Sensitivity of Juvenile
Unionids fo Ammonia in
Sediment and Water-Only

Toxicity Tests >




Contaminant Exposure Routes

% Overlying water (adults only ?)

% Sediments (juveniles and adults)

%Pore water (juveniles and adults ?)
#*Fish hosts (glochidia ?)

%Food (juveniles and adul'rs)ml",’ .
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Adults - suspension and deposit feeding ??




Juveniles - pedal feeding ??




Presentation Outline

% Studies conducted during 1999-2001

#*Lab—4 and 10 day sediment exposures
*Field—4, 10 and 28-d /n situ exposures

% Studies conducted during 2004-2005

%Lab—4 day sediment and water-only
exposures







Design for Sediment Tests

Species: Lampsilis cardium (3-5 day old)
Number of mussels per chamber: 20
Concentration: 6 reps of 6 concns
Duration: 96 hr and 10d Ml delere
Endpoints: survival & gr'owfh o

TAN measured: at end of iR
each test in pore water | | chamben |
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Compressed air
19-L Ammonia delivered

stock reservoir . | though a
Pasteur pipette

Polycarbonate tube
(4.5cm ID x 11 cm
with a 153 ym mesh
bottom and 4-3.7 cm
holes covered with 153
yum mesh

Acrylic unit, —
12 L x8Wx127

T
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Airstone within sand layer







Toxicity of Sedimentary Ammonia to Juveniles

Total ammonia nitrogen (mg/L) normalized to pH 8

ECs,
Toxicity test LCs, (growth) EPA Criteria

96 hr, rep 1 6.7 2.0
96 hr, rep2 6.0 3.2 8.4

10 d, rep 1 3.8 3.4

10 d, rep 2 3.4 2.8




Design for Field Studies

Species: Lampsilis cardium (3-5 day old)
No. mussels per chamber: 20

Sites: 8 sites covering 151 river km
Chambers per site: 6

Duration: 4, 10, and 28 d

Endpoints: survival & growth

TAN measured: from within
the chamber and surrounding

sediments on days 4, 10,
& 28




Spatial Variability in TAN
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Survival Data - Field
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Growth Data - Field

A

41.4, 13.9

-~
©
~N
£
.
-~
(\V)
=
(»]
-
i -
-
S
O
-
O

0.5 1.0 1.5 2.0

TAN (mg/L) at pH 8




Sedimentary TAN Data in Rivers

River

TAN (mg/L)

Reference

St. Croix
2000
400} |

0.4-12.7
0.1-22

Bartsch et al. 2003

Upper Mississippi

0.1 -10

Frazier et al. 1996

Pembina

0.1-7.2

Chambers et al. 1992

Illinois

LC50s 12-24, EC50s 5-8

Sparks and Ross 1992




Conclusions

% In the laboratory, juveniles were
sensitive to ammonia; growth was
affected at -2 mg/L and survival at
-3 mg/L (TAN at pH 8)

% The current EPA criteria may not be
protective of juvenile mussels

. In the fleld Ther'e was no consustenf

gr'ow1'h was posrl'lvely r'elm‘ed wu‘l'h
sedimentary TAN




Lab vs. Field Discrepancy

% Frequency of exposure to ammonia

differed between lab and field
*lab: constant
*field: pulsed

% Spatial and temporal variability in ammonia
in the field likely masked any possible
effects on survival or growth

% Not a large enough range in ammonia in
the St. Croix River to see an effect on
these endpoints




Earlier Studies Published
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Design for Laboratory Tests

Species: 1-2 d old L. cardium and L. higginsii

Exposure: sediment and water-only (2 tests
each)

No. mussels per chamber: 20
Concentration: 3 reps of 6 concns
Duration: 96 hr

Endpoints: survival & growth

TAN measured: daily in over'lymg water
(sediment and water-on J' tests) and on
day 4 in pore water (sediment 1'es1's)




Sediment Water-only
Tests Tests

NH,CI delivered NH,CI Ctrver‘ed




Minimal Species Variation

range in 95% confidence limits around TAN
(mg/L at pH 8) LC50s

L. cardium L. higginsii
sediment tests 4.7-6.0 4.1-6.5
water-only tests 8.2-12.5 5.7-10.5




Possible Chamber Artifacts

sediment test 2
3 EU/conc
day 4

outside chamber
temp: 21.1

pH: 7.96

TAN: 1-49

inside chamber
temp: 21.0
pH: 7.85
TAN: 1-48
NH;: 5-1570

NH,: 6-1874




Spatial Variability in pH

sediment -

@ control, 2 reps
B low NH;, 2 reps
A high NH;, 2 reps

water interface
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Lethality: Total Ammonia Nitrogen

normalized to pH 8 in mg/L

LC50s = 21-30 LC50s = 6-11

/S /S

pH 8.1

LCB0s = -7
(n=6)




Growth Rate: Sediment Tests
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Growth Rate: Water-Only Tests

@ test 1, L. cardium
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Growth: Total Ammonia Nitrogen

normalized to pH 8 in mg/L

EC50s = 4.0-7.4 no dose response

pH 8.1

ECB0s = 0.8-3.2
(n=6)




Preliminary Interpretations

#* There were no differences in the lethal or
sublethal responses of L. higginsii and L.
cardium to ammonia

% The LC50s in the water-only tests were
similar to those in the sediment tests when
TAN was based on pore water concn, but
were -4X greater when TAN was based on
concn in water overlying sediments

%* Growth of juveniles was an order of
magnitude greater in the controls in the
sediment tests relative to the water-only
tests




Preliminary Interpretations, cont..

% Growth was a sensitive endpoint in the
sediment tests, but not in the water-
only tests

* Ammonia fractionation is pH dependent;

understanding where juveniles resude in
sediments is critical O
because of the shar'p 33

cm of sedlmem‘
% Stay tuned.....







Sediment vs Water Column
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19-L Ammonia stock
reservoir

Peristaltic pump
flow rate 1.0 mL/min Compressed air delivered

/ through a pasteur pipette

1.5 mm inner diameter

Acrylic unit,

Tygon® extension tubing / 12Lx8Wx12.7 cm H

_— ~3 cm test sediment

Polyvinyl chloride delivery (288 mL)

tube with airline tubing
inside

Polycarbonate tube (4.5 cm inner ~1.5 cm silica sand (144 mL)

diameter x 11 cm H), with a 153 ym
mesh bottom and 4-3.7 cm holes .
covered with 153 ym mesh Airstone




Possible Chamber Artifacts

sediment test 2
3 EU/conc

day 4  outside chamber
temp: 21.1
pH: 7.96
TAN: 1-49
NH;: 6-1874

temp: 21.4
pH: 7.2
TAN: 2-38
NH;: 14-245

inside chamber
temp: 21.0
pH: 7.85
TAN: 1-48
NH;:15-1570




Lethality: Total Ammonia Nitrogen

units mg/L

LC50s = 21-27 LC50s = 21-46

/S /S

pH 8.1

LC50s = 17-24
(n=6)




Lethality: Un-ionized Ammonia

units pg/L

LC50s = 847-1229 LC50s = 135-221

/S

pH 8.1

LC50s = 103-165
(n=6)




Growth Rate: Controls

units ym/d

Test L. cardium L. higginsii

sediment 1 10.0 10.8

sediment 2 10.1 10.5

water-only 1 0.2 0.2

water-only 2 0.6 1.6

initial sizes varied <5% among all tests and both species




Growth: Total Ammonia Nitrogen

units mg/L

EC50s = 4.5-6.9 no dose response

pH 8.1

ECB0s = 2.6-7.5
(n=6)




Growth: Un-ionized Ammonia

units pg/L

EC50s = 185-310 no dose response

pH 8.1

EC50s = 27-40
(n=6)




Vertical Distribution of TAN
in Sediments
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Upper Mississippi River, Frazier et al. 1996




The Nitrogen —

ATMOSPHERIC
NITROGEN

~—

PLANT ANIMAL

PROTEIN Eaten by animals > PROTEIN®
~ ~

Modified from Andrews (1972)




The Nitrogen Cycle

nitrification

NO,"

N fixation

N,

Modified from Duff and Triska (2000)




