
Geogenic Concentrations of Metals in the San Diego 
Embayment – Preliminary Findings

Eric M. Cathcart
University of San Diego
College of Arts and Sciences 
Department of Environmental and 
Ocean Sciences

Dan Weis
Advantage Environmental Consultants, LLC

Geogenic – Naturally occurring and derived from natural geologic processes
Anthropogenic – Derived from human activities
“Background” – Anthropogenic and geogenic signatures



In total, over $20,000 in analytical 
laboratory cost have been donated by 
the following:

H.M. Pitt Labs, Inc.
Analytical h Environmental h Industrial Hygiene h Chemistry

2434 Southport Way, Ste L, National City, CA  91950       

EnviroMatrix Analytical, Inc. 



Purpose and Motivation for this Study

� Report the 95% Upper Confidence Limit (UCL) of the 
mean and the range of concentrations of 17 (Title 22) 
metals within the Embayment Region Formations

� CCR Title 22 section 66261.24 specifies the 17 metals 
that can qualify waste as hazardous

� Create a public database and reference document 
reporting geogenic metals concentrations in San Diego 
County

� Educators, researchers, regulators, and consultants will 
benefit from and use this data

� Ultimately, this study will make it easier to differentiate 
between geogenic and anthropogenic metal signatures 
in sediments

Title 22 Metals

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc



San Diego Embayment

Approximate Eastern Boundary Defined 
by Kennedy and Peterson, 1975



San Diego Embayment

� Area of former marine 

inundation

� Late Jurassic to 

Pleistocene sedimentary 

sequences

� ~Seventeen 
Sedimentary Formations 
Identified

� Currently eleven 
sampled as part of this 
study

From Abbott, 1999

Stadium Conglomerate



Previous Studies

� A lot of work has been done all over the US and 
California researching the concentrations of 
“Background” metals in soils.  

� Our study has specifically excluded soils and only 
includes undisturbed native formation material.

� Recently, graduate theses have focused on 
background Arsenic in San Francisco (Duverge, 2011) 
and geogenic Arsenic in Oregon (Hurtado, 2016)

� Journal articles regarding the geogenic concentrations 
of metals are becoming more and more common in the 
literature.



(Very Abridged) Literature Review –
Southern California Studies

Bradford, G. R., et al. 1996. “Background Concentrations of Trace and Major 
Elements in California Soil – Special Report.” Kearney Foundation of Soil Science 
Division of Agriculture and Natural Resources at University of California.

� Three samples collected from San Diego County collected from the surface to 
50 cm below the ground surface.

Chernoff, G., Bosan, W., and Oudiz, D.  2008. “Determination of a Southern 
California Regional Background Arsenic Concentration in Soil.” California 
Department of Toxic Substances Control.

� Focused on School Sites in Southern California

� Only 3 school sites sampled in San Diego County 

� Arsenic Specific – Screening Level of 12 mg/kg established for background

� Not Formation Specific



Literature Review (cont.)
Flegal, R. A., and Sanudo-Wilhelmv, S. A. 1993. “Comparable 
levels of trace metal contamination in two semienclosed
embayments: San Diego Bay and south San Francisco Bay.” 
Environmental Science and Technology. 27 (9), pp 1934–1936.

�Background Concentrations in Shallow Sediments

Kleinfelder, Inc.  2005.  “Background Characterization Study for 
Twenty-Five inorganic Constituents of Potential Concern to the 
Point Loma Naval Complex, San Diego, California.” 

� Limited to Point Loma Naval Complex

� Data set used in this study



Field Methods

- Samples were collected from re-development sites during the construction of 
subterranean parking structures

- Sampled at depths ranging from 3.0 – 46.0 feet below the ground surface
- No samples collected within 6 feet of static groundwater

- Samples were collected from undeveloped parks and canyons throughout the 
region

- Sampled from cliff faces by hand tools

- Collected samples with sterilized 4 ounce jars using industry standard sampling 
protocols

- All sediment samples taken from in situ formation material





Artificial Fill



Analytical Methods

� Analyzed at California 
Certified Laboratories

� EPA method 6010/7000

� Not all samples analyzed 
for the entire suite of 
metals

� EPA methods 8260 (VOCs), 
8270 (SVOCs), 8015 ext
(TPH)

� SPLP Analyses (Artificial 
Fill)



Statistical Methods

� All Statistical Analyses were performed using 
ProUCL software

� Outliers

� Rosner’s Test n>25

� Dixon Test n<25

� Outliers were calculated for each formation

� For cumulative data (statistics for all formations 
combined), raw data was used and the outliers were 
recalculated

� 95% Upper Confidence Limit (UCL)

� Box Plots



Results
� 878 Samples 

collected 
from the 
Embayment 
Region



Antimony

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 0 107

Linda Vista 0 25

San Diego 0 1

Stadium Conglomerate 1 11

Friars 0 7

Scripps 13 11 1.01 1.87 1.348 95% KM (t) UCL

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 1 16

Point Loma 1 21

Penasquitos 0 1

All Eleven Formations 16 217 0.6 1.87 0.636 95% KM (t) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 136 41 1 7.9 2.673 95% KM Approximate Gamma UCL

Linda Vista 69 19 0.5 3.94 1.765 95% KM (t) UCL

San Diego 1 0 14.1 14.1

Stadium Conglomerate 12 0 4.01 21.8 13.38 95% Student's-t UCL

Friars 6 0 0.76 12.7 9.418 95% Student's-t UCL

Scripps 24 0 5.07 13.6 10.12 95% Student's-t UCL

Ardath Shale 1 0 20.1 20.1

Torrey Sandstone 53 3 1.17 8.9 3.823 95% KM Approximate Gamma UCL

Cabrillo 16 0 1 3.8 2.677 95% Student's-t UCL

Point Loma 24 0 2.8 10.6 6.483 95% Student's-t UCL

Penasquitos 1 0 1.19 1.19

All Eleven Formations 348 63 0.5 21.8 4.15 95% KM (Chebyshev) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 144 0 5.79 281 62.95 95% H-UCL

Linda Vista 35 0 6 61.2 26.52 95% Adjusted Gamma UCL

San Diego 1 0 120 120

Stadium Conglomerate 11 0 21 157 100.9 95% Student's-t UCL

Friars 7 0 9.07 103 83.28 95% Student's-t UCL

Scripps 23 0 24.6 61.5 45.53 95% Student's-t UCL

Ardath Shale 1 0 55.1 55.1

Torrey Sandstone 21 0 1.4 28.5 15.44 95% H-UCL

Cabrillo 17 0 6.9 161 84.42 95% Student's-t UCL

Point Loma 24 0 38 211 127.2 95% Student's-t UCL

Penasquitos 1 0 43 43

All Eleven Formations 256 0 1.4 440 68.64 95% Chebyshev (Mean, Sd) UCL



Beryllium

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 24 74 0.16 0.9 0.341 95% KM Approximate Gamma UCL

Linda Vista 0 22

San Diego 0 1

Stadium Conglomerate 4 8 0.46 0.59 0.479 95% KM (t) UCL

Friars 2 5 0.58 0.69 0.609 95% KM (t) UCL

Scripps 0 24

Ardath Shale 0 1

Torrey Sandstone 4 18 1.2 1.4 1.119 95% KM (t) UCL

Cabrillo 4 13 0.2 0.4 0.371 95% KM (t) UCL

Point Loma 24 0 0.3 0.5 0.423 95% Student's-t UCL

Penasquitos 0 1

All Eleven Formations 62 167 0.16 1.4 0.378 95% KM (t) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 30 66 0.4 4.35 0.781 95% KM Approximate Gamma UCL

Linda Vista 4 21 0.7 1.4 0.739 95% KM (t) UCL

San Diego 0 1

Stadium Conglomerate 0 12

Friars 0 7

Scripps 0 24

Ardath Shale 0 1

Torrey Sandstone 4 18 1.3 2.1 1.194 95% KM (t) UCL

Cabrillo 15 2 0.5 2.9 1.643 95% KM (t) UCL

Point Loma 22 2 0.9 2.9 1.646 95% KM (t) UCL

Penasquitos 0 1

All Eleven Formations 75 131 0.4 4.35 0.802 KM H-UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 115 0 20.9 31.1 15.63 95% Student's-t UCL

Linda Vista 27 0 4.8 23.8 15.3 95% Student's-t UCL

San Diego 1 0 25.3 25.3

Stadium Conglomerate 11 1 2.02 10.6 6.252 95% KM (t) UCL

Friars 7 0 5.51 15.4 12.15 95% Student's-t UCL

Scripps 24 0 7.09 20.7 14.63 95% Student's-t UCL

Ardath Shale 1 0 7.63 7.63

Torrey Sandstone 18 3 2.6 10.1 5.041 95% KM Adjusted Gamma UCL

Cabrillo 16 0 8.6 93.1 48.59 95% Student's-t UCL

Point Loma 24 0 13.2 40.7 30.53 95% Student's-t UCL

Penasquitos 1 0 62.8 62.8

All Eleven Formations 246 4 20.2 93.1 19.17 95% (Chebyshev) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 114 0 1.18 15.4 5.38 95% Student's-t UCL

Linda Vista 20 2 1 5.48 3.122 95% KM Adjusted Gamma UCL

San Diego 1 0 16.7 16.7

Stadium Conglomerate 12 0 1.5 5.2 3.689 95% Student's-t UCL

Friars 7 0 2.05 3.29 2.953 95% Student's-t UCL

Scripps 23 1 2.98 9.51 6.331 95% KM (t) UCL

Ardath Shale 1 0 2.44 2.44

Torrey Sandstone 11 11 1.1 3.87 2.264 95% KM (t) UCL

Cabrillo 16 0 1.5 11.3 7.087 95% Student's-t UCL

Point Loma 24 0 2 23.9 11.89 95% KM Adjusted Gamma UCL

Penasquitos 1 0 21.5 21.5

All Eleven Formations 230 14 1 23.9 5.56 KM H-UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 113 2 1.02 28 8.594 KM H-UCL

Linda Vista 19 6 1 4 2.783 95% KM (t) UCL

San Diego 1 0 15.6 15.6

Stadium Conglomerate 10 2 1.51 11 7.485 95% KM (t) UCL

Friars 7 0 3.14 9.1 7.819 95% H-UCL

Scripps 23 0 6.22 25.3 13.4 95% KM Adjusted Gamma UCL

Ardath Shale 1 0 1.67 1.67

Torrey Sandstone 15 7 1.1 6.35 2.595 95% KM (t) UCL

Cabrillo 17 0 2 25 13.51 95% KM Adjusted Gamma UCL

Point Loma 24 0 4 31 25.22 95% Student's-t UCL

Penasquitos 1 0 57.7 57.7

All Eleven Formations 231 17 1 31 10.4 95% (Chebyshev) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 333 255 0.5 16.8 3.362 95% KM (Chebyshev) UCL

Linda Vista 51 12 0.9 7.81 3.518 95% KM (t) UCL

San Diego 1 0 4.48 4.48

Stadium Conglomerate 12 0 0.92 15 9.119 95% Student's-t UCL

Friars 6 0 0.645 4.85 4.834 95% Student's-t UCL

Scripps 24 0 1.14 17.4 9.439 95% Student's-t UCL

Ardath Shale 0 1

Torrey Sandstone 45 6 1.08 6.2 2.985 95% KM (t) UCL

Cabrillo 9 8 1.1 4.4 3.103 95% GROS Adjusted Gamma UCL

Point Loma 17 0 1.3 11.8 7.218 95% Student's-t UCL

Penasquitos 1 0 3.88 3.88

All Eleven Formations 500 282 0.5 18.7 3.643 95% (Chebyshev) UCL



Mercury

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 28 86 0.007 0.41 0.0359
95% KM Approximate Gamma 
UCL

Linda Vista 1 24

San Diego 0 1

Stadium Conglomerate 0 12

Friars 0 7

Scripps 0 24

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 0 17

Point Loma 5 24 0.01 0.03 0.0229 95% KM (t) UCL

Penasquitos 0 1

All Eleven Formations 34 214 0.007 0.41 0.0343 95% KM (Chebyshev) UCL



Molybdenum

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 15 100 0.5 1.2 0.633 95% KM Approximate Gamma UCL

Linda Vista 6 16 0.5 2.94 1.162 95% KM (Chebyshev) UCL

San Diego 0 1

Stadium Conglomerate 0 12

Friars 1 6

Scripps 1 23

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 12 4 0.6 4.4 2.522 95% KM (t) UCL

Point Loma 14 10 0.5 2 0.871 95% KM (t) UCL

Penasquitos 0 1

All Eleven Formations 49 195 0.5 4.4 0.972 95% KM (Chebyshev) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 110 4 1.13 18.5 7.572 95% KM (Chebyshev) UCL

Linda Vista 22 3 1.7 5.5 3.85 95% KM (t) UCL

San Diego 1 0 8.31 8.31

Stadium Conglomerate 11 1 1.36 4.33 3.457 95% KM (t) UCL

Friars 6 0 2.29 3.5 3.061 95% Student's-t UCL

Scripps 24 0 3.26 13.6 8.755 95% Student's-t UCL

Ardath Shale 1 0 3.16 3.16

Torrey Sandstone 14 8 1.03 4.62 2.547 95% KM (t) UCL

Cabrillo 17 0 2.4 17.4 10.28 95% Student's-t UCL

Point Loma 24 0 5 21.1 17.25 95% Student's-t UCL

Penasquitos 1 0 27 27

All Eleven Formations 232 16 1.03 21.1 7.361 KM H-UCL



Selenium

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 20 78 0.5 1.2 0.592 95% KM (t) UCL

Linda Vista 0 22

San Diego 0 1

Stadium Conglomerate 1 11

Friars 1 6

Scripps 0 23

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 0 17

Point Loma 5 19 0.5 1 0.586 95% Adjusted Gamma UCL

Penasquitos 0 1

All Eleven Formations 27 201 0.5 3.98 0.663 95% KM (Chebyshev) UCL



Silver

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 4 110 0.03 0.6 0.156 95% KM (t) UCL

Linda Vista 0 22

San Diego 0 1

Stadium Conglomerate 0 12

Friars 0 7

Scripps 0 24

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 0 17

Point Loma 2 22 0.08 0.11 0.121 95% KM (t) UCL

Penasquitos 0 1

All Eleven Formations 6 239 0.03 0.6 0.162 95% KM (t) UCL



Thallium

Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 2 96 0.15 0.34 0.659 95% KM (Chebyshev) UCL

Linda Vista 0 22

San Diego 0 1

Stadium Conglomerate 0 11

Friars 0 7

Scripps 0 23

Ardath Shale 0 1

Torrey Sandstone 0 22

Cabrillo 0 17

Point Loma 2 22 0.41 0.45 0.464 95% KM (t) UCL

Penasquitos 0 1

All Eleven Formations 4 222 0.15 0.45 0.447 95% KM (t) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 115 0 6.49 74 37.9 95% Student's-t UCL

Linda Vista 25 0 9 79.3 42.88 95% Student's-t UCL

San Diego 1 0 84.6 84.6

Stadium Conglomerate 12 0 3.6 40.8 22.77 95% Student's-t UCL

Friars 7 0 12.3 45.1 32.35 95% Student's-t UCL

Scripps 24 0 20.1 40.6 33.59 95% Student's-t UCL

Ardath Shale 1 0 25 25

Torrey Sandstone 22 0 2.5 23 11.45 95% Adjusted Gamma UCL

Cabrillo 17 0 13.3 94.5 51.02 95% Student's-t UCL

Point Loma 24 0 19.2 82.4 64.38 95% Student's-t UCL

Penasquitos 1 0 63.9 63.9

All Eleven Formations 249 0 2.5 94.5 39.91 95% Chebyshev (MEAN, Sd) UCL



Formation N=Detections N=Non Detect Min Max 95% UCL Suggested UCL

Bay Point 102 12 3.88 77.3 31.39 95% Approximate Gamma UCL

Linda Vista 25 0 4 16 11.73 95% Student's-t UCL

San Diego 1 0 45.8 45.8

Stadium Conglomerate 12 0 6.3 47 35.11 95% Student's-t UCL

Friars 7 0 8.88 27.2 20.69 95% Student's-t UCL

Scripps 23 1 15.5 61.1 41.88 95% KM (t) UCL

Ardath Shale 1 0 14.7 14.7

Torrey Sandstone 22 0 1.69 24.2 15.79 95% Student's-t UCL

Cabrillo 17 0 6 91 48.75 95% Student's-t UCL

Point Loma 24 0 17 108 80.89 95% Student's-t UCL

Penasquitos 1 0 95.6 95.6

All Eleven Formations 235 13 1.69 108 37.49 95% KM (Chebyshev) UCL



Discussion
� Antimony (n=16), Silver (n=6), Thallium (n=4) detected 

in limited samples.

� ProUCL will handle data sets with ND results (below 
method detection limits); but, needs some detectable 
concentrations for valid statistics

� Need more data for these metals

� Need more samples of the San Diego, Penasquitos, 
Ardath Shale, and Friars Formations

� Some of the other metals (e.g. Mercury and Selenium) 
only detected in a few formations, likely due to a lower 
detection limit.

� The Cretaceous Formations generally have higher 
concentrations of most metals.  Could be tied to Arc 
Volcanism and related to the geologic history of the 
area.



Discussion
� Potential to use Geotracker and NOI’s for the Inert Soil Waiver

� Many soil samples were collected from an area with known 
anthropogenic impacts

� Good consistency with ranges of concentrations between sites

� If the metals are not completely geogenic, the results are still representative of 
downtown conditions

� Beginning to see lateral and vertical variability within formations

� Natural Variability in Concentrations of Metals 

� More samples needed

� North County

� Clairemont

� La Jolla

� Southbay

� Working on funding ($$)
Figure: Map depicting spatial variability 
constructed with ArcMap



Conclusions

� To date - All 95% UCL concentrations for metals are below 
EPA Region 9 Regional Screening Levels for residential 
soils, except Arsenic.

� Further research is currently underway to identify the 
distribution and range of concentrations of metals in 
additional formations throughout the San Diego Embayment.

� Additional data will be collected from specific locations so 
that a comprehensive study of the concentration of naturally 
occurring metals in San Diego County sediments can be 
published.



Future Work
� Continued data collection

� Would be ideal to obtain at least 50 geogenic samples 
from each of the ~17 formations

� Speciation and bioavailability

� Metals in groundwater 

� Metals in natural alluvium and soils

� Metals in the plutonic rock sequences

� Dr. Bethany O’Shea is interested in using this data 
regarding the cycling of metals, nutrients, and 
contaminants in the environment; specifically controls 
on the movement and distribution of trace elements in 
groundwater, lakes, and sediments

� Potential for multiple Masters Theses and research 
projects!
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Questions and Comments? 




