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Executive Summary 
The Regional Monitoring Program for Water Quality in San Francisco Bay (RMP) has recently 
begun to focus on better characterization of contaminants in nearshore “margin” areas of San 
Francisco Bay. The margins are mudflats and shallow regions that receive direct discharges of 
stormwater and wastewater, and may be more contaminated by some types of urban pollution than 
the open Bay. In the summer of 2017, the RMP collected samples of margin sediment in the South 
Bay for analysis of legacy contaminants. The study described here leveraged that sampling effort by 
adding monitoring sediment and water for two additional sets of emerging contaminants, 
current-use pesticides and wastewater-related contaminants, the latter including fragrance ingredients 
like the polycyclic musk galaxolide.  

A number of current-use pesticides were observed in margins samples. Four pesticide compounds 
were detected in bed sediment samples. Bifenthrin, a current-use pesticide identified by the 
California Department of Pesticide Regulation (DPR) as a priority for monitoring,​ ​was present in 3 
of 12 sites at concentrations ranging from 1.3 to 1.7 µg/kg dry weight (dw). Eighteen pesticides were 
detected in filtered water samples, and none were detected in suspended sediment. Three of these 
pesticides—carbendazim, fipronil, and imidacloprid—were detected in some samples at 
concentrations greater than U.S. Environmental Protection Agency (USEPA) aquatic life 
benchmarks for freshwater settings. 

Among wastewater-related contaminants, a total of 16 compounds were detected in bed sediment, 
with five compounds detected in at least half of the samples. Four compounds were detected at 
concentrations comparable to or greater than available ecotoxicology thresholds, including the 
fragrance ingredients indole and camphor, as well as 4-methylphenol and 4-n-nonylphenol. A total 
of 18 distinct compounds were detected in water samples, with one, an organophosphate ester 
(OPE) known as tris(1,3-dichloroisopropyl) phosphate or TDCPP, exceeding protective ecotoxicity 
thresholds. 

Evaluation of the results for individual contaminants relative to available toxicity thresholds 
generally supported existing classifications within the RMP’s Tiered Risk and Management Action 
Framework for emerging contaminants. Among pesticides, findings were consistent with fipronil 
and imidacloprid as Moderate Concern, pyrethroids as Low Concern for the Bay (it is considered 
High Concern in tributaries), and other current-use pesticides as Possible Concerns for the Bay. 
Fragrance ingredients were generally found at levels indicative of minimal or Low Concern. One 
exception, indole, a fragrance ingredient that is also produced naturally and used as a fecal indicator, 
may be considered a Possible Concern for the Bay. Detections of TDCPP and other OPEs, used as 
flame retardants and plastic additives, were consistent with classification of this class as a Moderate 
Concern for the Bay. 

Periodic monitoring of current-use pesticides and fragrance ingredients is recommended for the 
future, particularly because many of these contaminants are derived from products used by 
consumers, the Bay Area population is growing rapidly, and many of them are toxic to aquatic life.  
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Introduction 
The Regional Monitoring Program for Water Quality in San Francisco Bay (RMP) has recently 
begun to focus characterizing contaminants in nearshore “margin” areas of San Francisco Bay. The 
margins are intertidal, less-accessible (to boats) regions that have not been previously included in the 
study design for Status and Trends monitoring ( ​Figure 1​). The margins—consisting of mudflats and 
adjacent shallow areas—are important habitats for fish, waterfowl, and other wildlife that may be 
exposed to contaminants.  

The margins receive direct discharges of stormwater and wastewater, and may be more 
contaminated by some types of urban pollution than the open Bay ​(Yee et al. 2018, 2019)​. The 
margins are also more likely to be a depositional sediment environment relative to the open Bay, so 
sediment-bound contaminants may build up in these areas. For example, a 2018 RMP study of 
Central Bay margins found that the margins, which account for only 5% of the area of the Central 
Bay, contained about 20% of the PCB mass ​(Yee et al. 2018)​.  

The water in the southern portion of the Bay experiences longer residence times and less flushing by 
seawater relative to other embayments, and therefore contaminants in water and sediment may pose 
a relatively larger risk to wildlife. In the summer of 2017, the RMP collected samples of margin 
sediment in the South Bay for analysis of legacy contaminants. The study described here leveraged 
that sampling effort by adding monitoring for two additional sets of emerging contaminants in 
margin sediment and water.  

The first class of emerging contaminants analyzed was current-use pesticides. The results of 
pesticide analyses can inform Bay water quality managers as well as the California Department of 
Pesticides Regulation (DPR). Fipronil, a phenylpyrazole insecticide used to control ants, fleas, and 
termites, is considered an emerging contaminant of “Moderate Concern” within the RMP’s Tiered 
Risk and Management Action Framework for emerging contaminants in the Bay (Sutton et al. 2017). 
Fipronil degradates have been detected in Bay sediments at levels comparable to toxicity thresholds.  

In contrast, pyrethroid pesticides are considered “Low Concern” for the Bay. Previous RMP 
monitoring of several pyrethroids in Bay sediment found concentrations well below levels of 
concern ​(Sutton et al. 2017) ​. Pyrethroids have been found in wastewater effluent, although removal 
by secondary wastewater treatment may be as high as 90% ​(Weston, Ramil, and Lydy 2013) ​.  

There are little to no monitoring data for many other current-use pesticides in the Bay. As a result, 
this class of contaminants (all current-use pesticides other than fipronil and pyrethroids) has been 
classified as a “Possible Concern” in the RMP Tiered Risk Framework, indicating uncertainty as to 
the presence and potential for impacts ​(Sutton et al. 2017) ​.  

The second class of emerging contaminants analyzed was fragrance ingredients, including galaxolide 
and other wastewater-related contaminants. An additional driver for this study was the lack of Bay 
data on presence and levels of widely used fragrance ingredients. Fragrances are complex chemical 
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mixtures often added to personal care and cleaning products that are typically disposed of down the 
drain. Fragrance ingredients may therefore make their way through wastewater treatment plants and 
into receiving waters.  

 

Figure 1. San Francisco Bay regions, with margins in yellow. 

The State Water Resources Control Board (hereafter, the State Water Board) considers one 
particular fragrance ingredient, the polycyclic musk galaxolide,  to be a priority emerging 1

contaminant for monitoring in aquatic ecosystems ​(Tadesse 2016)​. A study that evaluated the 
impacts of subchronic exposure on larval development of the marine copepod ​Nitocra spinipes 
established a no observed effect concentration (NOEC) of 7,000 nanograms per liter (ng/L) 
(Breitholtz, Wollenberger, and Dinan 2003)​. Based on this study, a monitoring trigger level (MTL) of 
70 ng/L was established for California estuarine waters ​(P. D. Anderson et al. 2012)​.  

Monitoring of galaxolide and other common fragrance ingredients in the Bay can inform Bay water 
quality managers and the State Water Board. This limited screening effort is not intended to provide 

1 ​Galaxolide is also referred to as HHCB or 
1,3,4,6,7,8-hexahydro-4,6,6,7,8,8,-hexamethyl-cyclopenta[g]benzopyran. 
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a definitive characterization, but rather a preliminary evaluation of occurrence and potential 
concerns associated with both current-use pesticides and wastewater-derived contaminants like 
galaxolide in the Bay. 

 

Methods 
Selection of Target Analytes and Analytical Laboratories 

Current-Use Pesticides 
Target analytes included several current-use pesticides that DPR has identified as a high priority for 
monitoring in the region. DPR’s determination is based primarily on its Surface Water Monitoring 
Prioritization Model ​(Luo et al. 2014)​, a watershed-specific pesticide prioritization algorithm that 
uses pesticide application data from the State of California’s Pesticide Use Reporting (PUR) database 
and pesticide toxicity benchmarks from USEPA. Because the PUR database does not include 
information on use of pesticides marketed to consumers, DPR conducts a marketplace survey to 
assess relative availability of different active ingredients to supplement the model-based 
prioritization. 

A synthesis of these exercises specific to the South Bay region suggested the need to monitor a 
number of current-use pesticides in margin sediment, including: 

● eight pyrethroid insecticides (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, lambda-cyhalothrin, permethrin, tetramethrin),  

● etofenprox (pyrethroid ether insecticide),  
● fipronil (and degradates; insecticide) 
● oxyfluorfen (herbicide), 
● pendimethalin (herbicide), and 
● pyriproxyfen (hormone mimic).  

Pesticides identified as priorities for water monitoring included: 

● five organophosphate insecticides (dichlorvos [DDVP], malathion, diazinon, naled, 
chlorpyrifos),  

● eight pyrethroid insecticides (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, fenpropathrin, lambda-cyhalothrin, permethrin), 

● atrazine (herbicide),  
● diquat dibromide (herbicide),  
● diuron (herbicide),  
● etofenprox (pyrethroid ether insecticide),  
● fipronil (and degradates; insecticide), 
● flumioxazin (herbicide), 
● imidacloprid (insecticide),  
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● mancozeb (fungicide, target degradate ethylene thiourea),  
● oxyfluorfen (herbicide),  
● pendimethalin (herbicide),  
● pyriproxyfen (hormone mimic), and 
● sulfometuron-methyl (herbicide). 

The USGS Organic Chemistry Research Laboratory (OCRL; Sacramento, California) has developed 
methods to analyze 139 pesticides and related compounds in sediment samples and 172 compounds 
in water samples (dissolved and particulate phases). The list of analytes ( ​Table A1​) includes the 
active ingredients in current-use and legacy insecticides, fungicides, and herbicides, in addition to 
pesticide degradates and other chemicals in pesticide formulations such as carriers and adjuvants.  

The only compounds from the DPR priority lists not included in the OCRL analyses were 
pyriproxyfen in bed sediment and diquat dibromide, ethylene thiourea (a degradate of mancozeb), 
flumioxazin, naled, and sulfometuron-methyl in water. Pyriproxyfen was analyzed in water samples 
(dissolved and particulate phases). Further, the insecticide naled breaks down quickly into DDVP 
(dichlorvos) which we did analyze for in water. 

 

Fragrance Ingredients and Other Wastewater Contaminants 
As described previously, the polycyclic musk galaxolide (or HHCB), a fragrance ingredient, is a 
priority emerging contaminant for monitoring in California surface waters. The USGS National 
Water Quality Laboratory (NWQL; Denver, Colorado) developed standardized methods to analyze 
sediment and water (total) for galaxolide, as well as additional fragrance compounds, including the 
related polycyclic musk tonalide, as well as acetophenone, benzophenone, camphor, diethyl 
phthalate, indole, isoborneol, d-limonene, menthol, 3-methyl-1(H)-indole, methyl salicylate, and 
triethyl citrate ​(IFRA 2016)​. These fragrance ingredients are among a suite of “wastewater indicator” 
analytes used to track the potential influence of wastewater on aquatic ecosystems. Other wastewater 
indicators included in the analysis were pharmaceuticals, pesticides, industrial chemicals, polycyclic 
aromatic hydrocarbons (PAHs), and natural compounds associated with wastewater, such as 
cholesterol and the fecal indicator beta-3-coprostanol.  

Analysis of Bay margin samples using this standard USGS method targeting wastewater-related 
contaminants provided data to complement an ongoing USGS National Water Quality Assessment 
(NWQA) program study of northern and central California, part of a series of studies taking place in 
regions across the nation (https://txpub.usgs.gov/RSQA/). Because the scope of this federal 
monitoring effort focuses on freshwater streams and specifically excludes the Bay, the RMP helped 
fill this important data gap while gaining additional insights from independent monitoring being 
conducted on Bay Area streams.  
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Geographic Setting and Site Selection 

For purposes of this report, the southern portion of San Francisco Bay is collectively referred to as 
the “South Bay,” and is made up of the Upper South Bay (previously known as the South Bay), 
Lower South Bay, and Extreme Lower South Bay ( ​Figure 1​). This area is generally south of Bay 
Farm Island in the east and Coyote Point in the west. The drainage area to the South Bay is heavily 
urbanized. Shoreline cities include Hayward, Union City, Fremont, Milpitas, San Jose, Santa Clara, 
Mountain View, Palo Alto, Redwood City, and San Mateo.  

The southernmost portion of the Bay was previously referred to in RMP reports as the “Southern 
Sloughs” and sampling locations include the prefix “SOSL.” We have recently changed the name of 
this portion of the Bay to the “Extreme Lower South Bay,” to reflect the fact that we were sampling 
Bay water and that the sampling locations were not in narrow channels such as sloughs or creeks. 
Nevertheless, for continuity with historical RMP data, these sites continue to use the prefix SOSL.  

Contaminants enter the Upper South, Lower South, and Extreme Lower South Bays via stormwater 
runoff from urban areas surrounding the Bay and via effluent discharged by municipal wastewater 
treatment plants ( ​Figure 2​). Treatment plants were designed to remove solids and conventional 
pollutants, such as bacteria and organic matter that can deplete oxygen levels in the water. Treatment 
plants were not specifically designed to remove the wide array of organic compounds that are 
present in today’s wastewater, such as pesticides or fragrance ingredients in personal care and 
cleaning products. 

11 



 

 

Figure 2. Bay margins sampling locations for pesticides and wastewater-related contaminants (red dots) in 

relation to wastewater treatment plants (grey squares). Daily average flow is shown in million gallons per day 

(MGD).  

 

Sampling locations were chosen in the “margins” of Upper South, Lower South, and Extreme 
Lower South Bays, defined by the RMP as areas one foot below mean lower low water (MLLW) up 
to the vegetated marsh edge (or constructed hardscape in some areas), roughly the mean higher high 
water (MHHW) line. Most of the margins are in the intertidal zone—areas exposed to the air at low 
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tide and submerged at high tide—or in the littoral zone—submerged areas where light penetrates to 
the sediment surface.  

This emerging contaminants pilot study leveraged a larger study of legacy contaminants in Bay 
margin sediments. The larger study covered more sites and analyzed sediment physical 
characteristics, as well as conventional pollutants. Methods and rationale for the selection of margins 
sampling locations are described in more detail by Yee et al. ​(2019)​. Briefly, sampling locations were 
randomly selected using the Generalized Random-Tessellation Stratified (GRTS) method in the 
statistical software R ​(NPS 2017)​.  

While the GRTS design is unbiased, meaning that every location in the target area has an equal 
probability of being sampled, the subset of sites for emerging contaminants analysis was specifically 
selected to be near stormwater and wastewater discharges (​Figure 2​; ​Table 1​). Twelve sites were 
selected for analysis; however, the water sample containers for one site (LSB11) were damaged 
during shipment to the USGS NWQL, so an additional water sample was collected at a thirteenth 
site (SB073). Water samples from 11 of the 12 stations were analyzed for ​both ​pesticides and CECs. 
The water sample from LSB11 was analyzed only for pesticides (OCRL), and the water sample from 
SB073 was analyzed only for fragrance ingredients and other wastewater-related compounds 
(NWQL). The sediment sample from LSB11 survived shipping and was analyzed for the full suite of 
CECs. 

Samples were collected during the dry summer months when wastewater is likely to have the largest 
impact on local water quality conditions, as there are minimal inflows from other, natural sources, 
such as local runoff or flow from rivers and creeks. On the contrary, sampling in the dry summer 
months may result in an underestimate of contaminants from stormwater runoff, particularly for 
water-soluble or readily degradable contaminants.  
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Table 1. Planned and actual sampling locations. 

Station 

Code 

Embayment  Sample 

Date 

Sample 

Time 

Target 

Latitude 

Target 

Longitude 

Actual 

Latitude 

Actual 

Longitude 

Deviation 

from 

planned 

location 

(meters) 

LSB01 Lower South Bay 2017-06-06 11:50 37.49878 -122.082 37.498767 -122.082 1.4 

LSB02 Lower South Bay 2017-06-05 11:45 37.46282 -122.105 37.4629 -122.105033 9.3 

LSB11* 

pesticides 

Lower South Bay 2017-06-05 10:45 37.47164 -122.119 37.4716 -122.11915 14 

SOSL15 Extreme Lower 

South Bay 

2017-06-07 06:15 37.45178 -122.062 37.4518 -122.06195 5 

SOSL16 Extreme Lower 

South Bay 

2017-06-07 08:00 37.45758 -122.04 37.4576 -122.03995 4.9 

SOSL40 Extreme Lower 

South Bay 

2017-06-06 06:45 37.46212 -122.022 37.462083 -122.022217 20 

SB056 Upper South Bay 2017-07-17 08:15 37.56052 -122.131 37.560516 -122.130917 7.3 

SB062 Upper South Bay 2017-07-19 06:45 37.57639 -122.265 37.576433 -122.265 4.8 

SB069 Upper South Bay 2017-07-18 10:10 37.66252 -122.176 37.6625 -122.175967 3.7 

SB073* 

galaxolide 

& others, 

water only 

Upper South Bay 2017-07-18 07:55 37.705610 

 

-122.206 37.705683 -122.206017 8.2 

SB074 Upper South Bay 2017-07-17 11:35 37.52771 -122.184 37.52775 -122.184 4.4 

SB075 Upper South Bay 2017-07-19 12:35 37.60993 -122.158 37.60995 -122.15805 4.9 

SB077 Upper South Bay 2017-07-19 14:15 37.54515 -122.222 37.545117 -122.222117 11 

 

*Note: SB073 was not planned as a sampling site for this study. However, the sample bottle of water from LSB11 

was broken in shipment to NWQL in Denver. Therefore, the project team collected an extra sample from SB073 to 

make up for this and bring the number of samples up to 12 for both analytical laboratories.  
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Sample Collection 

Sediment and water samples were collected by boat at 13 sites in the Upper South, Lower South, 
and Extreme Lower South Bays in June and July 2017. The sampling plan is described in the ​2017 
RMP Margins Sediment Cruise Plan​ ​(Trowbridge et al. 2017)​. Further documentation is provided in a 
cruise report by Coastal Conservation & Research ​(2017)​ and the 2017 RMP Field Sampling Report 
(Shimabuku, Sun, and Trowbridge 2017)​.  

All sampling and handling was conducted using clean techniques in order to avoid sample 
contamination during collection. All equipment used at different sampling stations was re-cleaned in 
the field between uses. 

Sediment was collected using a stainless steel, Kynar (polymer)-covered modified Van Veen grab 
(0.1 m​2​ area) penetrating 8 to 10 cm into the sediment. Sediment (top 5 cm) from at least three 
separate grabs per site was collected using an acetone-washed, stainless steel scoop (one per site) and 
placed into a 2-liter glass jar. All jars filled on the boat were placed on wet ice. Jars were picked up 
by SFEI staff each evening, chilled on wet ice overnight, and taken to SFEI the following day for 
homogenization using acetone-washed, stainless steel spoons and subsampling into glass sample 
containers. Sediment sample containers were frozen until overnight shipment to laboratories. 

Water samples were collected in a 1-liter amber glass jar by dunking the closed jar under water about 
0.1 meters, uncapping the jar to fill to the neck, and then re-capping the jar under water before 
pulling it out and onto the boat. Water samples were chilled to 4 ​o​C and shipped overnight as soon as 
possible to laboratories. 

Additional samples collected include field duplicates, field blanks, and samples to be used for matrix 
spikes and matrix spike duplicates. For the sediment pesticide field blank, an open jar was placed on 
the boat console while sampling was conducted. For the sediment galaxolide and other 
wastewater-related compounds field blank, baked Ottawa sand provided by the USGS NWQL was 
used. Clean sand was handled with field equipment in the same way that typical samples were 
handled. For both types of sediment field blanks, jars were reopened at SFEI during sample 
homogenization. Field blanks for water were collected by pouring trace-clean water supplied by 
USGS NWQL directly into amber glass jars. In some cases field blanks, field duplicates, and material 
for matrix spikes and matrix spike duplicates were collected at alternate sites than specified in the 
original plan.  

At each sampling location, field measurements, including sediment pH, ORP (Oxygen Reduction 
Potential or E​h​ measured in millivolts​ ​), color, composition (e.g., sand, mud), and anoxic transition 
depth were made, along with field observations for each site (e.g., wind speed, wave height, 
weather). In addition, latitude and longitude coordinates were recorded using a handheld GPS unit.  
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Laboratory Analyses  

A brief overview of the analytical methods is provided below. In sum, the two labs analyzed 234 
distinct compounds. Eight pesticides were analyzed by both laboratories (atrazine, carbaryl, 
chlorpyrifos, diazinon, dichlorvos, metalaxyl, metolachlor, and prometon), though method detection 
limits varied. None of the eight compounds analyzed by both labs were detected in study samples. 

For the pesticide analyses at OCRL, water samples were filtered and the dissolved and particulate 
fractions were analyzed separately. NQWL used methods for analyzing whole water and did not 
filter samples. ​Table 2​ summarizes the number of compounds analyzed in each matrix by each 
laboratory. 

Table 2. Number of distinct compounds analyzed by each lab and for each matrix. 

 Whole water 

(unfiltered) 
Water (filtered, 

dissolved fraction) 

Suspended 

sediment 

(particulate fraction 

from filtered water) 

Bed sediment Total distinct 

compounds 

OCRL Pesticides - 172 139 118 174 

NWQL Wastewater 

indicators 
68 - - 56 68 

Total distinct 

compounds 
68 172 139 169 234 

 

Current-Use Pesticides 
OCRL developed multiple broad screening analyses for pesticides in sediment and water. The first 
method uses gas chromatography mass spectrometry (GC-MS) to analyze bed sediment as well as 
filtered water and suspended sediment ​(Hladik, Smalling, and Kuivila 2008, 2009; Hladik and 
McWayne 2012)​. Briefly, filtered water samples were subjected to solid-phase extraction (SPE) using 
an Oasis HLB cartridge with no additional cleanup steps. Sediment and particulate samples ​were 
extracted using an accelerated solvent extraction system, and the compounds of interest were 
separated from co-extracted matrix interferences (including sulfur) by passing the extracts through 
high performance liquid chromatography (HPLC) with gel-permeation chromatography (GPC), 
along with the use of either stacked graphitized carbon and alumina SPE cartridges or packed 
Florisil​®​. ​The sample extracts were stored at -20°C until analysis (up to 30 days). ​Chromatographic 
separation, detection, and quantification of the pesticides from the extracts were then accomplished 
via GC-MS.  

The second method uses liquid chromatography tandem mass spectrometry (LC-MS/MS) to analyze 
filtered water samples, or the dissolved fraction ​(Hladik and Calhoun 2012)​. Solid phase extraction is 
accomplished using an Oasis HLB cartridge. The sample extracts were stored at -20°C until analysis 
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(up to 30 days). ​Chromatographic separation, detection, and quantification of the pesticides from the 
extracts were then performed via ​LC-MS/MS​.  

Table A1​ lists the pesticide analytes, methods, and matrices for compounds analyzed by OCRL. In 
total the OCRL lab analyzed: 

● 172 compounds in (filtered) water samples; 
● 139 analytes in suspended sediment (the particulate fraction filtered from water samples);  
● 118 compounds in bed sediment.  

In addition, OCRL analyzed the total organic carbon (TOC) in bed sediment, reported as the 
percent of the sample mass. This ancillary parameter is important because sediment ecotoxicity 
thresholds for contaminants are often reported in units of micrograms per gram of organic carbon 
(µg/g OC). TOC was analyzed by USEPA Method 440 ​(Zimmerman, Keefe, and Bashe 1997)​, and 
the method detection limit was 0.01%.  

 
Galaxolide, Fragrances Ingredients, and Wastewater Contaminants 
The NWQL developed GC-MS methods for sediment and total water screenings of galaxolide and 
other wastewater-related contaminants. ​Table A2 ​ lists the analytes, methods, and matrices for 
compounds analyzed by NWQL.  

NWQL analyzed sediment samples for 56 “wastewater indicator” compounds as described in USGS 
Techniques and Methods 5-B2 ​(Burkhardt et al. 2006)​. Sediment samples were extracted using a 
pressurized solvent extraction system. The compounds of interest were extracted from interfering 
matrix components by high-pressure water/isopropyl alcohol extraction, then isolated using 
disposable solid-phase extraction (SPE) cartridges containing chemically modified 
polystyrene-divinylbenzene resin. The cartridges were dried with nitrogen gas, and then sorbed 
compounds were eluted with methylene chloride (80%)-diethyl ether (20%) through a 
Florisil/sodium sulfate SPE cartridge, and then analyzed by capillary-column GC-MS. 

NWQL analyzed water samples for 68 “wastewater indicator” compounds as described in USGS 
Techniques and Methods 5-B4 ​(Zaugg, Smith, and Schroeder 2006) ​. Whole-water samples were 
extracted using continuous liquid-liquid extractors and methylene chloride solvent, and then 
analyzed by capillary-column GC-MS.  

All samples collected for analysis at NWQL were extracted and preserved by freezing following the 
methods described above within 24 hours of arrival at OCRL prior to shipment on ice to NWQL. 

 

Quality Assurance Methods 

SFEI staff performed a quality assurance review of the dataset for completeness, accuracy, precision, 
and lack of contamination following methods described in the RMP Quality Assurance Project Plan 
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(Yee et al. 2017)​. Data were flagged with a qualifying code if accuracy and precision did not meet 
RMP criteria. We did this by independently calculating reported precision (as relative percent 
difference, RPD, or relative standard deviation, RSD) for lab replicates, and percent recovery for 
samples of a known concentration. In some cases, records were already flagged by the reporting 
laboratory. Qualifiers added by SFEI or the laboratory indicate that there has been a deviation from 
the project’s quality criteria and are meant to warn data users that certain records may be inaccurate 
or imprecise. Summary statistics were calculated excluding the results of field duplicates, as 
duplicates are quality assurance samples intended to evaluate the accuracy of the field samples. 

In order to verify that contamination of samples had not occurred in sampling or lab analysis, we 
compared the results for blank samples (field and lab blanks) to method detection limits (MDL; 
OCRL) or reporting (quantitation) limits (RL; NWQL) provided by the laboratories. In cases where 
an analyte was detected in a blank, we compared the measured concentration in the blank sample to 
concentrations measured in field samples; RMP criteria specify censoring field sample measurements 
that are within three times the method blank level. However, for this project, all data were 
reportable, as we did not find serious violations with respect to accuracy, precision, or sample 
contamination that would lead to the rejection of data.  

The dataset from the USGS analytical labs contains several dozen results that are below the MDL 
(OCRL) or RL (NWQL). For example, in the water sample collected at LSB02 on June 5, 2017, the 
lab reported a concentration galaxolide of 10 ng/L while the RL is 20 ng/L. USGS scientists 
occasionally report results below the MDL or RL when they believe they have likely detected the 
compound in the sample. Nevertheless, the result is less certain and a qualifier is attached to these 
values in publicly available databases (CD3 and CEDEN) to indicate that the result is estimated. For 
results below a MDL, the qualifying flag of “JDL” is used, and for results below the RL, the 
qualifying flags of “JA” or “J” are used to indicate that they are estimates, with uncertainty in their 
quantification. This practice of listing values despite lack of certainty in their quantification is viewed 
by many chemists and statisticians as the best way of dealing with results below or near the detection 
or quantitation limit. If results below the MDL or RL are left unreported, it can result in bias if, for 
example, these observations are left out or substituted with an arbitrary value such as half the MDL 
or RL when calculating a mean. The project team chose to show results below the quantitation limit. 
In instances where results have a “J” flag or its equivalent, data users should interpret this as follows: 
“An estimated concentration for the compound was provided, but below the specified detection or 
reporting quantification limit. Any such amount shown should be considered an estimate.”  

 

Aquatic Toxicity Thresholds 

In order to determine whether contaminants were present in concentrations that are ecologically 
relevant, i.e., those which may cause harm to aquatic biota, we compared observed concentrations 
with thresholds for aquatic toxicity gathered from several sources. The presence of a compound 
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above a threshold is not necessarily evidence that harm is taking place, but rather it is a first step in a 
process for interpreting the data and evaluating relative ecological risk. 

Sediment toxicity benchmarks for pesticides and degradates were obtained from recent work by 
USGS scientists ​(Nowell et al. 2016) ​. This work contains two sets of thresholds:  

Likely Effect Benchmark (LEB) ​ - pesticide concentration in whole sediment above which 
there is a high probability of adverse effects on benthic invertebrates 

Threshold Effect Benchmark (TEB) ​ - concentration below which adverse effects to 
benthic invertebrates are unlikely. 

These thresholds were determined for two species of freshwater invertebrates, ​Hyalella azteca​ (an 
amphipod) and ​Chironomus dilutus ​(midge larvae), and an “integrated benchmark” was calculated 
based on the lower of the two. These benchmarks were developed for freshwater environments; 
similar benchmarks for marine or estuarine environments are not available. 

The benchmarks are reported in units of micrograms per gram of organic carbon (µg/g OC). The 
lab measurements for this study reported contaminants on a dry weight basis. The analytical results 
were converted to an organic carbon-normalized sediment concentration (​C ​sed-TOC​) according to this 
equation:  

 

where C​sed-dw​ is the concentration of a compound in sediment on a dry weight basis (µg/g dw) and 
f​OC​ is the fraction of the sediment that is organic carbon, expressed as a percentage or unitless ratio.  

In order to determine whether pesticides or their degradates in water may pose a threat to aquatic 
life, we compared observed concentrations to aquatic life benchmarks published by the USEPA’s 
Office of Pesticide Programs ​(USEPA 2017)​. These comparisons should be interpreted with 
caution, however. The benchmarks published by USEPA were developed for freshwater 
environments; similar benchmarks for marine or estuarine environments are not available.  

Where aquatic life benchmarks were not available, we compared observed levels of contaminants 
with aquatic toxicity thresholds drawn from the scientific literature or developed by the European 
Chemicals Agency (ECHA). For fragrance ingredients and other wastewater-related contaminants in 
sediment and water, levels were compared to available marine predicted no effect concentrations 
(PNECs) from the literature and the ECHA. When PNEC values were not found, the lowest 
available concentration was used, such as a median effective concentration (EC​50​) or the no 
observed effect concentration (NOEC). For example, for the disinfection byproduct bromoform, 
we compared observations against the EC ​50​ for fish from a report by the Battelle Corporation’s 
Marine Research Lab ​(Gibson et al. 1979)​. For the nicotine metabolite cotinine, we obtained a more 
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recent calculation of PNEC calculated by French scientists ​(Gosset et al. 2017)​. ​These values are 
shown in ​Table 6​.  

For a limited number of compounds, water and sediment results could also be compared to 
monitoring trigger levels (MTLs) recommended by the statewide CEC pilot study design guidance 
(B. Anderson et al. 2012; Dodder, Mehinto, and Maruya 2015) ​, which are protective benchmarks 
based on potential ecological and human health risks. MTL exceedances can indicate a need for 
additional monitoring but do not necessarily indicate a toxicity concern.  

 

Results and Discussion 
Complete analytical results and ancillary data are publicly available via the Contaminant Data, 
Display and Download Tool (CD3, ​https://cd3.sfei.org/​) and the California Environmental Data 
Exchange Network (CEDEN, ​http://ceden.org/ ​). Key information for water quality managers is 
summarized below.  

 

Water Quality Conditions 

Samples were collected in June and July 2017, a time in which freshwater inflows to the Bay are at 
their minimum. ​Figure 3​ shows the tide elevation in South San Francisco Bay, measured at NOAA 
tide station 9414523 in Redwood City. Red dots on ​Figure 3​ show the tidal elevation at the time of 
sampling. Samples were collected during a variety of tidal conditions on June 5, 6, and 7 and on July 
17, 18, and 19. June samples were collected during slack tide at higher low water. July samples were 
collected on the rising phase of the higher high tide when water is generally flowing toward the 
shore.  

 

Figure 3. Tidal elevation during sampling events (red dots) in June and July 2017.  

 

All sampling occurred during the summer dry period, with no measurable precipitation for two 
months prior to sampling ( ​Figure 4​). In June, Delta inflow averaged around 50 cubic feet per 
second, or 32 million gallons per day (MGD). By contrast, the San Jose Santa Clara Regional 
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Wastewater Facility discharges an average of 100 MGD to the Extreme Lower South Bay, with other 
nearby plants discharging smaller inflows (​Figure 2​).  

During the June sampling events, salinity averaged between 18 to 20 parts per thousand (ppt) and in 
July, between 22 to 24 ppt ( ​Figure 4​). This gives a rough indication of the source of water in the 
region. Pacific Ocean water has a salinity of about 35 ppt, while river water is generally less than 1 
ppt. We can roughly estimate that in June, about 50 to 60% of the water is from the ocean, while the 
remaining water is from rivers and wastewater discharge. In July, South Bay water is closer to 60% 
to 70% ocean water. Salinity also varied tidally, with higher conductivity measured on the incoming 
tide as saltier seawater moved further into the South Bay, and lower conductivity during outgoing 
tides when fresher water is pulled out of the South Bay.   
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Figure 4. Hydrologic conditions during the sampling period: Precipitation (top), freshwater inflow from the 

Delta (middle), and salinity measured at the Dumbarton Bridge (bottom).  

 

Daily precipitation totals as measured at NOAA weather station at San Francisco Airport, 

https://www.ncdc.noaa.gov/cdo-web/datasets/GHCND/stations/GHCND:USW00023234/detail 

Delta outflow from “Dayflow” model by the California Department of Water Resources, 

https://water.ca.gov/Programs/Environmental-Services/Compliance-Monitoring-And-Assessment/Dayflow-Data 

Salinity measured at SFEI sensor at the Dumbarton Bridge, ​https://www.enviz.org/nutviz/  
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Pesticides in Sediment 

Four pesticide compounds were detected in bed sediment samples; only one of these was identified 
as a current-use pesticide monitoring priority by DPR (​Table 3​).    
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Bifenthrin​ ​was present in the bed sediment at 3 of 12 sites, in concentrations ranging from 1.3 to 1.7 
µg/kg dw. Expressed as a ratio of organic carbon in the sediment sample, bifenthrin concentrations 
ranged from 0.098 to 0.13 µg/g OC. 

Bifenthrin is a pyrethroid insecticide that is widely used on crops and around homes to control a 
variety of insect pests. It has a low water solubility, and therefore is more likely to be found in 
sediment. Bifenthrin is a monitoring priority for DPR due to its wide use and toxicity to aquatic 
invertebrates at very low concentrations. The EC​50​ for bifenthrin for the invertebrate ​Hyalella azteca 
has been calculated at 3.3 ng/L ​(Weston and Jackson 2009)​. Further, a study of urban creeks 
draining to northern San Francisco Bay linked bifenthrin in water samples with paralysis of the 
Hyalella azteca​ ​(Weston, Chen, and Lydy 2015) ​.  

Measurements of bifenthrin in South Bay margin bed sediment did not exceed ecotoxicology 
thresholds for sediment. The highest measured concentration of bifenthrin in bed sediment was 
0.13 µg/g OC, just below the threshold effect benchmark (TEB) of 0.17 µg/g OC ​(Nowell et al. 
2016)​. However, bifenthrin concentrations measured in the Bay margins sediment, on a dry-weight 
basis, ranged from 1.3 to 1.7 µg/kg dw, about 25 to 30 times greater than California’s monitoring 
trigger level (MTL) of 0.052 µg/kg dw for bifenthrin in coastal embayment sediments ​(P. D. 
Anderson et al. 2012)​. MTL exceedances can indicate a need for additional monitoring, but do not 
necessarily indicate a toxicity concern.  

Bifenthrin has been detected in sediment samples by other recent monitoring conducted in the Bay 
and California. Previous monitoring of open Bay sediment detected bifenthrin in 23 of 77 samples, 
with a maximum concentration of 1.0 µg/kg dw, slightly lower than the concentrations measured in 
this study ​(summarized in Klosterhaus, Yee, et al. 2013)​. In addition, recent monitoring of the 
Russian River found bifenthrin in bed sediment at a maximum concentration of 1.4 µg/kg dw 
(Maruya et al. 2018)​. This is similar to the maximum sediment concentration found in the South Bay 
margins of 1.7 µg/kg dw. In contrast, monitoring in southern California coastal sediments detected 
concentrations up to 65 µg/kg dw, with the highest concentrations reported near urban stormwater 
discharges ​(Lao et al. 2012; Maruya et al. 2018)​.  

Other compounds that are DPR priorities for monitoring and which were analyzed in this study 
were not detected in the South Bay margin samples. While fipronil and its degradates have been 
observed in ambient Bay sediment ​(Sutton et al. 2017) ​, they were not detected in the margin 
sediment samples. This lack of detection may be due to the higher method detection limits for 
fipronil and degradates in the present study. Broad screening methods for large numbers of analytes, 
such as the pesticide methods employed in this study, are not always able to achieve the lowest 
method detection limits for each individual analyte.  

Unfortunately, we were not able to analyze for the presence of pyriproxyfen in bed sediment. This 
compound was not detected in water, but its low water solubility suggests it may accumulate in 
sediment. Pyriproxyfen mimics juvenile hormones in insects and is used to control a variety of pests. 
Pyriproxyfen is toxic to benthic organisms at the relatively low concentration of 0.07 µg/kg dw 
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sediment (ECHA 2012). Therefore, future analyses of sediment in the Bay and Delta should strive to 
include this compound.  

The legacy pesticide DDT ​ ​was found in 10 of 12 bed sediment samples, or at a detection frequency 
of 83%. Two DDT degradates, DDD(p,p') and DDE(p,p') were found in 83% and 100% of 
sediment samples, respectively. This is not a surprising result, as these organochlorine pesticides 
were once widely used and are highly persistent. While DDT has been banned for about 40 years, it 
has been consistently found in Bay sediment since then. A 1998 review of Bay sediment quality 
found that organochlorine pesticides “persist in soils that wash into the Bay, and are still commonly 
detected at elevated concentrations in sediments and tissue from throughout the estuary” ​(Hunt et 
al. 1998)​. More recent observations in bird eggs collected from San Francisco Bay nesting sites 
between 2002 and 2012 indicate DDT remains present in the region, with declining concentrations 
observed at some sites ​(Ross et al. 2016)​. 

 

Pesticides in Water 

Table 4​ summarizes the results for those pesticides that were detected in South Bay margins water 
samples. Of the 172 pesticide analytes, 18 were detected in filtered water samples, and none were 
detected in suspended sediment. Ten analytes were detected in more than half of the samples. 
Below, we briefly discuss the noteworthy results for several individual analytes. Three analytes, 
carbendazim, fipronil, and imidacloprid, were detected at levels greater than USEPA aquatic life 
benchmarks. 
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The fungicide carbendazim was found at 10 of 12 sites. Measured concentrations were highest in the 
Extreme Lower South Bay (​Figure 5​). A single sample, with a concentration of 1,000 ng/L, 
exceeding the USEPA aquatic life benchmark of 990 ng/L for chronic toxicity to fish. All other 
observations were below this threshold, with a median concentration of 170 ng/L.   

Carbendazim is currently used as a biocide in paints and coatings. It is also a degradate of the 
fungicide thiophanate-methyl (CAS #23564-05-8), which is used on a variety of fruit, nut, and root 
crops, and in turf and landscaping products in California. Carbendazim, as an active ingredient, has 
not been registered for use in California since 1989 ​(DPR 1999)​. Another of carbendazim’s parent 
compounds, the fungicide benomyl, is also no longer in use since manufacturers voluntarily 
withdrew its USEPA registration in 2001. 

Carbendazim has not been previously monitored in the Bay but has been frequently detected by 
monitoring studies elsewhere. It was detected in four of five Russian River monitoring locations at 
levels up to 200 ng/L (Maruya et al. 2018). Concentrations of up to 750 ng/L were reported among 
urban freshwater streams in California examined by the USGS; in contrast, one agricultural stream 
had carbendazim concentrations of up to 4,900 ng/L ​(Sanders, Orlando, and Hladik 2018)​. In a 
broader survey of surface waters in 11 midwestern states, USGS scientists found that carbendazim 
was among the most commonly detected pesticides ​(Nowell et al. 2018) ​.  
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Figure 5. Measured concentrations of the pesticide carbendazim in South Bay margins water samples. 

Method detection limit = 4.2 ng/L. 

The insecticide fipronil ​ ​was found in 5 out of 12 water samples ( ​Figure 6​). Fipronil has become a 
widely used replacement for urban uses of organophosphate insecticides, and is the active ingredient 
in many products to control fleas, ants, and termites. In California, its main uses are in products for 
pets and in and around structures. Outside of the state, fipronil is used on some crops, however, 
these uses are not permitted in California ​(DPR 2017)​. Globally, concern over the effects of fipronil 
on aquatic life and honeybees has led to product bans in China, France, and Italy ​(Parsons 2011)​. 
Fipronil in water has been linked to toxicity in benthic invertebrates. A 2013 study linked fipronil 
and its sulfone degradate to toxic effects (paralysis) in the freshwater midge larvae ​Chironomus dilutus 
(Weston, Chen, and Lydy 2015). In our study, the highest concentration of fipronil in South Bay 
water samples was 12 ng/L, exceeding the USEPA aquatic life benchmark of 11 ng/L for chronic 
toxicity to freshwater invertebrates. The median concentration of fipronil was 5.1 ng/L. Three 
fipronil degradates were also found in water, but they did not exceed published ecotoxicity 
thresholds. Neither fipronil nor its degradates were found in sediment. 
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Previous open Bay monitoring did not detect fipronil in water (dissolved phase; reporting limit 2 
ng/L) but did find these compounds in sediment, with concentrations up to 0.56 µg/kg dw for 
fipronil sulfone ​(Klosterhaus, Yee, et al. 2013)​. Fipronil and its degradates have been detected in Bay 
tributaries in concentrations that exceed the USEPA aquatic life benchmark for chronic toxicity to 
freshwater invertebrates (Ensminger et al. 2013). Recently, fipronil was also detected in wastewater 
effluent from eight plants discharging to the Bay (Sadaria et al. 2017).  

Figure 6. Measured concentrations of the pesticide fipronil and degradates fipronil desulfinyl, fipronil 

sulfone, and fipronil sulfide in South Bay margins water samples.  

In California, fipronil has been detected in surface water samples from around the state. DPR 
reviewed monitoring results from 2008 to 2013 and found that 46% of the urban California streams 
that were sampled had fipronil concentrations above USEPA aquatic life chronic benchmark values 
(Budd et al. 2015)​. Further, a 2013 review of urban waterways in California found fipronil in 39% of 
water samples and 19% of sediment samples, and fipronil degradates were detected in 24% of the 
water samples and in 35% of sediment samples ​(Ruby 2013)​. The recent USGS study of 12 
freshwater California streams frequently found fipronil and degradates during repeat water sampling 

30 

https://www.zotero.org/google-docs/?iDPxY1
https://www.zotero.org/google-docs/?GQvKjD
https://www.zotero.org/google-docs/?jmtDxX


at four of six urban sites, though rarely at agricultural sites; fipronil was often detected at levels 
exceeding the USEPA aquatic life benchmark (Sanders et al. 2018).  

The insecticide imidacloprid ​ ​was found in 4 of 12 South Bay margins water samples ( ​Figure 7​). A 
single sample contained 11 ng/L imidacloprid, greater than the USEPA aquatic life benchmark of 10 
ng/L for chronic toxicity to invertebrates. An additional measurement exceeded a PNEC for 
imidacloprid of 4.8 ng/L developed by the European Union ​(European Commission 2015)​. 
Imidacloprid is a neonicotinoid insecticide that has entered into widespread use in both agricultural 
and urban settings. Imidacloprid is effective against a variety of insects, and is used to treat seeds, 
soil, crops, building materials, and to control ants, fleas, and termites.  

 

Figure 7. Measured concentrations of the pesticide imidacloprid in South Bay margins water samples. 

Method detection limit = 3.8 ng/L. 

Urban creeks draining to north San Francisco Bay have been found to have concentrations of 
imidacloprid up to 1,462 ng/L ​(Weston, Chen, and Lydy 2015) ​. Imidacloprid has also been found in 
samples of wastewater effluent discharged to the Bay ​(Sadaria et al. 2017)​. However, recent open 
Bay water monitoring found little to no imidacloprid in San Francisco Bay ​(Buzby, Lin, and Sutton 
in prep.)​. 

Imidacloprid has been widely found in California surface waters. A concentration of 11 ng/L was 
detected at one site in the Russian River ​(Maruya et al. 2018)​. The recent USGS study of 12 
freshwater California streams frequently detected imidacloprid at levels exceeding the USEPA 
aquatic life benchmark of 10 ng/L ​(Sanders, Orlando, and Hladik 2018)​. 
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Among the remaining DPR monitoring priorities, the herbicide diuron​ ​and three of its degradates 
were found in water. Observed concentrations of diuron did not exceed aquatic life benchmarks. 
USEPA has not published benchmarks for the three degradates of diuron that were detected in 
samples. The lowest ecotoxicological threshold reported for one degradate, ​3,4-dichlorobenzenamine 
(or 3,4-dichloroaniline), is a NOEC of 3,200 ng/L for reproductive effects in the marine worm 
Ophryotrocha diadema​ ​(summarized in Crossland 1990)​. Crossland also reported a chronic toxicity 
study finding sublethal effects (length and weight reduction) in juvenile ​Pimephales promelas​ (fathead 
minnow, a freshwater fish) following exposure to concentrations of 7,100 ng/L or more of this 
compound. 

Other DPR monitoring priorities included in this analysis were not detected in water samples 
collected from the margins. In contrast, recent sampling in the Sacramento-San Joaquin Delta, 
which receives significant urban and agricultural discharges, detected a number of these priority 
compounds that were not detected in South Bay margins, including diuron (detection frequency 
67%), imidacloprid (43%), atrazine (20%), oxyfluorfen (20%), pendimethalin (15%), bifenthrin 
(10%), and diazinon (10%) ​(Jabusch et al. 2018)​.  

As noted previously, the laboratories did not analyze several of DPR’s priority analytes, namely 
diquat dibromide, ethylene thiourea (degradate of mancozeb), flumioxazin, naled, and 
sulfometuron-methyl. Therefore, we were not able to determine whether these five compounds are 
present in South Bay margins water or sediments, or may be causing harm to Bay wildlife. An 
additional caveat, sample collection during the dry season may not fully capture contamination 
derived from stormwater discharges during the wet season, particularly for water-soluble or less 
persistent pesticides used outdoors in urban settings. 

 

Fragrance Ingredients and Other Wastewater-related Compounds in Sediment 

Table 5​ summarizes fragrance ingredients and other wastewater-related compounds detected in bed 
sediment in South San Francisco Bay margins samples. A total of 16 distinct compounds were 
detected (excluding PAHs). Among these, five compounds were detected in at least half of the 
samples. Four compounds were detected at levels that were comparable to or greater than available 
ecotoxicology thresholds.  
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]BDOB@à;�9U=IT

HG7=<�7<G;Ub;I7FG;c�H=bVT8G
7=<�

Va9U=ITHGc�H=b9=<;<G�=W�G=V
FHH=�8b=d;CA�B

�KAALCA
eP@X

NCM<=<;
<F:GG98RSS;H:FP;T

U=9FP;TSVU7;WB9U=W7>;SB SVU7;W9U=W7>;SKAAPAAKPCON
:̂=>;8G;U=>C

DB@@BCfFGTUF>�8G
;U=>

NCA�B�CAAXcD
AAK]cAAA

KNKAAM
<=<;<F

=̂9U=8GF<=>c�V;GFBXBX
]AB]@BeF̂U<7J=U;

�W;HF>�7<I7HFG=U
CAA�B�KcAAALC

AAOKA
K@M

<=<;<F
7̀H:>=U=V;<_;<;c�KcOBK

A]BO]BDg=G:�U;9;
>>;<Gc�WTb7hF<Gc�I;=I=UF<G

CA�B�KAALCA
]PON

KDM Qe@PQQQQ
QA

:GG98RSS;H:FP;TU=9FP;TSVU7;WB
9U=W7>;SB

SVU7;W9U=W7>;SKAAPAAXPAeN
iF>Fj=>7I;

KNNNBACBCkUFhUF<H
;�7<hU;I7;<G

CA�B�KAALCA
KNN

KDM XeOPQQQQ
QA

:GG98RSS;H:FP;TU=9FP;TSVU7;WB
9U=W7>;SB

SVU7;W9U=W7>;SKAAPAKXPC@@
l�����

!� �"��m%��
����
�����
������������������

��������
������������,��

!  ����  �n
 \! 

!!m�3
[[��YY[[[

!!:GG98RSS;H:FP;T
U=9FP;TSVU7;WB9U=W7>;S B SVU7;W9U=W7>;SKAAPAAOPAKe

o8=9:=U=<;
D@BCeBKp=>J;<Gc

�9>F8G7H�7<hU;I7;<G
CA�B�KAALCA

CPKK
@M Q@XPeQQQQ

A:GG98RSS;H:FP;T
U=9FP;TSVU7;WB9U=W7>;SB SVU7;W9U=W7>;SKAAPAAKPANO

q7b=<;<;c�IB
Ce@eBNDBCkUFhUF<H

;�7<hU;I7;<Gc�8=>J;<G
CA�B�KAALCA

KXAK
@M X@CPQQQQQ

A:GG98RSS;H:FP;T
U=9FP;TSVU7;WB9U=W7>;SB SVU7;W9U=W7>;SKAAPANCPN@O

g;G:a>BKrstB7<I=>;c�XB
@XBXOBKfFGTUF>�H

=b9=T<Ic�WUFhUF<H;�7<hU;I7
;<Gc�

W;HF>�V7=bFUd;U
CA�B�KAANA

XeKN
KAAM<=<;

<F
/���
���������\�

! Y�\\��%��
����
�����
���������
��������

�,��
�����0�������������������

��������� 
����  \ 

!� "
�u3 [u��[[[[

[\
:GG98RSS;H:FP;TU=9FP;TSVU7;WB

9U=W7>;SB
SVU7;W9U=W7>;SKAAPAAXPAeA

%��
���������\���
! \�\ ��&������

�����
����������������������
��v�"� ���!��  

Z"� �  
�!"3

[nm�[[[[[
�:GG98RSSwwwPw:

=P 7<GS79H8Sb;G:=I8Sf=<a>9:;<
=>P9IW

xHGa>9:;<=>c�G;UGBOB
KOAB]]Be;̀G;Uh;<

Gc�8TUWFHGF<Gc�9>F8G7H�FII7G7J;
CA�B�KAALCA

KKK
@M KNXAPQQQQ

QA
:GG98RSS;H:FP;TU=9FP;TSVU7;WB

9U=W7>;SB
SVU7;W9U=W7>;SKAAPAAOPeXO

p7G=8G;U=>c�V;GFB
@XBO]BCE>F<G�8G;

U=>
CAA�B�KcAAAKcN

AAXcDAA
DC@M

<=<;<F
pG7hbF8GF<=>c�V;GF

@XBOCBOE>F<G�8G;
U=>

CAA�B�KcAAALC
AAKcNAA

OXXM
<=<;<F

yg;G:=I�I;G;HG7=<�>7b7G�JFU7;
I�IT;�G=�I7WW;U7<h�8Fb9>;�I7>

TG7=<8P�



Among fragrance ingredients, ​indole​ was detected in 11 of 12, or 92% of sediment samples (​Figure 
8​). Indole is both manufactured and naturally occuring, and therefore has a number of sources. It is 
produced by bacteria in the gut and is widely used as a fecal biomarker. It can also be found in coal 
tar. Every detection in South Bay sediment was above the marine sediment PNEC of 
5.66 µg/kg dw. The median concentration of indole in bed sediment was 230 µg/kg dw, 40 times 
greater than the PNEC. The maximum observed concentration of indole in bed sediment was 405 
µg/kg dw, which exceeds the PNEC by a factor of 70.  

German scientists flagged indole as a potential problem in a study of marine water and sediment off 
the northern coast of Germany ​(Reineke et al. 2006)​. The authors linked one case of observed 
toxicity to a combination of brominated phenols and indoles, and noted that these compounds, 
“which are assumed to be of biogenic origin, have rarely been discussed so far in the context of 
ecotoxicologic effects in marine ecosystems.” 

Camphor ​was detected at 2 of 12 sites. The median concentration was below the method detection 
limit (MDL) of 50 µg/kg dw. The maximum concentration of camphor in bed sediment was 
estimated at 15 µg/kg dw. This is just below the PNEC of 17.4 µg/kg dw. However, this result is 
considered highly uncertain and an estimate only, as it is below the RL. Camphor is a naturally 
produced compound and is used as a medicinal agent, as well as in personal care products. 

Other fragrance ingredients included in this analysis that were detected in margin sediment include: 

● galaxolide (maximum concentration 12 µg/kg dw [est.]; PNEC 394 µg/kg dw) 
● d-limonene (maximum concentration 129 µg/kg dw; PNEC 385 µg/kg dw),  
● 3-methyl-1(H)-indole (or skatol; maximum concentration 39 µg/kg dw [est.]; no PNEC 

available).  

Fragrance ingredients ​not ​detected in sediment included acetophenone, benzophenone, diethyl 
phthalate, isoborneol, menthol, methyl salicylate, tonalide, and triethyl citrate. 

A study of fragrance ingredients and other compounds in bed sediment from six stream sites in the 
Potomac River basin found somewhat similar levels of contamination ​(Kolpin et al. 2013) ​. Indole 
was detected in all samples in the Potomac Basin, with a maximum concentration of 197 µg/kg dw, 
well above the freshwater PNEC of 56.6 µg/kg dw. Skatol, or 3-methyl-1(H)-indole, was detected in 
57% of samples, and diethyl phthalate was detected in 14% of sites. Acetophenone, benzophenone, 
camphor, d-limonene, galaxolide, isoborneol, menthol, and tonalide were not detected; methyl 
salicylate and triethyl citrate were not analyzed. 
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Figure 8. Measured concentrations of the fragrance ingredient indole in South Bay margins sediment 

samples. Reporting limit = 100-200 µg/kg dw; values reported below the limits are generally considered 

estimates only. 

 

Among other wastewater-related compounds, ​4-methylphenol​ (or para-cresol) was detected in 7 of 
12 monitoring locations, or 58% of South Bay margins sediment samples (​Figure 9​). Methylphenol is 
a natural compound and is also used to make antioxidants and other materials. The concentrations 
in 33% of samples exceeded the marine PNEC of 85 µg/kg dw. The median concentration was 
40 ng/L, and the highest observed concentration was 150 µg/kg dw, nearly double the marine 
PNEC. However, all reported values are below the reporting limit, and are therefore considered 
estimates only. In the study of Potomac River basin stream sites, this compound was found in all 
sediment samples, with a maximum concentration of 396 µg/kg dw ​(Kolpin et al. 2013) ​. 

An estrogenic degradation product of ethoxylated nonylphenols used in detergents, surfactants, and 
as plastic additives—​4-n-nonylphenol ​—was found in two samples (detection frequency 17%). The 
concentration of 4-n-nonylphenol in 10 of 12 bed sediment samples was below the reporting limit, 
which ranged between 750 and 1,500  µg/kg dw. The highest observed concentration, 200 µg/kg dw 
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(estimated), was five times higher than the marine PNEC of 39 µg/kg dw. A related compound, 
4-tert-octylphenol ​, was detected in a single sample (estimated concentration of 11 µg/kg dw) at a 
concentration significantly below its marine PNEC (1,230 µg/kg dw). Nonylphenol and octylphenol 
mono- and diethoxylates were not detected, but reporting limits for some of these compounds were 
relatively high. 

 

Figure 9. Measured concentrations of the wastewater-related compound 4-methylphenol in South Bay 

margins sediment samples. Reporting limit 250-500 µg/kg dw; all values shown are considered estimates 

only. 

Previous monitoring of nearshore Bay sediment found 4-n-nonylphenol at concentrations of 22 to 
86 µg/kg dw ​(Klosterhaus, Yee, et al. 2013)​. Nonylphenol mono- and diethoxylates were also 
observed in Bay sediments in the 2013 study at concentrations of < 1 to 40 µg/kg dw. A study of 
nearshore sediment in southern California coastal embayments detected 4-n-nonylphenol in about 
half of samples, with a maximum concentration reported of 490 µg/kg dw ​(Maruya et al. 2016)​. In 
contrast, sediment in the Potomac River basin did not contain detectable levels of nonylphenol, 
octylphenol, or related compounds ​(Kolpin et al. 2013) ​. 
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PAHs were not the focus of this study, but the laboratory included results for PAHs as part of its 
schedule of analytes related to wastewater. While we did not perform a detailed analysis of these 
compounds, ​Table D1 ​summarizes the results for PAHs in water samples and ​Table D2 
summarizes the results for PAHs in bed sediment.  

 

Fragrance Ingredients and Other Wastewater-related Compounds in Water 

Table 6​ summarizes the 18 distinct fragrance ingredients and other wastewater-related compounds 
(excluding PAHs) detected in South San Francisco Bay margins water samples. Two compounds 
were detected in more than half of the samples. The insect repellent DEET 
(​Diethyl-3-methyl-benzamide, N,N- ​) was detected in 92% of samples. Previous monitoring of 
ambient Bay water detected this compound in 100% of samples ​(Klosterhaus, Grace, et al. 2013)​. 
Tributyl phosphate ​(a flame retardant, plastic additive, and solvent) was detected in 83% of 
samples. This compound has also been widely detected in open Bay water samples ​(Sutton et al. 
2019; Shimabuku et al. in prep.) ​. 

The most frequently detected fragrance ingredient was the polycyclic musk ​galaxolide (or HHCB)​, 
which​ ​was detected in 25% of South Bay margins water samples ​(Figure 10​). This study was 
motivated in part by a desire to learn whether galaxolide was present at levels of concern in Bay 
waters. Previously, the State’s Expert Panel set the monitoring trigger level (MTL) for galaxolide at 
70 ng/L for estuarine water bodies (Anderson et al. 2012). The median concentration of galaxolide 
in South Bay margins water samples was less than the reporting limit (RL) of 20 ng/L. The 
maximum observed concentration was 30 ng/L, below the MTL, as well as the European Chemicals 
Agency PNEC for marine waters of 440 ng/L.   
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Figure 10. Measured concentrations of the polycyclic musk galaxolide in South Bay margins water samples. 

Reporting limit = 20 ng/L; values reported below 20 ng/L are considered estimates only. 

In contrast, a recent study of effluent-dominated rivers in southern California reported average 
galaxolide levels of 2,260 and 2,410 ng/L for the Los Angeles and San Gabriel Rivers, respectively 
(Sengupta et al. 2014) ​. Water samples from the Russian River contained up to 370 ng/L galaxolide 
(Maruya et al. 2018)​. However, laboratory blank contamination of 120 ng/L galaxolide was also 
reported in this study. Other studies of galaxolide in US water bodies include sites along the 
Potomac River basin (detection frequency 57%, maximum concentration 27 ng/L; Kolpin et al. 
2013) and source waters for drinking water treatment facilities (detection frequency 36%, maximum 
concentration 110 ng/L) ​(Glassmeyer et al. 2017)​. 

Other fragrance ingredients that were detected in South Bay margin water samples include: 

● benzophenone (maximum concentration 30 ng/L; PNEC 2,000 ng/L),  
● diethyl phthalate (maximum concentration 50 ng/L; PNEC 1,200 ng/L), and 
● triethyl citrate (maximum concentration 20 ng/L; PNEC 2,450,000 ng/L).  
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Fragrance ingredients ​not ​detected in water samples included acetophenone, camphor, d-limonene, 
diethyl phthalate, indole, isoborneol, menthol, and tonalide.  

Among other wastewater-related compounds, a single contaminant was observed at levels exceeding 
relevant ecotoxicological thresholds. ​Tris(1,3-dichloroisopropyl)phosphate ​ or ​TDCPP ​was 
detected in 4 of 12 water samples, or at a frequency of 33% (​Figure 11​). TDCPP is a chlorinated 
organophosphate ester used in many applications, including as a flame retardant and plastic additive. 
Three samples had concentrations exceeding the marine PNEC of 20 ng/L. The median 
concentration of TDCPP in water samples was below the reporting limit of 160 ng/L. The 
maximum observed concentration was 90 ng/L (estimated) at SOSL15 in the Extreme Lower South 
Bay. TDCPP has been linked to human health impacts and is listed under California Proposition 65 
as a chemical determined by the California Environmental Protection Agency “to cause cancer, birth 
defects or other reproductive harm” ​(Cal EPA 2017)​.  
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Figure 11. Measured concentrations of the wastewater-related compound 

tris(1,3-dichloroisopropyl)phosphate) in South Bay margins water samples. Reporting limit = 160 ng/L; 

values shown are considered estimates only. 

TDCPP has previously been widely detected at similar concentrations in open Bay water samples 
(Sutton et al. 2019) ​. Levels of up to 1,345 ng/L have been reported for effluent-dominated streams 
in southern California ​(Sengupta et al. 2014) ​. 

Nonylphenol, octylphenol, and related compounds were not detected in margin water samples, but 
reporting limits for some of these compounds were relatively high. Nonylphenol was detected in 
previous ambient Bay water monitoring, at a maximum concentration of 73 ng/L ​(Klosterhaus, 
Grace, et al. 2013)​. Related compounds were not detected in open Bay samples. 

 

Risk Evaluation for San Francisco Bay 
The RMP assigns emerging contaminants monitored in Bay water, sediment, and wildlife to tiers in 
the program’s ​Tiered Risk and Management Action Framework​ ​(Sutton et al. 2017) ​. The degree of 
concern associated with a particular chemical or chemical class guides both RMP monitoring 
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activities and water quality management actions. The criteria listed below were used for placement in 
each tier: 

● High Concern ​ – Bay occurrence data suggest a high probability of a moderate or high level 
effect on Bay wildlife (e.g., frequent detection at concentrations greater than the EC ​10​, the 
effect concentration where 10% of the population exhibit a response). 

● Moderate Concern ​ – Bay occurrence data suggest a high probability of a low level effect on 
Bay wildlife (e.g., frequent detection at concentrations greater than the PNEC or NOEC but 
less than the EC​10​ or another low level effects threshold). 

● Low Concern ​ – Bay occurrence data suggest a high probability of minimal effect on Bay 
wildlife (i.e., Bay concentrations are well below toxicity thresholds and potential toxicity to 
wildlife is sufficiently characterized). 

● Possible Concern ​ – Uncertainty in toxicity thresholds suggests uncertainty in the level of 
effect on Bay wildlife. Bay occurrence data exist; in some cases, they may be constrained by 
analytical methods with insufficient sensitivity.  

Secondary factors that may impact tier assignments include trends in use of the chemical or trends in 
Bay concentrations, as well as the potential for cumulative impacts.   

 

Fipronil: Moderate Concern 

Findings from this study provide a limited amount of additional support for the RMP’s current 
designation of fipronil as a Moderate Concern contaminant for San Francisco Bay ​(Sutton et al. 
2017)​. The concentration of fipronil in water exceeded a USEPA aquatic life benchmark for chronic 
invertebrate toxicity at a single site among the 12 examined. Fipronil degradates were also detected 
in water samples, though at concentrations below available toxicity thresholds.  

Neither fipronil nor degradates were detected in sediment. However, the method detection limits for 
these compounds (​Table 3​) were higher within this broad pesticide screening method than levels 
measured in previous studies of ambient Bay sediment using fipronil-specific analytical methods 
(Sutton et al. 2017) ​. The detection of fipronil and degradates in margin water samples, previous 
detections in ambient sediment samples, along with the high toxicity of the compounds are 
sufficient to justify the Moderate Concern classification for the Bay. Continued monitoring of 
fipronil concentrations in Bay sediment to evaluate status and trends requires use of analytical 
methods with detection limits well below available toxicity thresholds. 
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Imidacloprid: Moderate Concern 

Findings from this study provided critical support to the recent classification of imidacloprid as a 
Moderate Concern for the Bay ​(Buzby, Lin, and Sutton in prep.)​. Imidacloprid exceeded its USEPA 
aquatic life benchmark in a single water sample. While a single measurement greater than an 
ecotoxicity threshold is not typically considered sufficient to support a Moderate Concern 
designation, when evaluated against a European Union PNEC for imidacloprid of 4.8 ng/L, 
additional samples exceeded the limit.  

An additional, low-level detection in an open Bay water sample collected in the Lower South Bay in 
summer 2017, along with widespread detection in Bay Area wastewater and stormwater, are 
documented in a synthesis of Bay-wide data that supports classification of this pesticide as Moderate 
Concern for the Bay ​(Buzby, Lin, and Sutton in prep.)​. 

 

Pyrethroids: Low Concern 

As with previous monitoring efforts in the ambient Bay, concentrations of pyrethroids in margin 
sediment were significantly lower than available benchmarks, suggesting minimal impacts to wildlife. 
While pyrethroids remain classified as High Concern for Bay tributaries, they are considered Low 
Concern for the Bay itself. 

 

Carbendazim and Other Current-Use Pesticides: Possible Concern 

Other current-use pesticides have been classified as Possible Concern for the Bay (Sutton et al. 
2017). Findings from this study were generally consistent with this classification.  

Carbendazim exceeded its USEPA aquatic life benchmark in a single water sample. A single 
measurement greater than an ecotoxicity threshold is not typically considered sufficient evidence for 
a Moderate Concern designation within the RMP’s tiered risk framework. For the other pesticides 
included in the margins sediment and water analyses, they were either not detected or significantly 
below available thresholds. However, these results do not guarantee that these pesticides pose 
minimal risks to Bay wildlife (Low Concern), as this screening covers a discrete span with respect to 
both season and geography. 

Because sampling occurred during the dry season, when inflows to the South Bay were dominated 
by wastewater effluent, it is possible that pesticides discharged via stormwater were not adequately 
observed via this study design, particularly in water samples. Likewise, pesticides entering the Bay via 
Delta inflows or agricultural runoff from northern portions of the Bay would not be adequately 
monitored. A full evaluation of the risks posed by these pesticides would need to account for the 
seasonal and geographic diversity of pesticide inputs. 
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The present dataset for carbendazim and other current-use pesticides, while not suggesting 
significant risks at this time, does not adequately address uncertainties relating to the potential for 
pesticide pollution during the wet season or in other regions of the Bay. The data are consistent with 
the current classification of current-use pesticides (other than fipronil, imidacloprid, and 
pyrethroids) as a Possible Concern for the Bay. Periodic screening of this class of contaminants is 
recommended to provide a more comprehensive evaluation of risks posed, and to assess the 
potential impacts of new pesticides, products, and changing use patterns. Wet season or stormwater 
sampling may be more appropriate for those pesticides used outdoors. 

 

Galaxolide and Other Fragrance Ingredients: Low Concern 

Fragrance ingredients are considered part of the larger class of personal care and cleaning product 
ingredients. Thousands of chemicals are used in personal care and cleaning products, and the RMP 
has only monitored the Bay for a small subset of these compounds. Those that have been monitored 
have been classified as Low Concern for the Bay, with minimal impacts to wildlife anticipated 
(Sutton et al. 2017). However, given the growing urban population around the Bay, use of these 
products is anticipated to grow, with corresponding increases in Bay contamination possible. 
Periodic screening is therefore recommended. 

Levels of the polycyclic musk galaxolide observed in the margins samples were consistent with 
placement in the Low Concern tier. The maximum observed concentration of galaxolide in South 
Bay margin water samples was 30 ng/L, below the state MTL for estuarine settings, as well as the 
European Chemicals Agency PNEC for marine waters of 440 ng/L. Galaxolide was also detected in 
sediment at levels well below the available PNEC. Previous monitoring by the RMP found 
detectable levels of galaxolide in bivalves (855 µg/kg dw) and bird eggs (1 µg/kg wet weight) 
collected in 2002 through 2004 ​(Klosterhaus, Yee, et al. 2013)​.  

Apart from indole, levels of most other fragrance ingredients examined via this study were generally 
well below available toxicity thresholds. Minor exceptions include camphor, with just two detections 
in sediment that were both slightly lower than the marine PNEC, and d-limonene, with a maximum 
detection in sediment less than half the marine PNEC. As a result, the dataset is generally considered 
consistent with a classification of fragrance ingredients and other personal care and cleaning product 
ingredients as Low Concern for the Bay. However, periodic screening is merited, given the potential 
for increased use and associated contamination due to a growing Bay Area population. 

 

Indole: Possible Concern 

Indole, a natural compound also used as a fragrance ingredient, was not detected in water samples 
(reporting limit 20 ng/L), but was detected in 92% of sediment samples. Every detection in 
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sediment was above the marine sediment PNEC of 5.66 µg/kg dw. The maximum observed 
concentration was 405 µg/kg dw, which exceeds the PNEC by a factor of 70.  

Closer examination of the marine sediment PNEC revealed that it was developed in the absence of 
any ecotoxicity data relevant to sediment-dwelling organisms, and was instead provisionally 
calculated using sparse freshwater aquatic ecotoxicity thresholds and a standardized equilibrium 
partitioning method. The higher level of uncertainty associated with this PNEC suggests the need 
for further testing in benthic species. An examination of the scientific literature revealed only one 
additional aquatic ecotoxicity study ​(Eisentraeger et al. 2008) ​ and no sediment ecotoxicity studies. 

Given the uncertainties associated with the potential for indole to pose risks to Bay wildlife, the 
present evidence is consistent with a classification of Possible Concern for the Bay. 

 

Organophosphate Esters: Moderate Concern 

Among wastewater-related contaminants, the organophosphate ester (OPE) flame retardant and 
plastic additive tributyl phosphate was one of the most commonly detected in water samples 
(detection frequency 83%). Concentrations of another OPE, TDCPP (detection frequency 33%), 
exceeded the marine PNEC of 20 ng/L at 3 of 4 sites where it was detected in the margins. 
Observed levels of these contaminants were consistent with those of two previous studies of open 
Bay water samples ​(Sutton et al. 2019; Shimabuku et al. in prep.)​. Three other OPEs were not 
detected in the margin samples, possibly due to higher reporting limits associated with this broad 
screening method. 

A report on 2017 open Bay water monitoring for OPEs is in preparation, with current evidence 
sufficient to classify this contaminant class as Moderate Concern for the Bay ​(Shimabuku et al. in 
prep.)​. While only a single member of this chemical class, TDCPP, exceeded toxicity thresholds, 
concerns about cumulative exposure and combined effects, particularly with respect to endocrine 
disruption, indicate risks may be posed by the class as a whole. Future Bay monitoring would be best 
served by analytical methods specific to OPEs, with method detection limits well below available 
toxicity thresholds.  

 

Conclusions 
This study focused on analytes prioritized by California regulatory agencies, and was intended to fill 
key monitoring data gaps for current-use pesticides, fragrance ingredients, and other wastewater 
contaminants in water and sediment in the near-shore environment in the South Bay. Our 
hypothesis was that contaminants found in stormwater and wastewater are concentrated in the 
South Bay margins. Because the region has a heavily urban watershed and is subject to less dilution 
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by relatively clean ocean water, contaminant levels measured here may represent a worst-case 
scenario for the Bay as a whole. 

In general, levels of contaminants detected in the South Bay margins were comparable to or lower 
than those measured in other freshwater and marine settings in California and the US. Of particular 
interest are the pesticides fipronil, imidacloprid, and carbendazim, as each of these compounds 
exceeded USEPA aquatic life benchmarks at one or more sites. Among wastewater-related 
contaminants, indole, 4-methylphenol, 4-n-nonylphenol, and TDCPP exceeded available marine 
PNECs. In contrast, the polycyclic musk galaxolide, a State Water Board priority emerging 
contaminant for monitoring in aquatic ecosystems, was observed at levels well below thresholds of 
concern. 

This pilot study filled in gaps in our knowledge of the occurrence of pesticides and emerging 
contaminants in the near-shore areas of South San Francisco Bay. However, this relatively small 
study does not tell us how contaminant levels may change over time. A rapidly growing Bay Area 
population suggests that contamination derived from common consumer products and pesticides 
could increase in the future. 

Periodic monitoring is recommended in order to determine if levels of contaminants of more 
focused concern are trending up or down. If future monitoring indicates that specific contaminants 
may be having an adverse impact on the Bay ecosystem, followup monitoring is recommended to 
better understand the sources and pathways by which contaminants enter the Bay. Urban pesticides 
with significant outdoor applications may be best examined in stormwater, or in samples collected 
from the Bay during the wet season, when stormwater discharges are more influential. In contrast, 
contaminants likely derived primarily from wastewater discharges, such as fragrance ingredients, may 
be best examined in effluent or in samples collected from the Bay during the dry season. 
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Appendix A Laboratory Analytical Method Detection Limits 
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�#	$%&'( %)*+,-.�(*/. 0,1. 23+-.4.5�6*-.4�78399:+;.5�24*<-3:)=�%)*+,>.5 &?91.)5.5�&.53/.)-�7@*4-3<?+*-.�24*<-3:)=�%)*+,>.5 A.5�&.53/.)-�%)*+,>.5 %)*+,939�B.-C:5 B.-C:5�8.-.<-3:)�D3/3-�3)�E*-.4�7)FGD= B.-C:5�8.-.<-3:)�D3/3-�3)�&.53/.)-�7HFGIF�54,�E.3FC-=JKLMJNOPNOQ %<.-*/31435 R)9.<-3<35. S O O D$GB&GB& TTTKUKTT ��������OJKLJLVOLMOP %<3W.)>:+*4O&O/.-C,+ 2?)F3<35. S S O X$GB& TTTKUNTT ��������OJLYQPOZNOV %+*<C+:4 [.4W3<35. S S S X$GB&� TTTJUQTT TTTNULQTLVMOQYOP %++.-C43) R)9.<-3<35. S S S X$GB&� TTTJUNTT TTTJUQTTJYJPOPMOY %-4*>3). [.4W3<35. S S S X$GB&� TTTPUKTT TTTJULTTVZOLNON %>3)1C:9�B.-C,+ R)9.<-3<35. S S S X$GB&� TTTYUMTT TTTJUQTTYZJOPPOV %>3)1C:9O/.-C,+�:\,F.)�*)*+:F 8.F4*5*-. S S O X$GB&� TTTYUMTT ��������OJKJVZNOKKOV %>:\,9-4:W3) 2?)F3<35. S S S X$GB&� TTTKUJTT TTTNUYKTJVZJOMNOJ A.)]+?4*+3) [.4W3<35. S S S X$GB&� TTTPUNTT TTTJUQTTJNQPYLQOQJOJ A.)>:;3)53]+?1,4 2?)F3<35. S S O X$GB&� TTTKUMTT ��������OVPZLQONMOK A3].)-C43) R)9.<-3<35. S S S X$GB&� TTTNUQTT TTTNUZJTJVVMPLOVLOZ A:9<*+35 2?)F3<35. S S S X$GB&� TTTPUVTT TTTJUPTTJJZPLLOMVOP A4:/:<:)*>:+. ]?)F3<35. S S O X$GB&� TTTKUPTT ��������OKKZPYOMQOY A?-4*+3) [.4W3<35. S S S X$GB&� TTTPUZTT TTTJUZTTPNNVOMJOL A?-,+*-. [.4W3<35. S S S X$GB&� TTTJUVTT TTTJUKTTJKKONZOP $*1-*) 2?)F3<35. S S S X$GB&� TTJNUPTT TTTKUJTTZKOPLOP $*4W*4,+ R)9.<-3<35. S S S X$GB&� TTTZULTT TTTJUPTTJNZNLOPJOQ $*4W.)5*>3/ 2?)F3<35. S O O D$GB&GB&� TTTMUPTT ��������OJLZKOZZOP $*4W:]?4*) R)9.<-3<35. S S S X$GB&� TTTKUJTT TTTJUPTTLPKMOZVOM $*4W:\3) 2?)F3<35. S O O D$GB&GB&� TTTMULTT ��������OLNNNNVOMLOQ $C+:4*)-4*)3+314:+. R)9.<-3<35. S O O D$GB&GB&� TTTMUNTT ��������OJPPMLKOQKON $C+:4].)*1,4 R)9.<-3<35. S S O X$GB&� TTTKUKTT ��������OZYZQOPYOY $C+:4:O(O7P̂ZO53.-C,+1C.),+=�*<.-*/35.̂�PO 8.F4*5*-. O O S �������O TTTJUKTTKPMPVOQJON $C+:4:O(O7.-C:\,/.-C,+=O(O7PO.-C,+OZO/.-C,+1C.),+=*<.-*/35.̂�PO8.F4*5*-. S S O X$GB&� TTTJULTT ��������OJVYQOMLOZ $C+:4:-C*+:)3+ 2?)F3<35. S S S X$GB&� TTTMUJTT TTTJUJTTPYPJOVVOP $C+:41,43]:9 R)9.<-3<35. S S S X$GB&� TTTPUJTT TTTNUVYTLLYVOJLOP $C+:41,43]:9�_\:) R)9.<-3<35. S S O X$GB&� TTTLUNTT ��������OVJQQQOVYOJ $+:/*>:). [.4W3<35. S S S X$GB&� TTTPULTT TTTPUNTTPJNVVNOYPOL $+:-C3*)353) R)9.<-3<35. S O O D$GB&GB&� TTTKUYTT ��������OLZOQPOM $:?/*1C:9 R)9.<-3<35. S S S X$GB&� TTTKUJTT TTTJUPTTQKZYYMOZKOJ $,*)-4*)3+314:+. R)9.<-3<35. S O O D$GB&GB&� TTTMUPTT ��������OJPNJJZOVVOK $,*>:]*/35 2?)F3<35. S O O D$GB&GB&� TTTMUJTT ��������OJJKMOPKOP $,<+:*-. [.4W3<35. S S S X$GB&� TTTJUJTT TTTNUVTTZVKLYOKQOL $,]+?-C43)̂�0:-*+ R)9.<-3<35. S S S X$GB&� TTTJUNTT TTTJUKTTJPPNNVOVLOY $,C*+:]:1OW?-,+ [.4W3<35. S S S X$GB&� TTTJUYTT TTTNUVTTYJMZLONVOZ $,C*+:-C43) R)9.<-3<35. S S S X$GB&� TTTNULTT TTTNUZYTLQYZZOYLOQ $,/:\*)3+ 2?)F3<35. S O O D$GB&GB&� TTTKUYTT ��������OLPKJLONQOV $,1.4/.-C43)̂�0:-*+ R)9.<-3<35. S S S X$GB&� TTTJUNTT TTTJUPTTYMKZJONZOL $,14:<:)*>:+. 2?)F3<35. S S S X$GB&� TTTMUQTT TTTJUNTTJPJLLPOZJOP $,14:53)3+ 2?)F3<35. S S S X$GB&� TTTQUMTT TTTJUQTTJVZJOKPOJ 8*<-C*+ [.4W3<35. S S S X$GB&� TTTPUNTT TTTJUQTTQPOLMOV 88871̂1̀= R)9.<-3<35. S S S X$GB&� TTTMUJTT TTTNUYVTQPOLLOY 88a71̂1̀= R)9.<-3<35. S S S X$GB&� TTTKUZTT TTTNUYQTLNOPYOK 88071̂1̀= R)9.<-3<35. S S S X$GB&� TTTMUNTT TTTNUVMTLPYJVOZKOL 8.+-*/.-C43) R)9.<-3<35. S S S X$GB&� TTTNUZTT TTTJUKTTJPNYVKOZMOM 8.9-C3:O14:-C3:<:)*>:+. 2?)F3<35. S O O D$GB&GB&� TTTKUNTT ��������OKKKOMJOL 83*>3):) R)9.<-3<35. S S S X$GB&� TTTNUYTT TTTJUZTTYZPOLVOK 83*>:\:) R)9.<-3<35. S S O X$GB&� TTTLUNTT ��������OZPZOMKOQ 83<C+:4:*)3+3).̂�K̂LO [.4W3<35. S S S X$GB&� TTTQUZTT TTTJULTTYLOQZOJ 83<C+:4:W.)>.)*/3).̂�K̂MO [.4W3<35. S S S D$GB&GB&� TTTKUPTT TTTJUKTTPKPQONPOV 83<C+:4:1C.),+�b4.*̂�K̂MO 8.F4*5*-. S O O D$GB&GB&� TTTKUMTT ��������O
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�#	$%&'( %)*+,-.�(*/. 0,1. 23+-.4.5�6*-.4�78399:+;.5�24*<-3:)=�%)*+,>.5 &?91.)5.5�&.53/.)-�7@*4-3<?+*-.�24*<-3:)=�%)*+,>.5 A.5�&.53/.)-�%)*+,>.5 %)*+,939�B.-C:5 B.-C:5�8.-.<-3:)�D3/3-�3)�E*-.4�7)FGD= B.-C:5�8.-.<-3:)�D3/3-�3)�&.53/.)-�7HFGIF�54,�E.3FC-=JKLMNLONO 83<C+:4:1C.),+NJN/.-C,+�P4.*Q�JQRNS.4T3<35. U N N D$GB&GB&� VVVJWKVV ��������NLONMJNM 83<C+:4;:9 X)9.<-3<35. U U N Y$GB&� VVVKWZVV ��������NZZ[RRLNL\NJ 83].):<:)*>:+. 2?)F3<35. U U U Y$GB&� VVẐWKVV VVVZŴVVZẐR\\NM̂NK 83/.-C:/:41C 2?)F3<35. U U U Y$GB&� VVVLŴVV VVVZWKVVZLKOKONM̂N̂ 83):-.]?4*) X)9.<-3<35. U N N D$GB&GB&� VVVRWKVV ��������N[M\\LNRKN\ 83-C3:1,4 S.4T3<35. U U U Y$GB&� VVVZWLVV VVVZWJVVJĴNKRNZ 83?4:) S.4T3<35. U N N D$GB&GB&� VVVJWOVV ��������NMK[N[RNR _@0$ S.4T3<35. U U U Y$GB&� VVVZWKVV VVV̂WM[VLLOĴN̂RNR _9].);*+.4*-. X)9.<-3<35. U U U Y$GB&� VVV̂WKVV VVV̂W[\VZLOLK̂NMMNJ _-C*T:̀*/ 2?)F3<35. U N N D$GB&GB&� VVVJW\VV ��������NKKO\JNL\NL _-C*+]+?4*+3) S.4T3<35. U U U Y$GB&� VVVJŴVV VVVZWOVV\̂\RRN̂MNZ _-:].)14:̀ X)9.<-3<35. U U U Y$GB&� VVVOWOVV VVVZŴVVZKJOJJN[ZNZ _-:̀*>:+. X)9.<-3<35. U U N Y$GB&� VVVRWOVV ��������NZJZ\̂MNKMNJ 2*/:̀*5:). 2?)F3<35. U U U Y$GB&� VVVOWKVV VVVZWMVVZLZJOLNJRNM 2.)*/35:). 2?)F3<35. U U N Y$GB&� VVVKWZVV ��������NL̂ZL\N\\N[ 2.)*43/:+ 2?)F3<35. U U U Y$GB&� VVVLWKVV VVVZWRVVZZRJL[NRJNL 2.)T?<:)*>:+. 2?)F3<35. U U U Y$GB&� VVVKWOVV VVVZW\VVZOL\JJNZMN\ 2.)C.̀*/35 2?)F3<35. U U U Y$GB&� VVVMWLVV VVVOWKVVJ[KZKNRZN\ 2.)14:1*-C43) X)9.<-3<35. U U U Y$GB&� VVV̂WLVV VVVZŴVVZJR̂[\NLZNL 2.)1,4:̀3/*-. X)9.<-3<35. U U U Y$GB&� VVVKWOVV VVVZW[VVKKNJ\N[ 2.)-C3:) X)9.<-3<35. U U U Y$GB&� VVVKWKVV VVVOŴVVZÔ L̂\NJMNJ 2314:)3+ X)9.<-3<35. U U U Y$GB&� VVVOW[VV VVVZWLVVÔKLK̂NLKNJ 2314:)3+�8.9?+]3),+ X)9.<-3<35. U U U Y$GB&� VVVZWLVV VVVZW\VVÔKLK̂NL[NM 2314:)3+�8.9?+]3),+�%/35. X)9.<-3<35. U U U Y$GB&� VVVJWOVV VVVOŴVVZÔ L̂MN\JNL 2314:)3+�&?+]35. X)9.<-3<35. U U U Y$GB&� VVVZW\VV VVVZWKVVZÔ L̂\NJLNO 2314:)3+�&?+]:). X)9.<-3<35. U U U Y$GB&� VVVJWKVV VVV̂W[LVZK\̂LONLMN̂ 2+:)3<*/35 X)9.<-3<35. U N N D$GB&GB&� VVVJWRVV ��������NM[LOONK[NL 2+?*>3)*/ 2?)F3<35. U U U Y$GB&� VVVRWRVV VVVOWZVVOMORKZNLKNM 2+?T.)53*/35. X)9.<-3<35. U U N Y$GB&� VVVLWOVV ��������NZJZJRZN\LNZ 2+?53:̀:)3+ 2?)F3<35. U U U Y$GB&� VVVMWJVV VVVOWKVVZRORK[NK\NJ 2+?].)*<.- S.4T3<35. U U U Y$GB&� VVVRWMVV VVVZŴVVLO[ORNM̂NJ 2+?/.-4*+3) @+*)-�F4:E-C�4.F?+*-:4 U U U Y$GB&� VVVKW\VV VVVZWOVVOJ[ZẐNZKNM 2+?:13<:+35. 2?)F3<35. U U N Y$GB&� VVVJW[VV ��������NLK\̂LLNJKNR 2+?:1,4*/ 2?)F3<35. U U N Y$GB&� VVVJW\VV ��������NJLZJMMNO[N[ 2+?:̀*9-4:T3) 2?)F3<35. U U U Y$GB&� VVV[WKVV VVVZWOVV[KZLK[NR̂N\ 2+?1,4*53]?4:). X)9.<-3<35. U N N D$GB&GB&� VVVJŴVV ��������NK[MKLNL̂NR 2+?435:). S.4T3<35. U N N D$GB&GB&� VVVJWMVV ��������N\KK̂[NZ[N[ 2+?93+*>:+. 2?)F3<35. U U U Y$GB&� VVVRWKVV VVVOWOVVLLJJON[LNK 2+?-:+*)3+ 2?)F3<35. U U U Y$GB&� VVVRWRVV VVVOWZVVMLLMRNOZN̂ 2+?-43*]:+ 2?)F3<35. U U U Y$GB&� VVVRWOVV VVVZWZVV[̂MÔRNJZNJ 2+?̀*1,4:̀*5 2?)F3<35. U U N Y$GB&� VVVRW\VV ��������NKZOJKN̂RNO S.̀*>3):). S.4T3<35. U U U Y$GB&� VVV\WRVV VVV̂W[OVJKKKRNRRN̂ X/*>*+3+ 2?)F3<35. U U U Y$GB&� VVẐWKVV VVVZW\VVZJ\OLZNRZNJ X/35*<+:1435 X)9.<-3<35. U N N D$GB&GB&� VVVJW\VV ��������NZÔ\L\NLLN\ X/35*<+:1435�?4.* X)9.<-3<35. U N N D$GB&GB&� VVVRŴVV ��������NZMJK\RNRRNL X)5:̀*<*4T X)9.<-3<35. U U U Y$GB&� VVVRW[VV VVVOWRVVZOKOOKNO\NM X1<:)*>:+. 2?)F3<35. U U N Y$GB&� VVVMW\VV ��������NJLMJRNZ[NM X14:53:). 2?)F3<35. U U U Y$GB&� VVVRWRVV VVV̂W\MV\MK[ZKNM\N[ X9:].-*/35 2?)F3<35. U U N Y$GB&� VVVOŴVV ��������NZRJJ[̂N\[N̂ a4.9:̀3/N/.-C,+ 2?)F3<35. U U U Y$GB&� VVVRŴVV VVV̂WKZVZLJRNM\NO B*+*:̀:) X)9.<-3<35. U U N Y$GB&� VVVKŴVV ��������NZOZNMKNK B*+*-C3:) X)9.<-3<35. U U U Y$GB&� VVVJWMVV VVV̂W[\VJMRMOLNLONO B*)5314:1*/35 2?)F3<35. U N N D$GB&GB&� VVVJWJVV ��������N
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�#	$%&'( %)*+,-.�(*/. 0,1. 23+-.4.5�6*-.4�78399:+;.5�24*<-3:)=�%)*+,>.5 &?91.)5.5�&.53/.)-�7@*4-3<?+*-.�24*<-3:)=�%)*+,>.5 A.5�&.53/.)-�%)*+,>.5 %)*+,939�B.-C:5 B.-C:5�8.-.<-3:)�D3/3-�3)�E*-.4�7)FGD= B.-C:5�8.-.<-3:)�D3/3-�3)�&.53/.)-�7HFGIF�54,�E.3FC-=JKLMKNOPNO B.-*+*Q,+ 2?)F3<35. R R R S$GB&� TTTJUOTT TTTOUPTTOVJOOWNVMNW B.-<:)*>:+. 2?)F3<35. R R R S$GB&� TTTJUVTT TTTOUVTTPJXNMKNL B.-C35*-C3:) Y)9.<-3<35. R R R S$GB&� TTTKUVTT TTTOULTTZXJPWNWPNL B.-C:14.). Y)9.<-3<35. R R R S$GB&� TTTWUZTT TTTOUWTTOWOXJXNJLNZ B.-C:Q,[.):>35. Y)9.<-3<35. R N N D$GB&GB&� TTTVUKTT ��������NJOVOLNZJNV B.-:+*<C+:4 \.4]3<35. R R R S$GB&� TTTOUJTT TTTXUKMTVVOVNWKNO B:+3)*-. \.4]3<35. R R R S$GB&� TTTMUVTT TTTXUPLTLLWKONLPNX B,<+:]?-*)3+ 2?)F3<35. R R R S$GB&� TTTWUXTT TTTOUKTTOJVPPNPPNK (*14:1*/35. \.4]3<35. R R R S$GB&� TTTLUVTT TTTXULKTOOWKOZNZWNW (:;*+?4:) Y)9.<-3<35. R R R S$GB&� TTTVUPTT TTTOUOTTOPXZZNLLNM 4̂,>*+3) \.4]3<35. R N R D$GB&GB&� TTTJUXTT TTTOUZTTOPWWWNMXNP Q̂*53*>:) \.4]3<35. R R N S$GB&� TTTVUOTT ��������NOXXMMOLNWKNP Q̂*-C3*1314:+3) 2?)F3<35. R N N D$GB&GB&� TTTMUVTT ��������NZVLKZNXMNM Q̂,[+?:4[.) \.4]3<35. R R R S$GB&� TTTMUOTT TTTOUPTTKWKMLNWVNX @*<+:]?-4*>:+ 2?)F3<35. R R N S$GB&� TTTWUVTT ��������NVPLNXXNX @*4*-C3:)_�B.-C,+ Y)9.<-3<35. R R R S$GB&� TTTMUZTT TTTOUOTTOOOZNKONV @.]?+*-. \.4]3<35. R R R S$GB&� TTTVUMTT TTTXUPTTZXZLKNZVNO @.)53/.-C*+3) \.4]3<35. R R R S$GB&� TTTVUMTT TTTXULOTVOPKOZNPWNV @.):Q9?+*/ \.4]3<35. R N N D$GB&GB&� TTTMUJTT ��������NOLVJNVONZ @.)-*<C+:4:*)39:+. Y)9.<-3<35. R R R S$GB&� TTTVUMTT TTTOUOTTLVNWLNL @.)-*<C+:4:)3-4:].)>.). 2?)F3<35. R R R S$GB&� TTTMUJTT TTTOUOTTOLMWKJNLVNM @.)-C3:1,4*5 2?)F3<35. R N N D$GB&GB&� TTTXUWTT ��������NJVWZJNJMNO @.4/.-C43)_�0:-*+ Y)9.<-3<35. R R R S$GB&� TTTXUWTT TTTXUPMTVWXXVNLXNV @C.):-C43) Y)9.<-3<35. R R R S$GB&� TTTOUXTT TTTXULPTKMVNOONW @C:9/.- Y)9.<-3<35. R R R S$GB&� TTTZUZTT TTTXUPMTOOKZVLNVVNJ @3<:Q,9-4:]3) 2?)F3<35. R R N S$GB&� TTTZUVTT ��������NJONXMNW @31.4:),+�A?-:Q35. &,).4F39- R R R S$GB&� TTTVUMTT TTTOUVTTVPXPONVONV @4:53*/3). \.4]3<35. R R R S$GB&� TTTJUVTT TTTOUZTTOWOXNOLNX @4:/.-:) \.4]3<35. R R R S$GB&� TTTVUJTT TTTVUKTTKVLKNOPNW @4:/.-4,) \.4]3<35. R R R S$GB&� TTTOULTT TTTOUMTTKXPNPLNL @4:1*)3+ \.4]3<35. R R R S$GB&� TTOXUOTT TTTVUVTTVMOVNMJNL @4:1*4F3-. Y)9.<-3<35. R R R S$GB&� TTTWUOTT TTTVUVTTWXVXKNPXNO @4:13<:)*>:+. 2?)F3<35. R R R S$GB&� TTTJUXTT TTTOUOTTVMPJXNJLNJ @4:1,>*/35. \.4]3<35. R R R S$GB&� TTTJUXTT TTTOUJTTOKJXOMNOLNX @,4*<+:9-4:]3) 2?)F3<35. R R R S$GB&� TTTVUPTT TTTOUOTTPWZLPNKONM @,435*].) Y)9.<-3<35. R R R S$GB&� TTTJUZTT TTTOUVTTJMOOVNVLNX @,43/.-C*)3+ 2?)F3<35. R R R S$GB&� TTTZUOTT TTTOUOTTPJKMKNWLNO @,4314:Q3[.) Y)9.<-�F4:E-C�4.F?+*-:4 R R N S$GB&� TTTJUVTT ��������NOVZZPJNOLNK ?̀3):Q,[.) 2?)F3<35. R R N S$GB&� TTTMUMTT ��������NOXZJMNLWNL '.9/.-C43) Y)9.<-3<35. R R R S$GB&� TTTOUXTT TTTOUMTTLKZPWKNWKNW &.5*Q*). 2?)F3<35. R R N S$GB&� TTTJUVTT ��������NOVVNMZNP &3/*>3). \.4]3<35. R R R S$GB&� TTTJUXTT TTTOUMTTPZWJKLNXXNM &?+[:Q*[+:4 Y)9.<-3<35. R N N D$GB&GB&� TTTZUZTT ��������NOXKJMZNPWNM 0.]?<:)*>:+. 2?)F3<35. R R R S$GB&� TTTMUKTT TTTOUVTTOOVZOXNVMNL 0.]?[.):>35. Y)9.<-3<35. R N N D$GB&GB&� TTTMUXTT ��������NPWOLVNJMNJ 0.]?1343/[:9 Y)9.<-3<35. R R R S$GB&� TTTOUPTT TTTVUXTTabac 0.]?1343/[:9�:Q:) 8.F4*5*-. R R R S$GB&� TTTVULTT TTTOUJTTKPJMLNMVNV 0.[+?-C43) Y)9.<-3<35. R R R S$GB&� TTTXUWTT TTTXUWWTOOVVLONKKNM 0.-4*<:)*>:+. 2?)F3<35. R R R S$GB&� TTTJUWTT TTTOUOTTOOWNVPNX 0.-4*53[:) Y)9.<-3<35. R R R S$GB&� TTTMULTT TTTVUXTTKWPWNOVNX 0.-4*/.-C43) Y)9.<-3<35. R R R S$GB&� TTTXUJTT TTTXUPZTOXVLJONXWNP 0N2+?;*+3)*-. Y)9.<-3<35. R R R S$GB&� TTTXUKTT TTTOUVTT
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�#	$%&'( %)*+,-.�(*/. 0,1. 23+-.4.5�6*-.4�78399:+;.5�24*<-3:)=�%)*+,>.5 &?91.)5.5�&.53/.)-�7@*4-3<?+*-.�24*<-3:)=�%)*+,>.5 A.5�&.53/.)-�%)*+,>.5 %)*+,939�B.-C:5 B.-C:5�8.-.<-3:)�D3/3-�3)�E*-.4�7)FGD= B.-C:5�8.-.<-3:)�D3/3-�3)�&.53/.)-�7HFGIF�54,�E.3FC-=JKLMNOML 0C3*P.)5*>:+. 2?)F3<35. Q M M D$GB&GB&� RRRSTURR ��������MJJJOLLMKOMO 0C3*<+:1435 V)9.<-3<35. Q M M D$GB&GB&� RRRSTWRR ��������MJXSNJOMWSMK 0C3*/.-C:Y*/ V)9.<-3<35. Q M M D$GB&GB&� RRRSTKRR ��������MZ[Z\ 0C3*/.-C:Y*/�8.F4*5*-.�7$]%MSXXJÔ= 8.F4*5*-. Q M M D$GB&GB&� RRRSTXRR ��������MJJNNJLMÛMW 0C3*>:1,4 _.4P3<35. Q Q Q ]$GB&� RRRKTJRR RRRJTORRWLWKOMNNMU 0C3:P.)<*4P _.4P3<35. Q Q Q ]$GB&� RRRJTORR RRR̂TUJRJWOXXLMNUMX 0:+̀.)1,4*5 V)9.<-3<35. Q M M D$GB&GB&� RRRWTORR ��������MKSJWJMKSMS 043*53/.̀:) 2?)F3<35. Q Q Q ]$GB&� RRRLTORR RRRJTXRRXXWJOMUXMS 043*53/.):+ 2?)F3<35. Q Q Q ]$GB&� RRRLT̂RR RRRJTXRRWŜSMJNMX 043*++*-. _.4P3<35. Q Q Q ]$GB&� RRRWTKRR RRRJTKRRNLMKLML 043P?-,+�@C:91C:4:-43-C3:*-.a�&a&a&M_.4P3<35. Q Q Q ]$GB&� RRRSTJRR RRRWTWRRKJLJKMNLMW 043<,<+*>:+. 2?)F3<35. Q M M D$GB&GB&� RRRKTJRR ��������MJKJXJNMWJMN 043̀+:Y,9-4:P3) 2?)F3<35. Q Q Q ]$GB&� RRRKTNRR RRRJT̂RRULUOKMJJMJ 043̀+?/3>:+. 2?)F3<35. Q Q Q ]$GB&� RRRUTJRR RRRJTJRRJXLWM̂OML 043̀+?4*+3) _.4P3<35. Q Q Q ]$GB&� RRRWTJRR RRR̂TLLRJSJOLSMNWMN 043-3<:)*>:+. 2?)F3<35. Q Q Q ]$GB&� RRRUTORR RRRJTLRRX̂KNJMKKML b3)<+:>*+3) cdefghgij� k k M ��������M ��������MJXÛXWMULMX l:Y*/35. 2?)F3<35. Q Q Q ]$GB&� RRRSTXRR RRRJTJRR
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Appendix C Detailed Results Tables 
The results from this study can be downloaded from the California Environmental Data Exchange 
Network (CEDEN). During the RMP review period, results are provided as a separate spreadsheet. 



Appendix D Summary Tables of Results for Polycyclic 
Aromatic Hydrocarbons (PAHs) 
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Abstract:  

San Francisco Bay is an estuary of hemispheric ecological importance that receives significant 

stormwater and wastewater loads from surrounding urban areas. Triclosan is an antimicrobial 

used in a wide variety of personal care products such as soaps, toothpastes, detergents, as well as 

other plastic consumer products. Ubiquitous use of triclosan in consumer products has led to 

widespread detections of triclosan in wastewater, surface waters, sediment, aquatic life, and 

humans, and there are significant concerns about its persistence and toxic impacts to humans and 

aquatic life. Methyl triclosan is a major metabolite of triclosan that forms in wastewater 

treatment plants, and is more persistent than the parent compound. Triclosan and methyl 

triclosan were analyzed in small fish in Bay waters near a wastewater outfall location to evaluate 

bioaccumulation and potential impacts to aquatic organisms. A novel analytical method for 

extraction and analysis of both triclosan and methyl triclosan in tissue was developed and used to 

quantify triclosan and methyl triclosan. Combined concentrations of triclosan and methyl 

triclosan were measured up to 240 ppb wet weight. Triclosan and methyl triclosan in fish tissue 

were related to degrees of wastewater influence at the sampling locations, and calculations 

suggested bioaccumulation from diet in addition to direct uptake from water. Potential impacts to 

fish were evaluated by comparing to other toxicity studies. Field sampling occurred in 2016 

when the US Food and Drug Administration announced its ban on triclosan and 18 other active 

ingredients in liquid hand soaps for consumers, which took effect in 2017. Results indicate prey 

fish are a useful monitoring matrix for triclosan and its metabolites and that ongoing monitoring 

is needed to ensure management actions are sufficient to mitigate ecological risks.  
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Abstract:  

 

San Francisco Bay is the largest estuary on the west coast of North America, drains 

approximately 40% of the state of California, and is surrounded by a dense urban population. 

These features make the region an excellent laboratory to study anthropogenic contaminants. The 

Regional Monitoring Program for Water Quality in San Francisco Bay (RMP) supports strategic 

studies of contaminants of emerging concern (CECs). A pilot study in 2017 analyzed 22 Bay 

water samples for ten phthalates and eight additional industrial compounds, including two 

benzotriazoles, two benzothiazoles, two trimellitates, bis(2-ethylhexyl) adipate, and 3,5-di-tert-

butyl-4-hydroxybenzaldehyde. These compounds have broad uses, including as ingredients in 

plastics, cleaning and personal care products, hydraulic fluids, lubricants, and corrosion 

inhibitors. Findings from this study will provide a more robust understanding of the industrial 

compounds present in water bodies near urban centers, as well as the risks they may pose to  

humans and aquatic life. 

 

  

 


