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Synthetic Chemicals Are a Global Stressor: Risk
Changes Over Time
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What is the Condition of Rivers and Streams in
the United States?
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The NRSA report finds that many of our rivers and streams do not suppeort healthy aquatic
communitien,

Biological condition: 46% of our nation’s rivers and streams are in poor hiological
condition, with 25% in fair condition and 28% in good condition, Benthic
macroinvertehrates  o.g., aquatic insects, crayfish, snails and worms that live in
submerged vegetation and in the streambed -- are used to Assess hiological
condition. Poer hiological condition can lcad to loss of fishing and reccreational
apportunitiens,




Regional Stream Quality Assessments
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Land Use by RSQA Region
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RSQA Data Collection

Sites: 75-100 wadeable streams per region
* Water and sediment quality sampling

Dissolved:

[ Weekly water samples (n=4 per site)
[ 225 pesticide compounds by LC-MS/MS

Hydrophobic:
[0 Composite bed sediment sample
[0 119 pesticide compounds by GC/MS
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 Ecological survey: (summer) :
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Link the Landscape to Stressors of Stream
Ecosystem Health

Contaminants: Sediment:

HQs (sediment) Suspended Canopy cover
Chronic HQs sediment loads Sand content
(pestic./water) Sediment grain-size N, P loadings
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Urban and Agricultural Land Uses are
Important to Pesticide Distributions in US
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Is there an urban pesticide signature? Urban streams in five U.S. regions ‘ EQDWH[] En HI. o e o e 50 Tt 0 6

share common dissolved-phase pesticides but differ in predicted 1BNCe & lechnology

aquatic toxicity Linking the Agricultural Landscape of the Midwest to Stream Health
with Structural Equation Modeling
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Pesticides were Important Predictors of Stream
Invertebrate Communities in all 5 Regions

Midwest Southeast Northwest Northeast California

EPT Richness

basic water quality
flow alteration
nutrients
contaminants
habitat

Multi-metric
Index (MMI)

Multiple in-stream stressors degrade biological assemblages in five
U.S. regions
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Imidacloprid was the Most Detected Insecticide
In U.S. Streams

Pyrethroids, 1 Carbamates,
12%

Organophos
phates,

# of detected compounds in last 4 weekly
samples. Reported as % of detections
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Coastal California Streams are a Mix of Neonicotinoids

Detection frequency Mean (max conc./ EPA
benchmark)
Sum of all pesticides 7% 7.47
Sum of all neonicotinoids 72% 7.03
Acetamiprid 5% <0.01
Clothianidin 45% 1.43
Dinotefuran 61% <0.01
Imidacloprid 42% 5.57
Sulfoxaflor 2% <0.01
Thiacloprid 0% 0.00
Thiamethoxam 32% 0.03




Do Neonicotinoid Mixtures Impair Invertebrate
Communities in Streams?

Landscape: human deve
opment cau hemic

* Difficult problem:
« Other pesticides
« Covariates E2H (=

= " Riparian Altered flow Pesticide
St ors: the and temperature
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. C O - I I I I l Itl I l fa Cto rS factors that degrade toxicity index
biological conditions in

the streams, as indicated Ammonia, nitrogen, Pyrethroid
and phosphorus

by ecological modeling cticides

 Interactive effects

Bed sediment
contaminant index

Biological condition: biota

living in the streams respond
to different combinations of

depending on the
sp! and conditions in
each stream.




Experimentation Can Improve Cause-Effect
Associations

© Steve Hopkin / www.ardea. com




Mesocosm Bridge the Credibility Gap Between
Bioassays and Field Observations

Ecosystem Petri dish

Community
Beaker

Population

Individual Mesocosm

Organ
Field
Cell observations
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Montana Experimental Stream Observatory (MESQO)







Montana Experimental Stream Observatory (MESQO)
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Effect of Neonicotinoid Mixtures: Lab (MESO)
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Effect of Neonicotinoid Mixtures:
Field vs Lab
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Aquatic Insects are Important to Terrestrial
Ecosystem Too!
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Neonicotinoids Disrupt Aquatic Insect Emergence

IMI+ CLO

control 0.01 1 = Control 0.01 1 (uailiter)

: . == Control 0.005 + 0.005 05+05
{
0001 b —i4g Clothianidin (pg/liter) 0.001 07 = 4p

I lopri fliter)
NeC OIC Lo Wi 2 — 00005+0.0005 0051005 — 5+5

~
Y

—
n
o
—
=
Q
o
=
2
D=
=
2
3
-
@
A=
W
o
c
@
=)
o
@
=
@
©
2
5
i
=
E
S
O




Neonicotinoids Mixtures in Streams have
Ecological Consequences

Imidacloprid was observed in 32% of US streams
Mixtures of neonicotinoids were common, where measured

The most common neonicotinoid mixtures (Clothianidin +
Imidacloprid) caused synergistic effects in the lab and field

Neonicotinoids limited aquatic communities in 4 of 5 regions
studied

« Agriculture and urban land uses were associated with pesticides
and effects to stream ecosystems

a USGS



Follow Up and Questions
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Multiple lines of evidence point to pesticides as stressors affecting
invertebrate communities in small streams in five United States regions
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R?=0.36

R?=0.17
Imidacloprid ChlA
(ng/L) (ug/cm?)
-0.83 -0.41 ns

Scraper biomass
(ug dw/cm?)
R?=0.70

Fisher’s C = 1.794, p-value = 0.408, df = 2

Clothianidin ChlA
(ng/L) (Hg/cm?)
-0.94* 0*

Scraper biomass
(Mg dw/cm?)

R2._.. N QQ
n =VU.00

Fisher’s C = 2.292, p-value = 0.318, df = 2

R2 = 0.40
IMI:CLO ChIA
(ng/L) (ng/cm?)
-0.89 20.63*

Scraper biomass
(ug dw/cm?)
R2=0.80

Fisher’s C = 4.481, p-value = 0.106, df = 2

Imidacloprid Clothianodin IMI:CLO
(ng/L) (ng/L) (ng/L)
-0.29 ns -1.02* -0.65* -0.99* -0.43 ns -0.79*
Predator biomass —) Prey biomass Predator biomass Prey biomass Predator biomass —) Prey biomass
2
(ugdw/em?) | 514 ne (ug dw/cm?) (g dw/cm?) | 3757 e (g dw/cm?) (ugdw/em?) | 549 e (g dw/cm?)
R?2=0.08 R2=0.97 R?=0.43 R?=0.99 R?=0.18 R?=0.79
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