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Introduction



 
1st Statewide Assessment of Toxicity Test Data in 
over 10 years



 
Purpose
• Present a summary assessment of toxicity in 

California’s watersheds and coastal waters
• Provide data to put Toxicity Policy recommendations 

into context
• Provide recommendations for future statewide 

toxicity monitoring
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Assessment Questions


 
Where has toxicity been observed in California 
waters?



 
What is the magnitude of observed toxicity?



 
How does toxicity compare among waters draining 
different land cover areas?



 
Which chemicals have been implicated as causing 
toxicity?



 
What are the ecological implications of aquatic 
toxicity?



 
Do the results change depending on statistical 
method applied?
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Caveats


 
Targeted sampling only characterize sampled sites, 
not unmonitored areas



 
Results cannot be extrapolated to human health



 
Grab samples may underestimate toxicity 



 
Acute toxicity tests may also underestimate chronic 
toxicity



 
Laboratory toxicity test organisms do not represent 
the full range of sensitivity of resident community

Presenter
Presentation Notes
Data compiled from various regional monitoring programs


Aquatic life beneficial uses assessment
No bioaccumilation
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Methods Overview



 

Time Period for Data Analyzed: 8/7/2001 - 3/31/2010


 

1047 sites • 3227 water samples • 1302 sediment samples 
Total tests = 8,542



 

Data Sources: SWAMP (CEDEN) and partner programs – 9 
Regions with different programs



 

Toxicity Determinations
• Water –freshwater tests (fathead minnow, water flea, and 

algae) and some salt water tests  
• Sediment – freshwater tests primarily (Hyalella) and marine 

tests
• Lethal endpoint for fish and invertebrates, growth for 

algae
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Is the mean for all 
samples from the site 

more toxic than the high 
toxicity threshold?

Is any sample from the 
site more toxic than the 

high toxicity threshold**?

Is any sample from 
the site toxic*?

Site is coded yellow: Some 
significant toxicity

Site is coded green: Non- 
toxic

Site is coded orange: 
Moderate toxicity

Site is coded red:
High toxicity

No

No

No

Yes

Yes

Yes

Site Characterization
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Assessment Questions 1 & 2



 
Where has toxicity been observed in California 
waters?



 
What is the magnitude of observed toxicity?
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47%

23%

19%

11%

N = 617 Sites

Presenter
Presentation Notes
Graphics: Magnitude of toxicity based on most sensitive species in either water or sediment samples at each site.
Toxicity has been observed in all Regions
Streams in upper watersheds and mountainous areas tend to produce fewer toxic samples
Downstream sites in the valleys and along the coast tend to be more toxic
Consistent sediment toxicity has been observed in many bay and harbor sites




Item 7
9 21 June 2011

Magnitude of toxicity in water Magnitude of toxicity in sediment

Presenter
Presentation Notes
473 sites (48%) had at least one sample in which toxicity was measured in either water or sediment with at least one endpoint 
129 sites (13%) classified as high toxicity sites

The statewide water and sediment toxicity were evaluated by averaging results of all sensitive species, while the Regional toxicity are the actual results of each species.

A total of 992 sites were included in this assessment. Different Regional Boards use different monitoring designs based on water quality priorities.
The North Coast (Region 1) and Lahontan (Region 6) Regions, for example, tend to focus on sedimentation and habitat degradation, so the number of sites in these Regions for which there were toxicity data for this assessment was relatively low (12 sites in each). The greatest number of sites (298) was in the Central Valley Region (Region 5), which has many lowland waterbodies where pollution from toxic chemicals is a concern. 

The percentage of sites with at least one toxic sample ranged from 17% in the Lahontan Region (Region 6) to over 50% in the San Francisco Bay (Region 2), Central Coast (Region 3), Central Valley (Region 5), and Santa Ana Regions (Region 8).
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Relative Toxicity by Test Species

Test Species No. 
Sites

Maximum Toxicity Observed (%)
Non- 
toxic

Some 
Toxicity

Moderate 
Toxicity

High 
Toxicity

Water Flea 545 71 6 16 7
Fathead Minnow 455 64 31 4 1
Algae 326 58 23 14 5
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Assessment Question 3 
How does toxicity compare among waters draining 
different land cover areas?

Presenter
Presentation Notes
Graphic depicts the percentage of sites in each land-cover category classified as non-toxic, moderately toxic, or high toxic.

Agricultural and urban areas had significantly higher toxicity than sites in less developed areas, and had a greater magnitude of toxicity

The differences in toxicity between undeveloped and urban areas was highly statistically significant (p<0.0005); and the same is true for the difference between undeveloped and agricultural areas

A subset of the sites assessed (536 out of 992) for this report were mapped and categorized for land cover using geographic information system (GIS) analysis.  For each site, an area 1 km upstream (including tributaries) and 500 m on either side of the stream was mapped. If land cover within those areas was greater than 10% “developed” (National Land Cover Dataset classification), they were designated as urban. This is based on the widely supported impervious surface area model that shows decreased ecological condition in streams draining lands with greater than 10% impervious surface area. Sites with greater than 25% agricultural land cover were classified as agricultural sites. Sites were
classified as “undeveloped” if they had both less than 10% urban and less than 25% agricultural land cover. Sites were classified as “ag-urban” if they had both greater than 10% urban and 25% agricultural land cover.
Greater water and sediment toxicity was observed in agricultural and urban sites relative to undeveloped sites
  Greater water toxicity was observed in agricultural sites relative to urban sites
  There was no significant difference in sediment toxicity (as survival) between urban and agricultural sites.
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Assessment Question 4 - Which chemicals have 
been implicated as causing water toxicity?

Class Compound Water Sediment

Ammonia Ammonia 1 -

Carbamate Pesticides Carbofuran 4 -

Organophosphate
Pesticides

Chlorpyrifos 11 4

Diazinon 13 -

Ethyl Parathion 1 -

Malathion 3 -

Methyl Parathion 3 -

Pyrethroid Pesticides

Bifenthrin 4 8

Cyfluthrin 3 3

Cyhalothrin 2 7

Cypermethrin - 8

Esfenvalerate 1 -

Permethrin - 1

Presenter
Presentation Notes
An evaluation of the Toxicity Identification Evaluations (TIEs) conducted in California in the last 15 years shows that, with the exception of ammonia, most of the TIEs implicated pesticides, primarily organophosphates and, more recently, pyrethroids.  

Pesticides are implicated as causing toxicity in streams draining residential and urban areas, as well as agricultural land.
Using the SWAMP statewide database, there is a highly significant negative correlation between mixtures of pyrethroid pesticides, diazinon and chlorpyrifos in water and C. dubia survival (n = 465).
 TIEs have also shown the majority of water toxicity to C. dubia is due to diazinon and chlorpyrifos.
  There is also growing evidence that pyrethroids occur at concentrations toxic to H. azteca in water samples.  This has implications for future monitoring.
  There is some TIE evidence of herbicides causing toxicity to algae (S. capricornutum), and ammonia causing toxicity to fish larvae (P. promelas).
  There is also some TIE evidence of metals (copper and zinc) causing toxicity to fish and invertebrate larvae in stormwater entering marine waters.

Using the SWAMP statewide database, there is a highly significant negative correlation between mixtures of pyrethroid pesticides and chlorpyrifos in sediment and H. azteca survival (n = 185).

  There is less statewide sediment TIE data but the data that are available demonstrate that sediment toxicity to amphipods is due to pyrethroid pesticides and chlorpyrifos.

  There is growing evidence of pyrethroid-associated toxicity to amphipods in harbors and estuaries.





Item 7
13 21 June 2011



 

Declines in aquatic invertebrate population densities coincide with 
toxicity in the Salinas and Santa Maria Rivers 



 

Declines in marine communities coincide with sediment toxicity in 
San Diego Bay, Newport Bay, and the Ballona Creek estuary



 

Declines in amphipod abundance coincide with sediment toxicity in 
Delta and Central Valley waterways

Assessment Question 5 
What are the ecological implications of toxicity?

Presenter
Presentation Notes
In five journal articles, Anderson, Phillips, and colleagues measured declines in aquatic invertebrate population densities at sites where toxicity was observed in the Salinas and Santa Maria Rivers, downstream of the confluences with pesticide-laden streams draining intensive agriculture. 
 
These authors, along with Lao, also observed degradation of marine communities at sites exhibiting sediment toxicity in San Diego Bay, Newport Bay, and the Ballona Creek estuary.  

Weston observed population declines of the resident amphipod Hyalella in Delta and Central Valley waterways where sediment toxicity was observed, often in watersheds dominated by residential land use. 

The primary line of evidence used to link ambient water and sediment toxicity with ecological effects is macroinvertebrate bioassessments.
  Use of “Triad” studies that include toxicity tests, chemical analysis and bioassessments (with bioaccumulation) has been recommended by several national workshops as the primary ecological risk assessment approach.
“Triad” studies in the Salinas River showed that stations with the greatest water and sediment toxicity also demonstrated degraded insect communities.    Loss of mayflies and amphipods was linked to OPs and pyrethroids.
  Similar studies in the Santa Maria River have linked water and sediment toxicity with lower densities of insects, and reduced densities of Hyalella.

Studies in the Central Valley have shown declines in amphipods(Hyalella) densities at sites where laboratory toxicity tests have been linked with pyrethroids

  Recent studies have shown similar linkages in several coastal estuaries and bays  (San Diego Harbor, Newport Bay, Ballona Creek, the Santa Maria River estuary).

  We often lack information on sensitivity  of resident species to specific contaminants of concern

  Other studies have suggested that habitat degradation plays 
a complicating role in macroinvertebrate community impacts
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USEPA Test of Significant 
Toxicity (TST)

Toxic Non-Toxic

Traditional 
(t-test)

Toxic 20% 2%

Non-Toxic 6% 72%

Assessment Question 6 – Do the results 
change depending statistical method 
applied?

Presenter
Presentation Notes
USEPA compared the results of the two statistical approaches using SWAMP data from 409 chronic toxicity tests for Ceriodaphnia dubia (crustacean).
92% of these comparisons resulted in the same decision using either the TST or the traditional t-test approach (Green Cells).
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Toxicity in California surface waters is widespread 



 
Toxicity is prevalent in areas draining urban and 
agricultural land uses



 
Evidence suggests much of the toxicity can be 
attributed to pesticides



 
New statistics improve data quality, enhance 
consistency, and reduce costs

Conclusions
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Recommendations



 
Toxicity testing is an important tool for assessing 
water quality in agricultural and urban landscapes



 
More TIEs with fish and algae would help explain 
toxicity to these indicators



 
Enhance linkage with bioassessment program to 
strengthen connection between toxicity and 
ecological effects
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Questions?
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