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Why study mercury?

= Ranked 3@ on U.S. Agency for Toxic
Substances and Disease Registry
(ATSDR) priority list of contaminants.

= Mercury is atoxin with effects on
humans and wildlifeat low levels of
exposure

= Pregnantwomen,children,and avid
seafood consumers most at risk

» Humanexposureto mercuryinthe US
Is largely through consumption of fish.

= 80% of the US fish consumption
advisories are for mercury

(ATSDR2011,NFLA 2010,Karagasetal. 2012 By Frits Ahlefoldt
Environ. Health Persp.; UNEP 2018)



Hg Risk to (piscivorous and
Insectivorous) Wildlife

by JASpendefon

Effects: hormones, reproduction, motor skills

Photos from Biodiversity Research Institute



The Mercury Cycle Hg® (Elemental) Eversetal. 2011
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Dragonflies as Bioindicators of Mercury Exposure

Life cycle of a dragonfly



Filter by National Park Unit Filter by Family

| (A) - | [can .
Libellulidas/Corduliida Gomphidae |
1,000
3 100
=
£
[y
E 10
& J 3
= #
§ Cordulegastridas
= 1 000 r=0.83
i .
c
i
100
10 - i
10 100 1,000 10 100 1.000 ‘\—r
! ’ ® Mapbox & OSM penStreetMap b A ]
Dragonfly Larvae Total Mercury (ng'g dw) !
F
£
[ o5
=
g
= 120
k.
g
o
il
o 100
80

Asshnldas Macromildas Cordulegastridas Liballulidss/Corduliidas Gomphidas



The Dragonfly
Mercury Project

A citizen science framework for monitoring
mercury pollution in U.S. national parks using
dragonfly larvae as biosentinels.

Published June 2020
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https://www.nps.gov/articles/about-the-
dmp.htm?utm_source=article&utm_medium=website&utm_campai
gn=experience_more&utm_content=small DMP Storymap; https://geonarrative.usgs.gov/dmp/



Dragonfly Mercury Project: 2009-2019
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Distribution of Dragonfly/Fish Mercury

A National-Scale Assessment of Mercury Bioaccumulation in United
States National Parks Using Dragonfly Larvae As Biosentinels
through a Citizen-Science Framework

Collin A. Eagles-Smith,* James J. Willacker, Sarah J. Nelson, Colleen M. Flanagan Pritz,
David P. Krabbenhoft, Celia Y. Chen, Joshua T. Ackerman, Evan H. Campbell Grant,
and David S. Pilliod

Eagles-Smith et al. 2020, Env. Sci. Tech.



National Park Unit

Distribution of Dragonfly/Fish Mercury
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» >450 sites spanning 100
National Parks across all
50 states

» Sample 2009-2018

» range of concentrations
10.4-1411 ng/g DW

» Upper Valley sites at
Marsh-Billings and St.
Gaudens

» No regional pattern

» Colors:
» Western — orange
» Central — blue
» Eastern - green

Eagles-Smith et al. 2020, Env. Sci. Tech.



Distribution of Dragonfly/Fish Mercury

Primary Habitat

» Concentrationsin flowing
waters > still water

2
> b . » Concentrations higherin
E 2 waterbodies with wetlands

Secondary Habitat

250 - » Least square means accounts for
effects of family, ecoregion site, and
year
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Eagles-Smith et al. 2020, Env. Sci. Tech.



Integrated Impairment Indices

1 o @ Aeshnid-equivalent
Integrated Impairment Index >

os
. Sub-impairment
0%

. Low impairment

04
! s ‘ ’ .J Moderate impairment
02

Curmuliive frecaescy

@ High impairment

® Severs impaimment

10 m w
Acshnid.equiviiest THY (ng'g dw)

o
. @ O%
?} - s ® : -

Impairment indices
based on:
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geometric mean
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» Site-year
» Association with Hg
exposure in fish and
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Cumulative frequency
distribution = % of sites
in each category

High impairment
throughout country and
in remote places.

Eagles-Smith et al. 2020, Env. Sci. Tech.



Dartmouth Dragonfly Mercury Project 2010 -2022

_4 % | = |nitial collaboration with Schoodic Institute
ol and University of Maine in 2010

= NH and VT high schools

= Collaborate with teachers
» Teach students sampling protocols
= Help students develop testable questions

» Field sampling in September-October

» Data analysisin December

= Symposium held at Dartmouth in January:
= Keynote speaker

» Student poster presentations
= Parents and families invited
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** Former sites in NH and VT high schools

+*New sites in Green Mountain National Forest (VT)
and White Mountain National Forest (NH)

+»» Addition of water quality data collection

+* Collaboration with AMC and US Forest Service




Mercury Analysis at Dartmouth

 Taxonomy check
* Direct Mercury Analyser
Intercalibration with USGS

11136

r

,
: §i=§|
=

‘l
!




Data from 2021-2022

FEMC Dragonfly Mercury Concentrations
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Merrimack River Dragonfly Mercury Program

Deep community engagement for the
success of this project
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Lowell & Lawrence, MA are EJ

s’EPA EJSCreen EPA's Environmental Justice Screening and Mapping Tool (Version 2.0)
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Lake Champlain Mercury Community Science
Project 2023-2024

D

@]
Sea [ant] —*me—

Lake Champla in Basin Program

* Collaboration with Lake Champlaln Watershed Alliance; 2 education
coordinators

e 2-day training workshop at Dartmouth on June 26-27, 2023

* On-line and in-person support throughout the school year for in-
class presentations, sample collection and student research projects

* Sampling supplies and shipping for mercury analysis

* Feedback and 1-day refresher workshop in June 2024




Thank you!

Christine Gardiner, Research Technician
Kate Buckman, Post-Doc, Research Scientist
Hannah Roebuck, Research Technician

AMC
Nate Schumacher

Collaborators
Colleen Flanagan Pritz, National Park Service
Collin Eagles-Smith, US Geological Survey

Funding Sources

National Institute of Environmental
Health Sciences

Wellborn Fund (NH Charitable
Foundation)

Forest Ecosystem Management
Cooperative

US Environmental Protection Agency
Parker Foundation

Lake Champlain Basin Program

Lake Champlain Sea Grant






Patterns in Dragonfly Larvae are not Declining
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ME98, Acadia, from 1997-2020. Smoothed lines are derived using
LOESS regression methodology and the shaded area
represents the 95% confidence interval.
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Aeshnid equivalent THg concentrations in dragonfly larvae over time.
Each data point comprising the boxplots represents the geometric
mean THg concentration of a site during the specific sampling years
(site-year).

Burton et al. in review, Ecotoxicolgy
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