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Preface

Fort Ord Army Base officially closed its doors in 1994. From 1917 to 1994 the 114 square
kilometer tract on the coast of Monterey Bay was used as a U.S. Army training base and as staging
area for troops in time of war. The Fort Ord Restricted Zone (FORZ) is an area extending about 7
km off the coast where access by civilian boaters was restricted. The stated purpose of the FORZ
was to protect boaters from stray rifle and artillery fire that may have bypassed the coastal dunes
that were used as backstops for target practice. In 1994 the FORZ was declared no longer in
existence.

The plan for Fort Ord’s conversion to civilian use has included extensive environmental
cleanup operations onshore for spilled oil, lead bullets, ammunition shells, PCBs from
transformers, and other materials that accumulated through the base’s 70+ years of use (Harding
Lawson Associates, 1995, Basewide Remedial Investigation/Feasability Study Fort Ord,
California).

With the establishment of the Monterey Bay National Marine Sanctuary (MBNMS) in 1992, a
group of scientists assembled into a committee called the Research Activities Panel (RAP). RAP
offers advice to the Monterey Bay National Marine Sanctuary Office on scientific issues relating to
stewardship of the Sanctuary. A spinoff group from RAP was concerned about possible seafloor
hazards that may exist in the FORZ and they proposed a series of studies of the seafloor
environment in and around the FORZ to come to a better understanding of "what is out there."

The result is the investigations in this report that deal with seafloor morphology and geology,
toxicology of seafloor muds, and findings regarding some abnormal fish lesions that have been
recovered in the FORZ area. We believe the investigations here are a good start at a detailed
understanding of the seafloor environment of the southern Monterey Bay shelf seafloor. As with
seafloor studies anywhere, one’s definition of "detailed"” is a subjective judgement of what is
necessary for the job at hand, and for serious students of the seafloor the detail is never great
enough; the detailed knowledge of the 1990s will likely be bypassed in the coming decades by
better techniques and more surveys.

The work was funded through the offices of the U.S. Army Corps of Engineers (Dan
McMindes and David Eisen). Many scientists and administrators from Fort Ord (Gail
Youngblood), Envirnomental Protection Agency (John Cheshnut, Robert Hall), National Oceanic
and Atmospheric Administration’s MBNMS Office (Terry Jackson, Patrick Cotter, Andrew
DeVogelaere, Aaron King), and Harding Lawson Associates (Ed Ticken) were involved in the
planning stages of these studies. Thanks are due all the above for advice and patience through
periods of funding uncertainties and with complex lines of communication. We would especially
like to thank the Army for their generous and farsighted attitude in allowing studies to extend
beyond the FORZ "box" to allow establishing context for the findings inside the FORZ.

Stephen L. Eittreim, United States Geological Survey
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Multibeam Bathymetry and Acoustic Backscatter Imagery
of the Southern Monterey Bay Shelf.

Stephen L. Eittreim and Andrew J. Stevenson
U.S. Geological Survey, Menlo Park, CA 94025

Larry A. Mayer
Univ. of New Brunswick, Fredericton, N.B., Canada E3B 5A3

James Oakden! and Chris Malzone
Moss Landing Marine Laboratories, Moss Landing, CA 95039

Rikk Kvitek
California State Univ. Monterey, Seaside, CA 93955-8001

ABSTRACT

The seafloor of the former Fort Ord Restricted Zone (FORZ) and surrounding
area is a generally flat, featureless plain with the exception of a) the subtle
sculpting of coarse sand troughs due to active sand transport, and b) the outcrop
of older consolidated bedrock over limited areas. Outcropping bedrock surrounds
the Monterey Peninsula and occurs in the Monterey Bay Fault zone, a moderately
active fault zone north of Monterey that has locally tilted and disrupted the shelf
stratigraphy. Within the realizable limits of detection of the EM-1000 multibeam
system, no surficial debris could be identified that might be interpreted as
leftover from the Army's use of this area over the last 70 years. The EM-1000
system in this water depth range has a horizontal pixel resolution of S m in
bathymetry and 2.5 m in backscatter, and a vertical resolution better than 1 m.
Higher resolution surveys using 500-kHz side-scan systems with 10-cm pixel

resolution were carried out in a 1x1 km? core area of the FORZ. Only ephemeral
features, interpreted to be biologic targets, could be found.

INTRODUCTION

The 6-km wide southern Monterey Bay shelf is typical of the wave-cut platforms that form the
continental shelves of the west coast of the U.S. where the morphology is formed by subsidence
or local uplift of the continental margin, the supply and deposition of sediment, and the relatively
recent post-glacial raising of sealevel (Dupre', 1990). The present shelf morphology is
predominantly influenced by the last sea-level lowstand at about -100 m that ended about 10,000 yr
ago. Salinas River sediment, in addition to alongshore sediment transport from more distant
sources, are now in the process of filling the depositional space below wave base that has been
created by the raising of the sea surface to its present level (Chin et al, 1988). The rocky outcrops
of the Monterey Peninsula form a buttress that offers some protection from the southwesterly
open-ocean swell and also interrupts the normally southward, wind-driven, along-shore sediment
transport. Seafloor sediments of the broad flat shelf north of Monterey grade from nearshore
medium sands (to 20m depth), to fine sands (to 50m depth), to silts and clays at greater depths
(Dingler, et.al.,1985; Edwards and Gardner, this volume). This surficial trend then reverses at
about 90 m where coarse relict sediments are found over the broad outer shelf to the shelf break.

The shoreline of the former Fort Ord Restricted Zone (FORZ) is subject to large wave swell
from the northwest and because of wave erosion this shoreline exhibits one of the steepest
shoreface slopes found in the greater Monterey Bay area (Dingler, el. al., 1985). A series of
erosional coarse-sand-floored troughs, parallel to shore, have been found in this area in the depth

1 Also at ABA Consultants, Capitola, CA
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Fig. 1 Tracks of R/V Pacific Hunter, with track-spacing ranging from 80 to 300 m.
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zone from 10 to 30 m; these may be related to the high-energy shoreface of this area. These
troughs, also called "sand bands", or "ripple troughs", have been shown by Hunter et al (1984)
and Mariant (1993) to be dynamic features that change shape and position from season to season.
They are floored with 1-m wavelength coarse sand ripples. The orientation of the ripples is parallel
to shore, indicating active coarse sand transport. Mariant (1993) argues that the ripple troughs are
lag-deposits formed beneath the offshore rip currents that develop during high wave conditions.

The multibeam bathymetric survey reported on here was conducted as part of a series of studies
to provide detailed information about the seafloor of the FORZ. Due to its designation as a
"Restricted Zone" for boaters from the 1940s to 1995, the region is relatively unknown to bottom
fisherman and divers. There is some concern among the public that over the many decades of use
by the Fort Ord Army Base, and possibly inadequate record-keeping of offshore activities, there
may be hazardous seafloor debris. Thus, the purpose of this investigation was a comprehensive
investigation of seafloor morphology in the FORZ to identify any suspect targets that may be
anthropogenic.

We surveyed with a multibeam bathymetric swath map system to provide a comprehensive
"roadmap" to the features on the seafloor. With adequate overlap of swaths, all features above a
certain size should be detected using such a swath-map system. In contrast, conventional single-
beam surveys require interpolation between tracklines to arrive at a comprehensive seafloor view.
In addition to the multibeam survey, higher resolution surveys were conducted with a small-boat
500 kHz system, at slower survey speeds, to look for small items in areas that were judged most
promising for searches, based on the multibeamn data. The slower boat speeds and higher pulse-
repetition rate of collection give higher-density along-track coverage (about 12 cm), and the higher
frequency sound used gave higher-density across-track coverage (about 3 cm). The greater pixel
resolution of these high-frequency, slow-speed surveys results however in low rates of ground
coverage and only small selected areas could be covered in the time available.

Using the multibeam system we were unable to identify any targets as anthropogenic debris,
although areas of apparent seafloor lumps or "suspect targets" needing higher resolution surveys,
were located. Using the higher frequency system, similarly, no targets were identified that were
judged to be anthropogenic debris although many interesting ephemeral, and presumably biologic,
targets were seen.

SURVEY METHODS
EM-1000 System

The Simrad EM-1000 system (Godin, et al., 1992) uses 95 kHz sound projected from a half-
donut shaped transducer array that also acts as receiver. This transducer gives acoustic returns
from a swath that is 3.4 to 7.4 times the water depth, depending on mode used. In ultrawide or
shallow mode (150 to 200m water depths), the mode used for most of our survey, it operates with
60 beams of information radiating out at 2.5° per beam. The beams are shifted by 1.25° every
other ping so that an effective total of 120 beams at 1.25° spacings is obtained for each pair of
pings. The time delay of the acoustic returns determines seafloor depth at each beam location on the
seafloor. For automatic bottom detection, the system uses an amplitude-detect algorithm for inner
beams to detect the sharp leading edge of the returned echo, the conventional method of depth
measurement by echo sounding. For outer beams, where the leading edge of the reflected pulse
loses its sharpness, a phase-interferometric technique is used. By splitting each beam into two
"halfbeams", the phase difference between these "halfbeams" is calculated providing a measure of
the angle of arrival of the echo which can be converted to bottom depth for that beam. Both
amplitude-detect and phase-detect is carried out on each beam and the best quality detection method
is selected by the system software which results generally in inner-beams using amplitude-detect
and outer beams phase-detect for the calculation of depth.

In addition to providing detailed bathymetric data, the EM-1000 also provides quantitative
seafloor backscatter data that can be displayed in a sidescan sonar-like image and used to gain
insight into the distribution of seafloor properties. Acoustic backscatter strength is a function of
bottom composition and small-scale roughness, with fine-grained muds generally returning lower
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Figure 201, station B334, 81 m. Generally smooth to slightly irregular seafloor with
occasional burrow depressions. Note flatfish in upper right part of image. Interactions of
flatfish with the bottom are known to produce irregularities of the seafloor and also mix
sediment into the water column.

Figure 20L.. station B351. 99 m. Generally smooth seafloor with occasional oppen
burrows. No observed epifauna.

Nearshore Sands:
Figure 20D, station B297, 18 m. Water turbid leading to relatively poor image quality.
Dense field of sand dollars on generally uniform substrate.

Figure 20]J, station B335, 57 m. Generally smooth seafloor with numerous shallow,
indistinct depressions, small burrows, and occasional worm tubes(?).

Figure 20K, station B350, 75 m. Generally smooth seafloor with numerous irregular
depressions, small open burrows, and occasional worm tubes(?).
Carbonate-rich Sands:

Figure 20A, station B282, 90 m. Station is located in south-central Monterey shelf,
30% CaCO3. Irregular, mottled appearance to seafloor with numerous small burrows and
depressions.

Figure 20B, station B287, 125 m. Station is located at the shelf break west of the
Monterey peninsula, 8% CaCO3. Generally uniform seafloor with occasional open
burrows. Echinoderms (basket star, asteroid, and ophiuroid) in upper part of image.
Biogenically encrusted boulders at bottom of image.

Figure 20C, station B296, 117 m. Station is located at the shelf break west of the
Monterey peninsula, 30% CaCO3. Generally smooth seafloor with mottled coloring,
numerous irregular depressions and open burrows. "Bright" spots (high reflectivity) likely
are shell debris. Light-colored sediment patches

Physical Properties

Physical properties were measured with the GEOTEK MSL as a means of correlating
between cores and to measure properties that change with time (bulk density and acoustic
velocity). Bulk density can be combined with age dates to determine the vertical flux of
sediment to the seafloor. Age dates (210Pb technique) are not yet available; hence, we
cannot calculate vertical fluxes of sediment at this time. The logger data can also be used to
infer sediment textures of unsplit core segments.

Appendix A presents the physical property logs from the MSL for the 18 US Army
stations occupied during the study. The plots shown on each log show the measured
property versus core depth in centimeters. The first plot shows compressional (P) wave
velocity, the second shows bulk density, the third plot presents sediment magnetic
susceptibility, and the fourth presents acoustic impedance (the product of velocity and
density) a property that relates to acoustc reflectors in seismic reflection profiles.

Mud-rich sediment on this shelf segment typically has P-wave velociities of about 1500
m/s and bulk densities of about 1.5 to 1.6 g/cc (e.g., Appendix A, core B324). In
contrast, nearshore sands on this shelf segment more typically have higher P-wave
velocities (about 1700 m/s) and higher bulk densities (1.8 to 2.1 g/cc) (e.g., Appendix A,
core B335). Most of the cores are well behaved down core; that is velocities and bulk
densities increase monotonically as expected in normally consolidated sediment and the
apparent texture (mud or sand) is relatively uniform throughout. A number of cores (e.g.,
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B329, B330, and B346) show distinct variations in properties indicating mixed layers of
muds and sands. One core (B333) looses P-wave velocity data at about 20 cm subbottom
and exhibits a dramatic decrease in bulk density. These findings likely indicate a physical
break or rupture of the sediment occurred during the subcoring process. In a number of
cores (e.g., B342 from the eastern edge of the mid-shelf mud belt), a mud-rich sediment
overlies a sand-rich unit that continues to the bottom of the core.

SUMMARY

Analysis of samples collected at 46 coring sites shows that surface sediment on the
seafloor of the southen Monterey Bay continental shelf can be divided into three major
sedimentological regions: 1) nearshore sands, 2) a mid-shelf/outer-shelf mud belt, and 3)
carbonate-rich nearshore sands adjacent to the Monterey peninsula. The nearshore
sediment is coarsest (medium sand) near the Monterey peninsula but more typically is fine
to very fine sand (e.g., offshore of the Salinas River mouth). The mean grain size of
sediment on the mid-shelf and outer-shelf is a very fine to coarse silt that contains
significant amounts of sand. The primary source of terrigenous sediment appears to be the
Salinas River where muds bypass the inner shelf and are deposited in the mid-shelf mud
belt. Organic carbon and CaCO3 contents are unremarkable throughout the study area.
Somewhat higher organic carbon values are associated with the mid-shelf mud belt and
high (over 30%) CaCO3 values occur north of the Monterey peninsula. Bottom
photographs taken during coring show a generally uniform seafloor with limited epifaunal
activity and moderate amounts of burrowing by infauna.
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Table 1. Station Metadata

Core ID Latitude Longitude Depth (m) Recovery (cm)
Bi47  36° 40.80' 121° 54.44° 85 37
B148 36° 40.40' 121° 54.58' 86 33
B149 36° 37.61' 121° 53.61' 51 32
B150 36° 38.90' 121° 55.04' 60 18
B151 36° 40.62' 121° 56.94' 95 29
B153 36° 42.67' 121° 57.50' 111 21
B154 36° 43.98' 121° 53.84' 88 55
B157 36° 44.85' 121° 55.94' 104 45
B159 36° 45.37' 121° 54.83' 95 48
B160 36° 45.47 121° 53.87' 98 15
B163 36° 46.13' 121° 51.79' 75 56
B164 36° 44.29' 121° 51.13' 52 36
B165 36° 43.38' 121° 49.69' 28 19
B167 36° 46.07' 121° 49.73' 30 17
B281 36° 41.64' 121° 57.69' 110 29
B282 36° 39.55' 121° 56.62' 90 33
B283 36° 39.91' 121° 59.96' 121 10
B287 36° 39.26' 122° 0047 125 Grab
B296 36° 36.69' 122° 00.65' 117 49
B297 36° 44.56' 121° 49.11' 18 20
B299 36° 46.14' 121° 51.79' 79 46
B304 36° 44.28' 121° 51.13' 56 39
B305 36° 41.98' 121° 53.27 86 54
B306 36° 42.81' 121° 54.83' 97 57
B324 36° 43.97 121° 53.91' 92 54
B325 36° 43.42 121° 54.10' 88 52
B329 36° 42.68' 121° 56.23' 105 49
B330 36° 41.79' 121° 55.37' 98 50
B331 36° 42.48' 121° 55.18' 95 57
B332 36° 42.11' 121° 54.27' 92 54
B333 36° 40.95' 121° 54.63' 92 43
B334 36° 40.49' 121° 53.05' 81 37
B335 36° 39.06' 121° 51.78' 57 30
B336 36° 40.66' 121° 50.67' 52 34
B337 36° 41.71" 121° 50.00' 43 35
B339 36° 42.41' 121° 49.49' 40 34
B342 36° 41.55' 121° 51.01 62 35
B344 36° 4141 121° 52.29' 78 49
B346 36° 42.60' 121° 52.79' 82 49
B347 36° 42.90' 121° 52.50' 77 48
B350 36° 39.43' 121° 53.04' 75 36
B351 36° 44.76' 121° 54.60' 99 46
C291 36° 38.61' 121° 55.63' 41 Grab
C295 36° 36.64' 122° 00.66' 118 Grab
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Table 2. Descriptive textural characteristics.

Station id. Mean Grain Size % Gravel % Sand % Silt % Clay % Mud
B147 4.35 0 67.45 23.88 8.67 32.55
B148 4.03 0 78.57 14.53 6.91 21.43
B149 2.29 0 90.46 5.04 4.49 9.54
B150 1.89 0 98.14 1.86 0 1.86
B151 3.66 0 86.07 8.67 5.26 13.93
B153 4.08 4.03 67.77 18.68 9.53 28.2
B154 6.48 0 4.19 76.4 19.41 95.81
B154 6.64 0 4.15 74 21.85 95.85
B157 4.84 0 55.26 33.11 11.63 44.74
B159 4.75 0 62.91 24.72 12.37 37.09
B15% 4.57 0 64.97 24.07 10.96 35.03
B160 5.41 0 39.13 42.21 18.66 60.87
B160b 5.5 0 39.11 41.71 19.18 60.89
B163 8.38 0 3.68 43.42 52.91 96.32
B163 5.72 0 12.93 71.29 15.78 87.07
B164f 7.33 0 26.19 31.17 42.64 73.81
B164sf 4.21 0 68.42 25.43 6.15 31.58
B165 2.89 4.91 88.03 5.76 1.3 7.06
B167 3.48 0 90.98 7.61 1.41 9.02
B281 3.4 0 89.43 6.13 4.44 10.57
B282 2.92 0 92.56 4.79 2.65 7.44
B283 2.14 9 81.24 5.01 4.75 9.76
B287g 2.49 14.59 69.14 7.52 8.74 16.26
B296 3.19 2.85 74.58 12.59 9.97 22.56
B297 2.63 0 98.25 0.7 1.05 1.75
B299 6.61 0 10.25 63.26 26.49 89.75
B304 4.97 0 43.73 45.15 11.11 56.27
B305 6.62 0 2.48 76.51 21.01 97.52
B306 6.8 0 1.55 76.59 21.85 98.45
B324 6.45 0 4.16 75.29 20.54 95.84
B324 6.46 0 4.19 75.34 20.47 95.81
B325 6.53 0 2.42 78.4 19.19 97.58
B325 6.55 0 2.43 78.07 19.49 97.57
B329 6.39 0 13.04 66.18 20.78 86.96
B329 6.31 0 15.35 64.69 19.96 84.65
B330 6.15 0 17.29 64.05 18.66 82.71
B330 6.04 0 18.04 64 17.97 81.96
B331 6.68 0 2.82 76.63 20.55 97.18
B331 6.75 0 2.86 76.31 20.83 97.14
B332 6.65 0 3.17 75.89 20.94 96.83
B332 6.63 0 3.15 76.23 20.62 96.85
B333 4.97 0 50.05 38.29 11.66 49.95
B333 4.94 0 50.11 38.25 11.63 49.89
B334 3.8 0 79.87 14.89 5.24 20.13
B334 3.79 0 79.88 14.85 5.28 20.12
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Table 2. Descriptive textural characteristics (con't).

Station id. Mean Grain Size % Gravel % Sand %Silt % Clay % Mud
B335 3.47 0 89.08 8.7 2.23 10.92
B335 3.47 0 89.06 8.64 2.3 10.94
B336 3.24 0 90.57 6.96 2.47 9.43
B336 3.25 0 90.5 7.01 2.49 9.5
B337 3.65 0 80.33 16.41 3.26 19.67
B337 3.64 0 80.33 16.43 3.24 19.67
B339 4 0 71.74 24.54 3.72 28.26
B339 4.02 0 71.73 24.37 3.9 28.27
B342 5.08 0 26.22 64.11 9.67 73.78
B342 5.07 0 25.66 64.91 9.42 74.34
B344 5.13 0 28.19 61.02 10.79 71.81
B344 5.27 0 27.27 61.4 11.33 72.73
B346 6.13 0 4.7 78.75 16.54 95.3
B346 6.18 0 4.72 79.17 16.11 95.28
B346 6.18 0 4.58 79.24 16.18 95.42
B346 6.2 0 4.58 78.16 17.26 95.42
B347 6.32 0 5.99 74.25 19.76 94.01
B347 6.35 0 5.99 74.05 19.96 94.01
B347 6.3 0 7.28 72.97 19.75 92.72
B347 6.29 0 9.13 71.66 19.22 90.87
B350 3.6 0 87.94 8.63 3.42 12.06
B350 3.6 0 87.88 8.55 3.56 12.12
B351 6.53 0 15.98 60.63 23.39 84.02
B351 6.31 0 15.9 63.25 20.85 84.1
C291 1.06 0 99.99 0.01 0 0.01
C295 2.54 7.9 73.4 9.53 9.16 18.69
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Table 3. Pecent organic carbon and calcium carbonate.
StationID % OrganicC % CaCO3

B147 0.44 0.69
B147r -0.06 0.52
B148 0.34 0.56
B148r -0.06 0.5
B149 0.51 2.5
B150 -0.01 43.6
B150r -4.37 36.42
B151 0.31 0.22
B151r 0.32 0
B153 0.6 0.28
B153r 0.63 0
B154 tx1 0.84 0.98
B154 tx2 0.85 1
B157 0.77 0.53
B157r -0.06 0.53
B159 0.55 0.4
B160 0.83 0.93
B163f 1.05 1.67
B163sf 0.49 0.71
B164f 0.61 1.32
B164sf 0.2 0.62
B165 0.06 0.69
B165r -0.14 1.15
B167 0.03 0.29
B167r 0.06 0
B281 0.3 0.15
B282 0.07 37.57
B282r -4.61 38.38
B283 0.48 2.28
B287g 0.33 5.78
B287gr 0.57 3.81
C291g 0.28 22.27
C295g 0.37 33.17
B296 0.75 38.7
B296r 5.46 0
B297 0.12 0.65
B297r -0.09 0.79
B299 0.76 0.86
B304 0.4 0.55
B304r -0.05 0.45
B305 1.04 0.77
B306 1.08 1.02
B306r -0.13 1.07
B324 0.98 0.83
B325 0.98 0.92
B329 1.08 1.08
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Table 3. Pecent organic carbon and calcium carbonate (con't).
StationID % OrganicC % CaCO3

B330 0.98 0.92
B331 1.12 1

B332 1.08 1

B333 0.66 0.92
B334 0.35 0.25
B335 0.22 0.17
B336 0.19 0.08
B337 0.19 0.17
B339 0.21 0.25
B342 0.43 0.33
B344 0.61 0.5
B346 0.89 0.67
B347 0.94 0.67
B348 0.19 0.08
B350 0.25 0.17
B351 1.27 1.17
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Moss Landing Marine Laboratories, Moss Landing CA 95039

Ronald Tjeerdema, John Newman, Johnathon Becker and Matthew Stoetling
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ABSTRACT

The presence/absence of contamination in sediments directly off the coast of
Fort Ord, California was investigated in this study. Twenty sediment samples
were collected in 1995 from Monterey Bay for this assessment. Lead
concentrations ranged from 7.3 to 13.4 ppm and was highest in the two samples
closest to Fort Ord but the identity of the source needs to be investigated further
in order to distinguish lead from Fort Ord from lead smelter waste known to
exist in Monterey Harbor. DDT concentrations ranged from non detected to 23.5
ppb and was highest offshore of the Salinas and Pajaro Rivers. PAHs and most
metals were found in the fine grained sediments furthest offshore. A relatively
small number of samples exceeded sediment quality guidelines (ERMs, ERLs,
PELs, TELs). It is unlikely that the current DDT values reported from Monterey
Bay are at levels that would cause an ecotoxicological effect.

INTRODUCTION

The US Army Corp of Engineers commissioned several studies offshore of Fort Ord in order
to demonstrate the presence/absence of dump sites and/or contamination resulting from discharges
from the base through storm drains, firing range activities, or base sewage disposal outfalls. This
study was commissioned to investigate possible contamination of sediments near the area offshore
of Fort Ord. The overall objectives of this study were to:

1. Determine the distribution of sediment contaminants in Monterey Bay

2. Evaluate the contaminant distribution to determine if there is an association between
contaminants and Fort Ord activities

METHODS
Field and laboratory work was accomplished by staff of the San Jose State University Foundation
at the Moss Landing Marine Laboratories, Moss Landing, CA (MLML). Trace metals analyses were
performed by California Department of Fish and Game (CDFG) personnel at the trace metal facility at
Moss Landing Marine Laboratories. Synthetic organic pesticides, polycyclic aromatic hydrocarbons
(PAHs), and polychlorinated biphenyls (PCBs) were analyzed at the University of California at Santa
Cruz’s (UCSC) trace organics analytical facility located at Long Marine Laboratory.

Sampling Design

The samples were collected during two cruises on the RVs McArthur and Pt. Sur. The stations
near Fort Ord were sampled in September 1995 (station numbers > B300, Figure 1) and the stations
more distant from Fort Ord were sampled in April 1995 (station numbers < B300). The sampling
stations were a subset of the stations collected for sedimentary characteristics by the U.S. Geological
Survey (see also Edwards et al., this volume). Stations were selected based on the following criteria:

-76 -



Figure 1. Station locations for Monterey Bay DOD sediment Study
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Ord); many of the sediments were to be collected offshore of Fort Ord; sediments were to be collected
both in the southern and northern parts of the bay; and sediments were to be collected near the mouth
of the Salinas River.

Sample Collection and Processing

Summary of Methods

Specific techniques used for collecting and processing samples are described in this section.

Because collection of sediments influences the results of all subsequent laboratory and data analyses,
it was important that samples be collected in a consistent and conventionally acceptable manner. Field
and laboratory technicians were trained to conduct a wide variety of activities using standardized
protocols to ensure comparability in sample collection among crews and across geographic areas.
Sampling protocols in the field followed the accepted procedures of EPA’s Environmental Monitoring
and Assessment Program (EMAP), NOAA’s National Status and Trends Program (NS&T), and
American Society for Testing Materials (ASTM), and included methods to avoid cross-contamination;
methods to avoid contamination by the sampling activities, crew, and vessel; collection of
representative samples of the target surficial sediments; careful temperature control, homogenization
and subsampling; and chain of custody procedures.

Cleaning Procedures

All sampling equipment (i.e., cores, containers, container liners, scoops, etc.) was made from
non-contaminating materials and was precleaned and packaged protectively prior to entering the field.
Sample collection gear and samples were handled only by personnel wearing non-contaminating
polyethylene gloves. All sample collection equipment (excluding the sediment grab) was cleaned
using the following sequential process:

Two-day soak and wash in Micro® detergent, three tap-water rinses, three deionized
water rinses, a three-day soak in 10% HC], three ASTM Type II Milli-Q® water
rinses, air dry, three petroleum ether rinses, and air dry.

All cleaning, after the Micro® detergent step, was performed in a positive pressure "clean" room
to prevent airborne contaminants from contacting sample collection equipment. Air supplied to the
clean room was filtered.

Plastic containers (high density polyethylene, HDPE) for trace metal analysis media (sediment,
archive sediment, and pore water) were cleaned by: a two-day Micro® detergent soak, three tap-water
rinses, three deionized water rinses, a three-day soak in 10% HCl or HNOj, three Type II Milli-Q®
water rinses, and air dry.

Glass containers for total organic carbon (TOC), grain size or synthetic organic analysis media
(sediment, archive sediment, pore water, and subsurface water) and additional teflon sheeting cap-
liners were cleaned by: a two-day Micro® detergent soak, three tap-water rinses, three deionized
water rinses, a three-day soak in 10% HCIl or HNOs, three Type 11 Milli-Q® water rinses, air dry,
three petroleum ether rinses, and air dry.

Sediment Sample Collection

Samples were collected during two cruises (4/95 and 9/95) aboard the research vessels McArthur
and Point Sur. All sampling locations (latitude & longitude), whether altered in the field or
predetermined, were verified using a differential-corrected global positioning system (GPS) provided
by the research vessel, and recorded in the field logbook. The method of sediment collection was a
box core with a 20 by 30 centimeter stainless steel box provided by the United States Geological
Survey. The core was deployed off the stern of each of the research vessels. After the filled box core
was secured on deck, the research vessel was moved perpendicular to the current wind direction to
ensure any exhaust form the ships engines was not contaminating the sediment sample. The
following acceptability criteria were met prior to taking sediment samples:
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1. Grab sampler was not over-filled (i.e., the sediment surface was not
pressed against the top of the box core).

2. Overlying water was present, indicating minimal leakage.

3. Overlying water was not excessively turbid, indicating
minimal sample disturbance.

4. Sediment surface was relatively flat, indicating minimal

sample disturbance.

5. Sediment sample was not washed out due to an obstruction in
the box core.

6. Desired penetration depth was achieved.

7. Sample did not include excessive shell, organic or man-made
debris.

If a sample did not meet all the above criteria, it was rejected and another sample was collected.

It was critical that sample contamination be avoided during sample collection. All sampling
equipment (i.e., cores, sCOOpS, containers, etc.) was made of non-contaminating material and was
cleaned appropriately before use. Field samplers were required to wear disposable polyethylene
gloves at all times while processing samples. Before samples from the box core were taken, the
overlying water was removed using a siphon hose, being careful to minimize disturbance or loss of
fine-grained surficial sediment. Once overlying water was removed, the top two centimeters of
surficial sediment was subsampled from the box core using a ten centimeter diameter polycarbonate
core. Subsamples were extruded from the core with a precleaned plunger and "sliced" off using a
precleaned polycarbonate spatula. Samples were placed in precleaned, prelabeled containers and
stored at minus ten degrees celsius for the duration of the cruises. When subsampling surficial
sediments, unrepresentative material (e.g., large stones or vegetative material) was removed from the
sample in the field. Small rocks and other small foreign material remained in the sample.
Determination of overall sample quality was determined by the chief scientist in the field and any
removals were noted on the field data sheet. Field data sheets also included bottom depths, salinity,
texture of the sediment, and general field observations.

Trace Metals Analysis of Sediments
Summary of Methods
Trace Metals analyses were conducted at the California Department of Fish and Game's (CDFG)
Trace Metals Facility at Moss Landing, CA. These methods were modifications of those described
by Evans and Hanson (1993) as well as those developed by the CDFG (California Department of Fish
and Game,
1990).

Analytes and Detection Limits
Trace metals and their detection limits in sediments (jg/g, dry weight) are:

Aluminum 1.0 Antimony 0.1
Arsenic 0.1 Cadmium 0.01
Chromium 0.1 Copper 0.1
Iron 0.1 Lead 0.1
Manganese 0.05 Mercury 0.03
Nickel 0.1 Selenium 0.2
Silver 0.01 Tin 0.02
Tributyltin 0.013 Zinc 0.05
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Sediment Digestion Procedures for all metals except for Se and As
One gram aliquot of sediment was placed in a pre-weighed Teflon vessel, and one ml concentrated
4:1 nitric:perchloric acid mixture was added. The vessel was capped and heated in a vented oven at
1300 C for four hours. Three ml concentrated hydrofluoric acid were added to vessel, recapped and
returned to oven overnight. Twenty ml of 2.5% boric acid were added to vessel and placed in oven
for an additional 8 hours. Weights of vessel and solution were recorded, and solution was transferred
to 30 ml polyethylene bottles.

Atomic Absorption Methods

Samples were analyzed by zeeman furnace atomic absorption (AA) on a Perkin-Elmer Zeeman
3030 Atomic Absorption Spectrophotometer, with an AS60 auto sampler, or a flame AA Perkin Elmer
Model 2280. Samples, blanks, matrix modifiers, and standards were prepared using clean techniques
inside a clean laboratory. ASTM Type II water and ultra clean chemicals were used for all standard
preparations. All elements were analyzed with platforms for stabilization of temperatures. Matrix
modifiers were used when components of the matrix interferes with adsorption. The matrix modifier
was used for Sn, Sb and Pb. Continuing calibration check standards (CLC) were analyzed with each
furnace sheet, and calibration curves were run with three concentrations after every 10 samples.
Mercury was analyzed by flameless AA. Selenium and As were analyzed by hydride generation.
Blanks and standard reference materials, MESS1, PACS, BCSS1 or 1646 were analyzed with each
set of samples for sediments. All contaminants in standard reference materials analyzed as part of this
study were within the published acceptable ranges.

Trace Organic Analysis of Sediments (PCBs, Pesticides, and PAHs)
Summary of Methods
Trace organics analysis was conducted at the Toxicology Lab of the Institute of Marine Sciences,
UC Santa Cruz. Analytical sets of 12 samples were scheduled such that extraction and analysis will
occur within a 40 day window. The methods employed by the UCSC-Trace Organic Facility were
modifications of those described by Sloan et al. (1993).

Analytes and Detection Limits
Organochlorine pesticides analyzed and their abbreviations (in parenthesis) and detection limits

(MDL) in sediment, ng/g dry weight are:
Pesticide
Aldrin
cis-Chlordane (CCHLOR)
trans-Chlordane (TCHLOR)
alpha-Chlordene (ACDEN)
gamma-Chlordene (GCDEN)
Chlorpyrifos (CLPYR)
Dacthal (DACTH)
o,p-DDD (OPDDD)
p.p-DDD (PPDDD)
o,p'-DDE (OPDDE)
p.p'-DDE (PPDDE)
p,p'-DDMS (PPDDMS)
p,p-DDMU (PPDDMU)
o,p'-DDT (OPDDT)
p,p'-DDT (PPDDT)
p,p'-Dichlorobenzophenone (DICLB)
Dieldrin
Endosulfan I (ENDO_1)

“E
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Endosulfan II (ENDO_2)
Endosulfan sulfate (ESO4)
Endrin

Ethion

alpha-HCH (HCHA)
beta-HCH (HCHB)
gamma-HCH (HCHG)
delta-HCH (HCHD)
Heptachlor

Heptachlor Epoxide (HE)
Hexachlorobenzene (HCB)
Methoxychlor METHOXY)
Mirex

cis-Nonachlor (CNONA)
trans-Nonachlor (TNONA)
Oxadiazon (OXAD)
Oxychlordane (OCDAN)
Toxaphene (TOXAPH)

SHONOOO=OOO0OO~ONDD -~
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PCB congeners analyzed in sediment, ng/g dry weight are:
NIST Congeners:

PCB Congener 8 (PCB8) PCB Congener 128 (PCB128)
PCB Congener 18 (PCB18) PCB Congener 138 (PCB138)
PCB Congener 28 (PCB28) PCB Congener 153 (PCB153)
PCB Congener 44 (PCB44) PCB Congener 170 (PCB170)
PCB Congener 52 (PCBS52) PCB Congener 180 (PCB180)
PCB Congener 66 (PCB66) PCB Congener 187 (PCB187)
PCB Congener 87 (PCB87) PCB Congener 195 (PCB195)
PCB Congener 101 (PCB101) PCB Congener 206 (PCB206)
PCB Congener 105 (PCB105) PCB Congener 209 (PCB209)
PCB Congener 118 (PCB118)

All individual PCB Congener detection limits were 1 ng/g dry weight.
Abreviations are given in parenthesis.

PAHs analyzed in sediment, ng/g dry weight are:

Polycyclic Aromatic Hydrocarbons

Naphthalene (NPH)
2-Methylnaphthalene (MNP2)
1-Methylnaphthalene (MNP1)
Biphenyl (BPH)
2,6-Dimethylnaphthalene (DMN)
Acenaphthylene (ACY)
Acenaphthene (ACE)
2,3,5-Trimethylnaphthalene (TMN)
Fluorene (FL.U)

Phenanthrene (PHN)

Anthracene (ANT)
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1-Methylphenanthrene (MPH1)
Fluoranthrene (FLA)
Pyrene (PYR)
Benz[a]anthracene (BAA)
Chrysene (CHR)
Benzo[b]fluoranthrene (BBF)
Benzo[k]fluoranthrene (BKF)
Benzol[e]pyrene (BEP)
Benzo[a]pyrene (BAP)
Perylene (PER)
Indo[1,2,3-cd]pyrene (IND)
Dibenz[a,h]anthracene (DBA)
Benzo[ghi]perylene (BGP)
All individual PAH detection limits were 5 ng/g dry weight. Abreviations are given in
parenthesis.

Extraction and Analysis

Samples were removed from the freezer and allowed to thaw. A 10 gram sample of sediment
was removed for chemical analysis and an independent 10 gram aliquot was removed for dry
weight determinations. The dry weight sample was placed into a pre-weighed aluminum pan and
dried at 110°C for 24 hours. The dried sample was reweighed to determine the sample’s percent
moisture. The analytical sample was extracted 3 times with methylene chloride in a 250-mL amber
Boston round bottle on a modified rock tumbler. Prior to rolling, sodium sulfate, copper, and
extraction surrogates were added to the bottle. Sodium sulfate dehydrates the sample allowing for
efficient sediment extraction. Copper, which was activated with hydrochloric acid, complexes free
sulfur in the sediment.

After combining the three extraction aliquots, the extract was divided into two portions, one for
chlorinated hydrocarbon (CH) analysis and the other for polycyclic aromatic hydrocarbon (PAH)
analysis.

The CH portion was eluted through a silica/alumina column, separating the analytes into two
fractions. Fraction 1 (F1) was eluted with 1% methylene chloride in pentane and contains > 90%
of p,p-DDE and < 10% of p,p'-DDT. Fraction 2 (F2) analytes were eluted with 100% methylene
chloride. The two fractions were exchanged into hexane and concentrated to 500 puL using a
combination of rotary evaporation, controlled boiling on tube heaters, and dry nitrogen blow
downs.

F1 and F2 fractions were analyzed on Hewlett-Packard 5890 Series gas chromatographs
utilizing capillary columns and electron capture detection (GC/ECD). A single 2 pl splitless
injection was directed onto two 60m x 0.25mm i.d. columns of different polarity (DB-17 & DB-5;
J&W Scientific) using a glass Y-splitter to provide a two dimensional confirmation of each analyte.
Analytes were quantified using internal standard methodologies. The extract’s PAH portion was
eluted through a silica/alumina column with methylene chloride. It then underwent additional
cleanup using size-exclusion high performance liquid chromatography (HPLC/SEC). The
collected PAH fraction was exchanged into hexane and concentrated to 250 pL in the same manner
as the CH fractions.

Quality Assurance/Quality -Control

Summary of Methods

Summaries of quality assurance and quality control procedures are described in the California
State Water Resources Control Board’s Bay Protection and Toxic Cleanup Program Quality
Assurance Project Plan (QAPP) (Stephenson et al. 1994). This document describes procedures
within the program which ensure data quality and integrity. Quality assurance procedures follow
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those of the NS&T Program to ensure comparability with other NOAA survey areas nationwide. In
addition, individual laboratories prepare quality assurance evaluations of each discrete set of
samples analyzed and authorized by task order.

Sediment Quality Guidelines

There have been several recent studies associating pollutant concentrations with biological
responses (Long and Morgan, 1990; MacDonald et al. 1996). These studies provide guidance for
evaluating the degree to which sediment chemical pollutants levels are responsible for effects
observed in a toxicity test. Reported values are based on individual chemical pollutants within
sediments. Therefore, their application may be confounded when dealing with: biological effects
which could be attributed to a synergistic effect of low levels of multiple chemicals, unrecognized
chemicals, or physical parameters in the sediment which were not measured.

The National Status and Trends Program has used chemical and toxicological evidence from a
number of modeling, field and laboratory studies to determine the ranges of chemical
concentrations which are rarely, sometimes, or usually associated with toxicity (Long et al., 1995).
Evaluation of available data (Long et al., 1995) has led to identification of three ranges in
concentration for each chemical:

1) Minimal Effects Range: The range in concentration over which toxic effects are
rarely observed:

2) Possible Effects Range: The range in concentrations over which toxic effects are
occasionally observed;

3) Probable-Effects Range: The range in chemical concentrations over which toxic
effects are frequently or always observed.

Two slightly different methods were used to determine these chemical ranges. One method
developed by NOAA (Long et al., 1995) used chemical data which were associated with a toxic
biological effect. These data were used to determine the lower 10th percentile of ranked data where
the chemical level was associated with an effect (Effects Range-Low, or ERL). Sediment samples
in which all chemical concentrations were below the 25 ERL values were not expected to be toxic.
The Effects Range-Median (ERM) reflects the 50th percentile of ranked data and represents the
level above which effects are expected to occur. Effects are expected to occur occasionally when
chemical concentrations fall between the ERL and ERM. The probability of toxicity was expected
to increase with the number and degree of exceedances of the ERM values.

Another method identifies three ranges using chemical concentration data associated with both
toxic biological effects and no observed effects (MacDonald et al. 1996). The ranges are identified
as TEL (Threshold Effects Level) and the PEL (Probable Effects Level). TEL values were derived
by taking the geometric mean of the 50th percentile of the "no effects" data and the 15th percentile
of the "effects" data. The PEL values were derived by taking the geometric mean of the 85th
percentile of the "no effects” data and the 50th percentile of the "effects" data. Although different
percentiles were used for these two methods, they are in close agreement, usually within a factor of
2. Neither of these methods is advocated over the use of the other in this report. Instead, both are
used.

A cautionary note should be included; the degree of confidence which MacDonald et al. (1996)
and Long et al. (1995) had in their respective guidelines varied considerably among the different
chemicals. For example, they express low confidence in the values derived for nickel, mercury,
DDTs, chlordane, dieldrin, and endrin. They also express low confidence in values derived for
chromium. When more data becomes available regarding these chemicals and their potential
effects, the guidelines may be revised, probably upward for some substances.
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Figure 2. PPDDE concentration (ng/g, dry weight) in sediments from the
Monterey Bay area.
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Figure 3. TOC normalized PPDDE concentration (ng/g, organic carbon weight) in
sediments from the Monterey Bay area.
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Figure 4. Total PAH concentrations (ng/g, dry weight) in sediments from the
Monterey Bay area.

w TS
Pajaro River
+* 169 Q
44
* *83
* 30 Elkhorn Slough
* 142
canyon
*75 % ND
2‘1 *58
*64 Salinas River
157#% 152 X63
236 %121
143
*ND % %15
Fort Ord
* 32

Figure 5. TOC normalized PAH concentration (ng/g, organic carbon weight) in
sediments from the Monterey Bay area.
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Figure 6. Lead concentration (ug/g, dry weight) in sediments from the Monterey Bay.
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Figure 7. TOC normalized lead concentration (ug/g, organic carbon weight) in
sediment from the Monterey Bay area.
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Figure 8. Grain Size normalized iead concentration (ug/g, fines) in sediment from the
Monterey Bay area.
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Figure 9. Grain Size normalized zinc concentration (ug/g, fines) in sediment from the
Monterey Bay area.
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Figure 10. Grain Size normalizéd chromium concentration (ug/g, fines) in sediment
from the Monterey Bay area.
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Figure 11. Grain Size normalized cadmium concentration (ug/g, fines) in sediment
from the Monterey Bay area.
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RESULTS AND DISCUSSION
Distribution of Chemical Pollutants

PCB’s in the sediments measured “not detected” at all stations (Table 1). Dacthal and dieldrin
were found at a few stations at or near the detection limits (Table 2). DDT and a it’s metabolites
were found at virtually every station (Table 2). DDE was the principle metabolite in the samples
and its distribution is plotted in Figure 2 and ranged from <1 to 23 ppb. Concentrations were
highest near the mouth of the Salinas River (station B163) however the closest station to the mouth
(B167) did not have any DDE. This can be explained because it was over 90 percent sand and was
the shallowest station (30m) in this study. DDT is usually found in fine grain sediments that are
high in organic matter. When DDE is normalize to TOC (Table 2 and Figure 3) to correct for
variable sand concentrations the pattern is similar to that of the unnormalized data. This is an
indication that even in the organic fraction of the sediments the contaminants show the same trends
as the whole sediment with sand and fines. Station B163 just off the mouth of the Salinas River is
highest in concentration and the next highest are stations in the northern part of the bay at three
stations offshore of the Pajaro River. In general the concentrations offshore of Fort Ord are lower
than those to the north indicating the source of DDT and its metabolites is not near the Fort. A
more probable explanation is that the DDT and its metabolites are coming from agriculture fields
and are deposited in the bay during storms through the Salinas and Pajaro Rivers. It also appears
that currents do not transport the DDT from the Salinas River south towards Fort Ord.

PAHs and PAHs normalized to TOC in sediments show that the distribution is correlated with
TOC and fine grain size which are generally more prevelant offshore (Table 4). In contrast to DDE
the stations highest in concentration were not close to Fort Ord, the Salinas, or Pajaro Rivers
(Table 3, Figures 4 and 5).

The metals showed a different pattern from the pesticides. Both the normalized and TOC
unnormalized lead data indicate the two samples with the highest concentrations of lead were the
two closest to Fort Ord (Table 5, Figures 6 and 7). Lead normalized to grain size showed the
highest value near Fort Ord and Monterey Harbor (Figure 8). The metals were normalized to TOC
in the case of lead, and fine grain size in the case of lead, cadmium, chromium, and cadmium. The
normalization allowed for comparisons that correct for the variable amounts of sand in the sample.
A metal normalized to fine grain size or TOC allows the concentrations to be presented as if all the
metals were found in the fine grains or TOC only. The fine grain size normalization formula is ug
element divided by the dry weight of the combined silt and clay fractions (fines fraction < 63u).
Several stations were not plotted in the grain size normalized graphs because the concentrations of
fines in the samples was less than 20% and would lead to errors because of the lack of accuracy in
determning fines at low concentrations (see NOAA, 1991 and Daskalakis and O’Connor, 1994 for
discussion of normalization of metals to correct for sand). The metals were not normalized to
aluminum as has been done by some other researchers because none of the elements correlated
with it. Possibilities for the high lead in south bay include lead from smelter waste in Monterey
Harbor, lead from Fort Ord in the form of bullets, atmospheric lead, and discarded fishing leads.
Lead is not correlated with other metals (Table 4).

The other metals do not have a similar distribution as lead (Tables 4 and 5) and can be lumped
in the following intercorrelated groups: copper, mercury, nickel, selenium silver, tin, zinc; arsenic,
chromium and iron; and cadmium . Most of them (copper, mercury, nickel, selenium, silver, tin
and zinc) are correlated with TOC (Table 4) and are found.in higher concentrations offshore but
when normalized to grain size there is no apparent relationship to sources (see Figure 9 where zinc
is plotted as an example of this group). Chromium, arsenic, and iron also show no apparent
relationship to sources when normalized to grain size (see Figure 10 where chromium is plotted as
an example of this group). Cadmium also shows no apparent relationship to sources when
normalized to fine grain size (Figure 11).
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Most of the levels of metals and organics in sediments from this study are low when compared
to PELs, TELs, ERMs and ERLs (Long et al. 1995, Mac Donald et al. 1996) (Table 6). Nickel is
higher than ERMs and PELs and chromium is higher than ERLs and TELSs for the majority of
stations but this is common in Northern California and is probably related to crustal abundances of
these metals in northern California as these metals have been found to be high in San Francisco
Bay, Tomales Bay and Humboldt Bay by the California Bay Protection and Toxic Cleanup
Program (Fairey, personnel communication). These levels are in the range of background levels
found in Northern California (NOAA, 1987). Copper and arsenic are higher than the TELs at a
few stations. DDE levels are higher than the published ERL values but less than the ERM values
found in Long et al. (1995). Long et al. (1995) and Mac Donald et al. (1996) have both expressed
low confidence in their respective guidelines for DDT and its metabolites. Recent research on DDT
contamination by Swartz et al. (1994) demonstrates DDT concentrations much higher than ERM or
PEL values may be required before toxicological effects are apparent. Toxic effects to amphipods
in bioassays were observed at levels above 300,000 ng/g TOC normalized while abundance of
amphipods in field surveys occurred above 100,000 ng/g TOC normalized. The highest value
found in this study is almost 3 orders of magnitude lower than these new recommended numbers
from Swartz et al. (1994). The use of ERMs and PELs is controversial in the scientific
community to evaluate sediment contamination. They are based on relatively crude measures of
toxicity and do not account for bioavailability influences. The Environmental Protection Agency
does not accept these values as sediment quality criteria. Despite the controversy over use of these
guidelines almost all the samples were lower than the ERMs and PELs and it seems improbable
that the current DDT, PAH, or metal values reported from Monterey Bay are at levels that would
cause an ecotoxicological effect based on these guidelines.

Another method of set of guidelines is provided by the NS&T program. The NS&T program
collected data from almost 300 coastal and estuarine sites throughout the United States from 1984
to 1989. They determined the “high” concentrations as those exceeding the mean plus one
standard deviation of the lognormal distribution (NOAA, 1991). One unique feature of these
guidelines is that they correct for sand content by normalizing the data by the amount of fine
grained sediment in the sample. The data from this study and the guidelines given in Table 6 show
that nickel and to a lesser extent chromium (and one station for arsenic) are the only elements that
are “high” by these guidelines. As mentioned above these elements have been shown to be high in
almost all the Northern California Bays and are thought to be natural in origin.

CONCLUSIONS

1. Lead is higher in sediments from the two stations closest to Fort Ord and Monterey Harbor.
Possible sources include Fort Ord, the atmosphere, lead in Monterey Harbor, and fishing leads.

2. DDT distribution is probably related to discharges from the Pajaro and Salinas Rivers.

3. PAHs and most metals other than lead are higher in sediments with high TOC and are found
in the highest concentrations in deeper waters with no apparent relation to Fort Ord or river
discharges.

4. PCB’s and most pesticides analyzed were near or below detection limits.

5. Almost all the levels of metals and organics are low when compared to the most generally
accepted sediment quality guidelines, the ERMs, PELs, ERLs, and TELs (Long et al. 1995,
MacDonald 1994) and the NS&T guidelines (NOAA 1991). It is improbable that the current DDT
and metal values reported from outer Monterey Bay are at levels that would cause an
ecotoxicological effect.

RECOMMENDATIONS

An additional study should be commisioned to determine the source of lead in south
Monterey Bay. The lead could be coming from the lead slag deposits that exist in the Monterey
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Harbor, the lead bullets from the days when the firing ranges were active at Fort Ord, or from
discarded fishing leads. Additional stations would have to be collected between Fort Ord and
the Harbor and the sediments should be analyzed for lead and lead isotopes.
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Table 6- Comparison of Sediment Screening Levels
Developed by NOAA and the State of Florida

State of Florida (1) NOAA (2)

SUBSTANCE TEL PEL ERL ERM

Organics (ug/kg- dry weight)
Total PCBs 21.550 188.79 22.70 180.0
PAHs
Acenaphthene 6.710 88.90 16.00 500.0
Acenaphthylene 5.870 127.89 44.00 640.0
Anthracene 46.850 245.00 85.30 1100.0
Fluorene 21.170 144.35 19.00 540.0
2-methyinaphthalene 20.210 201.28 70.00 670.0
Naphthalene 34.570 390.64 160.00 2100.0
Phenanthrene 86.680 543.53 240.00 1500.0
Total LMW-PAHs 311.700 1442.00 552.00 3160.0
Benz(a)anthracene 74.830 692.53 261.00 1600.0
Benzo(a)pyrene 88.810 763.22 430.00 1600.0
Chrysene 107.710 845.98 384.00 2800.0
Dibenz(a,h)anthracene 6.220 134.61 63.40 260.0
Fluoranthene 112.820 1493.54 600.00 5100.0
Pyrene 152.660 1397.60 665.00 2600.0
Total HMW-PAHs 655.340 6676.14 1700.00 9600.0
Total PAHs 1684.060 16770.54 4022.00 44792.0
Pesticides
p.p'-DDE 2.070 374.17 2.20 27.0
p.p'-DDT 1.190 4.77
Total DDT 3.890 51.70 1.58 46.1
Lindane 0.320 0.99
Chlordane 2.260 4.79 0.50 6.0
Dieldrin 0.715 4.30 0.02 8.0
Endrin 0.02 45.0
Metals (mg/kg- dry weight)
Arsenic 7.240 41.60 8.20 70.0
Antimony 2.00 2.5
Cadmium 0.676 4.21 1.20 9.6
Chromium 52.300 160.40 81.00 370.0
Copper 18.700 108.20 34.00 270.0
Lead 30.240 112.18 46.70 218.0
Mercury 0.130 0.70 0.15 0.7
Nickel 15.900 42.80 20.90 51.6
Silver 0.733 1.77 1.00 3.7
Zinc 124.000 271.00 150.00 410.0

(1) D.D. MacDonald, 1994

(2) Long et al., 1995
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Frequency and Determination of External Lesions in Dover Sole
(Microstomus pacificus) and English Sole (Pleuronectes vetulus)
in Monterey Bay, CA

Korie Ann Johnson and Gregor M. Cailliet
Moss Landing Marine Laboratories, Moss Landing, CA 95039

Mark Stephenson
California Department of Fish and Game, Moss Landing Marine Laboratories, Moss Landing, CA
95039

George Gardner
US Environmental Protection Agency, National Health and Environmental Effects Research
Laboratory, Naragansertt, RI 02882

ABSTRACT

Tumor-like lesions were observed on Dover and English sole in Monterey Bay,
CA during a 1994 field survey conducted to develop information on population
dynamics. The lesions, focal areas of raised epithelium, in these important
groundfish raised concern about a possible relationship with anthropogenic
contaminants emanating from the FORZ, the Pajaro River, and/or the Salinas
River. As a result, monitoring activities were conducted to develop information
on the distribution of these tumor-like lesions. Dover sole lesions were
histologically diagnosed as X-cell pseudotumors, and English sole lesions as
trematode cercaria infestations. At these Monterey Bay locations, we determined
the mean percent of Dover sole affected with X-cell tumors to be 7.4, 7.7 and
6.9, and the mean percent of English sole with trematodiasis to be 10.7, 12.3 and
17.6, respectively. The occurrence of external lesions on flatfishes in Monterey
Bay is not significantly elevated above normal baseline levels for southern
California. This study has not demonstrated a relationship between past military
activities associated with FORZ and the occurrence of external lesions on fishes
in Monterey Bay.

INTRODUCTION

The occurrence of anomalous and diseased fishes along the coast of the North Pacific has been
documented since the early 1950's (Young, 1964, Levings, 1967, Misitano, 1971, Mearns and
Sherwood, 1974, Mearns and Sherwood, 1976, Sherwood and Mearns, 1976, Stich et al., 1976,
Wellings et al., 1976, Compana, 1983, Cross, 1986). The cause of these abnormalities can range
from a number of natural processes, including metabolic disorders, viruses, bacteria, fungi or
other pathogenic organisms, to man-induced or anthropogenic influences, such as chemical or
thermal contaminants (Sindermann, 1979, Cailliet et al., 1986, Harshbarger et al., 1993).
Environmental contamination, a serious problem in urbanized areas, can have both direct and
indirect effects on fishes (Sindermann, 1979). Examples of direct effects include cancerous
tumors and birth defects. Indirect effects are much harder to detect and include weakening of the
animals defense mechanisms, making them more susceptible to infection.

Flatfishes, in particular, are prone to diseases and abnormalities because of their benthic
habitats and sedentary lifestyle (Stich and Acton, 1976). Juvenile and adult flatfish have a wide
geographic distribution, absence of extensive migration patterns, and are commonly found in
polluted waters, making them particularly susceptible to pollution-induced diseases. Tumors, in
particular, have been reported on at least 10 species of flatfish between Alaska and California
including starry flounder (Platichthys stellatus), sand sole (Psettichthys melanostictus), flathead
sole (Hippoglossoides classodon), Dover sole (Microstomus pacificus) and English sole
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Figure 1. Map of individual trawl tows for English and Dover sole within each of the
sampling areas (FORZ, Salinas River mouth and Pajaro River mouth) in Monterey Bay,
CA. ‘
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(Pleuronectes vetulus; McArn and Wellings, 1971, Miller and Wellings, 1971, Mearns and
Sherwood, 1974). In a pilot study conducted in Monterey Bay, CA, external lesions were found
on both Dover sole, Microstomus pacificus, and English sole, Pleuronectes vetulus. The
occurrence of external lesions on fishes in Monterey Bay had not previously been documented.

Monterey Bay is located along the central California coast between 36.5° N and 37° N (Figure
1). The bay is symmetrical in shape measuring 37 km long and covering approximately 550 km?2-
Approximately 80% of the Bay is shallower than 100 m and most of this area is soft bottom habitat
(Breaker and Broenkow, 1994). ,

There are several possible sources of contaminants in Monterey Bay. Environmental hazards
may exist offshore of the former Fort Ord Restricted Zone (FORZ; Figure 1) resulting from
decades of military use. Military activities included storm water discharge, sewage treatment
outfalls, ocean disposal of military waste, munitions use, and amphibious beach landings (Harding
Lawson Associates, 1994). In addition, two wastewater treatment plants are currently located
along Monterey Bay with outfalls emptying into bay waters.

Monterey Bay water quality is also influenced by surrounding agricultural areas. A number of
pesticides and fertilizers are used in these areas. Runoff from agricultural fields drain into the
Salinas and Pajaro Rivers. Although both rivers have low rain-induced flow from May through
October or November of each year, heavy rains in winter and early spring cause major flood
conditions that wash contaminated water and sediments directly into Monterey Bay. These inputs
and activities may have adverse affects on the soft-bottom ichthyofaunal community.

English sole and Dover sole are important ecological and economic species in Monterey Bay.
Both English and Dover sole have pelagic eggs and extended larval stages before metamorphosis
and recruitment to nearshore benthic habitats (Hagerman, 1952, Eshmeyer et al., 1983, Markle et
al., 1992). Dover sole spawn in deep water from December to February. Settlement occurs the
following January through April. During the planktonic stages, eggs and larvae are vulnerable to
the southward flowing California Current System and may be transported over long distances.
English sole spawning occurs between January and March. Eggs are pelagic but sink several
hours before hatching. Young are pelagic for 6-10 weeks before settling out to shallow, intertidal
areas such as estuaries and bays. Adults of both Dover and English sole are harvested by
commercial trawlers as part of the groundfish fishery. In 1994 alone, Dover sole landings in the
Monterey area totaled 1,010,770 Ibs worth $275,638 in exvessel price. English sole landings for
1994 totaled 133,341 Ibs worth $49,845 in exvessel price.

OBJECTIVES
The purposes of this study were to (1) examine species composition and percentage of benthic
fishes with external lesions or abnormalities; (2) determine spatial distribution of Dover and
English sole with external lesions in relation to the former FORZ, the Pajaro River and Salinas
River mouths; and (3) use histopathology to determine type and possible cause of lesions.

METHODS
Collections

Three sampling areas were designated within Monterey Bay, CA, each approximately the same
size and shape (Figure 1). Sediments within the three areas are described as soft bottoms ranging
from sandy mud to silt and clay. Samples were taken between 40-100 m within each sampling
area. Additional samples were also taken outside of these three areas in the northern half of the bay
to provide further information on spatial distribution. ‘

The R/V Ed Ricketts was used to conduct trawl sampling of fishes on soft bottoms within each
study area. The primary gear used was an otter trawl with a bridle length of 22.9 m, a mouth
width of 8.3 m, a body mesh size of 3.8 cm, and a cod-end mesh size of 1.0 cm. A 4:1 wire ratio
was used for all tows to ensure that the trawl was consistently fishing on the bottom. The duration
of each trawl tow was approximately 20 minutes. Latitude and longitude of the vessel, as
determined from LORAN C, were recorded at the beginning and end of each trawl in order to
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estimate distance traveled. Sampling began in August 1995 and continued weekly, as weather
permitted, through January 1996.

All flatfish were examined for the presence of external lesions. Dover sole and English sole
were separated from the catch, designated as tumorous or non-tumorous and measured to the
nearest mm standard length. Samples of tumored fishes were brought back to the lab and
preserved in Dietrich's Fixative for histopathology.

Histopathology

Pathological evaluations were made on both English sole and Dover sole using liver, spleen
and muscle tissue. Tissue from preserved fishes was embedded in paraffin, sectioned at 6
microns, and stained with Harris’ hematoxylin and eosin.

RESULTS

Species composition of the trawl samples from Monterey Bay remained relatively stable
throughout the sampling period. Samples were dominated by several species of flatfish, especially
Pacific sanddabs (Citharichthys sordidus), Dover sole (Microstomus pacificus) and English sole
(Pleuronectes vetulus). External lesions were only observed on Dover sole and English sole.

Dover and English sole with external lesions were found throughout the bay. A total of 2,606
Dover sole was sampled, 6.3 % of which had external lesions (Table 1). Percentage of Dover sole
with external lesions within individual trawl tows ranged from 0-50.0 %. A total of 1085 English
sole was sampled, 9.9 % of which had external lesions, with percentages within individual trawl
tows ranging from 0-69.2%.

Table 1. Summary of sample sizes and percent of sole with external lesions for both Dover and
English sole in each of the three sampling areas in Monterey Bay: FORZ, Salinas River and Pajaro River.

Dover sole English sole
# tows # fish overall % mean % / tow # tows #fish overall % mean % / tow
FORZ 14 858 7.3 74+ 16 10 373 9.4 10.7 £ 3.7
Salinas River 14 282 8.9 6.9+ 1.8 10 239 13.4 17.6 £ 8.0
Pajaro River 23 954 6.3 7.7+23 13 297 9.4 123 £ 45

The outward appearance of the lesions differed between species. Lesions on Dover sole were
larger in size reaching up to approximately 20 mm, varied from white to red in color, and often had
a cauliflower-like appearance. The majority of Dover sole had only one lesion, but two lesions
were found on several individuals. In English sole, lesions were smooth and reddish in color.
Most of the English sole with external lesions had multiple nodules, approximately 1 mm in size,
covering the blind side of the fish. Larger lesions, measuring 1-5.mm in size, were also evident at
the base of the fins and between fin rays.

The proportion of fish with external lesions was not different among the three sampling areas
for either Dover sole or English sole (Figure 2). Within each area, however, a higher percentage
of English sole were affected than Dover sole. For Dover sole the mean percent fish per tow with
external lesions was 6.9114.8 off the Salinas River, 7.4+1.6 off FORZ, and 7.742.3 off the
Pajaro River. For English sole the mean percent of fish per tow with external lesions was
10.7£3.7 off FORZ, 12.3+4.5 off the Pajaro River and 17.648.0 off the Salinas River.
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Figure 2. Percent of Dover and English sole affected with external lesions
within'each of the three sampling areas: FORZ, Salinas River mouth and
Pajaro River mouth. Values represent mean percent per trawl. Error bars
denote standard error.



Patterns of external lesions with size differed between Dover and English sole. Ninety-eight
percent of the Dover sole sampled ranged from 60-140 mm. Fish within the entire size range were
affected by lesions. No clear trend between fish size ad occurrence of external lesions was
evident. (Figure 3).

English sole were a little larger than Dover sole, with 96% ranging from 80-220 mm standard
length. The percentage of English sole affected by external lesions increased with increasing size
(Figure 4). Nineteen percent of English sole greater than 100 mm exhibited external lesions, while
only 2% of those less than or equal to 100 mm had external lesions.

Histopathological results concluded that external lesions on the Dover sole were X-cell
pseudotumors. X-cells are infections of parasitic amebae resembling Hartmanella. They have a
large nucleoli composed of fine granules and numerous, small clumps of chromatin, and are
surrounded by thin epidermal cell processes.

Lesions on the English sole were raised epithelia due to larval forms of endo-parasites. The
parasites were characteristic of Platyhelminthes worms from the Class Trematodes and Order
Digenea, and were found in the subdermal epithelial layer, musculature and liver. Infestation by
this parasite is known as trematodiasis or helminthiasis.

Spleen tissue sections in the English sole samples showed increasing macrophage area and
number with increasing prevalence of trematodiasis. No tumors or other significant lesions were
identified in the liver tissue samples.

DISCUSSION

Dover and English sole were the only two species caught in our samples that had external
lesions. Occurrence of external lesions and abnormalities has been cited for these two species in
previous studies (Wellings et al., 1976, Mearns and Sherwood, 1974, Cross, 1986). Pacific
sanddabs were the most abundant species in this study and none were observed to have external
lesions. Previous studies have shown that in most cases only one or two species in an area have
tumors, even though other potentially vulnerable species are present in the same or greater
abundance (Wellings et al., 1976). At present it is unknown why the species composition of
tumored fishes changes between regional location, when similar species are available throughout
the eastern Pacific nearshore areas.

The widespread occurrence of Dover sole and English sole with lesions in Monterey Bay
makes it impossible to pinpoint affects from specific sources of contaminants. More extensive
sampling is needed which extends outside of the bay to determine if the lesions are concentrated
within the bay or abundant throughout the central coast.

The numbers of external lesion-bearing fishes in Monterey Bay were similar to findings in
previous studies. Mearns and Sherwood (1974, 1976) recorded tumors on Dover sole, with
prevalence of tumor bearing fish reaching as high as 9% in southern California and 6.7 % in Baja
California. Surveys conducted off the Palos Verdes shelf in southern California between 1971-83
found 2.5% of all Dover sole less than 150 mm had external lesions. Many further studies have
found proportions reaching over 50% (Stich and Acton, 1976, McArn and Wellings, 1971,
Kimura, 1971). Therefore, percentages in Monterey Bay were not extremely high, and may even
be considered low by some comparisons.

The occurrence of external lesions on Dover sole may be more of wide spread juvenile problem
as cited by Mearns and Sherwood (1976) and Cross (1986). This study extends the range of
Dover sole with external lesions to include Monterey Bay. Size patterns with Dover sole show that
they are affected soon after recruitment. Similar patterns have been reported for Dover sole in
southern California and Baja. If the sensitive period for lesion induction is during early
development then knowledge of the distribution of Dover sole prior to and during metamorphosis
may be of more importance than the location where the fish are caught.

The fate of fishes with X-cell lesions is as of yet unknown. There is no evidence of regression
or shedding of X-cell lesions in species maintained in laboratory observations. Instead, tumors
appear to enlarge with fish growth. Many studies have shown that the number of fishes with
tumors steadily decline with size. Thus, it is assumed that tumored fish either die or leave the
study area. The depth range and equipment used in sampling for this study allowed for the catch
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of smaller individuals only. Further sampling is needed to determine if the trend of decreasing
occurrence of external lesions in adult fish holds true for Monterey Bay. If those fishes affected by
external lesions do die at an early age, then it is possible that population size could be affected.

The occurrence of trematodiasis and increasing macrophage aggregates in fishes, as seen in the
English sole in this study, has increased in the past several decades. Increasing macrophage area
in the spleen is currently considered pathological in several species of flatfish, such as the winter
flounder, Pseudopleuronectes americanus (Wolke et al., 1985). This structural alteration in the
spleen tissue has been considered as a monitor of fish health in relation to pollution, and has been
correlated with concentrations of organic pollutants in sediments (Gardner, et.al., 1989).
However, macrophage aggregate parameters may be affected by a number of factors other than
pollution, including age, disease, thermal environment and season (Blazer et al., 1987).

Recent research has shown increases in fish and shellfish diseases correlating to increases in
contaminants in sediments. Trematodiasis and macrophage activity are among those diseases and
may have important implications for organisms of ecological concern. At this time, the reason for
trematodiasis and increased macrophage areas in the English sole spleen is unidentified, primarily
because baseline conditions from some reference site, and any relationship with measured chemical
contaminant levels has not been established. It is generally known that fish immune systems can
be weakened by pollution-induced stress, causing higher susceptibility to parasitism and elevated
macrophage response.

In summary, the occurrence of external lesions on flatfishes in Monterey Bay are not
significantly elevated above normal baseline levels for southern California. This study has not
demonstrated a relationship between past military activities associated with FORZ and the
occurrence of external lesions on fishes in Monterey Bay.
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