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Annual Pounds Organophosphates
Applied in Salinas Valley: 540,000 

Example 
3 mile X 3 mile 
area used to 
sum PUR use 
near 
participant’s 
house



Epidemiological and Exposure Studies Using 
Reported Agricultural Pesticide Use Near 

Homes as an Indirect Measure of Exposure

• Childhood Cancer: Reynolds P et al: 
Env Health Perspectives110 (2002): 319-214

• Breast Cancer: Reynolds P et al, Environmental Research96 
(2004): 206-218

• Air organophosphate concentrations:  Harnly M, et al. Env 
Health Perspectives2005 Sep;113(9):1184-9.

For these studies, we have used an outlier corrected dataset.  Outlier 
correction considered scientifically valid because a small number 
of data points should not be driving a correlation.  



DPR Outliers

• 1) > than 200 pounds per acre (or greater 
than 1000 pounds per acre fumigants)

• 2) > 50 times the median rate for all uses 
with the same pesticide product, crop 
treated, unit treated

• 3) > values determined by a neural network 
of 12 scientists



Number 
of 
Outliers

i.e., county correction
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•We only correct those outliers with a matching PLSS MTRS.

•We use DPR’s definition of an outlier/error. 

•We assume that the outlier indicates that an application 
occurred but that there was an entry error either in pounds 
applied or in area treated.   

•Since 2003, DPR and counties have corrected some outliers.  
We retain these corrections and continue to correct identified 
outliers that are not corrected by DPR/counties.  
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•For each outlier, we substitute the county median application 
(of pounds applied) for the same:

• Product Code  and 

• Site (Commodity) Code and 

• unit of application (acres or square feet).

• If it is not possible to calculate a Product Code – Site Code 
median, we use the county median application for the product.

•If it is not possible to calculate a county median for the 
product (only one application in the county), the outlier is not
corrected.



An example of 
our method:



Monterey County – 2005 PUR

Example of a Major Correction

Use Number: 1662698

Product: Lorsban 4E-HF

Active Ingredient: Chlorpyrifos

Crop (site code): Broccoli

Unit of Treatment: Acres

Method of Treatment: Ground

Pounds of Product: 
1,846

Pounds of AI: 770

Acres Treated: 15

Median Application 
(Pounds) of Lorsban
4E-HF on broccoli in 
Monterey County: 16

Reason for Error Flag: DPR Error Code = 72, Pounds of AI per 
acre treated > 200



At the local level, 
the correction 
matters.  For some 
sections, the 
correction is 
greater than 5%. 





Monterey
County

2005 PUR

Greenfield 
Area

Percent 
Reduction 
In Pounds 

Applied 
per 

Section 
Due to 
Outlier 

Correction 
Process

Organo-
Phosphate 
Pesticides



PUR 2005 - Selected Counties

County Total Pounds
Uncorrected

Total Pounds
Corrected

Total Adjustment
Percentage

Maneb
Uncorrected

Maneb
Corrected

Maneb Adjustment
Percentage

Imperial 5,795,431 5,794,257 ( 0.0%) 62,805 62,805 0.0%

Kern 25,981,467 25,920,921 ( 0.2%) 21,590 21,590 0.0%

Monterey 8,428,464 8,377,532 ( 0.6%) 351,475 350,038 ( 0.4%)



Pounds Applied

Number of Applications

Note that the correction 
is more significant for 
pounds that number of 
applications.



Outliers: Summary and Conclusions

• Outlier correction of pounds applied may make a large 
difference in small areas (e.g., 46% 50% of an individual 
application).

• Outlier correction of pounds applied makes a difference in 
county yearly total pounds reported (2-10%) 

• The assumption that the outlier indicates an entry error 
either in pounds applied or in area treated is still an 
assumption.  To further explore this issue would require 
greater resources.

• Still don’t know percentage of applications not reported.   
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· Cohort study of 600 pregnant women and their children
· Two of five study aims:

– To estimate sources and pathways of  pesticide exposures to 
children living in an agricultural community. 

– To determine relationship of pesticide exposure and:
· neurodevelopment
· growth 
· respiratory disease



������Medical records

Urine 
Blood

Urine
Blood

Urine
Breastmilk

Urine 
Blood 
Cord Blood
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Urine
Blood

UrineBiological 
Specimens

����Home inspection/Home inspection/

Environmental     Environmental     
samples: e.g., dustsamples: e.g., dust

����Neurodevelopment 
& Growth 
Assessments

������Questionnaire

24-Months12-Months6-MonthsDelivery26-WeeksEnrollment

Overview



Table 1. OP pesticide usage in the Salinas Valley and 
associated urinary DAP metabolites.

Pesticideb 

Kilograms 
applied in 

1999 

Kilograms 
applied in 

2000 

Kilograms 
applied in 

2001 

Urinary 
Dialkylphosphate 

Metabolites 

  Diazinon 47,847 56,883 60,699 DEP, DETP 

  Chlorpyrifos 29,423 27,325 24,975 DEP, DETP 

  Disulfoton 7,613 5,763 4,644 DEP, DETP, DEDTP 

Total DEAPs 84,883 89,971 90,318  

  Malathion 35,188 45,727 43,873 DMP, DMTP, DMDTP 

  Oxydemeton-methyl 30,028 27,759 26,300 DMP, DMTP 

  Dimethoate 19,232 16,115 15,556 DMP, DMTP, DMDTP 

  Naled 11,979 9,315 7,748 DMP   

  Methidathion 6,779 6,926 6464 DMP, DMTP, DMDTP 

  Phosmet 743 909 1,439 DMP, DMTP, DMDTP     

  Azinphos-methyl 626 101 56 DMP, DMTP, DMDTP 

  Methyl parathion 66 0 3 DMP, DMTP             .       

Total DMAPs 104,640 106,852 101,439  
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Figure 1: General Scheme of 
Exposure Assessment 
Modeling: regional mass 
balance (CalTox) plus 
household fate exposure 
modeling plus
food residues  



Table 2.  Chemical-specific properties used in 
CalTOX for the five OP pesticides.

Property name, units Chlorpyrifos  Diazinon Dimethoate Malathion Oxydemeton-
methyl 

Molecular weight, g/mol 350.6 304.4 229.3 330.4 246.3 

Octanol-water partition 
coefficient Kow  

83,200 2,240 6.00 724 0.18 

Air-water partition 
coeffcient, Kaw  

4.54 ́  10-7 4.70 ́  10-6 4.11 ́  10-6 2.03 ́  10-7 6.2 ́  10-10 

Diffusion coefficient in air 
m2/d 

0.49 0.60 0.50 0.48 0.50 

Diffusion coefficient in  
Water m2/d 

4.4 ́  10-5 6.9 ́  10-5 5.0 ́  10-5 4.2 ́  10-5 5.0 ́  10-5 

Organic carbon partition 
coefficient 

6,030 1,430 2.88 1,180 15 

Bioconcentration factor 
(BCF) in fish 

750 173 0.288 64 0.0086 

Reaction half life in air (d) 0.26 4.6 10 0.23 2.0 

Reaction half life in 
surface soil (d) 

21 32 20 5.0 5.0 

Reaction half life in root-
zone soil (d) 

21 39 20 28 5.0 

Reaction half life in deep 
soil (d) 

21 39 20 28 5.0 

Reaction half life in 
surface water (d) 

53 84 10 28 46 

Reaction half life in 
sediments (d) 

53 17 20 70 10 

 



Table 3: Landscape Properties of the Salinas Valley
Parameter description and units� Value�

Area in m2 1.75 ´  108 

Annual average precipitation (m/d) 0.00112 

Land surface runoff (m/d) 0.000537 

Atmospheric dust load (kg/m3) 6.15 ´  10-8 

Dry deposition velocity, air particles (m/d) 500 

Primary production of vegetation(dry kg/m2/y) 0.900 

Ground-water recharge (m/d) 5.58 ´  10-5 

Thickness of the ground soil layer (m) 0.0100 

Soil particle density (kg/m3) 2,600 

Water content in surface soil  0.192 

Air content in the surface soil  0.266 

Erosion of surface soil (kg/m2-d) 0.000203 

Thickness of the root-zone soil (m) 0.785 

Water content of root-zone soil (volume fraction)  0.206 

Air content of root-zone soil (volume fraction) 0.253 

Thickness of the vadose-zone soil (m) 0.557 

Water content; vadose-zone soil 0.202 

Air content of vadose-zone soil 0.236 

Thickness of the aquifer layer (m) 3.00 

Solid material density in aquifer (kg/m3) 2,600 

Porosity of the aquifer zone 0.200 

Fraction of land area in surface water 0.0182 

Average depth of surface waters (m) 5.00 

Suspended sediment in surface water (kg/m3) 0.800 

Suspended sediment deposition (kg/m2/d) 10.5 

Thickness of the sediment layer (m) 0.0500 

Solid material density in sediment (kg/m3) 2,600 

Porosity of the sediment zone 0.200 

Sediment burial rate (m/d) 1.00 ´  10-6 

Ambient environmental temperature (K) 289 

Organic carbon fraction in upper soil zone 0.0156 

Organic carbon fraction in vadose zone 0.00306 



Table 3a:  Diethyl Organophosphate Pesticides: 
Estimated Intake (nmol/day) versus Measured 

Urinary Output (nmol/day )

Measured Urinary Diethyl Organophosphate Median 
Output: 22 nmol/day from CHAMACOS (Salinas)

12 nmol/day from NHANES (National Sample)

0.8 to 14

0.1 to 8

0.7 to 6

Food intake 
(based on 
national 
data)
nmol/day

13 to 26

Total

nmol/day

9.10.491.4Diazinon

0.460.160.11Chlorpyrifos

9.60.651.5Total 

Nondietary
Ingestion 
(CalTOX)

nmol/day

Dermal
(CalTOX)

nmol/day

Inhalation 
(CalTOX)

nmol/day



• Visit www.CHAMACOS.orgfor a list of 
over 30 publications


