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ABSTRACT

I nformation presented in this report is the final
docunent ati on of an exam nation of the conparative toxicity
of inmpounded sedinments froma limted survey |evel sanpling
of hydropower and other damfacilities in New England. To
assess the potential for accumul ated contam nants, a M crotox
solid phase bi oassay was used to test hydropower project
sediments. Eleven of the forty seven tested sites showed
high to severe relative toxicity. Eighteen sites showed an
internediate relative toxicity. These results inply that
sonme reservoirs mght be inpacting fish and wildlife.



PREFACE

Questions, coments, and suggestions related to this report
are encouraged. Witten inquiries should refer to the
Conparative Toxicity of Inpoundnent Sedinents in New Engl and
report and can be directed to the foll owi ng address:

U S. Fish and WIildlife Service
New Engl and Field Ofice
22 Bridge Street
Concord, New Hanpshire 03301

The U S. Fish and Wldlife Service requests that no part of
this report be taken out of context, and if reproduced, the
docunent shoul d appear in its entirety.

The use of trade nanes in this report is solely for
identification purposes and does not constitute an
endorsenment by the U S. Fish and Wldlife Service or the
Department of the Interior.
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| NTRODUCTI ON

The incidence of retention of contam nants upstream of

i mpoundnent facilities has been a growi ng concern. The
damm ng of streans often |eads to the interruption of

sedi nent transport. \Waterborne contam nants, traveling
downstream nmay also collect within inmpoundnent sedinents.
In order to gain a better understanding of this issue, of
accunul ated toxins, this project sought quantitative data on
the relative toxicity of dam sedinents. W exam ned the
conparative toxicity of inpounded sedinments froma limted
survey |l evel sanpling of damfacilities in New Engl and.

The majority of the tested sites are hydropower facilities.
This focus is due to the ensuing concern that hydropower
facilities create, by far, some of the |argest inpacts on
riparian habitats throughout New Engl and. Concern focuses on
the continued detrinental effects of dans upon water quality,
river flows, fish mgration, sedinment |oading, erosion,
wet | ands, and resident wildlife. The potential for the
accurul ation of toxic sedinments is especially inportant in
the revi ew of hydropower dam alterations or renoval as viable
alternatives in damrelicensing proceedi ngs of the Federal
Ener gy Regul atory Comm ssi on ( FERC)

The hydro relicensing process and relicensing procedures on
new projects could assess the incidence of concentrated toxic
materials within accunul ated sedinents and responsibility for
any accunmul ation. The possibility that contam nants exi st at
toxic levels in daminpoundnment sedi nents may effect
proposal s of damrepair, alteration or renoval as part of

t hese proceedi ngs. Conversely, disturbance causing the
reintroduction of potentially toxic sedinents into the water
colum may adversely affect water quality and inpact
downstream ri pari an ecosyst ens.

Sedi nent sanpl es are useful in assessing chem cal and

physi cal properties of an aquatic environnment. Toxic

sedi nents can serve as a source and a pathway for further
contam nation. Numerous aquatic organi sns ingest sedinents
which allows for the continued transport and possi bl e bio-
accurul ati on of sedi ment bound contam nants (Audet et al
1994).

The use of bioassay techniques to determ ne relative toxicity
is an useful method to determ ne possible contam nation of
sedi ments (EPA 1983). This is inportant given that testing
for unknown toxins is problematic due to the vast nunbers of
potential chemcals in the environnment (Baudo et al 1994).

Bi oassays utilizing biolumnescent bacteria to indicate
relative toxicity |levels have attracted increasing attention.
The bi oassessnent of sedinments in Halifax Harbor (Tay et al
1992) supports the validity of the solid-phase bi oassay over
a range of sedinents.



In this screening level study, a marine bacterium was
utilized as part of a solid-phase bioassay to test for

toxicity of collected sediments. We sampled from a broad
Impoundments

survey of hydropower sites across New England.
sediments were tested for relative toxicity. We hoped to
determine whether there was a problem in the first place. We
also determined possible need for additional investigation.



STUDY OBJECTI VES

The primary objectives of the cooperative study were to
conduct a broad spectrum survey of inpoundnment sedi ments and
determne their relative toxicity; determ ne possible

rel ati onshi ps between substrate and relative toxicity; and
determ ne the possible need for additional exploration of
this issue



MATERI ALS AND METHODS

St udy Area:

Sanpl es were gathered from 47 sites throughout New Engl and
(FIGURE 1). Qur primary damsites were chosen from
hydropower facilities that are scheduled to conply with
upcom ng Federal Energy Regul atory Comm ssion relicensing
processes or have proposed to have a new hydro facility.
Fish and wildlife concerns at these sites include anadronous
fish habitat and passage, endangered and threatened speci es,
contam nants, streamflow, wetlands, and other water quality
i ssues. The secondary sites were chosen due to their
proximty to primary sites and simlar relicensing schedul es
or environmental concerns.

Col | ection of Sanpl es:

Qur protocol for sanpling included the use of a snmall Ponar
dredge sanpler, and chemcally clean, clear glass jars with
teflon-1ined caps for sanple containment. A non-netal boat
was used to mnimze sources of contami nation. Sanpling

equi pnent was decontam nated i mredi ately prior to use and

bet ween each sanpling | ocation. The decontam nation protocol
of sanpling apparatus was conducted as per Coeur d' Al ene
standard operating procedures (Burch 1993). Sanpl es

consi sted of a conposite conposed of at |east three grabs
fromthe top 10-30 centineters of substrate. A stainless-
steel bucket and scoop were used to hold and m x sedi nents
prior to containnent. Sanple jars were |abeled with |ocation
i nformati on and packed in ice-filled coolers to preserve
sanple integrity during transport to the |aboratory facility.

A d obal Positioning System (GPS) unit was used to ascertain
exact damsite and sanpling locations. Protocol for GPS
generation of |ongitudes and | atitudes was conducted as per
Trinbl e Navigation (1991).

Sedi ment Anal ysi s:

Sedi ment sanples were tested for their relative toxicity. A
M crobics' M crotox bioassay utilized biol um nescent

bact eri a, Phot obacteri um phosphoreum to directly test
serially diluted sedi nent concentrations and neasure their
relative toxicity. A photoneter nmeasured the anount of |ight
generated by these bacteria in contact with various sedi nent
concentrations. A control or blank sanple for each group of
assays established a standard | evel of biolum nescent
activity for each series of bioassays. Measurable decreases
in the activity of the bacteria (emtted light) correlated to
an inhibited response to test sanples (M crobics 1994a).



Qur protocol for Mcrotox analysis foll owed the solid-phase
bi oassay techni que as proscri bed by the nmanufacturer

M crobics Corporation (1994a). Sanple and control sol utions
were mai ntai ned at the recomended tenperature of 15 degrees
Cel sius, where the reagent is nost sensitive to the w dest
range of contam nants. The recomended twenty m nute
exposure time for the solid-phase test was enpl oyed. Sanpl es
were first screened at concentrations of 19.736%to quickly
determ ne the nedian effect concentrations or EC, (fifty
percent of biolum nescent bacteria popul ations inhibited,
nmeasured in percent of sanple). 1In the event of relative
toxicity levels causing invalid ganmas, the accepted neasure
of bi ol um nescence lost in response to sedinent (Ri bo and

Kai ser 1987, Mcrobics 1994a), we retested the sanple with an
appropriately adjusted concentration for an EC,. The narrow
range of val ues generated by our blank sanples seens to
indicate mnimal influence fromglassware and testing

pr ocedur es.

The levels of relative toxicity were delineated by EC, and
toxicity units or TU (as defined by the EPA, TU are derived
by dividing 100 by the EC, value). Hi gh levels of TU or very
| ow EC,, woul d indicate the potential for a contam nant
problemto exist within the tested sedi ments. The range of
TU val ues have been categorized into four classifications; TU
nunberi ng between 0 and 10 represent a low relative toxicity,
TU between 10 and 25 represent an internediate relative
toxicity, TU between 25 and 50 represent a high relative
toxicity and TU above 50 a reflect severe relative toxicity,
an environnental quality concern that should be addressed in
greater detail. This standard conpares favorable with

contam nants known to effect toxic conditions (Row en et al
1983, Matthews and Hastings 1987).

| mpoundnent substrate types were delineated by ranking them
along an arbitrary scale fromzero through four. The nunber
attributed to the type of sedinent corresponds directly with
the relative size of the sedinent particles; zero was
reserved to describe sites not sanpled, one for silt, two for
silty sand, three for sand, and four for sandy gravel.



RESULTS AND DI SCUSSI ONS

Qur analysis indicate that eleven of the forty seven tested
sedi ments exhibited high to severe relative toxicity.

Ei ghteen sites showed an internediate relative toxicity. The
remai ni ng eighteen tested sites do not readily indicate a

t oxi col ogi cal problem These results (Table 2) inply that
sonme reservoirs mght be inpacting fish and wildlife.

The results from sone dans that exhibited high to severe
toxicity have a potential link to known sources of upstream
contam nation. The inpoundnent basin at Moore Dami s
downstream of the resource threats that include |andfills and
NPDES sites. Hadley Falls dam sedinents could reflect a
historic | egacy of pollution that may include pesticides,
treated sewage and waste from fornmer coal gasification

pl ants. Stevenson, Rocky River and Bulls Bridge dam

sedi rents may be influenced by contaminants froma RCRA site,
a paper mll and a former coal gasification plant. The Pine
Val | ey and McLane dam sedi nents may be inpacted by RCRA
sites, landfills and superfund sites.

O her results are nore obscure. The Sooboonmpbok dam and the
Wat erbury reservoir showed unexpectedly higher |evels of
toxicity. As we can only specul ate on what could be
contributing to this result, we advocate additional testing.
Thi s phenonenon shoul d be exam ned in greater detail to
determ ne whether it is the result of an anomaly or if
unknown sources of pollution are inpacting these areas.

St udi es have supported the use of biolum nescent bacteria as
a biological indicator of toxicity in sedinments (Tung et al
1990, Tay et al 1992). The Mcrotox test system has a proven
correlation with other test species including daphnia spp.
and fathead m nnows (Bulich et al 1980, Baudo et al 1990, Tay
et al 1992). The Mcrotox bioassay is sensitive enough to
test water soluble and insoluble, and organic and inorganic
contam nants (Tay et al 1992). The degree of precision

avail able with the Mcrotox test is somewhat variabl e which
is typical of a bioassay. The average coefficient of
variation is approximtely thirteen percent (M crobics
1994b). For a survey |evel study the Mcrotox test provides
a useful analysis.

Anal ysis showing internediate relative toxicity froma
substrate of noderate particle size such as sand nay only
exhibit a fraction of potential contam nants. The snaller
surface area of noderately sized particles are associ ated
with a lesser ability to bind to contam nants (Baudo 1990,
Bulich 1992). Fine sedinents exposed to the sanme water
guality conditions may show a higher level of toxicity that
m ght ot herw se be undetected. The exanple of the
internediate toxicity of the Riley dam sedi ment supports the



TABLE 1: COVPARATIVE TOXICI TY OF | MPOUNDED SEDI MENTS | N NEW ENGLAND
Project Project EC., Toxicity Sedinent Relative
Nunber Nanme units Type Toxicity
2077C MOORE 2 6. 22 16. 08 1 internmed
2931A GAMBO 5.14 19. 47 1 internmed
2576D BULLS BRI DGE 3.06 32.65 1 high
2558B BEL DENS 0. 67 148. 27 1 severe
2660A FOREST C TY 28. 34 3.53 2 | ow
2942A DUNDEE 11. 88 8.42 2 | ow
2634A RAGGED LAKE, WBR STO 11.31 8. 84 2 | ow
2666A MEDWAY 8. 95 11.16 2 interned
2634A CAUCOMEOMOC, W BR. STO 7.55 13. 25 2 interned
2801A GLENDALE 6.57 15. 22 2 interned
2612A FLAGSTAFF 6. 08 16. 45 2 interned
2634A CANADA FALLS LAKE, WBR  4.53 22.09 2 interned
2090A WATERBURY 22-2 4,33 23.08 2 interned
2090A WATERBURY 22 3.38 29.62 2 high
2576A STEVENSON 3.05 32.80 2 high
2634A SEBOOMOOK, W BR. STO 1.40 71. 30 2 severe
2576C ROCKY Rl VER 1.05 95. 68 2 severe
2077C MOORE 0. 80 124. 54 2 severe
7725A BARTON VI LLAGE - - 3 *
8714A MERRI MACK VI LLAGE 242. 77 0.41 3 |ow
2631A WORONCO 169. 56 0.59 3 |ow
2365A ANSON 124. 11 0.81 3 |ow
1893C GARVI NS FALLS 58. 84 1.70 3 |ow

# RUSSELL 44.78 2.23 3 |ow
1893A AMOSKEAG 26. 45 3.78 3 |ow
2375B JAY 16. 56 6. 04 3 |ow
2674A VERGENNES 9 & 9 9.25 10. 81 3 interned
2928A MERRI MACK 7.54 13. 26 3 interned
2375A LI VERMORE M LL 6. 89 14. 51 3 interned
2375C RI LEY M LL 6. 87 14. 55 3 interned
2194A BAR M LLS 5.85 17. 09 3 interned
2077A MCI NDOES 5.26 19. 00 3 interned
2077B COVERFORD 4. 80 20. 83 3 interned
11055A WLTON 4. 80 20. 84 3 interned
9282A Pl NE VALLEY 3.31 30. 26 3 high
8924A MCLANE 2.78 35.92 3 high
2142A HARRI S (1 NDI AN POND) 2.59 38. 56 3 high
2004A HADLEY FALLS 1.49 66. 93 3 severe
2932A MALLI SON FALLS - - 4 *
3090A VAI L STATI ON - - 4 *
2721A HOWNLAND 230. 18 0. 43 4 | ow
1893B HOOKSETT 40. 61 2. 46 4 | ow
2618A WEST BRANCH ST. CRAO X 25.81 3.88 4 | ow
2558A HUNTI NGTON FALLS 21.11 4. 74 4 | ow
2941A LI TTLE FALLS 16. 93 5.91 4 | ow
2312A GREAT WORKS 7.82 12.78 4 interned
2897A SACCARAPPA (VEST BROCOK) 6. 02 16. 61 4 interned
* No accurate TEST result due to |ow | evel s of contam nants

# This site in Russell MA has no current FERC nunber.



need for further testing to clarify our test results. Al though the
Riley damsite reflected an internediate toxicity, the internediate
si zed substrate may inhibit a higher contam nant |oading rate for the
sedi nent .

Anot her variable that could also be considered in future analysis in

t hat anount of tine that sedinent and contam nants are in contact.
Contact tinme between sedinent particles and potential contam nants is
directly related to the potential for sorption. For exanple, assum ng
equity in sedinent particle size and distribution, a reservoir with a
rel ative short retention tinme, faster flows etc could denonstrate mnuch
| ess contam nation of sedinments that would a reservoir with greater
retention time and slower flows. Thus a nmeasurenent of internediate
relative toxicity of sedinent in an environment with noderate contact
times may not adequately indicate the potential for water quality
problens. Internediate toxicity values indicate they are not benign
and there is still cause for concern.

There are m xed views concerning the extent of sedinent particle size

i nfluencing Mcrotox analysis. Discussion with Mel Green of Mcrobics
Cor poration on Septenber 13, 1994 brought forth the possibility of
interference relative to sanples' substrate type. Fine to very fine
substrates have a nuch greater surface area than equival ent vol une of
coarse material. Fine particles may possibly bind contam nants and
possi bly the P. Phosphoreum bacteria, pulling themout of solution, to
a much greater extent than coarser sedinment with a | esser surface area.
Both these activities may reduce the resultant EC, (Bulich et al

1992). O her studies have indicated that sedinents with high

per cent ages of clay and other fine materials have not grossly affected
assays (Tay et al 1992). Conparisons of P. Phosphoreumw th ot her

bi oassays support the sensitivity of the Mcrotox solid-phase assay for
the determ nation of relative toxicity (Tay et al 1992).

Repeat ed anal ysis with increasing or decreasing concentrations of the
sanme sedi ment sanples did not greatly deviate fromthe initial test
results. Figure 2 illustrates the range of toxicity units within each
substrate type. The conparison of sites with simlar substrate type
showi ng a range of relative toxicities, not just acute toxicity. This
woul d indicate that sedinent particle size does not seemto have an
overwhel m ng i npact upon the veracity Mcrotox analysis and the
nmeasured val ues for TU and EC,.

Future sanpling and testing projects nmay take into account slightly
different protocols for sanpling and analysis. They could include a
sol i d- phase bi oassay, an analysis of the interstitial water, a

determ nati on of sedinent particle size, and conparative use of a
‘clean' reference sanple. A solvent extraction test, to strip

contam nants from sedi nent particles, may al so be considered. Analysis
utilizing Mcrotox and fathead m nnow or Daphnia spp could reduce
potential variability of Mcrotox tests.



Figure 2. Toxicity Units by Project Number and Substrate Type
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CONCLUSI ONS AND RECOMVENDATI ONS

There is potential for toxic sedinments to accurmul ate behind danms. This
phenonenon shoul d be accounted for in the FERC hydropower relicensing
process. Dam operators should be cogni zant of the potenti al
accurrul ati on of contam nated sedi nents and recogni ze their potenti al
responsibility in event of the reintroduction of contam nants into the
wat er colum. Perhaps operating policies could reflect an effort to

m nimze sedimentation. The fashion by which reservoirs are drawn down
could reflect a tendency to encourage a flowthrough situation. A

fl owmt hrough dynam c may be affected by draining an i npoundnment at the
sane rate as it is filled and at the correct depth to exhaust incom ng
streanflows. Capturing a density current and shunting it out directly
t hrough the damoutl et may reduce sedinentation rates, as well as,
possi bl e contam nation accunul ation rates. This could becone inportant
in the event of alterations or nodifications.

The possibility of an environnmental inpact or degradation in the case
of accumul ating toxic sedi nments should be addressed by further study.
Qur experience has shown that there is a need for further exam nation
of dam sedi ments and their toxicol ogical potential. Hydropower sites
that showed high to severe relative toxicity should be retested to
confirmtoxicity. Areas that showed intermediate toxicity should al so
be tested again although perhaps less rigorously. Although our results
did not provide a clear understanding of the probability of

t oxi col ogi cal effects in accunul ating sedi ment and the rel ationship
between the relative toxicity of sedinments with substrate type, they
did provide the necessary inpetus for a nore wi despread and in-depth
anal ysis that was not possible in our project.

10



LI TERATURE CI TED

Audet, D. J., L. LeCaptain, and J. Canpbell. 1994. Reconnai ssance for
Sedi nent Sanpling for Laboratory Investigation. NRDA Standard QOperating
Procedure. File nunmber 1019.3735. U.S. Fish and WIldlife Service. Coeur
d' Al ene Basin Natural Resource Damage Assessnment (NRDA) O fice, 11103
E. Montgonery Drive, Suite #2, Spokane, WA 99206.

----- . 1994. Procedures for the Field Collection of Sedinent Sanples.
NRDA St andard Operating Procedure. File nunber 1019.3730. U S. Fish and
Wldlife Service. Coeur d' Alene Basin NRDA Ofice, 11103 E. Montgonery
Drive, Suite #2, Spokane, WA 99206.

Baudo, R, J. Gesy, and H Mintau. 1990. Sedi nents: Chem stry and
Toxicity of In-Pollutants. Lewi s Publishers, Inc. South Main Street,
Chel sea, M.

Baxter, R M 1997. Environnental Effects of Dans and | npoundnents.
Annual Revi ew of Ecol ogi cal Systens, Vol une 8.

Brouwer, H., T. Murphy, and L. MArdle. 1990. A Sedi nent - Cont act
Bi oassay wi th Phot obact eri um Phosphoreum Environnmental Toxi col ogy and
Chem stry, Volunme 9.

Bulich, AA. A, M W Ceene, and S. R Underwood. 1992. Measurenent of
Soi |l and Sedi nment Toxicity to Biolum nescent Bacteria Wen in Drect
Contact for a Fixed Tinme Period. M crobics Corporation, 2232

Rut herford Road, Carlsbad, CA 92008.

----- , and D. |Isenberg. 1980. Use of the Lum nescent Bacterial System
for the Rapid Assessnent of Aquatic Toxicity. M crobics Corporation,
2232 Rutherford Road, Carlsbad, CA 92008.

Burch, S. A 1993. Procedures for the Decontam nation of Field and
Laborat ory Equi prment. NRDA Standard Operating Procedure. File nunber
1019. 3707. U. S. Fish and Wldlife Service. Coeur d' Al ene Basin NRDA
O fice, 11103 E. Montgonery Drive, Suite #2, Spokane, WA 99206.

Envi ronnmental Protection Agency. 1983. Policy for the Devel opnent of
Water Quality-Based Permt Limtations for Toxic Pollutants. Draft
St at enent. Washi ngton, D.C.

Jacobs, M W, J. J. Delfino, and G Bitton. 1992. Toxicity of Sulfur
to Mcrotox from Acetonitrile Extracts of Contam nated Sedi nents.
Envi ronnent al Toxi col ogy and Chemi stry, Volune 11.

Matthews, J. E. and L. Hastings. 1987. Evaluation of Toxicity Test
Procedure for Screening Treatability Potential of Waste in Soil.
Toxicity Assessnent: An International Quarterly, Volune 2.

M crobi cs Corporation. 1994a. How to Run Toxicity Tests Using the
M crot ox Mdbdel 500. 2232 Rutherford Road, Carlsbad, CA 92008.

----- . 1994b. Mcrotox Information: ML19 Comments on Precision. 2232
Rut herford Road, Carlsbad, CA 92008.

11



Ribo, J. M and K L. Kaiser. 1987. Phot obacteri um Phosphoreum Toxicity
Bi oassay. |. Test Procedures and Applications. Toxicity Assessnent: An
I nternational Quarterly, Volune 2.

Rowl en, F. C., P. Gaughan and J. Bradshaw. 1983. Application of the

M crotox Lum nescent Bacterial Bioassay Systemas a Biological Toxicity
Screening Tool in Policy for the Devel opnment of Water Quality. Encina
Water Pollution Control Facilities, Avenida Encinas, Carlsbad, CA
92008.

Tay, K. L., K G Doe, S. J. Wade, D. A Vaughan, R E. Berrigan, and
M J. Moore. 1992. Sedinent Bi oassessnment in Halifax Harbor.
Envi ronnent al Toxi col ogy and Chemi stry, Volune 11

Tung, K K., G Scheibner, T. Mller, and A. A Bullich. 1990. A New
Met hod For Testing Soil and Sedi ment Sanpl es. M crobics Corporation,
2232 Rutherford Road, Carlsbad, CA 92008.

Trinbl e Navigation, Limted. 1991. Trinbl eNavi gati on General Reference.
585 North Mary Avenue, P.QO Box 3642, Sunnyval e, CA 94088.

12



13



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

