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An Assessment of the Potential of Atrazine
to Contaminate Ground Water Based Upon Available
Environmental Fate and Ground Water Monitoring Data

FXECUTIVE SUMMARY

Atrazine is a persistent, soil-applied herbicide which has
been nsed extensively in the United States since the 1950s.
There is an extensive data base on the behavior of atrazine in
soil and water. This data base indicates that atrazine has a
high potential to leach to ground water,

Atrazine has a sufficiently low vapor pressure, sufficiently
high water solubility, etc., such that its leaching potential
should be considered. Soil adsorption of atrazine is moderate;
some atrazine in soil would be expected to partition into the
soil water and be available for leaching. Available data indicate
that atrazine is moderately to highly persistent (half-lives of
several weeks to months) in nearly all mineral soils. Available
hvdrolvsis data imply that atrazine could be still more persist-
ent in ground water. currently, atrazine has been detected in
ground water in 18 states. Concentrations in ground water
derived from point sources frequently exceed 20 ug/L (ppb) .
Levels of atrazine in ground water from 14 of 18 of the states
for which monitoring data are available have been found to exceed
the proposed lifetime health advisory (3 ug/L) in one or more
sanples. Many of these findings of atrazine in ground water are
believed to be associated with normal agricultural use and sub-
sequent leaching to ground water (nonpoint source). The available
data are insufficient to determine whether, in general, atrazine
residues in ground water will continue to increase with current
agricultural practices; however, this possibility needs to be
considered. The data indicate widespread contamination of

‘ground water with atrazine and imply that a substantial number

of people might be exposed to levels exceeding the proposed
lifetime health advisory of 3 ppb. It is recommended that the
registrant conduct a large-scale retrospective ground-water
monitoring study to assess the true extent of contamination
by atrazine nationwide. :
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INTRODUCTION

Atrazine is a memher of a large chemical family of
pesticides, the triazine berbicides, which have maintained 2
prominent pasition in the 11.S. herbicide market since the 1950s.
Tn general, the triazine herbicides have characteristics snch as
hiagh persistence in soile, slow hvdrolysis, low. vapor nressure,
maderate wnlubility ir water, and moderate adsorption to soil
organic matrter and clay. These pronerties make triazine herhi-
~ides ~andidates for consideration as potential contaminants
of gronnd water. Atrazine, in particular, has heen found tao
anter qround water in a number of locations throughont the nited
Qtatres from point_or nonpoint sources.

CHEMTéAL AND PHYSICAL PROPERTIES INFLUFNCING THE LEACHING
POTFNTIAL OF ATRAZINE

Atrazine has a solubility of 33 ppm in water at 27 C. 1t
is highly soluble in many organic solvents (Ciba-Geiqy Corporation,
1971). The octanol-water partition coefficient of atrazine is
476 (Kenaga and Goring, 1980). At field application rates, the
potential concentration of atrazine in soil water and ground

.water is very low relative to jts solubility in water; therefore,

water solubility does not limit the leaching of atrazine through
the soil profile and subsurface strata into ground water. Water
solubility of the primary degradates of atrazine in soil fdeethyl-
ated atrazine, deisopropylated atrazipe, and 2-hydroxyatrazine
(Khan et al., 1981; Khan and Saidak, 1981)1; should be greater
than for the parent; therefore, presumably the movement of these
degradates through soil and subsurface strata are also not limited
by their water solubilities. Atrazine solubility in water 1is

high relative to the the proposed lifetime health advisory for
atrazine in drinking water which is 3 ug’/L (0.003 ppm) (U.S.
Environmental Protection Agency, ODW, 1987) or only one-ten-
thonsandth of the solubility limit of atrazine in water.

The hydrolysis rate of atrazine in natural waters is highly-
variable but it could take years to degrade in ground water (Table
1). Evidence for nonbioleogical hydrolysis of atrazine in soils
is the finding of Skipper et al. (1967) that there was no difference
in the degradation rate of atrazine to hydroxyatrazine between
nonsterile and sterilized (autoclaved for 12 h at 121 C) soils
(including A sandy loam with 2.7% organic matter, 18.7 me/100 g
CEC and pH 6.1 and a silty clay loam with 8.0% organic matter,
15.8 me/100 g CEC, and pH 6.3) maintained at 30 C (apparent ly)
with the water content at 100 percent "field capacity" for each
soil. The presence of adsorbents in soil appears to catalyze
atrazine hydrolysis resulting in a much higher reaction rate than
in water alone (Hance, 1967; Armstrong et al., 1967; Armstrong -
and Chesters, 1968). Therefore, with the paucity of adsorbests 1n
ground water matrices (and presumably les microhial degradation)
it is likely that atrazine is generally more persistent in ground

water than in most soils under typical environmental conditions.

-2 N
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Adsorption of pesticides to soil is generally inversely propor-
. tional to pesticide mobility in the soil profile. Soil adsorption
also influences pesticide persistence. Adsorption of atrazine is
A significant dissipation proeess. adsorption partition coefficients
or K. values (coefficient of proportion of solution concentration
to concentration adsorbed at the soil -water interface at equili-
hrium) range from 0.40 to 91.8 and are ¢ 10 for most soils except
peat soils (Table 2). The K__ (the K. divided by the proportion
of oraanic matter relative t3the total mineral content of the
soil) varies from 5.3 tao 300 {excluding an extrenely low organic
matter sand with K_ variably measured as 0 to 2571) with most
values in the 15 t6 200 range. These values are indicative of a
noderate propensity for adsorption of atrazine by soil colleids
and are sufficiently low so that it is expected that some leaching
™ of atrazine might be possible if it is sufficiéntly persistent 1in
s0il.

-9 The vapor pressure of atrazine has been reported to be 3;6 X

10 atmos at 20 :g (Grayson and Fosbggey 1982), and 7.5 x 10
(qu‘C), 3.9 x 10 (20 ~¢), 1.8 x 10 (30 ~C), and 0.30 x
10 (50 ~C) atmos (Jordan et al., 1970). Cohen et al. (1984)
calculated the Henry's Law constant as the vapor pressure of the
pesticide divided by jts water solubility at the same temperature.
Using the above values from the literature for the vapor pressure
of atrazine at 20 ~C, and the water solubility of atrazine at
27 ~C (presumably not substantially different from the water
solubiligg at 20 ~C) Hggry's Law constant is calculated to be
2.3 x 10 to 2.6 x 10 atmos-L/mol.

G

LS
e

ATRAZINE PERSISTENCE IN SOIL

Numerous studies have examined the persistence of atrazine
in natural soils at controlled moisture and temperature levels in
the range of conditions found in the natural environment (Table 3).
First order half-lives or times required for 50 percent disappear-
ance listed in Table 3 range from 20 to 1800 days in soils of a
wide variety of textural classifications containing from 0.55 to
13 percent organic matter. pifferences in the dissipation rate
of atrazine occurred as the temperature and soil water content
varied; Nicholls et al. (1982), Walker (1978), and Walker and
7imdahl (1981) have quantified this effect in particular soils in
simulation models. The available data in the literature also
show marked differences in atrazine dissipation rates in different
soils kept under the same temperature and moisture regimes and
when the same soil is altered in pH or adsorption properties by
the addition of appropriate materials. Allen and Walker (1987)
have demonstrated that the rates of degradation of metribuzin, a
triazine herbicide, in 12 mineral soils are correlated with soil
texture and the Freundlich adsorption constant for metribuzin and
were able to describe most of the variation in first order rate-
constants by multiple regression analysis. The available dat
indicate that similar relationships of atrazine persistence to
the physical and chemical characteristics of soils are likely to

-4-
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be found. Atrazine clearly is sufficiently persistent in most
soils for the possibility of leaching to ground water in measurable
quantities to be considered. Field studies generally report

times for 50 percent disappearance of the applied atrazine of a

few weeks to 2 or 3 months after spring or summer applications
(Tafuri et al., 1978; Walker and Zimdahl, 1981; Wu, 1980; Khan et
al., 1981;: Gavnor and Volk, 1981; Bauman and Ross, 1983; Kells et
al., 1980). Atrazine mav he much more persistent in soil during
the winter months.

Atrazine is not only persistent in soil but is also mobile.
The Office of Pesticide Programs has data showing atrazine,
after application to the surface at normal agricultural rates,
migratinag with the soil-pore water through the unsaturated zone
to a depth of six inches at a concentration in the water drawn
bv lvsimeters of 1 to 2 ppb. Levels found in the ground water
ca. 20 feet below the soil surface at this site were 0.3 ppb
bv several weeks after application. Once in this aquifer,
atrazine was found to be extremely stable (Perry and Eiden, 1987;
cf. Table 1).

ATRAZINE CHEMICAL CHARACTERISTICS AND ENVIRONMENTAL BEHAVIOR
RFLATIVE TO OTHER PESTICIDES FOUND TO LEACH TO GROUND WATER

Parameters related to the ledching potential of atrazine are
summarized in Table 4 as compared to the standard for these
parameters set by Cohen et al. (1984) as indicative of pesticides
with high leaching potential. Adsorption of atrazine is somewhat
stronger than that typical of the leaching pesticides considered
by Cohen et al., the hydrolysis and photolysis rates may or may
not be within their standard depending on the conditions of the
test (Cohen et al., also noted higher variability for photolysis
data and the difficulty of establishing a level indicative of
leaching potential under particular conditions), the criteria for
KOP and water-solubility are met by a slight margin, and the
c%5teria for Henry's Law constant, soil persistence, and
speciation are clearly met. These criteria were empirically set
on the basis of evidence of ground water contamination for -
atrazine and other pesticides; as additional environmental fate
data become available modeling the complex relationships between
these pesticide characteristics and actual degree of leaching and
around water contamination found in the environment should become
possible. '

Tn general, we can conclude that because atrazine is under
at least some ambient conditions highly persistent in soil and
water and is not entirely adsorbed to soil organic matter or
~lay, the potential for leaching to ground water exists.
Furthermore, as discussed in the following section, atrazine
residues already have been reported in ground water in a number-
of states. The available data strongly suggest that once <
atrazine does reach ground water it is likely to be quite
persistent in most ground water environments.

-8~
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Table 4. Environmental Fate-Related Characteristics for Atrazine
Compared with those of Typical Leaching Pesticides as
Determined by Cohen et al. (1984).

Atrazine A Cohen ot al. Standards
characteristics’ for Leaching Pesticides
Kd N.4 to 91.8, < 10 ¢ 5, usually less than
) for most soils. 1 or 2
Koo 5.2 to 300, most values ¢ 300 to 500
between 15 and 200.
Water 33 > 30
Solubility,
ug/mL
Hydrolysis Nonsterile buffer sltn.: > 175
rate; half- 42 to > 1000 (pH 5 to
life, davs 10, 25-30 ©eC)
Henry's Law 2.5 x 1070 ¢ 10°° 4
Constant \
(atmos-L/mol) el
Photolvsis; In water: >.7 (preferably meas.
half-life, a' 1 (pH 6.8, 15 ©C) on soil surf. or 1in
days b) Direct photoly. very water)

low
c) 8% degradation in
135 min. (50 ©C)

Soil 27 to > 365 days > 14 or 21

persistence {natural soils, 14 to
half-~life, 25 ~¢)
days
Speciation Ring N atoms have Fully or partially
partial negative charge, negatively charged <
pka = 1.68 at ambient pH.

3yalues are based upon data discussed previously in the text

with an emphasis on data collected under typical environmental
conditions, except that: (1) photolysis data not discussed
previously are from: (a) Burkhard and Guth (1976), (b) Wolfe et
al. (1976), and (c) Khan (1978); and (2) speciation information
is taken directly from the discussion by Cohen et al. (1984).
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REPORTS OF ATRAZINE RESIDUES IN GROIND WATER

The occurrence of atrazine residues in ground water has been
documented in at least 18 States including over 1200 of at least
4300 samples containing 0.1 up to 550 ppb (ng/mL) (point source)
ar up to 33 ppb of atrazine when the source appeared to be nonpoint
(Table 5). Specific discussion of the significance of some of
these data follows.

The maximum residue concentration of 550 ppb occurred in a
sample from a private well near Green Bay, Wisconsin., Concentra-
tions exceeding 100 ppb (the proposed 10-day health advisory is
100 ppb) have also been found in ground water in other locations
in Wisconsin and in Michigan and North Carolina. Residues at
such levels in Wisconsin are clearly associated with point sources,
primarily pesticide storage facilities in agricultural communities
(David A. Belluck, Wisconsin Department of Health and Social
Services, Madison; 1987, personal communication). Such point
sources are of special concern to the Office of Pesticide Programs
because they are associated with registered agricultural uses in
that they represent the sales distribution centers for the agricul-
tural uses of pesticides. The high residues found in some samples
from private wells in Hillside and St. Joseph counties, Michigan
(Ciba-Geigy, 1987a) remain unexplained; in many samples taken
from the same wells a few weeks apart, no atrazine was detected.
High residues found in Greensboro, North Carolina (Ciba-Geigy,
1987f) were associated with leaking fuel oil from underground
storage tanks. :

Several of the available ground water monitoring studies
provide evidence for nonpoint source contamination of wells with
atrazine. The Big Spring Basin study in Clayton County, Iowa
(Hallberg et al. 1983; Table 5) assessed atrazine residues in karst-
carbonate aquifers in northeastern Iowa. About 11 percent of the
basin drains entirely to sinkholes. Therefore, hydrogeology of
this study area makes the ground water quite vulnerable to conta-
mination by agricultural chemicals applied to the surface. All
54 samples in this survey were taken in 1982 of the 41 samples
taken in June or July after normal agricultural applications of
atrazine 21 contained detectable residues of 0.06 to 0.64 ppb :
with a mean positive concentration of 0.16 ppb. By contrast, Big
Spring was sampled on a weekly to biweekly basis from October
1981 to January 1984 (Hallberg et al. 1984); of 108 samples 103
contained detectable residues of 0.1 to 5.1 ppb. For the 1983
water year, the flow-weighted mean concentration in Big Spring
ground water was 0.28 ppb, while the mean of all analyses was
0.72 ppb. '

In a survey of existing domestic water supply wells in Floyd
and Mitchell counties, Iowa, samples were taken approximately
monthly from February to December 1983 from each of the 19 wells.
Atrazine was not detected in 13 deep bedrock -(> 50 ft depth) .
region samples, occurred at 0.1 to 0.85 ppm in 17 of 29 shallow
bedrock (< 50 ft depth) region samples, occurred at 0.1 to 0.25
ppm in 5 of 23 karst region samples, and at 0.1 ppm in 1 of 20

-10-
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incipient karst region s?mples. Land use information gathered
for this survey indicates that these sites represent areas where
only nonpoint sources are available for leaching to ground water.

Postle (1987) reported on atrazine residues in monitoring
wells installed in sandy outwash soils along the lower Wisconsin
River and the Central sands area in Wisconsin, both regions with
ground water considered susceptible to contamination by pesticides.
The data summarized in Tahle S5 are from 13 agricultural fields
where ground water was sampled from three wells each drawing
water at different increments helow the water table; the denth ta
qronnd water in these fields was 5 to 12 feet.

Klauseus (1986) found significant contamination (up to 31 ppb
atrazine) of wells they surveyved throughout Minnesota which were
selected for sampling primarily based upon relatively high
hvdrogeologic vulnerability.

The California Well Inventory Data Base (Brown et al. 1986)
provides some insight into the extent of contamination in the
state. For many of the nearly 1000 wells sampled in 30 counties
included in this data base it was apparently determined that any
atrazine residues which occurred were from a nonpoint agricul-
tural source. The maximum confirmed concentration of atrazine in
ground water from any of these wells was 10 ppb. Only 8 percent
of the wells in four counties had detectable residues in the
samples collected, however, typical detection limits were not
specified in their report. although suggesting that normal agri-
cnltural use has resulted in the contamination of ground water at
a level up to a few ppb in four California counties, this data
base, like the others discussed previously, is not representative
of state-wide contamination since sampling was clustered around
densely populated areas and data were collected by different
agencies with different subjective criteria for determining where
to take their samples.

Only the Kansas and Vermont studies listed in Table 5 were
truly statewide studies and appear to be fairly representative of
the extent of contamination of wells used for drinking water and
in active agricultural areas of their respective states. aAlthough
the percentage of sites with atrazine application is not at pre-
sent available for the Vermont survey, it presumably 1is large
since this survey included only sites planted to corn, a crop
for which atrazine is a major herbicide. In Kansas, 70 percent
of the farmers reported using atrazine. Only for 3 percent of
the wells in each state did any of the collected samples bear
detectable atrazine residues (more than 1 ppb).

The proposed lifetime health advisory for atrazine in drinking
water, 3 ppb, is exceeded in numerous samples from 14 of the 18
states for which ground water monitoring data are currently avail-
able. The available ground water data were,.for the most part,-
gathered by systematic selection processes for sites more likely
to vield high levels of ground water contamination by atrazine,

therefore, no definitive conclusions can be made at this time

-16-
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about the extent of occurrence of atrazine residues in ground
water nationwide. WNevertheless, the data do indicate widespread
contamination of ground water with atrazine and do imply that it

is possible that a substantial number of people night be exposed

to levels exceeding the proposed lifetime health advisory of 3 pph.
With some drinking water wells with atrazine levels exceeding 100
ppb, it is certain that at least some individuals are receiving

an exposure to atrazine throngh drinking water that exceeds the
proponsed 10-day health advisory (currently the proposed l-day
health advisory, in the absence of appropriate data, 1s also 100

ppbh).

CONCTLUSTONS

The available data indicate that atrazine is sufficiently
persistent in nearly all, if not all, mineral soils so that the
lack of occurrence of measurable residues in ground water resulting
from normal agricultural practices cannot be assumed a priori
regardless of the hydrogeologic setting. Furthermore, the water
solubility is sufficiently high, the octanol-water partition
coefficient is sufficiently low, the vapor pressure 1is sufficiently
low, and the soil adsorption constants are sufficiently low (for
most soils) such that the potential for leaching of measurable
residues to ground water should be considered. Based upon the
available hydrolysis data, including limited data on hydrolytic
stabilityv in actual ground water, it, is evident that once atrazine
enters ground water, this chemical could persist for many years.

Tn areas where there is a continual addition of .atrazine to the
soil surface and leaching to ground water occurs to any significant
extent, the possibility of a buildup of the concentration of
atrazine in ground water after many years of use must be
considered.

The irregular nature of the data base on occurrence of
atrazine residues in ground water nationwide precludes any
possibility of making coriclusions about the extent and magnitude
of atrazine residues in United States ground waters. There 1is
evidence that atrazine in ground water can reach a very high =
level with point sources; more needs to be done to prevent
leaching of excessively high levels of atrazine to ground water
from sites such as agricultural chemical commercial facilities as
has already been demonstrated to be a widespread problem in
Wisconsin (D.A. Belluck, 1987, personal communication; Holden,
1986; Ciba-Geigy, 1987b). To date, most of the occurrences of
atrazine residues in ground water exceeding a few ppb, if not
agssaciatred with point sources, can be attributed to normal agricul-
tural aoplication of atrazine in an exceptionally vulnerable
hvdrogeological setting. Additional data are needed to define
more clearly the circumstances under which atrazine can be expected
to cantaminate ground water at such levels. Should these levels
be considered an unacceptable risk to humans based upon the Roxi-
calagical issues such as the cancer potency factor for atrazine,
restriction of atrazine use to hydrogeologically less vulnerable
areas might be needed to reduce the risk to the genera) population

N\
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