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Atrazine is a white, crystalline, solid synthetic organic compound (SOC).  It is a widely used herbicide for control of broadleaf and grassy weeds. Atrazine (2-chloro-4-ethylamino-6-isopropylamine-1,3,5-triazine) was estimated to be the most heavily used herbicide in the United States from 1987 to 1989, with the most extensive use for corn and soybeans in Illinois, Indiana, Iowa, Kansas, Missouri, Nebraska, Ohio, Texas, and Wisconsin.  Atrazine is also used on sorghum, sugarcane, wheat stubble, guava, macadamia nuts, hay, pasture, summer fallow, forestry or woodlands, conifers, woody ornamentals, Christmas trees, sod, and residential and recreational turf, such as parks and golf courses (especially in Florida and the Southeast).  Beginning in 1993, the use of atrazine was greatly restricted, but it is still one of the two most widely used agricultural pesticides in the United States.  In 2001, the U.S. Environmental Protection Agency (USEPA) estimated that approximately 64 to 75 million pounds of the herbicide are applied per year.

Atrazine was first registered in 1958 and may be sold under many trade names including: Aatrex, Actinite PK, Akticon, Argezin, Atazinax, Atranex, Atrataf, Atred, Candex, Cekuzina-T, Chromozin, Crisatrina, Cyazin, Fenamin, Fenatrol, Gesaprim, Griffex, Hungazin, Inakor, Pitezin, Primatol, Radazin, Strazine, Vectal, Weedex A, Wonuk, Zeapos, and Zeazine.  

Human Health Effects and Exposure

USEPA has found atrazine to potentially cause the following health effects when people are exposed at levels above 3 parts per billion (ppb) for relatively short periods of time: low blood pressure, muscle spasms, weight loss, damage to adrenal glands, and congestion of heart, lungs, and kidneys.  Atrazine has the potential to cause the following effects from a lifetime exposure at levels above 3 ppb: cardiovascular damage, weight loss, and degeneration of the retina and certain muscles.  USEPA is continuing to investigate the potential of atrazine and its degradation products to disrupt the endocrine system, reproductive functions, and reproductive development.

In the late 1980s, USEPA classified atrazine as a “possible human carcinogen.” In June 2000, an Agency science advisory panel recommended that atrazine be reclassified as “not a likely human carcinogen.”  In May 2002, USEPA reaffirmed its preliminary findings that atrazine is “not a likely human carcinogen.” (USEPA 2002)  

Atrazine may be released to the environment in wastewater through its use as an herbicide and from manufacturing facilities.  Microbial activity and other chemicals may break down atrazine in soil and water, particularly under alkaline conditions.  Sunlight and evaporation do not reduce its presence.  The chemical may bind to some soils, but it generally tends to leach to ground water.

USEPA believes that the primary source of human exposure to atrazine residues is through drinking water.  USEPA recently released a revised exposure study of atrazine in drinking water.  Atrazine was the second most frequently detected pesticide in USEPA’s national survey of pesticides in drinking water wells.  Atrazine’s frequent detection in aqueous systems is related directly to both its volume of agricultural usage and its tendency to persist in soils and move with water.  The highest concentrations of atrazine in water are typically seen in the Midwest, where the majority of the chemical is used on corn.  Atrazine levels in source water usually increase after the herbicide is applied in the spring, especially in surface water.

When applied in the field, the recommended application level of atrazine ranges from 2,500,000 to 29,300,000 ppb (Ciba-Geigy, 2001).  Atrazine has been found as high as 21 ppb in ground water, 42 ppb in surface waters, 102 ppb in river basins in agricultural areas, up to 224 ppb in Midwestern streams, and up to 2,300 ppb in tailwater pits in Midwestern areas (Kolpin et al. 1997, Battaglin et al. 2000).  Atrazine can be found in excess of 1 ppb in precipitation in localities where it is not used, and up to 40 ppb in rainfall in Midwestern agricultural areas (Nations and Hallberg 1992, van Dijk and Guichert 1999, Thurman and Cromwell 2000).

Treatment

The use of granular activated carbon (GAC) or powdered activated carbon (PAC) is the treatment method designated by USEPA as the best available technology (BAT) for removing atrazine from drinking water.

Atrazine can also be removed by nanofiltration and by microfiltration and ultrafiltration processes in conjunction with PAC.  Water treatment processes generate wastes that also require disposal.

Regulation

The maximum contaminant level goal (MCLG) for atrazine has been set at 3 ppb.  Based on this MCLG, USEPA has set a maximum contaminant level (MCL) of 3 ppb.  USEPA’s current chronic oral reference dose (RfD) for atrazine is 0.035 mg/kg/day.  The Agency has proposed a revised RfD for atrazine of 0.018 mg/kg/day based on neuroendocrine effects.  The RfD estimates the amount of a contaminant (per kilogram of body weight) that people (including sensitive subgroups) could be exposed to daily for a lifetime without appreciable risk of adverse effects.  A change in the RfD for atrazine could result in a change in the MCLG and possibly the MCL as well.

As the result of a lawsuit in which Ciba-Geigy sued USEPA over the atrazine standard, the court decided in 1995 that USEPA must reconsider the atrazine MCL.  Since that time, USEPA’s Office of Pesticide Programs (OPP) has been reviewing all triazine pesticides, including atrazine.  USEPA has concluded that the following triazine-containing pesticides should be included in a common mechanism group and thus considered by means of cumulative risk assessment: atrazine, simazine, propazine, and the degradants diaminochlorotriazine (DACT), desethyl-s-atrazine (DEA), and desisopropyl-s-atrazine (DIA).  The OPP made this common mechanism of toxicity determination based on evidence that these pesticides act in the same manner to produce consequent effects on reproductive functions and reproductive development.  USEPA's determination was subject to a 60-day public comment period that closed June 2, 2002, and comments are being reviewed by the Agency.

USEPA’s Office of Ground Water and Drinking Water has been waiting for the results of the OPP review prior to deciding whether to revise the atrazine MCL.  On April 17, 2002, USEPA summarized the current status of the six-year health effects review for atrazine and other chemical National Primary Drinking Water Regulations.  On May 6, 2002, USEPA released for public comment a revised risk assessment for atrazine, with public comments due July 5, 2002.  When finalized, the Agency will use this risk assessment in determining whether or not to revise the current atrazine standard.  USEPA is working to comply with an amended consent decree with the Natural Resources Defense Council (NRDC) that sets January 31, 2003 as the deadline for the re-registration eligibility decision for atrazine as a pesticide.

A recently published study suggests that atrazine exposure during larval development of frogs causes certain developmental effects (Hayes et al. 2002).  USEPA sees “compelling evidence” in this study linking atrazine and endocrine disruption in frogs, however, industry representatives question the validity of the results.  Potential endocrine-disrupting effects of atrazine in amphibians and aquatic species are being considered as USEPA develops ambient water quality criteria for atrazine.  Evidence of endocrine-disrupting effects in humans was also considered in USEPA’s revised risk assessment mentioned above.
To detect atrazine in water, samples should be taken and analyzed using gas chromatography (GC) or GC mass spectroscopy (MS) techniques following one of the following USEPA methods: 507, 525.2, 508.1, 505, or 551.1.  Analysis for atrazine costs approximately $275 per sample at a certified laboratory, depending on the analytical method employed.

USEPA requires routine monitoring for atrazine.  Initially, ground and surface water systems must take four quarterly samples for three years.  If atrazine is not detected during the initial period, for systems serving more than 3,300 persons, USEPA requires two quarterly samples per year.  If atrazine is not detected during the initial period, for systems serving 3,300 persons or fewer, USEPA requires one sample per three years.  If atrazine is detected at 0.001 mg/L or greater, the system returns to the initial monitoring frequency. 
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