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Agenda

• Overview of the CHAMACOS study
• Three studies using PUR data in the Salinas 

Valley:
– Castorina et al. EHP 2003 

– McKone et al. ES&T 2007
– Current research (Bradman et al. in preparation)

• PUR data as an indicator of urinary OP metabolite 
levels in very young children



Children’s Hospital Oakland
Research Institute

A CommunityA Community--UniversityUniversity

PartnershipPartnership

South County Outreach 
Effort

Clinica de Salud 
del Valle de Salinas

Laboratories



CHAMACOS Study Area

UC Berkeley

Castroville

Salinas

Soledad

Greenfield

King City

UC Berkeley

Castroville

Salinas

Soledad

Greenfield

King City

U.C. Berkeley

Salinas

Castroville

Soledad

Greenfield

King City



Characteristics of 
CHAMACOS Mothers (N=601)

• 92%    Spanish-speaking

• 85%    born in Mexico; 54% <5 years in U.S.
• 96%    living within 200% of poverty
• 44%    6th grade education or less

• 84%    other agricultural workers in home   
• 44%    worked in agriculture during pregnancy



Sources of Organophosphorous Pesticides

The Salinas Valley is a region 
of intense pesticide use

Pesticide Residue



Exposure 
Assessment



4 major tools:

1. Biomarker measurements (urine, blood, 
breast milk)

2. Environmental samples (dust, pollen, mold)
3. Detailed questionnaires and home 

walkthroughs
4. Pesticide Use Report (PUR)



Uses of PUR, 1st example

• Castorina R., Bradman A., McKone T., 
Barr D.B., Harnly M.E., Eskenazi B. 
Cumulative Organophosphate Pesticide 
Exposure and Risk Assessment among 
Pregnant Women Living in an Agricultural 
Community: A Case Study from the 
CHAMACOS Cohort. Environ Health 
Perspect 111(13): 1640-8 (2003).



Research Overview

AIM: To assess the potential health risks of OP
pesticide exposure to pregnant women based on
maternal urinary metabolite concentrations (n=455)

Maternal
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Level
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Risk



Six Urinary OP 
Metabolites have been 
Analyzed by the CDC

• These metabolites represent 40 dimethyl and 
diethyl OP pesticides.  The metabolites are:

• Dimethyl phosphate (DMP)
• Dimethyl thiophosphate (DMTP)
• Dimethyl dithiophosphate (DMDTP)

• Diethyl phosphate (DEP)
• Diethyl thiophosphate (DETP)
• Diethyl dithiophosphate (DEDTP)



Using Monterey County 
Pesticide Use Data to 

Estimate Exposure Patterns
Kilograms applied in 2000*  % Applied    Urinary me tabolites

• Diazinon 56,883 63 DEP, DETP
• Chloryrifos 27,325 30 DEP, DETP
• Disulfoton 5,763 7 DEP, DETP, DEDTP

84,883 100%

• Malathion 45,727 42 DMP, DMTP, DMDTP
• Oxydemeton-methyl 27,759 26 DMP, DMTP
• Dimethoate 16,115 15 DMP, DMTP, DMDTP
• Naled 9,315 9 DMP
• Methidathion 6,926 7 DMP, DMTP, DMDTP
• Azinphos methyl 101 .1 DMP, DMTP, DMDTP
• Phosmet 909 .9 DMP, DMTP, DMDTP

104,640       100%

*CA DPR. Pesticide Use Report, Annual 2000



Distribution of Average Cumulative OP Pesticide Dos e 
Estimates for Pregnant Women (n=455)
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14.7% of estimated cumulative dose 
equivalents exceeded a reference 
value derived by applying a 100-fold
uncertainty factor to the chlorpyrifos 
POD (BMD10 /100 = 14.8 mmmmg/kg/day)
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Conclusion

• Approximately 15% of pregnant women 
participating in the CHAMACOS study may have 
exposures exceeding an EPA standard for 
exposure to a mixture of OP compounds

• Our analysis suggests that this number could 
range from 1-38%

• Limitation: Uncertainty about how well pesticide mi xture 
based solely on PUR represents human exposure

• More research is needed to better understand 
the potential impact of these exposures to fetal 
health. 



Uses of PUR, Example 2

• McKone T.E., Castorina R., Harnly M.E., 
Kuwabara Y., Eskenazi B., Bradman A. 

• Merging models and biomonitoring data 
to characterize sources and pathways of 
human exposure to organophosphorus
pesticides in the Salinas Valley of 
California. Environ Sci Technol
1;41(9):3233-40 (2007).



McKone et al., 2007 Overview

• Study Objective:  
– To characterize cumulative intakes of OP 

pesticides in the Salinas Valley by drawing on 
biomonitoring data, PUR data, environmental 
samples together with outputs from the 
CalTOX multimedia, multipathway, source-to-
dose model.
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Chlorpyrifos

Air (moving phase)

Non-moving phases 
(floor, carpet, walls, 
dust, surface films)
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Figure 2. Estimates of environmental media fugacities (both ambient and indoor) for the 
Salinas Valley obtained from CalTOX and compared to measurements obtained from an 
intensive environmental sampling study of 20 farmworker families living in the region 
(Bradman et al., JESEE, 2007).

CalTOX modeling with PUR data resulted in 
reasonable estimates of environmental concentrations 

across a variety of media



Uses of PUR, 3rd example

• Bradman et al. in preparation 
• Factors Predicting Organophosphorus

Pesticide Metabolites in 6, 12, and 24 
Month Old Children Living in the Salinas 
Valley, CA



Pesticide Exposure to Children



Objectives

• To characterize organophosphate urinary 
metabolite levels in farmworker children at 
ages 6, 12 and 24 months 

• To identify population-level correlates 
of exposure 



Potential Exposure Risk Factors

Child • Age
• Sex

• Fruit/vegetable consumption
• Hand-to-mouth activity (reported)
• Handwashing frequency  (reported)

Occupational 
Take-home

• Pesticide used at workplace 
• Ag. work clothes/shoes worn inside home
• Parents employed in agriculture
• Ag. work clothes stored in containers
• Number of farmworkers living in the home

• Season of urine collection
• Distance between home and field
• Pets in home
• Carpet/rug in home
• >15 hours a week in child care

Environmental



Child urinary DAP metabolite 
levels (nmol/L)

• Total urinary DM metabolites are consistently 
higher than the DE metabolites, and higher in the 
older versus younger children

6 months (n=417)       GM     Range                 25th 50th  75th

Total DM         18.5    0.2- 5,329            5.4    15.2   62.0
Total DE            8.6    0.2-17,786           2.6    10.8   25.7

12 months (n=405)
Total DM          26.4   0.6-3,257            3.6     28.2  115.4
Total DE 14.2   0.4-389               7.7     16.3    32.9

24 months (n=381)
Total DM      45.0   1.2-2,305           14.6    49.6  141.2
Total DE             8.4   0.3-724                1.3    12.4    45.7



Median DM Metabolite Levels by  
Pesticides Used at Mom’s Job

Yes
No

*21*

14

48

28
35

59

0
20

40
60

(n
m

ol
/L

)

6M - p=0.01 12M 24M



Median DM Metabolite Levels by  
Distance From Home to Ag Field
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Median DM Metabolite Levels by Fruit 
and Vegetable consumption
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Pesticide Use Associated with levels in 
Child Urine (6-months)

• Dimethyl OP PUR (<3 miles) applied within 
14 days of sample collection correlate mildly  
with dimethyl urinary DAP levelsin 6-month old 
children (n=378)

DMAP metabolite       Pearson coeff     p-value

DMP                   0.10                      0.06

DMTP                  0.08                      0.09

DMDTP                  0.11                      0.04

Total DMAPs                  0.11                      0.04



Preliminary Results 
Multivariate regression

Dimethyl OP metabolites ( BBBB)

Characteristic                                 6M     12M     24M

Farmworkers living in the home       0.27*   0.01  -0.17
Fruit/Vegetable servings/day         0.12** 0.05   0.02
Home < 60 m. from ag. field         -0.25 0.41*  0.02
Pesticides used at mother’s job       0.08    0.18  -0.21
Dimethyl OP pesticides (PUR)         0.00    0.02   0.004
Urine collected in (vs. winter)

Spring                                         0.22  -0.08    0.09
Summer                                      0.48** 0.15  -0.08
Fall                                              0.24  -0.01  -0.06

* p-value<0.05   ** p-value<0.01



Uses of PUR data: 
Future Directions

– Analyze PUR data with some of the other ongoing 
CHAMACOS studies such as:

• Home based technical intervention (where we collected 
dust and wipe samples from farmworker homes in the 
region)

• Child validation study (CVS)
• Dust analyzes of Salinas Valley and Oakland, CA (with 

Dachthal (Chlorthal-methyl))



Thank you to our Thank you to our 
participantsparticipants, , community community 
partners, CHAMACOS partners, CHAMACOS 
staff & staff & fundersfunderswho who 
made this work made this work 
possible!possible!
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