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Abstract

Nonpoint-source contamination of water resources from 
triazine herbicides has been a major water-quality issue during 
the 1990s in the United States.  To address this issue, studies of 
surface water, ground water, and precipitation have been carried 
out by the U.S. Geological Survey in the Midwestern United 
States.  

Reconnaissance studies of 147 streams were conducted to 
determine the geographic and seasonal distribution of atrazine, 
cyanazine, propazine, and simazine.  These studies showed that 
high concentrations of herbicides were flushed from cropland 
and transported through the stream system as pulses in response 
to spring and summer rainfall.  The studies also revealed the 
persistence of herbicides and their degradation products in 
streams.  

An investigation of 76 reservoirs showed that the occur-
rence and temporal distribution of herbicides and their degrada-
tion products in reservoir outflow could be related to reservoir 
and drainage-basin characteristics, water and land use, herbi-
cide use, and climate.  Significant findings showed that concen-
trations of atrazine and its degradation products remained 
elevated all summer and into the fall and that recently applied 
atrazine mixed with atrazine applied the previous year as water 
moved through a reservoir. 

Reconnaissance studies of 303 ground-water wells were 
completed to determine hydrogeological and seasonal occur-
rence, concentration, and distribution of herbicides and their 
degradation products.  Samples collected from across the Mid-
western United States consistently revealed that triazine herbi-
cide degradation products commonly were found more fre-
quently than their parent herbicide and that ground-water age 
could be an important factor in explaining variations in herbi-
cide contamination. 

A final study investigated precipitation in the Midwestern 
United States, northeast to the Atlantic Ocean, and northward to 
the Canadian border.  It found that the highest herbicide concen-
trations in precipitation occurred following herbicide 

application to cropland. Atrazine was detected most often, fol-
lowed by deethylatrazine, cyanazine, and deisoproplyatrazine. 
Mass deposition of herbicides by precipitation was greatest in 
areas where herbicide use was intense and decreased with dis-
tance from the Midwest.

Findings of the 1990s studies include an improved under-
standing of the occurrence, persistence, chemistry, and trans-
port of triazine herbicides and their degradation products in the 
hydrologic environment. A significant increase in knowledge of 
triazine herbicides and development and improvement of ana-
lytical methods were accomplished in the past decade. The 
results produced are not only significant for the present (2005) 
but provide an important data set for future use. 

Introduction

The U.S. Geological Survey (USGS) Toxic Substances 
Hydrology (Toxics) Program provides unbiased scientific 
information on the behavior of toxic substances in the Nation’s 
hydrologic environments. The objectives of the program 
include development and quantification of methods to measure 
contaminants and their degradation products at levels low 
enough to understand the fate and transport in hydrologic sys-
tems. Investigations are focused on identifying persistent pesti-
cides and their degradation products in surface water, ground 
water, and precipitation. The research involves developing 
methods to measure these pesticides in water samples at low-
level concentrations. Results then are used by manufacturers, 
farmers, regulators, researchers, and the public (Buxton, 2000). 

Throughout the 1990s, a series of regional-scale water-
quality studies were conducted by the Toxics Program in the 
Midwestern United States. The study area extended across parts 
of 12 States (fig. 1) and was selected because it is the largest and 
most intensive area of row-crop agriculture in the country. This 
area often is referred to as the Corn Belt (Thurman and others, 
1991; Infoplease, 2004). Most of the agricultural application of 
triazine herbicides in the United States is to crops in this region. 
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samples) and the occurrence of stream flooding near wells. 
Results from these samples were compared to those samples 
obtained during 1991 and 1992 from the same wells. There 
were no statistically significant differences in either the fre-
quency of herbicide detection or total herbicide concentration 
between the previous samples and those collected for the 1993 
flood study. However, water from about 63 percent of the wells 
that had at least a 20-percent increase in total herbicide concen-
tration also were severely affected by stream flooding. 

An important finding of an investigation of samples col-
lected from 131 municipal wells in Iowa was the high frequency 
with which degradation products were detected in ground 
water. Ground-water samples collected from across the Mid-
western United States and in Iowa from 1991 to 2001 consis-
tently revealed that triazine herbicide degradation products 
commonly were found more frequently than their parent herbi-
cide, the frequency of herbicide detection was affected by a 
more sensitive analytical method, and ground-water age could 
be an important factor in explaining variations in herbicide 
contamination. 

The third major source studied was precipitation. This 
study area included the upper Midwest (where the use of herbi-
cides is most intense), the Northeast to the Atlantic Ocean, and 
northward to the Canadian border, a total of 26 States. The 
results identified the occurrence and temporal distribution of 
triazine herbicides and their degradation products in the Mid-
west. Because of the large temporal and spatial variation in the 
amount of rainfall, it is difficult to make meaningful compari-
sons of herbicide concentrations among sites or over time on the 
basis of individual weekly samples. Comparisons can best be 
made with rainfall-weighted concentrations. The highest con-
centrations occurred following herbicide application to crop-
land. Rainfall-weighted concentrations of 0.20 to 0.40 µg/L for 
atrazine were typical throughout the Midwest, and weighted 
concentrations as large as 0.60 to 0.90 µg/L occurred in precip-
itation at several sites. Concentrations of 1.0 to 3.0 µg/L were 
measured in a few individual samples. Atrazine was detected 
most often, followed by deethylatrazine, cyanazine, and deiso-
propylatrazine. The large ratio (about 0.50) of deethylatrazine 
to atrazine in precipitation was greatest in areas where herbicide 
use was intense and decreased with distance from the Midwest.

Other important findings of the 1990s USGS studies 
included the chemistry, transport, and persistence of triazine 
herbicides and their degradation products in surface water and 
ground water. A number of field-dissipation studies were car-
ried out for atrazine, cyanazine, propazine, and simazine in the 
unsaturated zone and in surface runoff. These dissipation 
studies resulted in outlining the structure and transport of many 
degradation products of triazine herbicides in the aquatic envi-
ronment. A dealkylation field study found the preferential 
removal of an ethyl side chain from atrazine relative to the 
removal of an isopropyl side chain. The high ratio of deethyla-
trazine to atrazine (referred to as the DAR) in shallow soil was 
evidence that simazine degraded more rapidly to deisopropyla-
trazine than propazine to deethylatrazine. Furthermore, deethy-
lation rates of atrazine and simazine were comparable. This 
indicates that the removal of an ethyl side chain was preferential 

over an isopropyl side chain, regardless of parent triazine com-
pound. It was also found that atrazine transport through the 
unsaturated zone gave DAR values much greater than 1.0, 
whereas atrazine transported in runoff had DAR values much 
less than 1.0. Deisopropylatrazine was rapidly degraded in the 
unsaturated zone but was an important degradation product in 
surface runoff from the fields.

An additional finding of USGS research was the persis-
tence of triazine herbicides and their degradation products in 
surface water. Studies found that the frequency of detection, or 
apparent order of stability, was atrazine, deethylatrazine, deiso-
propylatrazine, and cyanazine. The temporal trends in the num-
ber of detections of various herbicides were also significant for 
several reasons. First, they indicated that some compounds per-
sisted from year to year in soil and water. Second, degradation 
products, such as deethylatrazine, were both persistent and 
mobile in water. Third, the data showed that the DAR, which 
has been proposed as an indicator of nonpoint-source contami-
nation of ground water, might be used also as a tracer of ground-
water discharge to streams. Once it was applied, atrazine began 
to degrade through the action of soil microbes and abiotic losses 
and chemical reactions.

Findings of the 1990s studies by the USGS include an 
improved understanding of the occurrence, persistence, chem-
istry, and transport of triazine herbicides and their degradation 
products in the hydrologic environment. A significant increase 
in knowledge of triazine herbicides and development and 
improvement of analytical methods were accomplished in the 
past decade. The results produced are not only significant for 
the present but provide an important data set for future use.
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