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sidues on foods resulting from 
ontact with hands and surfaces during consumption as well as the ingestion of pesticide residues 

mples were collected at both homes and 
aycares.  Duplicate diet samples were also collected in three pilot-scale studies, CHAMACOS 

ained 

5.0 DIETARY EXPOSURE MEASUREMENTS 
 
5.1 Introduction and Data Availability 
 
Diet can be a significant pathway of exposure to humans.  Infants and young children may be 
particularly vulnerable to exposure by dietary ingestion because they eat more than adults do 
relative to their body weights.  Foods may contain residues of pesticides because of intentional 
agricultural applications or they may become contaminated during processing, distribution, 
storage, preparation, and even consumption.  The ingestion of re
c
while mouthing contaminated hands and objects are considered “indirect ingestion” pathways 
and are the subject of the next chapter (Chapter 6.0).  This chapter provides a comparative 
summary of measurements of pesticides in duplicate diet samples and of estimated dietary 
intakes.  The sample collection methods for the studies that included duplicate diet 
measurements are summarized in Table 5.1. 
 
Among the large observational studies, duplicate diet samples were collected in NHEXAS-AZ, 
MNCPES, and CTEPP.  In CTEPP, food and beverage sa
d
(20 participants), DIYC (three participants), and JAX (nine participants).   
 

• The most common measure of dietary exposure was by composited duplicate diet 
analyses (Table 5.1).  This approach reduces study costs compared to analyzing 
individual foods, but it increases the complexity of the sample analysis and produces 
higher method detection limits. 

• Duplicate diet samples measure the pesticide residues in the children’s foods after 
processing and preparation by the caregiver.  The samples, therefore, may include 
residues from contaminated food handling surfaces in addition to the residues cont
in the food products.  However, duplicate diets fail to capture the additional intake of 
pesticides resulting from the child’s activities before and during consumption, as 
discussed in Chapter 6.  

• Duplicate plate samples were used for dietary measurements at the daycares in CTEPP.  
The distinction between a duplicate plate and a duplicate diet (with the latter accounting 
for uneaten foods) is typically more important for children than adults because significant 
quantities of food may be left uneaten. 
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Table 5.1 Dietary exposure sample collection methods for pesticides. 
 

Study 

Children 
Ages 

(years) Sampl

Collection 

Sa  tee Type 
aft

Pes
er Indoor 
ticide Use

Mass 
Recorded

Collection 
Period mple Handling Composite Relevant Analy s 

NHEXAS-AZ 6 - 12  Duplicate qui d
lle  i
ly
nt

 diet No No 24 hr Li
co
po
co

d and solid foo
cted separately
ethylene 
ainers 

 
n 

Yes Chlorpyrifos, diazinon  

MNCPES 3 - 12  Duplicate qui d
lle ; 
lid
te
sti  
em

cis
thr

diet No Yes 4 d Li
co
so
po
pe
“r

d and solid foo
cted separately
 food split into 
ntially “high 
cide” foods and
aining” foods 

 Yes Chlorpyrifos,  diazinon, 
permethrin, trans-perme

-
in 

CTEPP 2 - 5  Duplicate
(homes), 
duplicate 
(at daycare ce

48 qui d
lle  i
as

in M diet 
and 
servings 

nters)

No Home 
samples 
only 

 hr Li
co
gl

d and solid foo
cted separately

s jars 

 
n 

Yes Chlorpyrifos, TCPy, diaz
(Ohio only)  

on, I P 

JAX 4 - 6  Duplicate die  24 lid d 
re ne 
nt

Y is-
thrin,  

t Yes Yes  hr So
sto
co

 and liquid foo
d in polyethyle
ainers 

es Chlorpyrifos, diazinon, c
permethrin, trans-perme
cyfluthrin 

CHAMACOS 0.5 - 2 Duplicate Di 24 qui
ly s 
d 
ly
s

Y cis-
thrin, 

et No Yes  hr Li
po
an
po
clo

d collected in 
carbonate bottle
solid food in 
ethylene zip 
ure bags 

es Chlorpyrifos, diazinon,  
permethrin, trans-perme
cyfluthrin 

DIYC 1 - 3  Duplicate die
each food col
individually 

 24 ch
di
gs 

Nt,  
lected 

Yes Yes  hr Ea
in
ba

 food stored in 
vidual zip-loc 

o Diazinon 

 
 
 
 



 

5.2 Pesticide Presence 
 
Table 5.2 presents the detection limits for the studies.  The frequency of detection for the 
selected pe ides is pre  in Figur 1.  The n 5th percentile concentrations are 
presented in Table 5.3.  Data are presen in logn lity plots (Figures 5.2 and 5.3) 
for the large observational field studies and box-and-whisker plots (Figures 5.4 and 5.5) for all of 
the studies e food measurem ts are available (Table 5.1), both concentration and 
intake (mass of compound ingested) are presented.  Intake is defined as µg/day in keeping with 
the dietary exposure algorithm of the D otoc 001 ther than as µg/kg-
bw/day which uld be consisten  the r fD) adigm. 

 
• Reported method detection limits for chlorpyrifos ranged from 0.04 µg/kg in JAX up to 

1.7 µg/kg in CHAMACOS (Table 5.2). 

• Chlorpyrifos was detected in over 50% of the duplicate diet sam s in MNCPES, 
CTEPP, and JAX (Figure 5.1).  The median rpyri  concentrations in the MNCPES 
and t sam r ice a  a e CTEP ples (Table 5.3). 

• Dia o in an e C, a study in which 
there had been prior indoor applications   T t that 
con d t in homes with 
rec

• While detection of diazinon in food samples was typically below 30% (Figure 5.1), 
detection immediately following crack and in DIYC was 100%. 

• The logplots (Figures 5.2 and 5.3) show that in the upper half of the distribution (between 
the th and the 95th percentiles), higher concentrations of cis- and trans-permethrin were 
m ed in solid food in North ina homes than in North Carolina daycares or Ohio 
h daycar

• ulations using DIYC data (results not presented) revealed that pesticides 
rred to food during contact with surfaces and handling by a child may increase 
 intake significantly (over 60% under the modeled scenario).   

• Published results from the MNCPES (Clayton et a 003) show  that extant residue 
databases can successfully be used to select samples for analysis, potentially reducing 
costs by avoiding analyses of foods not likely to contain measur vels.  Care must be 
tak ever, oid neglect

• Me le level  these partic s we arely dete everages in any 
of t udies. ure studies h pes des that a pected to be 
found in drinking water may con ing t costly me

• d child consume fa er typ
e of ce  foods) (NR  1993). ber of days of collection may 

be less important for children than for adults. 

• The large potential for enzymatic degradation of pesticides (especially chlorpyrifos) 
during food samp torage and ng homogenation prior to analysis has not been 
directl dresse  any studie der thi ogra

stic
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Table 5.2 Limits of detection (µg/kg) for pesticides measured in duplicate diets. 
 

Compounds 
Study Chlorpyrifos Diazinon cis-Permethrin trans-Permethrin Cyfluthrin 

NHEXAS-AZ 1.0 0.7 --a -- -- 
MNCPES 0.26 0.3 0.2 0.2 -- 
CTEPP 0.08 0.08 0.08 0.08 0.83 
JAX 0.04 0.04 0.02 0.02 0.4 
CHAMACOS 1.4 1.2 4.5 2.9 -- 
DIYC -- 0.36 – 1.25 -- -- -- 

a Bla  c
 
 
Tab 5
food sa
 

nk ells (--) indicate that the pesticide was not measured in the study. 

le .3 Median and 95th percentile pesticide concentrations (µg/kg) measured in duplicate diet 
mples. 

Chlorpyrifos Diazinon cis-Permethrin trans-Permethrin Cyfluthrin 
Study P50 P95 P50 P95 P50 P95 P50 P95 P50 P95 

NHEXA  S-AZ BDLa 5.7 1.8 1.9 --b -- -- -- -- --
MNCPES 0.38 -- -- -- -- -- -- 0.53 2.4 BDL 
CTEPP- 0.9 NC  Home 0.2 2.1 BDL 0.4 BDL 15.6 BDL 8.7 BDL 
CTEPP-NC  Daycare 0.1 0.9 BDL 0.2 BDL 5.2 BDL 3.0 BDL BDL 
CTEPP-OH  Home 0.2 1.6 BDL 0.2 BDL 8.8 BDL 8.0 BDL BDL 
CTEPP-OH  Daycare 0.1 0.6 BDL 0.2 BDL 2.2 BDL 1.4 BDL BDL 
JAX 0.38 7.4 BDL 1.0 0.29 13 0.22 22 BDL 3.6 
CHAMACOS 1.4 BDL BDL BDL BDL BDL BDL -- -- BDL 
DIY  - C -- -- 0.17 0.78 -- -- -- -- -- -

a BDL, B
b Blank c

elow minimum detection limit 
ells (--) indicate the pesticide was not measured in the study 
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Detection Frequency: Solid Food

 
Figure 5.1 T e detection frequency of pesticides easured in duplicate diet food samples. h
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Figure 5.2 Lognormal probability plots of solid food concentrations (µg/kg) and intakes (µg/day) 
for chlorpyrifos, diazinon, and cis-permethrin from large observational field studies. 



 

 
 
Figure 5.3 Lognormal probability plots of solid food concentrations (µg/kg) and intakes (µg/day) 
for trans-permethrin, TCPy, and IMP from large observational field studies. 
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Figure 5.4 Box-and-whisker plots of solid food concentrations (µg/kg) and intakes (µg/day) for 
chlorpyrifos, diazinon, and cis-permethrin across all studies. 
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Figure 5.5 Box-and-whisker plots of solid food concentrations (µg/kg) and intakes (µg/day) for 
trans-permethrin, TCPy, and IMP across all studies. 
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5.3 Relative Importance of the Ingestion Route 
 
The Stochastic Human Exposure and Dose Simulation (SHEDS) model (Zartarian et al., 2000) 
prediction for dietary intake of cis-permethrin is compared to CTEPP measurements in Figure 
5.6.  The estimated proportion of aggregate exposure represented by dietary intake for CTEPP-
NC and CTEPP-OH children is from the CTEPP Report (Morgan et al., 2004) and is presented in 
Figures 5.6 and 5.7, respectively.   
 

• An example of use of the SHEDS model to predict dietary intake of cis-permethrin in a 
study population is shown in Figure 5.6.  The dietary intake estimates may then be 
compared to SHEDS model estimates of intake by other relevant routes to determine the 
relative importance of the ingestion route. 

• Based on route-specific estimates (Figures 5.7 and 5.8), dietary ingestion represents the 
dominant route of exposure for chlorpyrifos, diazinon, and permethrin in the CTEPP 
study.  Indirect ingestion, estimated based on dust and soil measurements, is a far greater 
concern for the permethrin than for chlorpyrifos and diazinon in the CTEPP study. 

• The route that represents the dominant route of exposure (dietary ingestion) is also the 
route with the lowest detection frequencies (approximately 2/3 of the values for 
permethrin in CTEPP are nondetects), which increases the uncertainty in the estimates.  
Substituting a fraction of the detection limit for values below the limit of detection may 
have a disproportionate impact on the outcome. 
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Figure 5.6 Comparison of SHEDS model prediction for dietary intake of cis-permethrin 
(µg/kg/day) and CTEPP measurement data.   
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Figure 5.7 Estimated mean proportion of aggregate potential exposure for CTEPP-NC children 
by exposure route.  (TCP = 3,5,6-Trichloro-2-pyridinol; cis-P and trans-P = cis- and trans-
Permethrin; 2,4-D = 2,4-Dichlorophenoxyacetic acid.)  From Morgan et al., 2004. 



 

 
 

Figure 5.8 Estimated mean proportion of aggregated potential exposure for CTEPP-OH chil
by exposure route. (TCP = 3,5,6-Trichloro-2-pyridinol; cis-P and trans-P = cis- and

dren 
 trans-

Permethrin; 2,4-D = 2,4-Dichlorophenoxyacetic acid.)  From Morgan et al., 2004. 
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