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Where, when, and what to sample? 
Early efforts 

e.g., “Assessment of acute aquatic toxicity of current-use 
pesticides in California, with monitoring recommendations” 
(Starner, 2007) 
 

 
 
 
 



Where, when, and what to sample? 
Early efforts 
Prioritization workgroup 

“Establish computer programs to integrate and facilitate the 
automation of updating the agricultural and urban 
monitoring priority lists” (workgroup charter, 2012) 

 
 
 
 



Where, when, and what to sample? 
Early efforts 
Prioritization workgroup 
Evolution 

Phase 1 (use and toxicity), May 2013 
Phase 2 (predicted/observed exposure), July 2014 
Phase 3 (watershed), March 2015 
Computer program 

 
 
 



 

http://www.cdpr.ca.gov/docs/emon/surfwtr/monitoring_methods.htm  

http://www.cdpr.ca.gov/docs/emon/surfwtr/monitoring_methods.htm


 



Example: statewide, annual, agricultural uses, 2011-2013 

Use (lb)  
 use score (1~5) 

Benchmark (ppb) 
 toxicity score (1~8) 

[Priority score]= 
[use score]×[toxicity score] 

Monitoring 
recommendation 



[priority score]=[toxicity score]*[use score] 
[toxicity score] =1 (lower toxicity) to 8 (higher toxicity) 
[toxicity score]=5-log[toxicity value] 

Toxicity score The lowest Benchmark 
value (TOX, ppb) 

8 (higher) <=0.001 
7 (0.001, 0.01] 
6 (0.01, 0.1] 
5 (0.1, 1] 
4 (1,10] 
3 (10,100] 
2 (100,1000] 
1 (lower) >1000 (Starner, 2007; 2008) 



[priority score]=[toxicity score]*[use score] 
[use score]=1 (lower use) to 5 (higher use), dependent 
on user-defined regions and seasons 

Percentage Use score 

2% 
4% 

5 (higher) 
4 

8% 3 
16% 2 
70% 1 (lower) 

default values,  
can be changed by users  

00 N=1



[priority score]=[toxicity score]*[use score] 
[use score]=1 (lower use) to 5 (higher use) 
Use data generally follow log-normal distribution, so 
[use score]  log[use amount] 

Based on 1,000 random values from a log-normal distribution 
location=0.0, scale=1.0, and threshold=0.0 (MINITAB v.16) 



Temporally: monthly data 
Spatially 

County-based (agriculture and urban) 
Watershed-based  

Standard watershed delineation, predefined by USGS 12-digit 
Hydrologic Unit Code (HUC12) (agriculture and urban) 
User-defined watershed, by sections, 1x1 mi2 (agriculture only) 
 



 



Simple sum 
Total USE=USE(0)+USE(1)+…+USE(n), where “0” is the base 
HUC12 and 1~n are upstream HUC12’s 

 
With time of travel (T), from treated HUC12 to the site 

Total USE=d0×USE(0)+d1×USE(1)+…+dn×USE(n) 
di=exp(-k×Ti) 

 



Example: Salinas River @ Del Monte, DPR site code 
27_14, Ag. uses; April to September 
 

DPR Study #279 Protocol (Deng, 2015) 
http://www.cdpr.ca.gov/docs/emon/pubs/protocol/study297_surface_water.pdf  

http://www.cdpr.ca.gov/docs/emon/pubs/protocol/study297_surface_water.pdf


Assumption: urban PUR data can be down-scaled by 
population density in a county 

Urban use(HUC12) = f1%*PUR(CO1)+f2%*PUR(CO2)+… 
 
Approach 

County (58)             US Census “County Subdivision” (397)     HUC12 (4,415) 



Urban use(HUC12)=Σ[fj*PUR(j)] 
Example: HUC12=180701060606, “Coyote 
Creek – San Gabriel River” 
USE(HUC12, urban)= 

      3.4%*PUR(Los Angeles, urban) 
    +3.0%*PUR(Orange, urban) 



Example, “MCC040” (South San Ramon Creek), urban receiving 
water, DPR site_code #01_15 
 
Results 

Top-10 model-suggested: bifenthrin, fipronil, diuron, 
bromacil, permethrin, cyfluthrin, pendimethalin, 
cypermethrin, λ-cyhalothrin, deltamethrin 
ALL of the top-10 have been included in the previous DPR 
monitoring (DPR Study #249, #264) 

 



Objective: to compare statewide spatial distribution of 
one chemical (or one chemical group) 
 
 
 
Priority mapping index = 

[USE, lb] / [TOX, ppb] / [FLOW, cfs], OR 
[USE, lb] / [TOX, ppb] / [AREA, mi2] 

 

Chemical Location 

Spatially continuous mapping One Multiple (4,415 HUC12) 

Monitoring prioritization Multiple One 

USE: PUR data aggregated by watershed,  
                           adjusted by travel time, and  
            accumulated by drainage area 



Mapping for chlorpyrifos 
Results: priority mapping index in each HUC12 

Excel format 
JSON (JavaScript Object Notation) format 
 



 

Priority mapping index vs. observed benchmark exceedance for chlorpyrifos in 74 
monitoring sites throughout California. “No exceedance (0.0%)” is set as 0.1%. 



PURwebGIS as an example 

http://ziram.lawr.ucdavis.edu/PURwebGIS.html


Yuzhou Luo, Ph.D. 
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