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1. Introduction

In May 1985, a National Pollutant Discharge Elimination System (NPDES) permit was issued
for the Oak Ridge Y-12 Plant. As a condition of the permit, a2 Biological Monitoring and Abatement
Program (BMAP) was developed to demonstrate that the effluent {imitations established for the Y-12
Plant protect the classified uses of the receiving stream (East Fork Poplar Creek; EFPC), in panticular,
the growth and propagation of aquatic life (Loar et al. 1989). A second objective of the BMAP {s ta
document the ccological effects resulting from the implementation of 2 water poltution cantrol pragram
designed 1o eliminate direct discharges of swastewaters 1o EFPC and to minimize the inadvenent relezse
of pollutants to the environment. Because of the complex nature of the discharges ta EFPC aad the
remporal and spatial variability in the composition of the discharges, a comprehensive, integrated
approach to biological monitoring was developed. A new permit was issued 10 the ¥-12 Plant on Apri!
28, 19935 and became effective on July 1, 1995, Biological monitoring continues to be required under the
new permit. The BMAP consists of four major tasks that reflect different but complementary approaches
to evaluating the effects of the Y-12 Plant discharges on the aquatic integrity of EFPC. These tasks are
(1) toxicity monitoring, {2) biclogical indicator studies, (3) bicaccumulation studies, and (4) ecological
surveys of the periphyton, benthic macroinvertebrate, and fish communities.

Monitoring is currently being conducted at five primary sites, although sites may be exciuded
and/or others added depending upon the specific objectives of the various tasks. Criteria used in
selecting the sites include: (1) location of sampling sites used in other smudies, (2) known or suspected
sources of downstream impacts, (3) proximity to U.S. Department of Energy (DOE) Oak Ridge
Reservation (ORR) boundaries, (4) concentration of mercury in the adjacent floodplain, (5} appropriare
habitat distribution, and (6) access. The sampling sites include EFPC ar kilometers (EFKs) 24.4 and 23 4
{upstream and downstream of Lake Reality (LR) respectively]; EFK 18.7, located off the ORR and
below an area of intensive commercial and limited light industrial development; EFK 13.8, located
upstream from the Oak Ridge Wastewater Treatment Facility (ORWTF); and EFK 6.3 located
approximately 1.4 km below the ORR boundary (Fig. 1.1). Brushy Fork {(BF} at kilometer (BFK) 7.6 is
used as a reference stream in maost tasks af the BMAP. Additional sites off the ORR are also used for
reference, including Beaver Creek, Bull Run, Hinds Creek, Pamt Rock Creek, and the Emory River in
Watts Bar Reservour (Fig. 1.2).

2. Toxicity Monitoring (L. A. Kszos, D. 8. Cicerone, A. J. Stewart and L. F. Wicker)

2.1. Iatreduction

The ambient toxicity monitoring task includes three subtasks: toxicity monitoriag, toxicity
experiments, and supporting studies. Toxicity monitoring uses U.S. Environmental Protection Agency
(EPA) approved methods with Ceriodaphnia dubia and fathead larvae to provide systematic information
that can be used to determine chaages in the biological quality of EFPC through time. Toxicity
experiments are conducted to test specific hypotheses about stream water quality. The hypotheses are
addressed experimentally by the systematic application of ambient toxicity test metheds. Supporting
studies are used to (1) investigate the relationship between the physicochemical and biological conditions
in EFPC, particularly as they relate te processes or rates of ecological recovery and (2) develop better
methods for accurately predicting ecological recovery with changes in water quatity in EFPC. Toxicity
monitoring at the upsiream sites from Bear Creek Road [Lake Reality outfall oc LR~o (EFK 23.8), LR
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inlet or LR-1 (EFK 24.1) and Area Source Study Site 8 or AS-8 (EFK 24.6}] are conducted monthiy.
Ambient monitoring at six sites downstream from Bear Creek Road (EFKs 22.8,21.9,20.5, 18.2, 13.8,
and 10.9) are tested quarterly.

2.2 Results/Progress

2.2.1 Toxicity Monitoring

Ambient water samples from EFK 24.6, EFK 24.1, and EFK 23.8 were evaluated far acute and
chronic toxicity to Ceriodaphnia dubia during September 4-11 and October 3-16, 1936. During the
November 13-2] testing period ambient water samples from EFK 24.6, EFK 24.1, and £FK 23.8 and
downstream sites (EFKs 22.8, 21.9, 17.0, 18.2, 13.8, and 10.9) were also tested with Ceriodophnia dubia.
In each sampling period, dzily grab samples from the ambient sites were collected by ESD personnel for
testing. Results of ambient toxicity tests and chemical analyses are shown in Tables 2.1 and 2.2. During
all test periods, Ceriodaphnia survival in water from each site was 280%. Ceriodaphnia reproduction in

the water samples was not significantly reduced compared to the controts.

2.2.2 Special Studies

Data on the composition of sediment in LR and the characteristics of water entering and exitinz
LR has been used 1o develop information ou the influence of bicta on contaminaat dynamics in LR. In
November 1988, water in upper East Fork Poplar Creek (EFPC) was redirected so that it flowed through
a new lined impoundment, referred (o as Lake Reality (LR). By virtue of its jocation near the
Department of Energy’s Y-12 Plant, LR is used as a spill-control system; it afso functions as a seniing
basin, and now contains 135 to 20 cm of sediments. Monitoring of water-quality conditions in EFPC at
sites upstream and downstream from LR, and within LR itself, has shown thar water exiting LR contains
higher concentrations of suspended particulate matter than water entering the impoundment from upper
EFPC, especially during base-flow conditions in summer. The suspended solids exiting the
impoundment aiso have a higher ash content than suspended solids entering the impaundment. In sicx
monitoring at 13-minute intervals for 14-day periods during sumimer revealed diurnal variations in pH
within LR (1.1 units) around the pH for zero charge of calcite. The diel chaages in pH in LR sesuls Fom
photosynthesis (primarily algae) and respiration. The pH dara, plus thermodynamic calculations using
ten years of hardness and alkalinity data (obtained from the Y-12 Plant's BMAP for EFPC), strongly
predicted the presence of calcite, a particulate-phase form of calcium carbonate. Calcite is known to
precipitate from calcium-rich natural waters primarily due to the extraction of dissolved carban dioxide
during photosynthesis by algae.

To test the prediction about the presence of calcite, sediment samptes were callected fram LR
and analyzed by X-ray spectroscopy. Calcite was clearly detectable in LR sediments by this analysis
method, but not detectable in sediment from one site in EFPC upstream of LR. Thus, biotic processes,
perhaps augmented by increases in water temperature, apparently drive calcite production in LR. This
phenomenon explaias both the increase in concentration of suspended solids in water fowing through
LR, and the higher inorganic content of the solids that are exported from LR. Numerous other studies
have shown that various metals and arganic compounds tend to 'sorb strongly to calcite particles. Thus, it
seems clear that the biogenic precipitation of calcite in LR must influence the speciation, fate and
biological availability of metals, such as zinc and cadmium. Labaratory experiments ace now betag
designed to provide quantitative estimates of the effects of calcite formation and dissalation on the
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Table 2.1. Results of Ceriodaphnia dubia toxicity tests of #mbient sites from East Fork Poplar
Creek conducted September - November, 1996

B e U v tr oo

Ceriadaphnia dubia

Sample Concentration (%) Mean Mean Reproduciicn
Survival (%) (offspringfsurviving
female) (SD)

September 4 - 11, 1896

Coatrol 1060 {60 37.7£53
EFK 24.6 ‘ 100 3¢ 308066
EFK 24.1 100 , 100 272+ 7.3
EFK 23.8 100 ' 100 339x32

» October 9-15, 1996
Control 160 100 289 +4.5

EFK 24.6 100 100 25.6=5.5
EFK 24.1 100 100 2T2=44
EFK 23.8 | 100 100 250%73

November 13 - 19, [996

Control 100 100 23.7%11.8
EFK 24.6 100 100 25.127.1
EFK 24.1 100 160 266545
EFK 23.8 100 | 99 . 28940
EFK 22.3 0o 80 32143
EFK 21.9 100 (00 293£79
EFK 18.2 100 90 t4=a2
EFK 17.0 100 ' 3¢ - \ 331.9% 1.6
EFK 13.8 100 99 30332
EFK 10.9 100 » 100 318535

-

Note: EFK - East Fork Paplar Creek kilometer. SD = standard deviation.
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Table 2.2. Summary (mean + SD) of water chemistry analyses conducted during toxicity tests of
ambient saraples from East Fork Poplar Creek, September—November, 1996

AT g

pH Alkalinity Hardness Conductivity
Sample (su) (mg/L as CaCO,} (mg/L as CaCO,) {uSfcm)
September 4 - 11, 1996
Control 8.28 £ 0,07 §7.0£3.9 98.3 =27 2093=64
EFK 246 8.05 £ 0.07 107.5+39 1413 =355 310.7+16.2
EFK 24.1 3.12=0.11 112.2%4.] 145.0+£6.3 3§85« 16.1
EFK 23.8 806+0.13 107.3=8.} 140392 3153 =213
Ocrober 9- 13, 19596
Control 8.26 £ 0.06 904 = :‘;.6 983=2.1 2035+ 108
EFK 24.6 8.05£0.05 122.0£5.8 1373 6.4 30282139
EFK 24.1 8.17+0.02 122857 {40.7+£ 6.0 308.8+20.2
EFK 23.8 8.09 £ 0.06 126.2% 4.1 133.0£5.0 32875266
November 13-19, 1996
Control 8§22=0.11 83215 99316 2033=+11.2
EFK 24.6 8.053%0.16 303189 1373249 28348 +£82.3
EFK 24.1 8.08x0.11 98.8£12.1 1347+ 195 3113=3358
EFK 23.8 8.02 +£0.12 101.7£13.4 1360139 3223 =413
EFK 22.3 8.14=0.12 93.0x12.2 128.0+ 191 326.7£587
EFK 219 8.12+0.08 953 =125 136721 .4 3353 %8683
EFK 18.2 8.15+0.13 106.7£22.0 14132323 33037382
EFK 17.0 8.15£0.19 111.2=28.0 1473 +£3%93 339.3+£9358
EFK 13.8 3.09+£0.17 1143 %352 1388 x41.6 318.7=83.7
EFK 109 8.07+0.11 1.!0.3i-26§5 1.46.0:43‘.8 373.7x%1.8

Nore: EFK - East Fork Poplar Creek kilometer. SD = standard deviasion.
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speciation of cadmium, a toxic metal present in LR sediments.

3. Biological Indicators of Fish Health
3.1 Bioindicators of Fish Health (5. M. Adams)

3.1.1 Introduction

This task involves the use and application of bioindicators of fish health, in addition ta other
invesligative approaches, to evaluate the effects of water quality and other environmental variables on
fish tn EFPC. A suite of diverse bioindicatars of fish health has been examined since fall 1985 ¢
evaluate the health of a sentinel species, the redbreast sunfish (Lepomis auritus), in EFPC as a
component of the BMAP program.

3.1.2 Results/Progress

The most consistently useful indicator of contaminant exposure to fish measured in the
bioindicators task has been the activity of a specific detoxification enzyme, 7-ethoxy-O- resorufin
(EROD). This enzyme typically increases in the liver tissue of fish when contaminant exposuce is
increased, and decreases when exposure is reduced. Chlorinated organic compounds such as PCBs are
known to induce this enzyme system in fish. Therefore, as concentrations of PCBs change in EFPC, the
levels of detaxification enzymes would also be expected to change. This has indeed been the case in
EFPC. From 1988 t0 1992, year-to-year changes in EROD activity have closely tracked PCB body
burdens in fish, providing good evidence that these enzymes are accurately reflecting the biological
availability of PCBs in EFPC (Fig. 3.1).

Remedial measures at the Y-12 Plant have resulted in bath gradual and rapid changes in water
quality in EFPC over the last several years. Gradual patterns in several water quality indicators appear 1o
be related to the trends in PCB and EROD levels shown tn Fig. 1. In addition, relatively rapid decreases
in total residual chlorine in EFPC in response to large-scale dechlorination efforts initiated in fate 1992
also coincided with a rapid nis¢ in PCB levels and detoxification enzyme activity during this ume.
Although there is not yet reason to suspect an actual cause-and-effect relationship between increased
PCB biocaccumulation in fish and dechlorination, these trends will continue o be monitored 10 determine
whether dechlorination is somehow influencing the availability of PCBs to aquatic organisms in EFPC.
An important component of this evaluation will be to look at the growth of fish and the availabitity of
macroinveriebrates in the stream to determine if and by what mechanisms dechlartnation {s having a
posttive influence on these important ecological parameters within EFPC.

3.2 Bioindicators of Reproductive Competence (M. 8. Greeley, Jr., and M. K. McCrocken)

3.2.1 Introduction
Successful reproduction of fish populations requires that adults be capable of producing and

spawning viable gametes. To address the reproductive competence of adult fish in EFPC, various
reproductive indicators, representing several different levels of repraductive orgaaizatiar retated

g
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Fig. 1. Annual mean PCR concentration in fish from East Fork Poplar Creek and the annual means of
detoxification enzyme (EROD) activity in these fish expressed as a percent difference from annual mean

reference values.
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- gamete production, have been routinely examined in female redbreast sunfish sampled from EFPC and
reference streams ar the beginning of each annual breeding season since 1933. Establishment and
maintenance of stable fish populations also requires that offspring be able to develop normally into
subsequent reproductive cohorts. Beginning in 1990, water samples from severaf sites in EFPC and
other streams on and about the ORR have been tested for their effects on fish developmental pracesses
utilizing a medaka (Oryzias latipes) embryo-larval test.

3.2.2 Results/Progress

Redbreast sunfish were sampled from $ sites in EFPC and 2 sites in reference streams during
May and June, 1996, in order to assess reproductive competence at the begianing of the breeding season.
Reproductive tissues obtained from these fish are currently being analyzed in the laboratory; resufts of
these analyses will be presented in the next quarterly report.

A medaka embryo-larval test was conducted during November, 1996, in an ongoing attempt to
characterize the cause of the continuing toxicity of water in upper EFPC to fish embryos in this test
(Table 3.1). A water sample from the Water Intake Station on the Clinch River had refatively linle effact
on embryo survival when sterile-filtered, although there was a moderate reduction in survival in

Table 3.1. Results of medaka embryo-larval toxicity tests of sterile-filtered and unfiltered water
samples from the Water Intake Station, the Flow Management Pipe, 2and the North/South Pipes

Sample Concentration (%) Sarvivat (%)
Conrrol*
Unfiltered 100 300
Sterile-filtered 100 83.8

Warer Intake Station
Unfiltered 100 526
Sterile-filtered ) 100 03

Flow Management Pipe

Unfiltered | 100 333

Sterile-filtered 100 35.0
North/South Pipe

Unfiltered 100 53

Sterile-filtered 100 . 5.0

* Nagya brand bortled spring warer
{00 e D

0
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unfiltered water (possibly due either to particul&tc-bbme campaunds or to pathogens). Filtered and
unfiltered water from the Flow Management Pipe at the junction with EFPC significantly reduced
survival of medaka embryos in both cases. The greatest reduction in embryo survival eccurred in water
obrained directly from the North/South Pipes, and again filtration did not affect the resuits. The resujts of
this preliminary special study suggest that water added to EFPC thraugh the Flow Management Pipe
should reduce the toxicity of upper EFPC water ta fish embryos, but not to the extent originally expected.
Future studics will examine whether the adverse effects of water from the Flow Management system on
medaka embryos are reduced over time with further flushing of the system. Studies also continue o
identify and characterize the specific factor(s) involved in the poor survival of medaka embryas i water
from upper EFPC.

4. Bioaccumulation monitoring task
4.1 Routine bicaccumulation monitoring (M.J. Petersan and G.R. Seuthworth)

4.1.1 Introduction

Bioaccumulation monitoring conducted since 1985 as part of the EFPC BMAP has identified
mercury and polychlorinated biphenyls (PCBs) as substances that accumulate to concentrations in fish
that may pose health concerns to human consumers. Redbreast sunfish (Zepomis guritus) are coflected
twice annually from six sites along the length of EFPC to evaluate spatial and temporal irends in mercury
and PCB contamination. The fall/winter collection of sunfish was initiated in November 1396. Results
of analyses of these samples are expected to provide the first indications of changes in exposure or
bioavailability of mercury and PCBs in upper EFPC as a result of flow management.

The bioaccumulation task focuses primarily on evaluating contamination in filets of commor
sport fish such as sunfish and bass. Such data can be used 10 assess the potential risk o people wha
might eat fish from these creeks, but is {ess useful in evaluating ecological risks. Whotle-body analysis of
stream forage organisms are a more appropriate measure of evaluating ecological risk because 1) the
whole organism (not just muscle) is eaten by terrestrial predators, 2) organisms such as minagws ate
more readily caten by predators than game fish, and 3) lower organiswms can have very diffecent
bioconcentration potentials. In 1996, three composite samptes of stanerollers were analyzed for a suite
of metals and PCBs at EFK 24.8, EFK 23.4; and EFK 18.2. Siriped shainers, which mare effectively
accumulate methylmercury than the herbivorous storeroliers, were analyzed for mercury at the same
sites. The metals results (including mercury) in forage fish are reported betow. The PCB results in
stonerollers will be reported with the sunfish PCB data in the next quacterly report.

4.1.2 Results/Progress

Meazn metal concentrations in whole body analyses of EFPC forage fish are presented tn Tabdle
4.1, along with data for meral concentration in forage fish from Bear Creek, White Oak Creek, and the
Hinds Creek reference site. Cadmium, uranium, 2inc, and mercury concentrations in fish from ugpec
EFPC (EFK 24.8 and EFK 23.4) were several fold higher than concentrations in forage fish {rom the
reference site. A decreasing downstream gradient suggests that sources of all four metals arise within the
Y-12 Plant. Copper, nickel, and lead concentrations in EFPC forage fish were higher than reference site
concentrations at some sites in EFPC, but a clear downstream gradient was absent, and levels wese

11
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Table 4.1 Mean (£ SE, n = 3) concentrations (pg/g wet wt) of metals in composite samples of stonerollers (Campostoma
anomalum) from EFPC and other sites on the ORR

ANALYTE SITE

EFK 24.8 EFK23 .4 EFK18.2 RCK12,5¢* BCKI.4 - BCK3.3 WCK 3.5 WCK 2.9 Hiuds Cr
Antimony <0.5 <0.,5 <0.5 <0.5 <0.5 <).5 <0.5 <0.5 <0.5
Arsenic 006840009 0.151£0020 0.19+0006 01910005 019 :t 0.032 028400250 016£0009 0.17£0012 024 i 0.004
Beryllium ~0.00) 0006 £0.001 0018+0.001 0.0061.003 0:010 0,003 0.030+0002 0.0041000! 0.008£0.002 0.01410.00?2
Cadmium 0.18 £ 0.00 0.18+0.003  0.1)1 £0.004 1.50£0.26 032 £0.027 021 £0.019 006+ 0020 002+0.004 <0.02
Chromium <0.5 0.65:£0.049 0891 0.0)5 <0.5 0.46£0.13 10630068 0.56£0.018  0.56+0.041 0.63 +0.079
Copper 54 ;i:0:38 591104 413+038 0.56£0032 29117 4.7x0.5]1 64+027 5.0x0.70 2.9-+0.33
Lead 0.5 07640052 1.8340.12 <0.5 . <D.5 £0.5 <0.5 <0.5 <0.5
Mercury 2.510.25¢ 0.42 .i 0.037*  0.56 i 0.19* 00940007 0.40£0.000°* 0.10::0.000* 022£0.04**  0.15£0.01** 6.033 1 0.007°
Nickel <0.5 1080076 07310009 0784009 <0.54 078 £ 0.04 <0.5 <0.5 <0.5
Sefenium <0.5 <0.5 <0.5 0.8240.14 <0.5 <0.5 1.25£0.16 0.64+0.00 <0.5
Silver 0.2 <0.2 <0.2 <0.2 <0.2 <02 025+ 0,009 <02 <0.2
Thallium <0.02 <p.02 <0.02 <0.02 <0.02 <(.02 <0.02 <0.02 <0.02
Uranium 0.9210.54 0.474:0.020 0260015 0581011 0.8310.24 049 £0.24 0.017%0.007 | 0.030£0.006 0.010£0.000 ;
Zine 80,7112 68.0 £2.0 443 1 0.88 394088 41 1 0.88 Bxlo 62.3%2.7 447132 250+ 1.6

¥ striped shiner ( Lixilus chrysocephalus)
** hlacknose dace (Rhnichthys atratulus)
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generally not more than twice background concentrations or detection limits. The meaa capper
concentration in the reference site fish was approximately three times higher than was typical of
stonerollers from that site in threc previous analyses associated with other programs, suggesting that
copper results for EFPC fish may be biased high. Although well 2bove background levels, cadmivm in
EEPC forage fish was nearly ten times lower than that in forage fish from the headwaters of Bear Creek,
and about half that of fish in lower Bear Creek. Zinc was slightly higher in EFPC fish than in fish from
WQC below ORNL, while uranjum concentrations in EFPC fish were similar 10 those in fish from Bear
Creek. The average total mercury concentrations in striped shiners exhibited a spatial trend simitar ta
mercury concentrations in sunfish filets: concentrations were highest vpstream of Lake Reatity (EFK
24.8), and average concentrations at the two downstream sites (EFK 23.4 and EFK 18.2) were similas.
However, the ratio between total mercury in sunfish vs. total mercury in shiners did vary by site. Total
mercury concentration in shiners were approximately a factac of twa higher than sunfish at EFK 24.8,
but shiners were approximately 25% lower than sunfish at EFK 23.4 and EFK 18.2. The differences are
likely due to high levels of inorganic mercury in forage fish neac the Y-12 pfant. Mercury speciation
studies conducted for the Lower EFPC remedial investigation have shown that methyimercury
concentrations in whole body analyses of forage species are about 23% or less concentrations found
sunfish fillets. Proportions of the much less toxic inarganic mercury in forage species are high enovgh
(40 - 50%) that evaluations of risk to piscivorous wildlife based on assumptions of 186% mecthylmercary
in forage species are likely to be substantially averestimated.

The 1996 screening provides a basis from which mercury and PCB concentrations in sunfish
fillets can be used to estimate the potential ecological concerns associated with whole-body
- concentrations in shiners and rollers. Its is hikely that substantial increases ar decreases ia mercury and
PCBs in sunfish fillets would result in a similar change in forage fish, thus forage fish will aot be
monitored for these two contamninants in 1997. Whole-body analyses of herbivarous minnaws for metals
other than mercury is clearly a better alternative than sunfish fillets for evaluating biologically-
meaningful metal contamination. Annual metals analysis of fish fillets in EFPC will therefare be
replaced by analyses of whole stonerollers. Because stoneroliers from EFK24.8 contained the highest
concentrations of most metals of potential concern {e.g. uranium, zinc), this site/species will be
monitored in future vears.

4.2 Special Studies

4.2.1 Relationship between mercury in water and fish in EFPC (G. R Sowthworth and
M. J. Peterson)

4.2.1.1 Introduction

Efforts to establish a predictive empirical relationship between total mercury in water and
methylmercury accumulation in fish in EFPC have indicated that mercury bicavailability in EFPC is
much lower than it is in uncontaminated sites throughout North America. However, mercury availabifity
at other contaminated sites might be similar. In {996, data on mercury concentrations in fish and water
in mercury -contaminated hard water streams in Virginia, Keatucky, and Tennessee were obtained to
investigate the hypothesis that mercury bioavailability at those sites was similar to EFPC. If mercury
bioavailability at other contaminated sites with similar water chemistry was similar to EFPC, data from
those sites could be used to assess the relationship between total mercury in water and bicaccumulation
in fish at aqueous mercury concentrations in the range {50 - 200 ng/L) that is the 1998 target for remedial

13
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actions in upper EFPC.

4.2.1.2 Results/Progress'

Mercury concentrations in sunfish exceed background fevels in Big Bayou Creek (Paducah,
Kentucky), White Oak Creek (Oak Ridge, Tennessee), North Fork Holston River (Saftviife, Virginia),
and the South River (Waynesbaro, Virginia} as well as EFPC. Water samples were cofjected 2t those
sites under late summer baseflow and analyzed for total mercury by atomic fluorescence spectrometry.
Redbreast sunfish (longear sunfish at Paducah) are routinely collected at most of those sites by ¥-12,
ORNL. and PGDP BMAPs, and analyzed for total mercury. Fish were collected at the South River site
and analyzed at ORNL, while data on mercury concentrations in fish from the North Fock Holsten River
were provided by Olin Corporation, which regularly monitors mercury levels ia fish below the Saltville
stte.

Mercury bioavailability at contaminated sites in Virginia and Kentucky was strtkingly higher than
at sites in Oak Ridge (EFPC and White Oak Creek). In Fig. 4.1, sites at which mercury conceatraticas ia
sunfish are similar are paired, and total mercury concentrations in water are compared. At the South
River site, mercury concentration in water was less than 100 ag/L, while at EFK 24.8 within the Y-12
Plant, where mercury in fish was nearly identical to that at the Virginia site, total water-bome mercury
exceeded 1400 ng/L. The pattem was repeated when the North Fork Holston River site was compared
with EFK 23.4 (Station 1 7). Although mercury in redbreast sunfish was about 0.6 mg/kg at the twa sites,
aqueous mercury in the Virginia river was less than 50 ng/L, whife in EFPC it was nearly 13500 ag/L.
White Oak Creek and Big Bayou Creek at Paducah each contained sunfish that averaged asound 0.3
mg/kg mercury, but the aqueous mercury concentration in White Oak Creek was much higher.

Two conclusions can be drawn from this study. First, other metcury-contaminared streams casnet
be used as surrogates for predicting the degree of reduction needed in mercury concentration in EFPC to
achleve target concentrations of mercury in resident {ish; and second, something distinct about the
chemical composition of water in upper EFPC and White Qak Creek may act to reduce bioavaifability of
mercury. Much of the flow in both streams is comprised of process {drinking) wates that is obtained
from the same water treatment plant. The chemistry of both streams is also strikingly aftered by
industrial discharges from both facilities, which have many chemical similarities.

4.2.2 Effects of Methylmercury on Fish-Eating Birds in EFPC (7. L. Ashwood)

4.2.2.1 Introduction

Kingfishers are highly piscivarous birds that consume up o half their bodyweight each day in
fish or crayfish. Because kingfishers are territorial during the breeding seasaa, their foad intake and the
food they provide their nestlings all comes from a relatively small area of g stream oc 1ake. If fish within
these territories are contaminated, then the adults and nestlings are highly expesed. For twa years, the
Ozk Ridge Reservation (ORR) ecological risk assessmeant (Sample et al. 1993, 1996) has identified
kingfishers as being highly at risk on all ORR streams.
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4.2.1.2 Results/Progress

As part of the mercury study, kingfishers wece surveyed ia two areas on EFPC, Aduls
kingfishers of both sexes were obscrved during the breeding season (March-May) in the vicinity of Lake
Reality and along EFPC where it flows through Jackson Farm. At Lake Reality, kingfishers were
observed along upper EFPC as far upstream as where the stream eaters the security area of the Y-12
Plant. ArJackson Farm, kingfishers were observed along the stream in the horse pasture area of the

farm.

We were unable to conclusively ideatify any kingfisher nests at either Jocation. Kingfishers .
prefer steep banks with sufficient height above water to minimize the risk of nest flooding. Because they
dig their own burrows, kingfishers prefer loose soil. Locations believed to be suiable for
kingfisherburrows are scarce along the banks of upper EFPC. At Jackson Farm, the barks may be too
low for kingfisher nests, although rough-winged swallows were observed nesting in the banks at Jackson

Farm.

Because no kingfisher nests were found, ao samples were col{ected and no data regarding
hatching or fledging success were collected during FY 1996. This Jack of success in FY {996 is most
probably due 1o the ad hoc nature of the observations. Utilization of a dedicated observer with specific
experience in bird surveys during FY 1997 will be much more likely to locate the nests and obtzin
reproductive data and samples. The high potential for risks to these birds suggests that they may be
suffering reproductive impairment along EFPC. The presence of adults throughout the year and during
the breeding season cannot be taken as an {ndication that the birds are successfully reproducing.

4.2.3 PCB Source Identification (J. F. McCarthy)

Semi-permeable membrane devices (SPMDs) were deployed during the fast quarter at 21 sites i
upper EFPC and within the storm drain nctwork in an attempt to identify the sources of PCB being
bioaccumulated by fish and clams. Results of these studies will be reported in future guarterly reports.

5. Community Studies
5.1 Periphytoa (W. R. HilD)

S.1.1 Introduction

Periphyton monitoring in EFPC occurs four times a year {as close 10 a quarterty sampling regime
as environmentzl conditions will allow). Rocks and their associated periphyion ase collected from three
sites on EFPC (EFKs 24.4, 23.4, 6.3) and one sit¢ on Brushy Fork (BFK 7.6). Four rocks from each site
are used in determining algal biomass (chiorophy!l g}, rate of photosynthesis (*C incorporation), and
algel community composition. To compare photosynthesis (PS) rates for periphyion among sites with
different algal biomass, the PS data are divided by the chlorophyll o amounts. The resulting chiorophy!i-
specific photosynthetic rates provide an index of physiological condition of the aigal component of the

periphyton.
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5.1.2 Results/Progress

Periphyton biomass and photesynthesis was measured October 31,1996. The results of these
measurements appear in Table 5.1. Overall, periphyton biomass and photosynthesis in EFPC were
roughly similar to that measured previously in July. However, photosynthesis and chiorophyti-specific
photosynthesis at EFK 24.4 were lower than in July. The other twa EFPC sites exhibited modest gains in
biomass and photosynthesis, and the reference site (BFK 7.6) showed two-fold increases in biomass and
photosynthesis. No significant spates occurred for at least a maath prior to sampling, so increases in
biomass and photosynthesis were not unexpected. Loss of canopy cover at shaded downstream (EFK
6.3) and reference (BFK 7.6) sites may have stimulated primary production at these sites and contributed
to the increases in photosynthesis we measured in the laboratory. The contrasting decrease i
photosynthesis at EFK 24.4 could well be the result of the lower temperatures and tuchulent base fow
caused by flow augmentation. If photosynthesis in sitw was indeed diminished by flow augmentation,
then growth and reproduction of the major fish species at EFK could also be affected by flow
augmentation.

The next sampling of periphyton biomass and photosynthesis in EFPC is scheduled for Januacy
1997. This sampling episode may confirm impacts of flow augmentation. Periphyton and stageratiers
samples collected in the Fall of 1996 for metal accumulation will be submitted foc ICP anatysis of metals
in January. A paper describing the accumulation of PCBs by periphyton and stonerotlers in upper EFPC
was accepted for publication by Archives of Environmenial Contamination and Toxicalagy in November.

Table 5.1. Means and standard errors for biomass, photosynthesis, and chlorophyil-specific
photosynthesis rates of periphyton cotlected fram EFPC and Brushy Fork, October 31, 1996

Site Algal bioma;ss Photosynthesis ;::;t::;; :?t}i;}::f seific
(»g chla/em?) (pgCrem®/b) (ugClugehlalem/h)
EFK24.4 49.5£45 7.62=0.77 0.15£0.01
EFK 234 42.7x 89 - 10.26=2.42 024 =0.02
EFK 6.3 29.5% 6.1 8.45 * 0.82 8.33 £0.07
BFK 7.6 10032 241076 .28+ 0.07

Note: EFK = East Fork kilometer, BFK = Brushy Fork kﬂometer _
(AR TR PR R R R T A .
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5.2 Benthic Macroinvertebrate Community Mouitoring (J. G. Smith)

5.2.1 Introduction

The objectives of the benthic macrainveriehrate task are to monitor the benthic
macroinvertebrate community in EFPC to provide information on the ecological condition of 1he stream,
and to evaluate the response of macroinvertebrates to operational changes, abatement activisies, or
remedial actions at the Y- 12 Plant as 2 measure of the effectiveness of these actions. To mees these
objectives, routine quantitative benthic macroinvertebrate samples liave been collected at least twice
annually (April and October) since 1985 from four sites on EFPC (EFK 24.4, EFK 23.4, EFK 13.8, and
EFK 6.3). Since 1986, two reference sites unimpacted by indusirial discharges have alsa been
monitored: one site each on BY at kilometer 7.6 (BFK 7.6) and Hinds Creek at kilometer 20.6 (HCK
20.6) (Figs. 1.1 and 1.2).

5.2.2 Results/Progress

Average values for total taxonomic richness and fichness of the Ephemeroptera, Plecoptera, and
Trichoptera (EPT richness) for samples collected during the April sampling pericds from 1986 through
1996 are presented in Fig. 5.1. These two metrics have consistently heiped determine the condition of
stream sites, and detect temporal changes within sites. EPT richness is particularly useful because the
three major insect orders it incorporates are generally intolerant of poor water quatity. Total and EPT
richness values were clearly and persistently low at EFK 24.4 and EFK 23.4 compared with the reference
sites from 1986 through {996. However, total richness values for EFK 23.4 and EFK 24 .4 have
generally increased while values for the reference sites have shown no consistent trends of change. £PT
richness has increased at these two sites, but the increases have been more subtle. EPT taxa were rarely
collected until after 1990 and 1991 at EFK 23.4 and EFK 24.4 respectively.

Values for total and EPT richness were also consistently lower at EFK 4.3 than at either
reference site, but the magnitude of difference was less than for EFK 24.4 ot EFK 23 4. After 1950 total
richness values for EFK 6.3 and the refecence sites generally differed by jess than a factor of 2X. From
1989 through 1996, values for total richness at EFK 13.8 consistently changed within the ranges
exhibited by the reference sites. This was alsc true for EPT richness except for the most recent
collection period in April (1996). Although EPT richness values declined between 1995 and 1996 at
EFK 13.8 and the reference sites, the magnitude of decline at EFK13.8 was enough to result in 2 much
greater difference from the reference sites than in past April sampling periods. It is not known if this
larger differcnce was caused by an acmaf change associaied with nawra? or unnarrat factoes, ac if it was
the result of a sampling artifact.

These results indicate that the macroinvertebrate community at EFK 23.4 and EFK 24 4
remained significantly degraded through 1996. However, subtle but persistent increases in 1otal richness
and richness of pollution tolerant taxa at these sites indicate that some improvements have occuired in
upper EFPC since 1986, Within approximately {0 km downstream of EFK 23.4 (i.e,, EFK 13.8), the
benthic macroinvertebrate community, as judged from totat and EPT richness ounly, exhibits
characteristics that indicare miniral or no tmpact relative to reference conditions.
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Fig. 5.1. Mean values for total taxonomic richness and richness of the Ephemeropiera,
Plecoptera, and Tricoptera (EPT) of the benthic macroinvertebrate communities in EFPC and
reference sites in Brushy Fork and Hinds Creek. Values are based on samples cotlected during

TOTAL RICHNESS

-~~~ EFK 4.4

+ ~de= EFK 22,4

~i~ BFK 13.8
—9- EFKs3
O~ BFK 7.8

s 87

e p
- r
o -
. >
o 3
; :
. A -—
L~ HCK 20.6 3
: 3
» 5
o —
- 3
o X
E_ 3
- ]
E_ -

3
- 3
= 3
- -
i 3
9 E
b R <
e L3 R N { §

EPT RICHNESS
—y— EFX 26.4
L —a EEK 234 >
- =~ EFX 13.3 R
—— £7X 2.3

~O— BFX 7.8
O~ HQK 204

82 80 91 92 93 94 95 58
YEAR SAMPLED

the April sampling periods from 1986 through 1996.

{9




TOW Cor ORp Moo LS ) DO Y e A

$.3 Fish community monitoring (M. G. Ryon)
5.3.1 Introduction

Fish population and community studies can be used 10 assess the ecological effects of water
quality and/or habitat degradation. Fish communities, for example, include several traphic levels, and
species that are at or near the end of food chains. Conseguently, they integrate the divect effects of water
quality and habitar degradation on primary producers (periphyton) and consumers {benthic iavertebrates)
that are utilized for food. Because of these trophic interrelationships, the well-being of fisk populations
has often been used as an index of water quality. Moreover, statements about the condition of the fish
community are eastly understood by the general public.

The two primary activities conducted by the Fish Community Studies task in EFPC are: (3}
biannual, quantitative estimates of the fish community at six EFPC sites and twa reference stream sites;
and (2) investigative procedures in respouse to fish kills near the Y-12 Plant. The quantitative sampling
of the fish populations at sites is conducted by electrofishing in March—April and September—Octaber.
The resulting data are used to estimate population size (numbers and biomass per unit area), determine
length frequency, estimate production, and calculate Index of Biotic Iategrity values. Fish kili
investigations are conducted in respouse to chemical spills, unplanned water releases, or when dead £ish
are observed in EFPC. The basic tool used for fish kill investigations is a survey of upper EFPC (above
Bear Creek Road to the North/South Pipes) in which numbers and locations of dead, dying, and stressed
fish are recorded. This baseline is supplemented by special toxicity tests, histopathological
examinations, and water quality measurements in an effort to determine the cause of observed mortality.

5.3.2 Results/Progress

This quarter, quantitative fish community sampling was completed for the EF2C sites and the
reference sites, as per the plan schedule. Data from these quantitative surveys of EFPC sites were
entered into computer databases and will be processed through quality assurance procedures during the
next quarter. '

During September 1996, 5 daily surveys were canducted of EFPC above Bear Creek Rd. to
evaluate the background levels of montality. A total of § dead stonerollers were found. The avecage dead
per survey, 1 fish, was lower than prior background mortality levels of approximately 6 €ish per survey.
The lower rate could be incidental or may reflect improved conditions associated with the flaw
management instituted this summer. The absence, at least to this date, of any substantial fish kills
particularly in the Jate November time frame also is notable. Because of this possible impraved rate of
mortality, a background survey will be conducted in December ta provide additional data.
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