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Chapter 4. Sediment Characteristics
 

INTRODUCTION 

Sediment conditions can influence the distribution 
of benthic invertebrates by affecting the ability of 
various species to burrow, build tubes or feed (Gray 
1981, Snelgrove and Butman 1994). In addition, 
many demersal fishes are associated with specific 
sediment types that reflect the habitats of their 
preferred prey (Cross and Allen 1993). Both natural 
and anthropogenic processes affect the distribution, 
stability and composition of sediments. 

Natural factors that may affect the distribution and 
stability of sediments on the continental shelf include 
bottom currents, wave exposure, the presence and 
abundance of calcareous organisms, and proximity 
to river mouths, sandy beaches, submarine basins, 
canyons and hills (Emery 1960). The analysis of 
various sediment parameters (e.g., particle size, 
sorting coefficient, percentages of sand, silt, and 
clay) can provide useful information relevant to 
the amount of wave action, current velocity, and 
sediment stability in an area. 

The chemical composition of sediments can be 
affected by the geological history of an area. For 
example, erosion from cliffs and shores, and 
discharges from bays, rivers, and streams can 
contribute various metals and sedimentary detritus 
to a given area (Emery 1960). In addition, the 
organic content of sediments is greatly affected 
by primary productivity in nearshore waters, as 
well as terrestrial plant debris originating from 
bays, estuaries, and rivers (Mann 1982, Parsons 
et al. 1990). Finally, concentrations of various 
constituents within sediments are often affected 
by sediment particle size. For example, the levels 
of organic materials and trace metals within ocean 
sediments generally rise with increasing amounts 
of fine particles (Emery 1960, Eganhouse and 
Vanketesan 1993). 

Ocean outfalls are one of many anthropogenic 
factors that can directly influence the composition 
and distribution of sediments through the discharge 
of wastewater and the subsequent deposition of a 
wide variety of organic and inorganic compounds. 
Some of the most commonly detected compounds 
in municipal wastewater discharges include various 
organic compounds (e.g., organic carbon, nitrogen, 
sulfides), trace metals, and pesticides (Anderson 
et al. 1993). Additionally, the physical structure of 
large outfall pipes can alter the hydrodynamic regime 
affecting sediment transport and subsequently 
substrate composition in the immediate area (see 
Shepard 1973). 

This chapter presents summaries and analyses of 
sediment grain size and chemistry data collected 
during 2005 in the region surrounding the Point 
Loma Ocean Outfall (PLOO). The major goals are 
to (1) assess impact of the wastewater discharge 
on sediment quality in the region by analyzing 
spatial and temporal patterns of various grain size 
and chemistry parameters, and (2) determine the 
presence or absence of sedimentary or chemical 
footprints near the discharge site. 

MATERIALS AND METHODS 

Field Sampling 

Sediment samples were collected at 22 stations that 
span the terminus of the PLOO (Figure 4.1). These 
stations are located along the 88, 98, and 116-m 
depth contours, and include 17 “E” stations located 
within 8 km of the outfall, and 5 “B” stations 
located greater than 11 km from the outfall. In 
January, the sampling was limited to the 12 primary 
core stations located along the 98-m contour due 
to participation in special strategic process studies 
as determined by the City in coordination with the 
Executive Officer of the RWQCB and the United 
States Environmental Protection Agency (USEPA) 
(City of San Diego 2006a). 
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Figure 4.1
Benthic station locations sampled for the Point Loma 
Ocean Outfall Monitoring Program. The 12 primary core 
stations along the 98-m contour were sampled in January 
and July 2005. Secondary core stations along the 88 and 
116-m contours were sampled in July 2005 only. 

Benthic sediment samples were collected using 
a modified 0.1-m2 chain-rigged, double van 
Veen grab (see City of San Diego in prep). Sub­
samples were taken from the top 2 cm of the 
sediment surface and handled according to USEPA 
guidelines (USEPA 1987). 

All sediment chemistry and grain size analyses were 
performed at the City of San Diego’s Wastewater 
Chemistry Laboratory (see City of San Diego 2006b). 
Particle size analysis was performed using a Horiba 
LA-920 laser scattering particle analyzer, which 
measures particles ranging in size from 0.00049 to 
2.0 mm (i.e., -1 to 11 phi). Coarser sediments (e.g., 
very coarse sand, gravel, shell hash) were removed 
prior to analysis by screening the samples through 
a 2.0 mm mesh sieve. The retained material was 
weighed and expressed as the percent “Coarse” of 
the total sample sieved. 

The data output from the Horiba particle size analyzer 
was categorized as follows: sand was defined as 

particles ranging in size from <2 to 62.5 mm, silt 
as particles from <62.5 to 0.0039 mm, and clay as 
particles <0.0039 mm (see Table 4.1). These data 
were standardized and incorporated with a sieved 
coarse fraction containing particles >2.0 mm in 
diameter to obtain a distribution of coarse, sand, 
silt, and clay fractions totaling 100%. The coarse 
fraction was included with the phi -1 fraction in the 
calculation of various particle size parameters, using 
a normal probability scale (see Folk 1968). These 
parameters included mean and median phi size, 
standard deviation of phi size (sorting coefficient), 
skewness, kurtosis, and percent sediment type 
(coarse materials, sand, silt, clay). 

Chemical parameters analyzed were total organic 
carbon (TOC), total nitrogen (TN), total sulfides, 
biological oxygen demand (BOD), total volatile 
solids (TVS), trace metals, chlorinated pesticides, 
polycyclic aromatic hydrocarbons (PAHs), and 
polychlorinated biphenyl compounds (PCBs) 
(see Appendix B.1). Prior to analysis, these 
data were generally limited to values above the 
method detection level (MDL). However, some 
parameters were occasionally determined to be 
present in a sample with high confidence (i.e., 
peaks are confirmed by mass-spectrometry) but at 
levels below the MDL. These data were included 
as estimated values. Null or “not detected” values 
represented instances where the substance was 
either not detected or detected below the MDL, but 
not confirmed by mass-spectrometry. These values 
were treated as a zero when calculating means. 

Cumulative distribution functions (CDFs) were 
established previously for Southern California Bight 
using data from 1994 (Schiff and Gossett 1998). 
Sediment chemistry data for the San Diego region 
were compared against the median CDF levels for 
12 trace metals, TN, TOC, pesticides (e.g., DDT), 
and total PCB in order to evaluate how these 
parameters compare to regional values of the entire 
SCB. Levels of sediment contamination were further 
evaluated by comparing the results of this study to 
the available Effects Range Low (ERL) sediment 
quality guidelines (see Long et al. 1995). The ERL 
represents chemical concentrations below which 
adverse biological effects were rarely observed. 
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Table 4.1 
A subset of the Wentworth scale representative of the sediments encountered in the PLOO region. Particle size is 
presented in phi, microns, and millimeters along with the conversion algorithms. The sorting coefficients (standard 
deviation in phi units) are based on categories described by Folk (1968). 

Wentworth Scale
 
Phi Size Microns Millimeters Description
 

-2 4000 4 
-1 2000 2 
0 1000 1 
1 500 0.5 
2 250 0.25 
3 125 0.125 
4 62.5 0.0625 
5 31 0.0310 
6 15.6 0.0156 
7 7.8 0.0078 
8 3.9 0.0039 
9 2 0.0020 

10 0.98 0.00098 
11 0.49 0.00049 

Pebble 
Granule 
Very coarse sand 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand 
Coarse silt 
Medium silt 
Fine Silt 
Very fine silt 
Clay 
Clay 
Clay 

Sorting Coefficient 
Standard Deviation Sorting 

Under 0.35 phi very well sorted 
0.35–0.50 phi well sorted 
0.50–0.71 phi moderately well sorted 
0.71–1.00 phi moderately sorted 
1.00–2.00 phi poorly sorted 
2.00–4.00 phi very poorly sorted 
Over 4.00 phi extremely poorly sorted 

Conversions for diameter in phi to millimeters: D(mm) = 2-phi
 

Conversions for diameter in millimeters to phi: D(phi) = -3.3219log10D(mm)
 

RESULTS AND DISCUSSION 

Particle Size Distribution 

During 2005, ocean sediments off Point Loma were 
composed predominantly of very fine sand and coarse 
silt with a mean particle size of 0.066 mm or 3.9 phi 
(Table 4.2). Fine sediments (silt and clay fractions 
combined) averaged about 36% of the sediments 
overall, while sands accounted for 63%. Coarser 
materials such as shell hash and gravel comprised 
the remaining 1%. The sorting coefficients (standard 
deviation) were greater than 1.0 phi at every station, 
indicating that sediments within the survey area 
were poorly sorted (i.e., consisted of particles of 
varied sizes; see Table 4.1). These results are typical 
of the mid-shelf and reflect the multiple origins of 
sediments in the region (see Emery 1960, City of 
San Diego 2006c). This also suggests that these sites 
are subject to slow moving currents, reduced water 
motion, or some disturbance (e.g., storm surge, rapid 
suspension/deposition of materials). For example, 
29 of the 34 samples in 2005 contained both fine 
particles and coarse materials (see Appendix B.2). 

Particle size at most stations averaged between 
0.04 and 0.09 mm in diameter. Generally, finer 
sediments occurred along the 88-m contour, with 
more coarse sediments along the 98 and 116-m 
contours (Figure 4.2). The smallest particles (mean 
<0.05 mm) occurred at the northern station B8 
located along the 88-m depth contour, while the 
coarsest sediments (>0.09 mm) occurred at the deep 
reference station B12. Relatively coarse sediments 
(>0.07 mm) also occurred at the 2 stations along the 
116-m contour, northern reference station B10 and 
the most southern deep station E3 located near the 
LA-5 dredge disposal site, and station E14 located 
along the 98-m contour. The coarser sediments at 
stations B12 and B10 may be partially related to 
their location along the outer shelf edge where strong 
currents and internal waves export fine sediments 
down the slope and leave shell hash and larger 
particles behind (see Shepard and Marshall 1978, 
Heathershaw et al. 1987, Boczar-Karakiewicz et al. 
1991). The sediment at station E3 was composed of 
varying amounts of sandy materials likely related 
to its location near the LA-5 disposal site (see 
Gardner et al. 1998, City of San Diego 2005). Visual 
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Table 4.2 
Summary of particle size parameters and organic loading indicators at PLOO stations during 2005. Data are expressed 
as annual means; n=2 for the 12 primary core stations (98-m contour); n=1 for 10 secondary core stations (88 and 
116-m contours). CDF=cumulative distribution functions (see text); NA=not available. MDL=method detection limit. 
Area Mean=mean of all stations for 2005. Values that exceed the median CDF are indicated in bold type. 

Particle Size Organic Indicators 
Station Depth Mean Mean SD Coarse Sand Fines BOD Sulfides TN TOC TVS 

(m) (mm) (phi) (phi) (%) (%) (%) (mg/L) (ppm) (wt%) (wt%) (wt%) 
North reference stations 
B-11 88 0.063 4.0 2.3 4.7 51.9 43.4 533 0.8 0.089 1.900 4.54 
B-8 88 0.044 4.5 1.6 0.0 44.6 55.4 351 3.3 0.080 0.881 3.07 
B-12 98 0.091 3.4 2.1 1.9 67.6 30.5 424 1.2 0.069 1.546 3.60 
B-9 98 0.056 4.1 1.6 0.0 60.5 39.4 335 0.5 0.046 0.625 3.81 
B-10 116 0.072 3.8 1.6 0.0 71.4 28.6 361 0.5 0.056 2.140 3.18 

Stations north of the outfall 
E-19 88 0.051 4.3 1.5 0.0 54.5 45.5 365 3.8 0.078 0.800 2.88 
E-20 98 0.063 4.0 1.4 0.0 64.1 35.8 203 1.0 0.051 0.524 2.17 
E-23 98 0.058 4.1 1.4 0.0 60.9 39.0 296 0.7 0.059 0.559 2.31 
E-25 98 0.063 4.0 1.5 0.0 63.0 36.9 226 0.6 0.051 0.537 2.54 
E-26 98 0.054 4.2 1.6 0.1 58.0 41.8 304 1.3 0.058 0.638 2.84 
E-21 116 0.063 4.0 1.5 0.0 65.5 34.5 257 8.7 0.052 0.624 2.24 

Outfall stations 
E-11 98 0.069 3.8 1.3 0.0 68.7 31.3 342 1.7 0.045 0.609 2.29 
E-14 98 0.072 3.8 1.4 0.4 70.5 28.9 515 3.3 0.045 0.495 2.17 
E-17 98 0.069 3.8 1.3 0.0 67.8 32.1 346 2.8 0.046 0.469 2.19 
E-15 116 0.067 3.9 1.5 0.0 68.3 31.7 330 2.0 0.058 0.796 2.45 

Stations south of the outfall 
E-1 88 0.063 4.0 1.9 2.3 58.4 39.1 235 1.4 0.064 0.700 2.39 
E-7 88 0.058 4.1 1.5 0.0 59.0 41.0 306 0.8 0.052 0.635 2.64 
E-2 98 0.067 3.9 2.0 3.3 58.1 38.4 329 3.3 0.056 0.640 2.70 
E-5 98 0.067 3.9 1.5 0.0 65.7 34.2 425 0.7 0.049 0.592 2.63 
E-8 98 0.069 3.8 1.4 0.1 68.4 31.4 247 1.2 0.042 0.478 2.37 
E-3 116 0.088 3.5 2.1 0.3 68.1 31.6 253 0.8 0.035 0.448 2.22 
E-9 116 0.063 4.0 2.0 1.8 61.0 37.2 282 1.1 0.064 1.540 3.04 

Area Mean 0.066 3.9 1.6 0.6 63.2 36.1 330 1.7 0.055 0.762 2.70 
MDL 2 0.14 0.005 0.010 0.11 
50% CDF 38.5 NA NA 0.050 0.597 NA 

examination and observations of the field samples 
collected at several stations in the immediate area 
(e.g., E2, E5) have occasionally revealed the presence 
of coarse, black sand used as stabilizing material for 
the outfall pipe (see City of San Diego 2000, 2001, 
2002, 2003a, 2004, 2005). During 2005, this type of 
black sand was present at stations near the outfall (i.e., 
E14, E15) and southward (E9) indicating the potential 
spread of this ballast material (see Appendix B.2). In 
addition, the presence of the PLOO has altered the 
sediment composition at station E14 over time. Prior 
to construction (1991–1994), percent fines at this 

station ranged from 30–41%, but have since become 
much more variable (2.4–35%) (City of San Diego 
1995, 2004, 2005). 

Organic Indicators 

Generally, the distribution of organic indicators 
in PLOO sediments during 2005 was similar 
to that seen prior to discharge (see City of San 
Diego 1995). The northern reference stations 
had higher concentrations of organic indicators 
than stations farther south. For example, 4 of the 
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Figure 4.2
Particle size distribution for sediment chemistry stations 
sampled during 2005. n=2 for the primary core stations; 
n=1 for secondary core stations. Mean particle size is 
based on diameter in millimeters. Sorting coefficient 
(standard deviation) is in phi units. 

5 reference sites contained TN and TOC values 
above median CDF values for the SCB, and 
included the 3 highest TOC and 2 highest TN 
values. Additionally, the greatest concentrations 
of TVS and most of the high BOD values were 
found at these northern stations. Outfall station 
E14 had the second highest concentration of BOD 
(515 mg/L); however, sulfide concentrations were 
low (3.3 ppm) compared to an historical average 
of 16 ppm (maximum=92 ppm). Concentrations 
of organic indicators were relatively low at other 
stations within the vicinity of the PLOO (i.e., E11, 
E15, E17). A review of historical data (1991–2005) 
generally supports these observations (Figure 
4.3). However, while concentrations of the various 
organic indicators have been variable since 
inauguration of the outfall (see Appendix B.3), 
BOD has been highest during the post-discharge 
period (1994–2005) (Figure 4.4). Overall, with 
the exception of sulfides, there was no pattern of 
organic loading relative to proximity to the PLOO 
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Figure 4.3
Means of organic indicators for 98 m contour stations 
for 1991–2005 from north to south (left to right). Organic 
indicators are total sulfides, total organic carbon (TOC), 
total nitrogen, total volatile solids (TVS) and biochemical 
oxygen demand (BOD). 

during 2005. The concentration of organics in 
sediments surrounding the PLOO are within the 
range of those found regionally (see City of San 
Diego 2006c). 
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Figure 4.4
Annual mean concentrations of BOD (1991–2005) with 
95% confidence limit. 

Trace Metals 

Aluminum, antimony, arsenic, barium, beryllium, 
cadmium, chromium, copper, iron, lead, manganese, 
mercury, nickel, tin, and zinc were frequently 
detected at concentrations above their MDLs in the 
sediments off Point Loma (Table 4.3). Selenium, 
silver, and thallium were mostly undetected or 
occurred in concentrations that were near or below 
their MDLs. 

Concentrations of trace metals in 2005 were 
highest in 2 general locations: (1) at the northern 
reference stations, particularly B8 and B11, and 
(2) at stations between the PLOO and the two 
dredge disposal sites (i.e., E2, E3, E9). The highest 
values for aluminum, arsenic, barium, beryllium, 
chromium, copper, iron, lead, manganese, mercury, 
nickel, tin, and zinc were collected at one or more 
of these 5 sites. The high levels of copper, lead, 
mercury, and zinc at stations E2 or E9 may be 
related to the deposition of dredged sediments from 
the San Diego Bay, where these 4 metals occurred 
in high concentrations (see City of San Diego 
2003b). Some of the lowest metals concentrations 
occurred at the 4 stations surrounding the PLOO 
(i.e., E11, E14, E15, E17), as well as several nearby 
stations (i.e., E7, E8, E20, E21). The 14 remaining 
stations contained 3 or more metals with mean 
concentrations greater than the median CDF. There 
was no discernable pattern of metal distribution 
related to proximity to the PLOO. 

The concentrations of several metals have increased 
relative to previous surveys (Appendix B.4). 
Annual mean concentrations for aluminum, iron, 
and manganese in 2005 were much higher than all 
previous years. The mean concentration of lead 
(6.4 ppm) was also higher than previous surveys, 
but only slightly higher than 2004 (5.6 ppm). 
These higher values were observed throughout the 
region (City of San Diego 2006c) and may have 
been caused by increased sedimentation during the 
record rainfall and runoff of 2004 and 2005 when 
large turbidity plumes were frequently observed 
within the sampling area (see Chapter 3). 

Pesticides, PCBs, AND PAHs 

Low levels of the pesticides heptachlor epoxide 
and DDT were detected at 5 stations in 2005 (Table 
4.4). Heptachlor epoxide was found at station 
E2, and DDT was detected as its final metabolic 
degradation product (p,p-DDE) at stations E1, 
E2, E20, E21, and E23. Generally, pesticide 
contamination along the San Diego shelf appears 
to result from sources unrelated to the PLOO 
discharge. For example, total DDT concentrations 
throughout the study area peaked in 1993, just 2 
years into a 7-yr period when 10 large dredging 
projects disposed contaminated sediments from San 
Diego Bay at the LA-5 disposal site (Steinberger 
et al. 2003) (see Figure 4.5). The decline in DDT 
values in 2005 relative to prior surveys continues 
a trend that began in 1996. The area mean for DDT 
decreased from 129 ppt in 2004 to 66 ppt during 
2005. 

PCBs were detected at only 2 stations in 2005. The 
congener PCB 110 occurred at station E3 with a 
value of 150 ppt, well below the MDL of 700 ppt. 
However, 11 PCB congeners totaling 5285 ppt 
were detected at station E9 in July, which is well 
above the CDF of 2600 ppt, but still below the ERL 
of 22,700 ppt. PCBs have historically occurred at 
these and other southern stations surrounding the 
LA-5 dredge disposal site. 
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Table 4.4 
Mean concentrations for pesticides (ppt), total PCBs 
(ppt), and total PAHs (ppb) in PLOO sediments during 
2005. MDL=method detection limit. MDLs for PCBs 
and PAHs vary by each compound. CDF=cumulative 
distribution function (see text). Undetected values are 
indicated by “nd.” NA=not available. ERL=Effects range 
low threshold value. n=2 for the 12 primary core stations 
(98-m contours); n=1 for 10 sedondary core stations (88 
and 116-m contours). 
Station Depth Heptachlor Total Total Total 

(m)  epoxide DDT PCB PAH 
North reference stations 
B-11 88 nd nd nd 292 
B-8 88 nd nd nd 387 
B-12 98 nd nd nd 127 
B-9 98 nd nd nd 198 
B-10 116 nd nd nd 229 

Stations north of the outfall 
E-19 88 nd nd nd 151 
E-20 98 nd 195 nd 179 
E-23 98 nd 500 nd 148 
E-25 98 nd nd nd 187 
E-26 98 nd nd nd 197 
E-21 116 nd 300 nd 138 

Outfall stations 
E-11 98 nd nd nd 179 
E-14 98 nd nd nd 157 
E-17 98 nd nd nd 188 
E-15 116 nd nd nd 145 

Stations south of the outfall 
E-1 88 nd 300 nd 450 
E-7 88 nd nd nd 278 
E-2 98 155 135 nd 349 
E-5 98 nd nd nd 211 
E-8 98 nd nd nd 171 
E-3 116 nd nd 150 352 
E-9 116 nd nd 10,570 9941 

MDL 700 ─ ─ ─ 
50% CDF NA 10000 2600 NA 
ERL 1580 22700 4022 

PAH compounds were detected in low concentrations 
at most stations in 2005 (Table 4.4, Appendix B.5). 
Only sediments at station E9 contained total PAH 
concentrations above the ERL of 4022 ppb. Station 
E9 is one of 4 stations within the survey area where 
PAHs have been frequently detected. The other 
sites include E1, E2, and E3 (see City of San Diego 
2000, 2001, 2002, 2003a–c). PAHs at these stations 
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Figure 4.5
Changes in average total DDT within the PLOO sampling 
area for the period 1991–2005. 

have largely been attributed to misplaced deposits 
intended for LA-5 (see Anderson et al. 1993). In 
contrast, PAH values at other Point Loma sites 
were near or below their respective MDL levels. 
The detection of low levels of PAHs at all stations 
appears to reflect a change in methodology where 
values below method detection limits can be reliably 
estimated with qualitative identification via a mass 
spectrophotometer (see Methods and Materials). 

SUMMARY AND CONCLUSIONS 

Ocean sediments at stations surrounding the PLOO 
in 2005 consisted primarily of very fine sands and 
coarse silt. Area sediments were poorly sorted and 
consisted of particles of varied sizes. This suggests 
that the region was subject to low wave and current 
activity and/or physical disturbance. Stations 
containing the finest particles were found along the 
88-m contour, while those with the coarsest particles 
were found along the 98-m and 116-m contours. 
Stations with very coarse sediments included 2 
northernmost reference sites (B12 and B10), and 
one southern site near the LA-5 disposal site (E3). 
Two stations located near the PLOO contained sand 
that was slightly more coarse than surrounding 
sites, and one site located between the outfall and 
LA-5 contained variable amounts of ballast sand, 
coarse particles, and shell hash. Generally, these 
results reflect multiple anthropogenic input (e.g., 

40
 



PLOO_2005_Report_Chapter_B.indd 41 06/21/06 3:26 PM

 
 

 

       

outfall construction, dredge disposal) and natural 
influences (e.g., Pleistocene and recent detrital 
deposits) on the region’s sediment composition 
(Emery 1960). 

The distribution of organic indicators in 2005 was 
generally similar to previous surveys. The one 
exception was TOC, which had a mean concentration 
in 2005 that was higher than 11 of the 13 previous 
years. This possibly reflects an increase in the input of 
organic materials associated with record rainfall and 
runoff, as well as a large enduring plankton bloom. 
The highest concentrations of BOD, total nitrogen, 
total carbon, and total volatile solids occurred at 
sites north of the PLOO. Stations located south of 
the outfall and near the LA-5 disposal site generally 
had relatively low values of organic indicators with 
the exception of station E9. Station E14, nearest the 
outfall, had the second highest BOD value, but very 
low sulfides compared to previous years. 

Fifteen trace metals were detected frequently in 
sediments surrounding the PLOO during 2005, 
with the lowest concentrations occurring near 
the discharge site. Most metals were present at 
concentrations below median values for the SCB 
(median CDF) and other sediment quality guidelines. 
Only aluminum, antimony, and beryllium occurred 
in concentrations frequently above median CDF 
values, but mean concentrations for aluminum, iron, 
and manganese increased in 2005. These increases 
were seen throughout the San Diego coastal region 
(see City of San Diego 2006c), and were most likely 
related to the increased sedimentation resulting from 
record rainfall mentioned above and in Chapter 2. 
The resultant turbidity plumes likely included clay 
particles, which consist largely of aluminum and 
silicon oxides, as well as other associated metals 
such as iron and manganese (see Manahan 2000). 
All northern reference sites, one site north of the 
PLOO, and 2 stations near the LA-5 disposal site 
had concentrations of 3 or more trace metals that 
exceeded the median CDF. Several metals detected 
at stations near LA-5 were also present in high 
concentrations in sediments collected from San 
Diego Bay (see City of San Diego 2003b). Their 
presence at sites south of the PLOO and near LA-5 

may be related to the disposal of materials dredged 
from the Bay. 

Generally, concentrations of other contaminants 
(i.e., pesticides, PAHs and PCBs) were generally 
low in 2005. Low levels of pesticides were detected 
at only 5 stations. The pesticide DDT was more 
widely distributed within the PLOO area from 1991 
to 1996, but there has been a steady reduction in 
detectable DDT concentrations since 1996. Low 
levels of PAHs were detected at all stations as a 
result of a change in methodology for confirming 
values below MDL levels. The highest concentration 
of PAHs and PCBs occurred at station E9 located 
between the PLOO and the LA-5 dredge materials 
disposal site. In general, concentrations of PAHs 
and PCBs have been higher at these southern 
stations than elsewhere off San Diego, and are most 
likely the result of misplaced deposits of dredged 
material that were originally destined for LA-5. 
Previous studies have attributed elevated levels 
of various contaminants such as PAHs, PCBs, 
trace metals, and DDT in this area to the deposits 
from LA-5 (see Anderson et al. 1993; City of San 
Diego 2003b; Steinberger et al. 2003). In contrast, 
PAHs have not been detected in effluents from 
large municipal wastewater treatment facilities in 
southern California (Steinberger and Schiff 2003), 
and low concentrations near the discharge site are 
not unexpected. 

Generally, there was no evidence of an impact from 
the PLOO wastewater discharge. Instead data from 
the sediment composition and chemistry indicate 
that natural events (e.g., storms and plankton 
blooms) and anthropogenic sources (e.g., pollution 
from stormwater discharge and dredging activities) 
are the most likely reasons for many anomalous 
changes observed in 2005. 
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