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in.iicate that the presence of an agricultural 
worker in the home is a major contributor to 
higher exposure levels (12,13,18). The rela­
tive contribution of carry-home exposures in 
households with agricultural workers should 
also be considered in future studies. 

Our method for creating historical crop 
maps and identifying potential crop pesti­
cide exposures is dependent on the availabili­
ry of satellite imagery, historical records on 
crop locations, and pesticide use informa­
tion. Satellite image data are available from 
the early 1970s. However, historical ground 
reference information generally was not 
available in Nebraska until the early 1980s. 
Approximately 80% of the FSAs in the 66-
coun ty study area had records starting in 
1981 because the agencies were told in the 
early 1980s to maintain their records indefi­
nitely for the purposes of the federal crop 
insurance program. Previously, the agencies 
kept records for approximately 5 years (31) . 

Our land cover classification results indi­
cate that corn could be distinguished from 
sorghum, soybeans, and full-cover alfalfa 
using a late summer satellite image. Soybeans 
and full-cover alfalfa would be difficult to 
separate at this time of the growing season 
because of their similar spectral characteris­
tics. Further, alfalfa fields are difficult to 
identify because of the multiple harvest dates 
throughout the growing season; therefore, we 
only attempted to classify alfalfa fields at full 
cover. Winter wheat was harvested by July, 
so it could not be determined. Using an early 
spring image may make it possible to identify 
alfalfa and winter wheat fields because it 
would be prior to the first harvest. However, 
wheat and alfalfa have relatively little pesti­
cide use and accounted for a small percent of 
the crop area in the study area, so these crops 
would not contribute substantially to the 
population's potential exposure. 

We did not distinguish between irrigated 
and nonirrigated crops in this study, 
although we did find evidence to suggest 
that the spectral response of a particular crop 
is dependent on irrigation practices (32). 
Further research to separate crops into irri­
gated and nonirrigated classes should 
improve the crop classification accuracy. 
Furthermore, pesticide use on specific crops 
is greater if the crop is irrigated (25) . 
Pesticide use information in Nebraska was 
obtained for irrigated and nonirrigated crops 
separately; therefore, information on 
whether a crop type was irrigated would 
allow a more accurate estimation of the 
probabilities of pesticide use. 

The crop classification method we used 
requires a substantial amount of ground ref­
erence data to train the classification algo­
rithm and to test the classification results. If 
several years of imagery were classified over 

large regions, it would require significant 
resources to collect and process the data. 
Information on the prevalence of crop rota­
tions would be necessary to determine how 
often land cover would need to be recon­
structed for these maps to be used as a basis 
for identifying changes in pesticide USf. We 
recently evaluated the feasibility of using 
county agricultural statistics as an alternative 
to ground reference data and found that it 
was possible to create crop maps for corn, 
the dominant crop type in the study area 
(32) . If this proves successful for other crop 
rypes, the effort involved in reconstructing 
land cover over large geographic regions 
could be substantially reduced. 

We found that a limiting factor for our 
approach of using crop maps to identify pop­
ulations potentially exposed to agricultural 
pesticides was the availability of detailed data 
on pesticide use. Pesticide use data are impor­
tant because pesticide use patterns change 
over time as certain pesticides are restricted or 
as new formulations are marketed. Calculating 
the probabiliry that a specific pesticide was 
used on a crop field each season requires 
annual estimates of the acres treated with each 
pesticide. This information can be obtained 
from surveys of farmers , such as those 
conducted by the U.S . Department of 
Agriculture (USDA), or from a · pesticide use 
reporting system, such as that used by the 
state of California, where agricultural pesti­
cide use is reported for each public land sur­
vey section (approximately 1 square mile). 
The earliest pesticide use survey in Nebraska 
was conducted by the University of Nebraska 
Cooperative Extension Service for the 1978 
growing season. Surveys were also conducted 
for the 1982 and 1987 growing seasons. In 
1986, the USDA began annual surveys of the 
major field crops in the major producing 
states. The number of states included varied 
slightly by crop and by year but the major 
crop-producing states were included most 
years and Nebraska wlls included every year 
(33). The crops included corn, soybeans, win­
ter wheat, and others. Sorghum was included 
in 1991 for Nebraska but not for later years. 

One objective of the feasibility study was 
to determine the completeness and accuracy 
of residence location, which is an important 
component of many environmental epi­
demiology studies. In our study, the geocod­
ing was initially done by Geographic Data 
Technology, a company that used U.S. 
Census Bureau TIGER file street address 
ranges and assigned location to a street 
address by interpolation between address 
ranges assuming an equal spacing of houses 
along the street. All houses were assigned a 
latitude and longitude 5 ft from the edge of 
the street. Address matching resulted in exact 
location information for only 67% of 
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residences. One problem with relying on 
TIGER files for address location is that rural 
route addresses are often not included. We 
were able to determine the new Street address­
es for most rural route addresses by contacting 
the county agencies responsible for rural route 
address assignments (for 911 emergency pur­
poses); however, this was labor intensive. 

Another potential problem with accurate­
ly locating rural residences is that they are 
usually located on large land areas and the 
home is likely to be substantially removed 
from the road. In Adams County, the high­
way department which assigned street 
addresses in rural areas estimated that the 
houses were usually between 90 and 200 feet 
from the road and that the distance varied 
widely (34). If this is typical of other rural 
areas, rural house locations as determined by 
this mapping procedure are likely to be less 
precise than urban or suburban locations. 
This uncertainty in residence location can be 
overcome by the use of a global positioning 
system to determine longitude and latitude 
readings at the residence. 

One limitation of this approach to identi­
fy residences with higher potential exposure 
to crop pesticides is that some of the necessary 
data resources for this method did not exist 
before the 1980s. A further limitation is that 
the use of buffers and proximity as an expo­
sure metric can result in considerable misclas­
sification (35,36) because exposure does not 
occur solely within the buffer and because 
proximity is only one factor that affects expo­
sure. Our use of a buffer approach to define 
exposure is an improvement over most previ­
ous studies because the crop maps allowed us 
to define the specific areas within the buffer 
that were sources for the crop pesticides. 
Furthermore, the 500-m distance used in our 
study was not chosen arbitrarily, but was 
based on the pesticide drift literature. 

To further refine the appropriate buffer 
distance, information on the recommended 
application methods for each major pesticide 
can be obtained from the Nebraska 
Cooperative Extension Service guideline 
reports (37). This information was also col­
lected in the 1982 pesticide use survey by 
crop and by pesticide applied (25). The spe­
cific time periods when pesticides were likely 
to have been applied could be estimated 
using annual information on planting and 
crop development dates (38) together with 
Extension Service data on application timing 
(e.g., preplant, preemergent, etc.). 

Pesticide levels in residences may corre­
late well with the crop area within a specified 
distance from the home (12,13); however, 
further studies are required to determine the 
utility of this method for classifying a popula­
tion with respect to their residential exposure 
levels. Furthermore, other factors that affect 
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the geographic extent and persistence of pes­
ticides in the environment should be consid­
ered. We are currently integrating our GIS 
with computer-based models incorporating 
the pesticide application race and wind direc­
tion and speed for predicting the geographic 
area affected by primary drift at the time of 
application (39). However, the method also 
lends itself to prediction of pesticide trans­
port by ocher mechanisms. For example, after 
identifying locations where pesticides are 
applied or deposited by drift, information on 
soil rype, geophysical factors, and the chemi­
cal characteristics of the compounds can be 
used co predict pesticide transport in to 
groundwater and soil erosion by wind or 
water ( 40,41). 

In summary, the use of historical crop 
maps for classifying a study population with 
respect co their pocen rial for past exposure co 
crop pesticides may be a usefuJ addition co 
future health studies. This method will allow 
the identification of populations with pocen­
tia!Jy higher exposures co crop pesticides and 
would be useful in the design of future stud­
ies to evaluate the health effects of exposures 
co agricultural pesticides. This method will 
also al.low the evaluation of changes in crop 
patterns and crop-specific pesticide use over 
time in relation ro pesticide levels in the 
home. Such an evaluation should lead co a 
clearer interpretation of pesticide levels in 
house dust as an exposure measure in epi­
demiologic studies (18, I 51). 

O ur results indicate that the potential fo r 
indirect exposure co agricultural pesticides 
through residential proximiry to crop fields 
may be significant for residents of highly agri­
cultural areas. We found chat 22% of the 
study participants had crops within 500 m of 
their residence. The likelihood that herbicides 
were used on these crops was high and was 
limited co a few specific chemicals. Insecticide 
use was less frequent but also consisted of a 
few major insecticides. Further research 
should refine this approach by estimating pes­
ticide drift and transport in the environment. 
The validity of this method for classifying a 
study population with respect to the level of 
crop pesticides in their homes should be 
determined by household measurements. 
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