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EVALUATING AVOIDANCE AND OTHER BEHAVIORS
IN DEVELOPMENT OF A SEDIMENT AVOIDANCE TEST
FOR ASSESSING REMEDIATION OF CONTAMINATED

SEDIMENTS.
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DISCLAIMER

DISCLAIMER: THE VIEWS EXPRESSED IN THIS
PRESENTATION ARE THOSE OF THE AUTHOR(S) AND DO
NOT NECESSARILY REPRESENT THE VIEWS OR POLICIES
OF THE U.S. ENVIRONMENTAL PROTECTION AGENCY.
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In addition to my co-authors, I’d like to thank…  


4! WHY FURTHER DEVELOP SEDIMENT
AVOIDANCE TESTS?

« Potential of being fast, cost-effective tool to screen for ecological risk at
contaminated sites. > 500,000 contaminated sites — few $$. (24-48 hrs. vs 7
(acute) — 56 (reproductive) days).

* Previous success with an earthworm avoidance test. Now an international
standard (ISO 17512-1).

e Some successes with sediment avoidance tests. However, much less data /
literature. No standardized test for fresh water sediments.

« U.S. EPA works at a wide variety of sites. Has the opportunity to
comprehensively characterize the relationship between avoidance and toxicity
for a range of chemicals and soil/ sediment types.
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Presentation Notes
Emphasize ‘Further’ in the title.  Not brand new idea. Earthworm avoidance - Proud to have had one of the first articles on this.  Some of sediment avoidance research for salt water sediment & organisms.


TEST ORGANISMS

Chironomus dilutes, Hyalella azteca, Lumbriculus
variegatus. Large adults.

Same aquatic macroinvertebrates used in EPA std.
ecotoxicity methods (100.1, 100.2, and 100.3).

Allows easy comparison with acute and
reproductive toxicity.

Widely found in sediments, ecologically relevant.
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Chironomid, amphipod, oligochaete. 


« Same chambers used in
the earthworm avoidance
tests.

* 150 x 75 mm crystallizing
dishes.

* 4 reps put incubator.

TEST CHAMBERS
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« 24 - 48 Hours (organism-dependent).

» 20 organisms/ test chamber.

* Incubator: 23°C (+ 1°C), 16 hours light: 8 hours
dark.

» 125 ml sediment per side. 500 ml overlying water
(moderately hard).

» Test end — Sieve sediments, count organisms in
test and reference sediments.
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First 2 bullets and last (most important) Photo shows sieving at test end.
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FIRST TRIAL WITH WETLAND SEDIMENT
Lane Marsh — Bunker Hill Superfund site, Region 10 (Coeur d’ Alene, ID)

# of organisms in sediment
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Hyalella Lumbriculus Chironomus

LM-3

Reference

Green bars = Reference Sediment

Site LM-3 - area of marsh with

medium level of metals (Pb, Zn, Cd)

contamination.

No avoidance of test sediment,

except Chironomus.

Preference of metals-contaminated

sediment.

Reference sediment = Bear Skin

Lake (Duluth-EPA)
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Working on a site of interest to our colleagues in EPA Region 10.  Start to see some differences in the behavior of Chironomus. 


-
—" AVOIDANCE OF IRON KING MINE (IKM) SOIL/ SEDIMENT

s Hydrated metals-contaminated mine site soil from another project

Iron King Mine (AZ) — high levels of
metals contamination.
IKM50 = 50/50 mix of IKM and
reference sediment.
» Avoidance, except Chironomus
% IKMS0 survival too low (70% *). Set
acceptable level for avoidance
tests @ =280%. Dead on surface.
« Chironomus - mobility and/or other
é issues? g
et R, Chironomus » Reference sediment = Topsoil. \/
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Obtained from our EPA colleague, Kirk Scheckel, from one of his projects. 


AVOIDANCE OF LANE MARSH SEDIMENT —

AREA OF HIGHEST CONTAMINATION

# of organims in sediment
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Hyalella Lumbriculus

Green bars = Reference Sediment

» Site LM-1 - area of marsh with
highest level of metals (Pb, Zn, Cd)
contamination. Avoidance of test
sediment.

» Chironomus not used due to
evidence of lack of mobility — our
observations and literature.

» Reference sediment = clean wetland
reference sediment from similar
wetland near Lane Marsh. &
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Put Chironomus aside for the time being.  Mention other factors re Chironomus? (not as easy to culture, not as easily available)


- IS THERE A RELATIONSHIP BETWEEN AVOIDANCE & TOXICITY\?J

« Lumbriculus and Hyalella will avoid 2 different metals-contaminated
sediments.

« Assess toxicity of test sediments (Lane Marsh-1, Lane Marsh -3,
90% Iron King Mine) and reference (Topsoil, Bear Skin, Atrtificial
Sediment) sediments.
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Presentation Notes
There is more data on the different reference sediments that we tried , but we’re going to focus on one in the next couple of slides. 


AVOIDANCE VS SURVIVAL AND
GROWTH ENDPOINTS

Chironomus Survival and Growth — 7 day test

Percent Survival
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Presentation Notes
There is more data on the different reference sediments that we tried , but we’re only showing one of them in the next couple of slides.   Only growth effects seen for one sediment. 


AVOIDANCE VS SURVIVAL AND

GROWTH ENDPOINTS

Hyalella Survival and Growth — 7 day test

Percent Survival
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e LM-1 sediment 0% survival

« Other test and Ref sediments acceptable (280%) survival
Iron King Mine sediment with reduced growth

» Reference sediment shown = topsaoill
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Only growth effects again, except for the 3rd sediment that we tried (LM-1). Very toxic.


CORRELATION BETWEEN AVOIDANCE AND
TOXICITY

Organisms avoid sediment (IKM50) whose only effect is reduced growth.

Also avoid quite toxic sediment (LM-1) and don’t avoid non-toxic
sediment (LM-3 and several reference soils).

Therefore, we see a correlation between avoidance and toxicity.

Evidence of avoidance being more sensitive than survival.



POTENTIAL EFFECTS OF OTHER BEHAVIORS

Avoidance is not the only behavior macroinvertebrates possess.

Movement (different modes and mobility), predator escape
reflexes, food choice, sediment texture preference, phototaxis.

Some of these won'’t affect avoidance test. For others need to
adjust SOP to account for (if possible). Helps interpret results.

Some responses stronger, faster (e.g. reflexes) - predator escape.
Some stimuli (and resulting behaviors) take precedence.

Avoidance > choice of better organic content?
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(Some stimuli take precedence) >Food vs. avoidance – chemoreceptors being irritated by contaminants more stronger stimulus than a tendency to go to an area with better food. Observations from this and earthworm tests that organisms are somewhat tolerant of organic content, texture. 
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A% — PHOTOTAXIS
—  Some organisms exhibit
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* Will incubator lighting
conditions affect results?
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Graphs show # of organisms visible on the ‘light’ side (photo). Usually less than half (< 10)


Hyalella - light/dark - with sediment (24 hr) PHOTOTAXIS
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* Results change when
sediment added

» Hyalella prefer light,
Lumbriculus, no preference

Light Dark « Makes sense based on biology.
Hyalella — ‘clingers’, burrow to
Lumbriculus - light/dark - with sediment (24 hr) shallow depth. Eyes.
: . Lumbriculus deeper, more
3 ( constantly in sediment.
[ ‘ * More research — Hyalella — light/
l shadows, both: constant light.
Light Dark 23 =Y, J
' Y. 4 == -
A\ / Jigor i&
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Not a time series. Locations at 24 hours. Doesn’t reveal any glaring issues with our light conditions, but try to optimize. Light-related but not taxis – shadows - Lumbriculus escape response (reflex?).  Constant light, as in soil avoidance test to keep earthworms in soil. 



CONCLUSIONS

» A sediment avoidance test has potential as a screening tool for metals-
contaminated sediment — Avoidance of toxic contaminants, sensitivity.

* |dentification of some good candidates for test organisms - Hyalella,
Lumbriculus.

* Questions about use of Chironomus for avoidance —from our tests &
literature (limited mobility). Further testing needed.



RECOMMENDATIONS

» Consider possible effects of other behaviors (response to light, feeding,
mating, predator avoidance) in method development.

« Analysis of some basic sediment characteristics (AFDM, % sand, silt
clay, particle size distribution) useful for interpretation of results.



FURTHER RESEARCH

More tests with variety of contaminants (PAHs, PCBs, PFAS) and sediments.

Further examination of behaviors - which affect test? Account for in SOP and
associated guidance.

Test duration — 24-hour tests (some success with Lumbriculus).

Reference sediments - how important are differences in sediment texture (sand,
silt, clay), organic content?

More control tests —reference sediment both sides, equal distribution?

Avoidance tests using reference toxicants.
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Presentation Notes
Not a comprehensive list, but some of the things we want to look at. 
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