrations of some POPs in mussels and sediments in Monterey Bay are comparable to, or
exceed, those found in San Francisco Bay. San Francisco Bay has been listed on the State of
California 303(d) list as impaired due to concentrations of legacy pesticides, including DDTs,
chlordanes and dieldrin. Using dry-weight concentrations of DDTs as an example,
concentrations in Monterey Bay sediments along the 80-meter contour are roughly twice the
average concentration in San Francisco (Figure 25). DDT concentrations in mussels in the
Monterey Bay area are comparable to those measured in transplanted mussels studies in San
Francisco Bay (Figure 26).

Sea otters are exposed to POPs through their prey. Suspension-feeding prey organisms, primarily
bivalve mollusks, concentrate POPs in their tissues because they do not have efficient metabolic
mechanisms for breaking down or depurating these compounds. Consequently, they have much
higher concentrations of contaminants than are found in either the water or sediments. For
example, CCLEAN typically reports DDT concentrations in rivers from <5 parts per trillion to
55 parts per trillion. In sediments, the concentration of DDT's ranges from 3 parts per billion to 9
parts per billion and in wet-season mussel samples it ranges from 16 parts per billion to over 110
part per billion. While we are not aware of published estimates of the primary route of
contaminant accumulation in California mussels, Mytilus californianus, the primary dietary
uptake of contaminants by zebra mussels, Dreissena polymorpha, is through ingestion of
suspended sediment particles, although at very high water concentrations, direct uptake from the
water is greater than from food (Bruner ef al., 1994). Consequently, it is suggested that ingestion
by mussels and other bivalves of contaminated suspended sediments is an important pathway of
contaminants to sea otters that prey on suspension feeders.
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Figure 24. Concentrations of the DDD, DDE and DDT isomers in water samples analyzed
by CCLEAN from the Pajaro and Salinas rivers. Percent of total DDTs contributed by
DDT isomers are indicated above the bars.

The continuing discharges of POPs from rivers is a concern, especially as they are likely a major
source of contaminants accumulated by suspension feeders and transferred to sea otters.
Management practices are being implemented on irrigated agricultural lands that should reduce
the runoff of contaminated sediments into rivers, streams and the ocean, although improvements
in water quality from such practices are not yet apparent. Moreover, the potential negative effects
of these POPs on sea otters is still being investigated in a large-scale study by CCLEAN,
California Department of Fish and Game and University of California, Davis funded by
Proposition 13 funds. Consequently, it is important to continue measuring POPs in rivers,
sediments and mussels in order to determine whether these management practices ultimately
reduce POP concentrations in the Sanctuary. The load of POPs from urban runoff into the ocean
also is an important data gap that should be filled to provide a more complete picture of
contaminant sources and loads into the Sanctuary.
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Long-term contaminant data are a critical element of any attempt to protect the water quality of
the Sanctuary. The paucity of long-term contaminant data that became evident through this study
suggests a high priority should be placed on supporting ongoing monitoring programs. The
relatively high cost involved in measuring POPs at low detection limits makes it difficult to
include such sampling and analytical components in the volunteer water quality monitoring
programs in the Sanctuary. The two existing programs that continue to provide long-term data on
POPs in the Sanctuary are the NS&T program, which analyzes mussels approximately every two
years and the CCLEAN program, which measures POPs in mussels, sediments, rivers and
wastewater twice per year. Such measurements are essential to tracking the health of the
Sanctuary. Moreover, given the precarious nature of the southern sea otter population, sample
material from such monitoring programs should be archived to enable future analyses for
emerging contaminants of concern, which have not been considered here. Compounds such as
PBDE:s, fluoropolymers and pharmaceuticals and personal care products are receiving increased
scrutiny for their environmental effects (Kannan et al., 2006; She et al., 2002; U.S.
Environmental Protection Agency National Exposure Research Laboratory, 2005).
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