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Introduction Introduction –– Presentation Presentation 
ObjectivesObjectives

CA Herbicide Use 1996 CA Herbicide Use 1996 –– 20082008
Trends in use dataTrends in use data

Herbicide Detections in SurfaceHerbicide Detections in Surface
1997 1997 –– 20062006

Herbicide Detections vs. EPA Aquatic Herbicide Detections vs. EPA Aquatic 
BenchmarksBenchmarks
Herbicide Detections and Surface Water Herbicide Detections and Surface Water 
RegulationsRegulations



IntroductionIntroduction
Part IPart I. Herbicides in California . Herbicides in California -- Use and Use and 
TrendsTrends

DPR PUR database DPR PUR database 
((http://www.cdpr.ca.gov/docs/pur/purmain.htmhttp://www.cdpr.ca.gov/docs/pur/purmain.htm))
•• # 1 in world# 1 in world
•• Production Agricultural useProduction Agricultural use
•• NonNon--production Ag use,production Ag use,

commercial applicatorscommercial applicators
•• No home owner useNo home owner use

Photo: Kean Goh, DPR

USE            TRENDS

http://www.cdpr.ca.gov/docs/pur/purmain.htm


IntroductionIntroduction
Part IIPart II. What ends up in the environment?. What ends up in the environment?

DPR Surface Water Database DPR Surface Water Database 
((http://http://www.cdpr.ca.gov/docs/emon/surfwtr/surfdata.htmwww.cdpr.ca.gov/docs/emon/surfwtr/surfdata.htm))

Purpose, Part IIPurpose, Part II

MonitoringMonitoring

Herbicides in Herbicides in 
surface waters surface waters 
(Detections)(Detections)

ToxicityToxicity

Surface Water Surface Water 
RegulationsRegulations

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


Herbicide Use in CaliforniaHerbicide Use in California



Greater 15 million pounds a.i. herbicides Greater 15 million pounds a.i. herbicides 
applied in CA each yearapplied in CA each year

~ 75% ~ 75% -- production agriculture useproduction agriculture use

Glyphosate highest herbicide useGlyphosate highest herbicide use
•• 283 products registered283 products registered
•• ~40% of all herbicide use~40% of all herbicide use

10 herbicides > 500,000 lb a.i.10 herbicides > 500,000 lb a.i.
14 herbicides > 100,000 lb a.i.14 herbicides > 100,000 lb a.i.

Herbicide Use in CaliforniaHerbicide Use in California



Herbicide Use in California Herbicide Use in California –– Top 10Top 10
HerbicideHerbicide 2006 Use (Pounds 2006 Use (Pounds 

a.i.)a.i.)
Percent of State Percent of State 

TotalTotal
GlyphosateGlyphosate 7,777,9417,777,941 40.3%40.3%
PropanilPropanil 1,493,9781,493,978 7.7%7.7%

ParaquatParaquat 1,144,2201,144,220 5.9%5.9%
DiuronDiuron 1,051,2451,051,245 5.4%5.4%
TrifluralinTrifluralin 1,041,8051,041,805 5.4%5.4%
OryzalinOryzalin 912,715912,715 4.7%4.7%
OxyfluorfenOxyfluorfen 712,370712,370 3.7%3.7%
PendimethalinPendimethalin 714,755714,755 3.7%3.7%
SimazineSimazine 635,486635,486 3.3%3.3%
2,42,4--DD 491,148491,148 2.5%2.5%



Herbicide Use in California Herbicide Use in California –– Top 10Top 10
HerbicideHerbicide 2006 Use (Pounds 2006 Use (Pounds 

a.i.)a.i.)
Percent of State Percent of State 

TotalTotal
GlyphosateGlyphosate 7,777,9417,777,941 40.3%40.3%
PropanilPropanil 1,493,9781,493,978 7.7%7.7%

ParaquatParaquat 1,144,2201,144,220 5.9%5.9%
DiuronDiuron 1,051,2451,051,245 5.4%5.4%
TrifluralinTrifluralin 1,041,8051,041,805 5.4%5.4%
OryzalinOryzalin 912,715912,715 4.7%4.7%
OxyfluorfenOxyfluorfen 712,370712,370 3.7%3.7%
PendimethalinPendimethalin 714,755714,755 3.7%3.7%
SimazineSimazine 635,486635,486 3.3%3.3%
2,42,4--DD 491,148491,148 2.5%2.5%

What are the trends in herbicide use?



Herbicide Use in CaliforniaHerbicide Use in California
Glyphosate Use in CA (1989 - 2008)
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Herbicide Use Herbicide Use -- IncreasesIncreases
Herbicide Use Increases 1996 - 2008
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Herbicide Use Herbicide Use -- DecreasesDecreases
Herbicide Use Decreases 1996 - 2008
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Herbicide Use > 100,000 lb. a.i.Herbicide Use > 100,000 lb. a.i.
HerbicideHerbicide 2006 Use (Pounds a.i.)2006 Use (Pounds a.i.)

MetolachlorMetolachlor 360,180360,180
ThiobencarbThiobencarb 308,497308,497

BensulideBensulide 284,533284,533
AcroleinAcrolein 246,659246,659

DCPADCPA 241,294241,294
MCPAMCPA 193,659193,659
TriclopyrTriclopyr 147,485147,485
MolinateMolinate 141,421141,421

PronamidePronamide 120,804120,804
HexazinoneHexazinone 115,624115,624
EPTCEPTC 108,209108,209
NorflurazonNorflurazon 107,763107,763
PrometrynPrometryn 103,139103,139
GlufosinateGlufosinate 96,83096,830



Herbicide Use Herbicide Use -- IncreasesIncreases
Herbicide Use Increases 1996 - 2008
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Herbicide Use Herbicide Use -- IncreasesIncreases
Herbicide Use Increases 1996 - 2008
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Herbicide Use Herbicide Use -- DecreasesDecreases
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Herbicide Use Herbicide Use –– Rice HerbicideRice Herbicide
Rice Herbicide Use 1996 - 2008
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Herbicide Use Herbicide Use –– Rice HerbicideRice Herbicide
Rice Herbicide Use 1996 - 2008
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Part IIPart II. Herbicide Monitoring and Detections. Herbicide Monitoring and Detections
Environmental MonitoringEnvironmental Monitoring

DPR DPR –– EM BranchEM Branch
•• ““monitors the environment to determine the fate of monitors the environment to determine the fate of 

pesticidespesticides””
•• ““protects the public/environment from pesticide protects the public/environment from pesticide 

contaminationcontamination””

Many othersMany others
•• U.S Geological Survey (USGS)U.S Geological Survey (USGS)
•• California State Water QualityCalifornia State Water Quality

BoardBoard
•• Central Valley Regional Central Valley Regional 

Water Quality BoardWater Quality Board
•• et al.et al.



Part II. Herbicide Monitoring and Part II. Herbicide Monitoring and 
DetectionsDetections

Maintained by EM Maintained by EM 
branch DPRbranch DPR
1990 1990 -- 20062006
54 different studies54 different studies

1997 1997 –– 20062006
83 herbicides 83 herbicides 
monitored, 46 monitored, 46 
detecteddetected

Surface water database: Surface water database: http://http://www.cdpr.ca.gov/docs/emon/surfwtr/surfdata.htmwww.cdpr.ca.gov/docs/emon/surfwtr/surfdata.htm

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


Herbicide Monitoring ResultsHerbicide Monitoring Results

HRAC, http://www.hracglobal.com/

Herbicide Monitoring 1997 - 2006
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Photosynthetic Inhibitor HerbicidesPhotosynthetic Inhibitor Herbicides



Simazine, diuron have most detections in California surface wateSimazine, diuron have most detections in California surface waters.rs.

Photosynthetic Inhibitor HerbicidesPhotosynthetic Inhibitor Herbicides
PS2 Inhibitor Herbicides - Detections and Use (1997 - 2006)
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Photosynthetic Inhibitor HerbicidesPhotosynthetic Inhibitor Herbicides

Most detections in the winter months (rainy season)Most detections in the winter months (rainy season)
……and follow Ag use patternsand follow Ag use patterns

Diuron and Simazine Monitoring 1997 - 2006
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Microtubule Inhibitor HerbicidesMicrotubule Inhibitor Herbicides

N.A. Campbell, J.B. Reese, M.R. Taylor, E.J. Simon, J.L. Dickey. Biology, Concepts and 
Connections, 6th ed. San Francisco: Pearson, 2009. 



Microtubule Inhibitor HerbicidesMicrotubule Inhibitor Herbicides

dd
Microtubule Inhibitor Herbicides - Detections and Use (1997 - 2006)
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Microtubule Inhibitor HerbicidesMicrotubule Inhibitor Herbicides
Pendimethalin Monitoring 1997 - 2006
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Trifluralin Monitoring 1997 - 2006
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PendimethalinPendimethalin
and and trifluarlintrifluarlin have have 
different different deteciondetecion
patterns.patterns.



Lipid Synthesis Inhibitor HerbicidesLipid Synthesis Inhibitor Herbicides
Lipid Synthesis Inhibitor Herbicides - Detections and Use (1997 - 

2006)
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Molinate and Thiobencarb Monitoring 1997 - 2006
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Lipid Synthesis Inhibitor HerbicidesLipid Synthesis Inhibitor Herbicides

EPTC Monitoring 1997 - 2006
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Cell Division Inhibitor HerbicidesCell Division Inhibitor Herbicides

N.A. Campbell, J.B. Reese, M.R. Taylor, E.J. Simon, J.L. Dickey. Biology, 
Concepts and Connections, 6th ed. San Francisco: Pearson, 2009. 



Cell Division Inhibitor HerbicidesCell Division Inhibitor Herbicides
Metolachlor Monitoring 1997 - 2006

0

20

40

60

80

100

120

J F M A M J J A S O N D

Month

N
um

be
r o

f D
et

ec
tio

ns

0

20

40

60

80

100

120

Th
ou

sa
nd

s

Detections

Ag Use

A
g 

U
se

 (l
b 

a.
i.)

Metolochlor: overall detection rate: 29%

Irrigation season use matches detections, but not rainy season 
detections. 



Synthetic Synthetic AuxinsAuxins

N.A. Campbell, J.B. Reese, M.R. Taylor, E.J. Simon, J.L. Dickey. Biology, 
Concepts and Connections, 6th ed. San Francisco: Pearson, 2009. 



Synthetic Synthetic AuxinsAuxins

Synthetic Auxin Detections 1997 - 2006
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Plant

A terrestrial food chain

Grasshopper

Mouse

Snake

Hawk

Producers Phytoplankton

An aquatic food chain

Primary
consumers

Zooplankton

Secondary
consumers

Delta smelt

TunaTertiary
consumers

Killer whale
Quaternary
consumers

Trophic level

Dinoflagellates

Green algae

Diatoms

Why the Fuss? Why the Fuss? -- PhytoplanktonPhytoplankton
• Herbicides in surface waters may affect producers 

(Sommer et al., 2007)

Euglenozoans



Why the Fuss? Why the Fuss? 

Office of Pesticide Programs (OPP), EPA,  Office of Pesticide Programs (OPP), EPA,  
sets aquatic benchmarks sets aquatic benchmarks 

Toxicity values reviewed by EPAToxicity values reviewed by EPA

OPP uses aquatic toxicity data in ecological OPP uses aquatic toxicity data in ecological 
risk assessmentsrisk assessments
Establish water quality standards under the Establish water quality standards under the 
Clean Water ActClean Water Act

Use to prioritize pesticides that need further Use to prioritize pesticides that need further 
investigationinvestigation



Why the Fuss? Why the Fuss? –– Detections > Benchmark Detections > Benchmark 

HerbicideHerbicide Benchmark Benchmark 
(ppb)(ppb)

Detections > Detections > 
BenchmarkBenchmark

ThiobencarbThiobencarb 1.01.0 142142
DiuronDiuron 2.42.4 6363
MetolachlorMetolachlor 1.01.0 1919
SimazineSimazine 3636 55
OryzalinOryzalin 15.415.4 44
OxyfluorfenOxyfluorfen 0.290.29 33
BromacilBromacil 6.86.8 22
AtrazineAtrazine 1.01.0 11



Conclusions Conclusions –– Herbicide UseHerbicide Use
> 15 million lb a.i. annually> 15 million lb a.i. annually
GlyphosateGlyphosate has highest use (~40%)has highest use (~40%)

Use has increased 1996 Use has increased 1996 –– 2007 (4 to 7 MY lb)2007 (4 to 7 MY lb)
Use may be leveling off (2008)Use may be leveling off (2008)

Herbicides > 1 MY lbHerbicides > 1 MY lb
Propanil, pendimethalinPropanil, pendimethalin



Conclusions Conclusions –– Herbicide UseHerbicide Use
Herbicides Herbicides –– use increasinguse increasing

Propanil, Propanil, glufosinateglufosinate, , bensulidebensulide, pendimethalin, pendimethalin
OxyfluorfenOxyfluorfen

Herbicides Herbicides –– use decreasinguse decreasing
DCPA, EPTC, DCPA, EPTC, norflurazonnorflurazon, , prometryneprometryne, , 
trifluralintrifluralin, diuron, , diuron, molinatemolinate, , thiobencarbthiobencarb

2,42,4--D, D, acroleinacrolein



Conclusions Conclusions –– Herbicide DetectionsHerbicide Detections
Diuron, simazine, Diuron, simazine, metolachlormetolachlor

Most detections in surface waters (30 Most detections in surface waters (30 –– 40%)40%)
Frequent detections above EPA aquatic Frequent detections above EPA aquatic 
benchmarksbenchmarks



Conclusions Conclusions –– Herbicide DetectionsHerbicide Detections
ThiobencarbThiobencarb, EPTC, , EPTC, trifluralintrifluralin, pendimethalin, , pendimethalin, 
molinatemolinate

Moderate detection rate (10 Moderate detection rate (10 -- 17%)17%)
ThiobencarbThiobencarb -- detections above EPA aquatic detections above EPA aquatic 
benchmarksbenchmarks

•• Propanil: high use, fewer detections than other rice Propanil: high use, fewer detections than other rice 
herbicides (4.3%)herbicides (4.3%)



Conclusions Conclusions –– Herbicide DetectionsHerbicide Detections
Synthetic Synthetic auxinsauxins -- 2,42,4--D and D and triclopyrtriclopyr

High detection rate (25%)High detection rate (25%)
Detected below aquatic benchmarksDetected below aquatic benchmarks

Few Few glyphosateglyphosate detections (3%)detections (3%)
All below EPA aquatic benchmarksAll below EPA aquatic benchmarks



Conclusions Conclusions –– Herbicide DetectionsHerbicide Detections
Surface Water Regulations Surface Water Regulations 

Draft regulatory conceptDraft regulatory concept
Prevent or reduce surface water Prevent or reduce surface water 
contaminationcontamination
Workshops Feb 11, Mar 26, Apr 28, May 11Workshops Feb 11, Mar 26, Apr 28, May 11
http://www.cdpr.ca.gov/docs/emon/surfwtr/reghttp://www.cdpr.ca.gov/docs/emon/surfwtr/reg
ulatory.htmulatory.htm

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