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Atrazine

• Use is highly regulated in Vermont. All products are state or federally
restricted for use only by certified applicators.

• Only allowed for agricultural uses.

• All atrazine product labels have additional environmental restrictions
for ground & surface water protection. (e.g., cannot be used with
200’ of lake or reservoir)

• In addition to product label restrictions, the VT RAPs have field buffer
requirements (to water) to prevent soil erosion and runoff.



Atrazine

• Atrazine half-life in soil (approx. 150d); relatively stable in water (does
not break down)

• Bioconcentration in aquatic organisms is low to moderate, therefore
not likely to accumulate

• On the first list of pesticides to be reviewed for endocrine disruption
by US EPA

• Weight-of-evidence report was released by the US EPA in June 2015
based on required endocrine disruption studies.



EPA integrates and interprets all of the endocrine disruptor-related
hazard data in consideration with other available hazard information:

• performs a hazard assessment to identify potential health effects that
may occur from different types of chemical exposure;

• conducts an exposure assessment by looking at the amount of
chemical to which wildlife or humans are likely to be exposed; and

• performs the risk assessment through which EPA integrates the
information about the potential harm of a chemical with the
likelihood that someone or something will be exposed.

Based on the endocrine results from the Tier 1 assessment, additional
studies for atrazine were not recommended because it was unlikely to
impact the US EPA’s human or ecological risk assessment.

The Endocrine Disruption Studies Process by the US EPA



Endocrine disrupting chemicals are ubiquitous in our
environment

To name a few…
• DDT
• PCBs
• Dioxins
• Plasticizers (e.g., bisphenol-a)
• Flame retardants
• Phytoestrogens*
• Some pesticides (e.g., Atrazine, TFM)
• Pharmaceuticals (synthetic estrogen)
• Personal care products



Plant Sources of Phytoestrogens

Alfalfa Carrots Mint Wheat

Anise Fennel Nuts Yams

Apples Flax Oats

Barley Ginseng Pomegranates

Beans Hops Rice

Clover Lentils Sesame

Coffee Licorice Soybeans

Common Food Sources
Often Includes Seeds & Oils



Sources that have been associated with
EEDCs in surface waters
• Wastewater treatment facilities (permitted discharges)

• Pulp & paper mills

• Agriculture land use

• Other polluting activities by humans

(spills, unpermitted discharges, septic systems)



THE STUDY

A reconnaissance study: a few samples from a
lot of different places in 2008->2010



Looked at:
• Fish for biomarkers of exposure to estrogenic endocrine disrupting

chemicals (EEDCs).
• Intersex: Presence (Yes/No) and Severity (Scale of 1-4)

• Vitellogenin: protein in blood plasma, created in liver and moved to plasma-
associated with immunity and egg yolk precursor

• GSI: (weight of gonads/weight of body weight) x 100

• Other factors, age, length

• “Estrogenicity” in wastewater effluent samples. Estrogenic activity was
detected in 100% of WWTP effluents.

***When possible, attempted to pair impacted and non-impacted sites. i.e., one
downstream from a WWTP, one upstream with a dam in between***



Did not look at:

• Water samples were not tested for specific EEDCs.

• No chemical analyses.

• No correlation to atrazine.

• No in-depth analysis of land uses near wildlife refuges.



Intersex in fish

• Presence of cells (oocytes) in the testes

• Results from endocrine disrupting chemicals
• Also occurs naturally in about 10-14% of fish or SMB? (Iwanowicz et al 2016)

• Other causes of intersex in fish (Schwarz et al 2006)

• Senescence

• Genetic abnormalities

• Radiation

• Temperature changes

• Hybridization

Taken from Iwanowicz et al 2016



(1) Single oocyte per field of view (B)

(2) Multifocal, more than one oocyte
per field of view, but oocytes not
closely associated (C)

(3) Cluster groups(2–5) of oocytes
closely associated with each other
And

(4) Zonal, multiple clusters or more
than five closely associated oocytes

Taken from Iwanowicz et al 2016

Intersex Severity
(ratings: 1-4)



Missisquoi River
Study Sites

WWTF



Results: Smallmouth Bass & Percent Intersex

Expected natural level
of intersex in male SMB

BL1
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Results: Intersex Severity in Smallmouth Bass



Results: Vitellogenin in Smallmouth Bass Plasma



Results: % Intersex in Largemouth Bass



Summary Results: Missisquoi River Study Sites
(VT Specific Data)

Site Name Site Description % Intersex Intersex Severity Vitellogenin mg/mL Species

MSQ1

Missisquoi River

5km

Upstream Swanton Dam Swanton-

Highgate

72 % 0.3 0.7 +/- 0.20 SMB

MSQ2

Missisquoi River

6km

Downstream Swanton Dam Swanton-

Refuge

65 % 0.6 0.65 +/- 0.15 SMB

MSQ3
Gander/Goose Bay

@ Lake Champlain
ND ND ND LMB



So what?

• Throughout study SMB demonstrated higher levels of intersex. Could be related to
habitat, species sensitivity or something else…

• Largemouth bass collected from other surface waters in the northeast exhibited
biomarkers of exposure to EEDCs. Largemouth bass from Lake Champlain exhibited no
biomarkers.

• All smallmouth bass collected from surface waters in the northeast exhibited biomarkers
of exposure to EEDCs.

• Of all northeast sites, Vermont smallmouth bass had the lowest intersex prevalence and
severity of all fish in study. Other sites in the study were selected because they had no
AFO, WWTP or paper mills or other industrial impacts.

• Vermont smallmouth bass had elevated levels of a protein in blood plasma, noticeably
more than other sites. This protein is associated with exposure to these EEDCs. The
protein may have other sources (microbes), and may even provide a protective effect
against intersex occurrence. A research question at this point.



So what?
• The paper is looking at effects associated with an entire class of chemicals-EEDCs.

Atrazine, is only one of any number of natural and human-made EEDCs.

• No chemical tests were done to determine EEDC type/quantity, could have been
any of them.

• There are & have been known point source contributors of EEDCs into Lake
Champlain & Missisquoi river to associate all estrogenic activity to atrazine is
invalid.

• No conclusions about agricultural land use and intersex can be made from this
study. In fact, at some sites they selected/sampled because they had no known
impact of a potential source (AFO, WWTP, paper mills or urban land) there was
actually more evidence of intersex than at its paired “impacted” site. The authors
note this in the paper.

• It is important to note that other areas where researchers have conducted
studies have entirely different ag systems then VT.



TFM-Lampricide treatments



TFM-Lampricide

• Missisquoi treated in November 2008



Missisquoi treated with TFM November 2008



Raw Water after TFM treatment in Missisquoi


