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This RMP program grew out of the Episodic Toxicity program in 2007 to investigate new methods 
to identify potential causes of the persistent sediment toxicity observed in the RMP.  The 
overarching context for this program is presented in the RMP EEWG Five year work plan - 
Effects to Benthos chapter.  
 
The goals of the current year’s project are to  

 Develop sediment LC50 concentrations for three contaminants of concern in the San 
Francisco Estuary for the RMP Status and Trends program’s sediment toxicity test species 
E. estuarius.  

 Experiment with solid-phase and interstitial-water extraction procedures employed in 
sediment toxicity identifications so that one can better estimate of the bioavailable 
fractions of contaminants in whole sediment exposures, and to overcome the performance 
variability of the extraction procedures. 

 Convene a TIE work group to facilitate information exchange between interested scientists 
and develop a strategic plan for researching and developing stressor identification tools.  

 
At no additional cost, in cooperation with ongoing collaborative research at UC Berkeley (UCB) 
and the Southern California Coastal Water Research Project (SCCWRP), amphipod samples from 
a subset of dosing concentrations from the LC50 experiments (all to three chemicals) and from a 
subset of RMP stations (from the 2009 Status and Trends program’s sediment toxicity tests) will 
be provided to Chris Vulpe (UCB) to assist in the development of a gene microarray assay for 
evaluating sub-lethal effects to E. estuarius responding to specific chemicals of concern in the San 
Francisco Estuary. 
 

Work to be Performed 

Task 1.  Develop Sediment and Water LC50s for Key Contaminants of Concern for 
the Estuarine Amphipod Eohaustorius estuarius 

 
Dose-response experiments will be conducted with the legacy organochlorine pesticide trans 
chlordane, one current-use pyrethroid pesticide (cyfluthrin), and the PAH pyrene.  Experiments 
will be conducted using spiked water and whole sediment to determine the toxicity of these 
chemicals to E. estuarius.  In addition, toxicity of PAH mixtures will be assessed by evaluating 
toxicity of a field sediment from British Columbia that is being used by John Incardona as a 
surrogate for Estuary sediments contaminated by PAHs.  Dr. Incardona has proposed assessing the 
toxicity of PAH mixtures to benthic fish embryos using field sediment from Kitimat Arm, BC.  
This site exhibits a PAH contamination signature that is similar to that of sites in the Estuary.  The 
Kitimat Arm site is contaminated only by PAHs.  We propose to assess the toxicity of this 
sediment (at 100% concentration) as a surrogate, to determine if the general level of contamination 
by PAH mixtures found in Estuary sediments are sufficient to be toxic to E. estuarius.  This 
toxicity screening experiment will be conducted at no additional cost to the RMP if Kitimat 
sediment can be provided to UC-Davis at no cost during the period of this study.   
 
These chemicals were chosen based on a review of sediment chemistry and coincident toxicity 
data from historical RMP monitoring.  Chlordane was chosen because it has been linked to 
amphipod toxicity in RMP samples (Thompson et al., 1999) and comprised 60% of the total 
sediment quality guideline quotient value in the recent Mission Creek TIE study (Phillips et al., 
2009b).  Chlordane is commonly correlated with amphipod mortality in statewide and regional 
monitoring studies in California.  Cyfluthrin is used extensively in structural pest management and 
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was detected in one-half of toxic urban streams surveyed in California (Holmes et al., 2008).  A 
number of pyrethroids were detected in sediment from East Bay and upper Delta stations (Weston 
et al., 2006), and pyrethroids were detected in the Sediment Quality Objectives Delta Study.  The 
RMP has only recently started monitoring these pesticides.  A recommendation to measure 
pyrethroids in environmental samples, determine their toxicity to standard test organisms, and 
develop TIE methods to identify their contribution to toxicity has recently been made to the State 
Water Resources Control Board (TDC, 2008).  The Mission Creek chemistry results also 
suggested that PAHs contributed to the cause of toxicity of this sediment.  Individual 
concentrations of fluoranthene and phenanthrene were below published LC50 concentrations.  
Toxicity of pyrene to E. estuarius has not been investigated.  In PAH mixtures analyzed in Estuary 
sediments, fluoranthene and pyrene are usually present at highest concentrations.  Oros and Ross 
(2006 Poster) evaluated the likely contributions of PAHs to chronic toxicity of Estuary sediments 
and concluded that the three PAHs most likely responsible for chronic toxicity are fluoranthene, 
pyrene, and dibenz(a,h)anthracene.  In addition, evaluation of the Mission Creek sediment data 
showed that pyrene and fluoranthene were the two dominant PAHs. 
 
Because PAHs most often co-occur as mixtures, we will use the Kitimat Arm sediment as a 
surrogate for Estuary sediment.  Kitimat Arm is contaminated by an adjacent industrial smelter 
and the sediment from this site is contaminated only by PAHs.  The ratio of PAHs in this sediment 
is similar to those found in Estuary sediments.   
 
LC50 values will be determined using water-only and whole sediment toxicity tests.  This will 
allow evaluation of the potential for toxicity in both whole-sediment and interstitial water 
exposures.  For the dose-response experiments with water, contaminants will be spiked into clean 
laboratory seawater that has been adjusted to 20‰ with distilled water.  This is the standard 
salinity used for testing E. estuarius for RMP monitoring.  Sediment for dose-response 
experiments will be prepared by spiking contaminants into reference sediment collected from 
Paradise Cove (San Francisco Bay).  Paradise Cove sediment reflects the average grain size and 
total organic carbon (TOC) found in Estuary sediments, is relatively uncontaminated, and is not 
toxic E. estuarius (Hunt et al., 2001).  Paradise Cove sediment will be pre-tested before spiking is 
initiated.  Water samples will be spiked on the day of test initiation, but spiked sediment will be 
allowed to equilibrate for thirty days {USEPA, 2001 #331}.  The dose response experiments will 
consist of a control and five contaminant concentrations.  One range-finder and two definitive 
experiments will be conducted for both water and sediment exposures.  The range-finder results 
will be used to determine definitive test concentrations.  Chemical analyses using GC/MS will be 
conducted on all definitive test concentrations, and LC50s will be calculated based on measured 
concentrations.  Total organic carbon will also be measured in order to normalize chemical 
concentrations to organic carbon.  Spiked sediments will also be analyzed using solid-phase 
microextraction (SPME) to assess bioavailable contaminant concentrations in conjunction with 
TIE experiments (see below).  All chemical analysis will be conducted by CRG Laboratories 
(Torrance, CA) through a separate contract.   
 

Task 2.  Sediment TIE Method Development 

 
Whole Sediment TIEs 
 
Carbonaceous resins are added to whole sediment in Phase I TIEs to reduce the bioavailability of 
organic contaminants.  Typically, resin is added to the sediment at the initiation of the exposure.  
The resin interacts with the sediment throughout the exposure and maintains an exhaustive sink 
for bioavailable chemicals.  In the case of acute amphipod tests, this results in an 11d equilibration 
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period which includes the 1d pre-test mixing of the resin and test sediment and the 10 days of the 
toxicity test.  Isolating the resin from the sediment at the termination of the exposure, and eluting 
it with solvent for chemical analysis, can overestimate the bioavailable fraction of contaminant in 
the treatment.  To determine which organic chemicals are contributing to toxicity, it is necessary 
to accurately measure the bioavailable concentrations in whole sediment with and without the 
resin.  We propose using solid-phase microextraction (SPME) fibers to measure the bioavailable 
chemicals in TIE treatments with and without resin (Xu et al., 2007).  SPME has been used to 
measure bioavailable contaminants in whole sediment exposures, and to link measured 
concentrations with bioaccumulation and toxicity.  Experiments measuring bioaccumulation in 
Tubifex worms demonstrated that SPME measurements provided an accurate prediction of 
chemical uptake by the test organisms (Conder and La Point, 2005).  You et al. (You et al., 2006) 
reported that SPME fibers placed in sediments with Lumbriculus variegatus for the duration of 
their exposure accurately predicted the bioaccumulation of spiked contaminants by the organism.  
Xu et al. (2007) used SPME measurements in interstitial water to determine sediment LC50 values 
based on bioavailable concentrations of spiked pyrethroids.  We are proposing using similar 
SPME procedures to quantify differences in bioavailable fractions of spiked chemicals in the 
amphipod TIEs using E. estuarius. 
 
The proposed experiments will use SPME to measure bioavailable chemicals in the whole-
sediment dose response experiments, and in the whole-sediment TIE treatments with and without 
resin.  The bioavailable chemicals will be measured using methods described by Xu et al. (2007).  
Briefly, interstitial water will be extracted from the sediments at the end of the exposures via 
centrifugation.  A SPME fiber will be used to extract the bioavailable chemical concentration from 
the interstitial water.  The fiber will be eluted with solvent and the solvent will be analyzed using a 
gas chromatograph.  Spiked sediments from the dose response experiments will be used in the TIE 
experiments to conserve effort and reduce cost.   

 
SPME will first be used to measure the bioavailable concentrations of spiked contaminants in the 
definitive dose response experiments.  These measured concentrations will be used to calculate a 
10d LC50 based on the bioavailable fraction of the spiked chemicals (free concentration or Cfree; 
after Xu et al., 2007).  The second definitive test will include additional sediment from one toxic 
concentration that will be tested with and without resin to demonstrate the reduction of toxicity 
with resin addition.  Interstitial water will be extracted at the termination of this exposure and 
analyzed with SPME to determine Cfree of the spiked contaminant from treatments with and 
without resin.  The Cfree concentrations measured in this exposure will be compared to the Cfree 
LC50 derived in the first definitive test, and compared to one another to demonstrate a reduction 
of bioavailable contaminant by the resin.   
 
Interstitial Water TIEs 
 
Results of the Mission Creek interstitial water TIEs were also inconclusive because of variability 
in the performance of the solid-phase extraction columns used to extract organic chemicals, and 
incomplete elution and detection of chemicals from the columns.  Conversations with USGS 
chemists familiar with HLB extraction of sediment interstitial water have suggested that column 
effectiveness may be compromised when chemicals are sorbed to colloidal materials (dissolved 
organic matter, DOM) in sediment interstitial water, because this interferes with their sorption to 
the column substrate.  In addition, sorption to the column material may be limited by the gravity 
drip method currently used.  Although this is a standard analytical procedure, it may not allow 
sufficient residence time to allow organic chemicals in the interstitial water to fully saturate the 
column.   
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Based on discussions during the last TWG meeting we propose evaluating an alternative approach 
to extract organic chemicals from interstitial water.  Instead of passing the interstitial water sample 
through a solid-phase extraction column, Amberlite resin will be added directly to interstitial water 
samples and allowed to equilibrate for 24 hours prior to the beginning of the TIE toxicity test 
exposure.  This will provide a longer residence time to facilitate more complete sorption of 
organic chemicals from the sample.  The resin will then be removed from the interstitial water 
prior to the exposure and eluted to create a Phase II TIE treatment.  As with the whole sediment 
experiments, these experiments will be conducted using interstitial water from one toxic 
concentration of spiked sediment used in the LC50 studies.  Interstitial water with and without 
resin, as well as the eluate treatments, will be analyzed with GC/MS to determine the efficiency of 
contaminant spiking, removal, and return.  This procedure has been successfully tested in recent 
interstitial water TIEs using field sediments from the Santa Maria River Estuary. 
 

Task 3.  Work Group Process to Evaluate New Stressor Identification Methods 
 
Results from the recent TIE study and past RMP status and trends monitoring have shown that 
many sediments in the Estuary are characterized as being moderately contaminated with complex 
chemical mixtures resulting in a low but significant magnitude of toxicity.  Similar results have 
been found in state-wide and other regional monitoring programs.  TIE methods developed to date 
are not sufficiently robust to resolve toxicity of moderately toxic sediments.  To address these 
deficiencies, we propose to collaborate with other researchers using stressor identification tools for 
identifying the causes of sediment toxicity.  The first step in this process will be participation a 
series of workshops to facilitate information exchange among interested scientists.  This will 
include current research and data on the effects of non-contaminant factors (e.g., grain size, 
ammonia, and sulfide) as well as new information of the toxicity of existing and emerging 
chemicals-of-concern in California, and new TIE tools and procedures.  As part of the current 
proposal, the EEWG and the Toxicity Work Group will convene at least two meetings to develop 
a strategy and identify new, potentially reliable TIE tools and other sublethal indicators of 
contaminant stress.  These workshops will emphasize information sharing and will build on 
existing collaborations between SFEI, UC Davis, SCCWRP and others to evaluate and develop 
new tools for stressor identification.  This work group will coordinate with entities involved in the 
SQO development processes so that recommendations that come from these meetings are 
consistent with the statewide effort.  Collaboration with SCCWRP on the sediment spiking 
methods to be used in Task 1 has already taken place. 
 
As a first step to improve TIE resolution using moderately toxic sediments, new techniques for 
measuring sublethal effects in standard test organisms have been proposed for incorporation into 
the TIE process.  One example of sublethal indicators of toxicity uses gene microarrays (Larkin et 
al., 2007).  Gene microarrays  generate patterns of gene expression in response to external 
stressors (Ankley et al., 2006).  Gene microarrays shows promise  for understanding mechanisms 
of toxicity, and could be applied in TIEs of moderately toxic sediments because they might allow 
detection of more subtle differences in responses of organisms in sediments subjected to whole-
sediment and interstitial water TIE treatments.   
 
Chris Vulpe, a researcher at UC Berkeley, in collaboration with SCCWRP, is in the preliminary 
stages of developing a gene microarray for E. estuarius which have been exposed to contaminated 
field sediments.  SFEI, UC Davis, SCCWRP and Berkeley are planning additional collaborations 
by providing surviving amphipods from the RMP Status and Trends yearly monitoring surveys for 
use in determining genetic markers of  moderate toxicity.  In addition, surviving amphipods from 
the LC50 spiking and TIE development experiments described above will provide animals to 
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support the development of microarray endpoints specific to certain classes of chemicals (i.e., an 
organochlorine pesticide, a PAH, and a pyrethroid pesticide).  Once developed, the microarray 
techniques are intended for application in sediment TIEs to provide more sensitive toxicity 
endpoints  for assessing toxicity of moderately toxic sediments. 
 

Task 4.  Management and Reporting 
 
UCD will coordinate with SFEI and CRG Laboratories to manage the project, including 
contracting, invoicing, and submitting reports.  The project will produce an interpretive report of 
all project results and at least one scientific journal article (published after the contract period).     
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Project Timeline 
 
Task 1 Develop Sediment and Water LC50s Target Dates

1.1 Collect and Test Paradise Cove Reference Sediment 12/09 – 01/10
1.2 Spike Reference Sediment 12/09 – 01/10
1.3 Conduct Rangefinder Dose-Response Tests 1/10 – 2/10 
1.4 Conduct Definitive Dose-Response Tests 2/10 – 4/10 
1.5 Chemical Analysis of 30 Spiked Water Samples and 30 Spiked 

Sediment Samples (CRG Laboratories) 2/10 – 4/10 
   

Task 2 Sediment TIE Method Development  
2.1 Conduct Definitive Test with Amberlite Resin 2/10 – 4/10 
2.2 Chemical Analysis of 72 SPME Samples from LC50 Tests (CRG 

Laboratories) 2/10 – 4/10 
2.3 Interstitial Water Toxicity Tests 4/10 – 6/10 
2.4 Chemical Analysis of 9 Interstitial Water Samples (CRG Laboratories) 4/10 – 6/10 

   
Task 3 Work Group Meetings  

3.1 Participate in two TIE Work Group Meetings  2/10 and 9/10
3.2 Provide exposed amphipods to UC Berkeley and SCCWRP 2/10 – 6/10 

   
Task 4 Management and Reporting  

4.1 Draft Report 10/10 
4.2 Final Report 12/10 
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EXHIBIT B: BUDGET 

Table 1.  Budget for UC Davis. 
 

Task 1 - LC50 Development     
Water Tests Tests Concentrations Unit Cost Total 
Rangefinder Toxicity Test 3 5 $200 $3,000 
Definitive Toxicity Test  6 5 $200 $6,000 
     
Sediment Tests     
Estuary Sediment Collection and Testing 1 1 $2,000 $2,000 
Spike Sediment  9 5 $100 $4,500 
Rangefinder Toxicity Test 3 5 $300 $4,500 
Definitive Toxicity Test  6 5 $300 $9,000 
     
Task 2 - TIE Development     
Sediment Tests     
Definitive Toxicity Test with Resin Treatment 3 2 $300 $1,800 
     
Interstitial Water Tests     
Interstitial Water Toxicity Test 3 2 $200 $1,200 
Interstitial Water Amberlite Elution Test 3 1 $200 $600 
     
Task 3 - Work Group Meetings    $3,000 
     
Task 4 - Management and Reporting    $7,715 
     
   Total $45,475 
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