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Introduction 
DPR involved in urban monitoring since 2008 

 High unreported urban pesticide use 
• Homeowner use not reported 
• Estimated ~20% total pesticide use 
• High potential for runoff in urban areas 
• Urban runoff may exceed Ag runoff 

Concern: toxicity to aquatic 
 organisms 
 Toxicity testing since Fall 2011  

• Ongoing 
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Presenter
Presentation Notes
Urban runoff EXCEEDS Ag runoff – consumer awareness. Homeowner less informed (UCD Extension)



Objectives 
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Detection frequency of main urban 
pesticides 

 Stormdrain outfalls and mainstem 
urban streams 

Rain and dry season monitoring 

 Toxicity studies 

 Do more pesticides/higher 
concentrations (chemistry TUs) equate to 
higher mortality in toxicity testing? 
 



Methods - Aquatic Toxicity Testing  

4 1http://www.vetmed.ucdavis.edu/aquatic_health/services/aquatic_testing_capabilities.cfm 

Parameter Water Sediment 
Organism Hyalella azteca H. azteca 

 7-14 day old in
300 ml beakers 

°C, 16:8 hour 
otoperiod 

 
 
 
 
 
 
 

10 7-14 day old individuals 
in 250 ml beakers 

10 dividuals 
in 

Environment 23°C, 16:8 hour 
photoperiod 

23
ph

Water renewal 1X on day 2 2X daily 

Feed 2X, on day 0 and day 2 Daily 

Test Length 96-hour  10-day 

Data Survival Dry Wt. and Survival 

 UC Davis Aquatic Health Program (AHP)1 

 

 
 
 
 
 
 
 
 
 

Presenter
Presentation Notes
The water column test has four replicates with 100 mL of water and the sediment test has eight replicates with 100 mL of sediment and 175 mL of overlying water.  

In the water column test, a 6.5 cm squared piece of nylon mesh provides substrate for the organisms. In the water column test, the piece of screen is to provide 
substrate for the hyalella.  They do very poorly without something to cling to. 
 20 beakers during one test; assessing the test, looks very “Scientific”



Methods - Aquatic Toxicity Testing  

5 1http://www.vetmed.ucdavis.edu/aquatic_health/services/aquatic_testing_capabilities.cfm 

Parameter Sediment 
Organism Hyalella azteca 

10 7-14 day old individuals 
in 300 ml beakers 

Environment 23°C, 16:8 hour 
photoperiod 

Water renewal 2X daily 

Feed Daily 

Test Length 10-day 

Data Dry Wt. and Survival 

 UC Davis Aquatic Health Program (AHP)1 

Presenter
Presentation Notes
The water column test has four replicates with 100 mL of water and the sediment test has eight replicates with 100 mL of sediment and 175 mL of overlying water.  

In the water column test, a 6.5 cm squared piece of nylon mesh provides substrate for the organisms. In the water column test, the piece of screen is to provide 
substrate for the hyalella.  They do very poorly without something to cling to. 
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CDFA Field Methods 

Tox Sampling 
Rain: Oct 2011 (NC), Jan 2012 
  Dry: June, July (NC) and Aug 
2012 (SC) 

Presenter
Presentation Notes
Field methods – grab sampling, with sample pole; often around storm drain outfalls, water is too shallow so need to use a secondary container to get water; we have been using some automated sampling equipment thru Dr. Loren Oki at UC Davis; there was a small sediment component of this study, I will not talk about due to time constraints other than I will same something during the conclusion; 
We sampled in Oct (rain – water, only NCA and first flush) and ~ 1 wk after rain for sediment; Jan 2012, a second “1st flush”; June dry, July 31 (NC) and Aug 28 (SC) dry sampling.
All analysis has been conducted by the CDFA, what they analyzed for us – next page. DFG now doing the sediment analytical chemistry. 




Pesticide Analytes 
Pesticide or Pesticide Group NorCal SoCal 

Chlorothalonil X* X 
Fipronil + 5 degradates X X 
Imidacloprid X X 
OPs (Chlorpyrifos, Diazinon, Malathion) X X 
Pyrethroids (Water [6] and Sediment [11]) X X 
Pendimethalin X 
Synthetic Auxin Herbicides (2,4-D, 
Dicamba, MCPA, Triclopyr) X X 
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Presenter
Presentation Notes
Up to 22 different urban use pesticides were analyzed for. 
These are the main urban pesticides, but we lack the resource to test all. You may notice that we are missing carbaryl (not overly toxic to aquatic organisms, from our history we know that we will very likely detect during rain but not during dry sampling. Also leaving out some photosynthetic inhibitor herbicides, most notably diuron that we know we would detect ~30-40% of the time but this is not likely to cause much aquatic toxicity to invertebrates. 
6 PYS in water, 11 in sediments
CDFA analyzed for pyrethroids, fp + degradates, OPs diazinon – malathion, chlorpyrifos, imidacloprid, and synthetic auxin herbicides 2,4-D, triclopyr, dicamba, MCPA.
Pendimethalin in S CA and chlorothalonil (NC, on occasion)




Pleasant  Grove Creek 

Northern California  
Sampling Locations 

(Toxicity) 

8 Willow Spring 
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Presenter
Presentation Notes
I am only going to show the sites where we took toxicity as well as chemistry samples. In NorCal, in Roseville, CA, we sampled two storm drain outfalls in the Pleasant Grove Creek Water shed. The red is the outline around the neighborhood area of the storm drain outfalls; the third dot is not a storm drain outfall but rather a stream from the 2 storm drain outfalls that leads to Pleasant Grove Creek. The two storm drain outfalls areas have a total of 450 homes and 150 Acres (250/100A; 200/50A).
The bottom is in Folsom CA; Willow Spring Reservoir area; the two storm drain outfalls are runoff from the respective neighborhoods I have outlined in red; F2 has about 250 homes and 60 acres; F3 has about 90 homes and 20 Acres.



Southern California  
Sampling Locations 

(Toxicity) 
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Salt Creek 

Wood Creek 

Presenter
Presentation Notes
In SoCal, we are looking at one site in Aliso Viejo that drain a major neighborhood area and in Laguna Niguel up to 5 neighborhood areas/ storm drain outfalls and the main receiving water as it enters the ocean. Wood Creek water shed in Aliso Viejo and the Salt Creek Watershed in Laguna Niguel. These are part of our long term monitoring sites. 



Results 
 Pyrethroids and Fipronil(s) - prime candidate for 

aquatic toxicity 
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Presenter
Presentation Notes
We are not looking at all potential pesticides, we have narrowed down those which are most frequently detected and that cause toxicity. For example, we are looking for OPs (malathion, chlorpyrifos, diazinon) but are not looking for carbaryl (low aquatic tox) and some herbicides, as simazine (rarely detected) and diazinon (~35% dF, but low on aquatic invertebrate tox, same for pendimethalin (low df in SoCAL, higher in No Cal)



Results 
…as is rain runoff 
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Presenter
Presentation Notes
Median dry, 5 pesticides detect, include FP degradates; in Rain, median was 9 pesticides. Orange are is the 1st Quartile thru the 3rd Quartile; lines represent 1.5x the Inter Quartile distance. Asterisk is an outlier, an unusually small value. Line is median, analysis – Mann-Whitney (Wilcoxon rank-sum test), non parametric statistical test, p = 0.0007
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Water Toxicity Results - Northern California 

Pleasant  Grove Creek 

• TUs calculated as [pesticide]   LC50 or benchmark 
• Pyrethroids and fipronil, LC50’s 
• Others, lowest US EPA acute benchmark 
• For pyrethroids, bioavailability estimated from TSS, 

TOC, and Koc 
• TUs additive 
 

Presenter
Presentation Notes
At the two storm drain outfalls, high toxicity during rain events (100% kill) with high TUs, anywhere between 2 – 7 TUs. During dry events, also high mortality but TUs are much lower – mortality is higher than what you would expect for the amount of TUs. At the further downstream site, rain based monitoring caused about complete kill whereas the June 2012 dry sampling had low TUs with good survival – 1 TU you would expect about 50% kill and we only got 2% kill.
Rain in both instances was a first flush effect – In October, it was the first flush of the water year and the second first flush event was in January after an extended dry spell in November, Dec, and early Jan 2011 – 12. TUs are a reflection of concentration and pesticide; TUs were based on acute US EPA benchmark.
Also interesting in the downstream tributary site in the dry season we are getting less kill, indicating the 700 feet or so traveled thru a mostly wooded area + grass on BLW on the banks may be imparting some type of method to cause safety to Hyalella, although based on TUs it does not appear to be removing pesticides.
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Water Toxicity Results - Northern California 

Pleasant  Grove Creek 

Rain 2011-12 
0% survival 
(6.6, 8 TUs) 

 

 Dry 2012 
35% survival  

(1.3 TUs) 

Rain 2011-12 
0% survival 
(5, 9 TUs) 

 

 Dry 2012 
0% survival  

(0.4 TU) 

Rain 2011-12 
0% survival  
(5, 5.5 TUs) 

 

 Dry 2012  
98% survival  

(1.4 TUs) 

Presenter
Presentation Notes
At the two storm drain outfalls, high toxicity during rain events (100% kill) with high TUs, anywhere between 2 – 7 TUs. During dry events, also high mortality but TUs are much lower – mortality is higher than what you would expect for the amount of TUs. At the further downstream site, rain based monitoring caused about complete kill whereas the June 2012 dry sampling had low TUs with good survival – 1 TU you would expect about 50% kill and we only got 2% kill.
Rain in both instances was a first flush effect – In October, it was the first flush of the water year and the second first flush event was in January after an extended dry spell in November, Dec, and early Jan 2011 – 12. TUs are a reflection of concentration and pesticide; TUs were based on acute US EPA benchmark.
Also interesting in the downstream tributary site in the dry season we are getting less kill, indicating the 700 feet or so traveled thru a mostly wooded area + grass on BLW on the banks may be imparting some type of method to cause safety to Hyalella, although based on TUs it does not appear to be removing pesticides.
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Water Toxicity Results - Northern California 
Rain 2011-12 
0% survival 

(0.5, 2.6 TUs) 
 

 Dry 2012 
2, 22% survival  
(0.5, 4.3 TUs) 

Rain 2011-12 
0, 2% survival  
(4, 0.8 TUs) 

 

Dry 2012  
71, 100% survival  

(4.6, 0.3 TUs) 

Willow Spring 

Presenter
Presentation Notes
Rain caused almost complete kill of the Hyalella but corresponding TUs would indicate that kill would be less than 100%. In dry season (June 2012, July 2012) at top storm (F2) drain you might expect lower kill with the detected Tus and at the bottom storm drain (F3) one would expect higher kill based on the TUs present.



Wood Creek 

Water Toxicity Results - Southern California 
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Rain 2012 
0% survival 

(20 TUs) 
 

Dry 2012 
0, 6% survival  

(5, 7 TUs) 

Presenter
Presentation Notes
At our 1 site at Wood Creek in Aliso Viejo, we are seeing high TUs and low to no survival at the Jan 2012 storm sample and the June and August sampling. The high TUs in the storm sample (26) may reflect the high level of TSS in the water (184 mg/L); or median of all urban monitoring 2008 – 2012  (477 samples) is  8 mg/L (mean, 61 mg/L), so this is a high level of TSS; PYs are known to bind to sediment and this would limit the bioavailibilty of these pesticides. Nonetheless, there was high kill in these samples. 



Salt Creek 

Water Toxicity Results -  
Southern California 

Rain 2012 
0% survival 

(58 TUs) 
 

Dry 2012 
2, 10% survival  

(4.8, 3 TUs) 

Rain 2012 
2% survival  
(4.7 TUs) 

 

Dry 2012 
96, 100% survival 

(0.2, 1 TU) 

Rain 2012 
0% survival 

(4 TUs) 
 

Dry 2012 
58% survival  

(2.9 TUs) 
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Presenter
Presentation Notes
At Salt Creek in Laguna Nigel, at the storm drain outfalls, SC 2 and SC 3, High TUs and high kill. SD outfall on your left, 24 TUs, again fairly high TSS in the water (60 mg/L; TOC = 10 ppm; median for 4 yr study, 9 ppm [mean, 11 ppm]). During dry season also seeing high kill with corresponding relatively high TUS – likely high enough to account for the death we are seeing, or close to it.
At the down stream receiving site, rain has killed most organisms and >3 TUS could account for this death. During dry season, low TUS and low mortality, seems sensible (reasonable).



Results – Aquatic Toxicity (Water) 
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Presenter
Presentation Notes
We can see some trends in the data. 
Kinda as a summary, I have plotted TUS vs percent mortality for all sites, some of which I have not gone into detail. IN rain studies, we are getting high kill in all samples. FIVE samples have less than 1 TU and we are still getting high death, higher than what would be expected for the number of TUS. But the other rain data, high TUS with high kill.  Please notice the y-axis, only goes 95-100%. Not much differentiation, due to high TUS and high kill. Likely other parameters we have not measured may also be causing partial toxicity.

In dry sampling, in SoCal, we are getting a pretty good line/correlation (r2 = 0.6) as TUS increase, mortality increases, so may be linked to pesticides. We are needing ~2TUs to get almost complete kill (>85%)  which is what you might expect. However, in NC I do not know what is going on! Except for these low point here at close to 0 TUS with almost complete survivability (as you would expect), as we are increasing your TUS, we are getting decreasing toxicity. Cannot explain, other than something besides pesticides may be causing this toxicity. – and higher TUS are not causing toxicity. In NC, a negative slope, correlation; likely due to 1) less FP and lower FP and PY concentrations.



Conclusions 
DPR Monitoring Program incorporate 

water and sediment toxicity testing 
 UC Davis AHP 

 Pyrethroids (bifenthrin), fipronil(s) major 
detections 

Rain water samples highly toxic 
 First flush storms 
 More frequent pesticide detections 
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Conclusions 
Dry season water samples less toxic 

 NorCal – poor correlation TUs and toxicity 
 SoCal – good correlation TUs and toxicity 

 Sediment toxic to H. azteca 
 Sampling in Oct 2011 and June 2012 at four 

sites: 100% mortality (6-21 TUs) 
 Bifenthrin – most frequently detected pyrethroid 

and largest contributor to TUs 
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   Questions? 
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