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1. Introduction

in May 1985, a National Pollutiint Discharge Efirnination System (NPDES) permit was issued
for The Oak Ridge Y-12 Plant. As a condition of ~he permit, a Biological Monitoring and Abatement
Program ( BMAP) was developed to dtxnonsmate that the effluent [imitations established far the Y- 12
Plant protect the classified uses of she receiving stream (EasI Fork Pop~ar Creek; EHIC}, in pa~icuhr,
~hc growth and propagation of aquatic life (Lear et al. 1989). A second objective of the 13MAP k m
document the ecological effects resuking from k implementation of a water pohion control pmgcam
designed to eliminate direc~ discharges of wastewaters 10 EF~c and ID mmimize tke inadvenen~ release
of pollutants to the environment. Because of the complex nature of the discharges ta EFPC ad the
zernporal and spatiai variability in the composition of the discharges, a comprehensive, integrated
approach to biological monitoring was developed. A new permit was issued 10 the Y-J2 Wan: on April
2S, 1995 and became effective orI July 1, ?995. Biological rnonisorirg continues to be required under zhe
new permit. The BM.EW consists of fQur major tasks tha~ reflect different bu~ compiernenhxy approaches
ro evaIuaring the effects of the Y-12 P?anr discharges on the aquatic irmg-ri~y of EFPC. These tasks are

(1) toxicity monitoring, {2) biological indicator studies, {3,)bioaccumuIation studjes, and [4} ecobgica}
sumeys of the periphyton, bentbic macroinvertebratel and fish communities.

Mm-iitcx@ is cumently being conducted at five primary sites, ahhaugh sites maybe excluded
and/or others added depending upon the specific objectives of The various z&s. Criteria used in
selecting the sites include: (1) location of.mmpling sites used in other studies, (2} known or suspected

sources of downstream impacts. (3) proximity to U.S. Dep.rtrnen~ of Energy (DOE} O& Ridge
Reservation (ORR) boundaries, (4) concentration of mercury in the adjacent fkmdpkhs, (5) appraprixc

habitat distribution, and (6) access. The sampling sites include EFPC m kilometers (EFKs} 24.4 and 23.4
[upstream and downsneam of Lake Reaiity (LR) respectiveiyj; EFK 18.7, Iucated off the OR and
below an area of intensive commercial and Iimiwd Iight industrial deveioprnent; EFK 13.8, Iacated
upstream from the Oak Ridge Wamewater Treatment Facility (O,RWTF); and EFK 6.3 lacated
approximately 1.4 km below the ORR boundary {Fig. 1.1). Brushy Fork {BF) at kilometer @FK) 7,6 is
used as a reference stream in most tasks of the BMAP. Additional sites off dw (XR are also used for
reference, including Beaver Creek, Bull Run, Hinds Creek, Paint Rock Geek, and the EKLCYVRiver in
Watts Bar Reservoir (Fig. 1.2).

2. Toxicity Monitoring (L. A. Kszos, D. S. Gcerorte, il. J. S/ewat? and L.. F. Wicker)

2.1. Introduction

The ambient Toxicity monitoring task includes three subtasks: toxici~ monitoring, toxicity
experiments. and supporting studies. Toxicity monitoring uses Li,S, Erwircmmertral Protection Agency

(EPA} approved methods with Ceriodaphkr dubia and fathead larvae to provide systematic information
tlt2t can be used to determine changes in the biological quality of EFPC Amugh Arne. Toxicity
experiments are conducted to rest specific hypotheses about stream watef quaii~. The hypotheses are
addressed experimental?>- by the systematic application of ambient toxicity tesz rnezhods. Supporting
studies are used to ( 1) investigate the relationship between the ptzysicocheznical and biulagicai conditions
in EFPC, particularly as they relate to pmccsses or rates of ecologicrd recovery d {2} develop better

me~hods for accuram]y predicting ecological recove~ wilh changes in water qua[ity it-t&FPC. Taxiciiy

monitoring at The upszream sites from Bear Creek Road [Lake Reality outfall or IX-o {EFK 23 ,8), LR
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inlet or LR-i (EFK 24,1) and Area Source Study Site”8 or AS-8 {EFK 24,6}] are conducted mont~[y.
Ambient monitoring ar six sites downstream from Bear Creek Road (EFKs 22.8,21.9,20..5, 18.2, 13
and 10.9) are tested quarteri y.

2.2 Results fProgress

2.2.1 Toxicity Monitoring

8,

.4m bient waler samples from EFK 24.6, EFK 24.1, and EFK 23 .S were evaluated far acute and

chronic toxici~ to Ceriodaphnia dubia during September 4-11 and Octo6er 9-16, ]996. During the
November 13-21 testing period ambient water samples from EFK 24,6, EFK 24.1, and EFK 25.3 and

downstream sites (EFKs 22.8, 21,9, 17.0, 18.2, 13.8, and ?0.9) were also tested with Ceyiodhphnio dubi~.

h each sampling period, daily grab samples from the ambient si~es were co]kcted by ESD pezsome~ fo7
testing. Results of ambient toxicity tests and chemical analyses am shown in TaMes 2.1 and 2.2. Dur&-Lg
al I testperiods, Ceriodaphnia sumivd in wker from each site was a80%0. Ceriodaphn2a reproduction in

the water samples was not significandy reduced compared to the controls.

2.2.2 Special Studies

Data on the composition of sediment in LR and thecharacterisrics of w~ter entering and exiting
IX has been used to develop informariort ori the influence of biata an cantarnina.ctt dynamics in LR. In
November 1988, water in upper East Fork Poplar Creek (EFPC) was redirected so that it flowed th~o@

a new lined impoundment, referred to as Lake Reality {LR}. By vii-rue of its location near the
Department of Energy’s Y-12 Plant, LR is used as a spill-centro! system; it aiso functions as a sert[ing
basin, and now comains 15 to 20 cm of sediments. Monimring of wazer-quaiity cordizicms in EFPC at
sites upstream and downstream from LR, and within L-R itself, has shown thar warer exiting LR conrairzs
higher concentrations of suspended pmicttlate matter than water entering the irnpoundmen~ from upper
EFPC. especially during base-flow concii$ions in summer. The suspended solids exizing the
impoundment also have a higher ash content than suspended solids erxerirg the irrqmurdrmw. In S&U
monitoring a~ 1%ninuse internals for 14-clay periods during summer reveaied diurnal variations in pH
within LR ( ~.I units) around the pH for zero charge af calcite. The dkl changes in@ in L~ WSAJkfrom

photosynthesis (primarily algae) and respiration. The pH da~ plus sberrnodynamic calculations using
ten years of hardness and alkalinity data (obtained fiorn the Y-12 Hard’s BMAP fix EFPC), strongly
predicted the presence of calcite, a particulate-phase form of calcium carbonate. Calcite is known 10
precipitate from calcium-rich natura~ waters primarily due to the extraction af dissolved carban &taxide
during photos@tes~s by algae.

To test the prediction about the presence cfcdcite, sediment samzpks wxe cdtected frarn LR
and analyzed by X-ray spectroscopy. Crilcire was clear~y detectable in L.R sediments” by this analysis
mmhoci, but not detectable in sediment from one site in EFPC upstream of LR Thus, biotic prwesses,
perhaps augmented by increases in water temperat&e, apparcn!ly cMve c;!cite production in IX. This
phenomenon explains both the increase in concentration af suspended solids in water flowing through

LR, and the higher inorganic content of the solids that are exported from LR. Numerous othsr studits
have shown that various metals and organic compounds tend to ‘sarb strongly to calcire 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. Laboratory experiments are now being
designed to provide quantitative estimates of rhe effects of ca[cire forrnarian and dissolucictn ort che
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Table 2.1. Results of Ceriodaphnia dr.rbiutoxicity tests of ambient sites from East Fork PcJp13r
Creek conducted September - %ovember, 1996

Ceriodaphia dfsbia

Sample Concentration (Y.) ~~~an Mean Reprtxluctirm
Suwival (%) (o ff%pringhwviving

fenxde} (S33}

Seprember 4-11.3996

EFK 24.6 1“00 90 30.8 = 6.6

EFK 24.1 I00 100 27.2 i ?.3

EFK 23.8 100 I00 ~<-733.9 ----

Control ioo 100 28,954.5

EFK 24.6 [00 103 ~5<6 ~ 5,5

EFK 24.1 100 1m -)7 ‘? {d- .- = ----

EFK 23.S I00 100 25-027.8

November 13-19, 19!26

Control }00 1m) 3,7&l~%6

EFK 24.6 100 1(?0 2s.1 +7.1

EFK 24.1 100 100 26.654.5

EFK 22.8 100 80 32.1 2k4.!i

EFK 2 i .9 I00 100 29.3 &7.9

EFK 18.2 100 90 31.4= 4.2

EFK 17.0 {00 - 90, 3j,9* 1,6

EFK 13.8 100 90 30.3 = 8.2

EFK 10.9 100 100 31.8= 3.6

No/e: EFK - East Fork Poplar Creek kilometer. SD = standard devia~iom

6
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Table 2.2. Summary (mean * SD) of water chemistry ana~yses conducted during toxici~ tests of

ambient samples from East Fork Poplar Creek, September–.November, 1996

pH Alkalinity Hardness Conductivity
Sample (Su) (m*& .. c~co,) (mgfL as GKX3J @wH71)

Control

EFK 24-.6

EFK 24.1

EFK 23.8

Control

EFK 24.6

EFK 24. I

EFK 23.8

ControI

EFK 24.6

EFK 24.1

EFK 23.8

EEK 22.8

EFK 2 \ .9

EFK 18.2

EFK 17.0

EFK 13.8

EFK 10.9

s,~b ~ /3,/36

8.0s k 0.05

8.17 k 0.02

8.09 * 0,06

S.22* 0.11

S.03 + 0,16

8.08 = 0,1 I

.g,o~*~.J~

8,14+0,12

8.12 + 0.08

8.15+0.13

8.15*0.19

8.09*0.17

S.07* 0.11

September 4- l], 1996

87,0= 3.9

107.5 = 3.9

112.2 *4.1

107.3 = s. J

Ocrober 9-15, 1996

90.4 + ;.6

~~~.-j * 5,8

122.8 k 5.7

]26.2 * 4. j

Novem!wr 13-19, 1!?96

83.2= 1.5

90.3 * 18.9

9a.s & i2. i

101.7 +[3.4

93.0 + 12.2

95.3 = {2.5

106.7*22.O

111.0 =26.0

i14.3k 35.2

98.3 + 2.7

141.3 =5.5

145.0 & 6.3

i 40.3= 9.2

98.3 = 2.1

137.3 k 6.4

140.7 +6.0

159.0+ 5.0

99.3 k 1.6

127-3 k 24,9

134.7 * 19.5

1“36.0= 13.9

)Q~Jj-+ ~g,~

136.7 k21.4

14}.3 +32.3

147.3 *39.3

138.0 k41.6

1<6.0 = 43’.8

iVo[e; EFK - Eas[ Fork PopIar Creek Idometer. SD = smndard devixion.

7



speciation of cadmium, a toxic metal present in LR se’dhnems.

1 3. Biological Indicators of Fish Hea[th

3.1 Bioinrlicators of Fish Health (3. M. .kfam.s)

I 3.1.1 Introduction

This task involves the use and application of bioindicators of fish health, in additiun m other
inves~igative approaches, to evaluate the effects of water quaiity and other etwironrnensal variables on
fish in EFI’C. A sui~e of diverse bioindicatars of fish health has been examined since fall 1985 to
evaluate theheahh of a,sentinel species, the redbreas: sunfish {&pOmZLSauri(us),. in EFPC as a
component of the BhO@ program.

3.1,2 ResuItsfProgress

The most ccmsistently useful indicator of ccmtarninanr exposure to fish measured in &
bioindicators task has been the activi~ of a specific demxificafion enzyme, 7-ezhoxy-O- resomfin.
(EROD). This enzyme typicalIy increases in the liver tissue of fish -when contaminant exposure is

increased, and decreases when exposure is reduced. Chlorinated organic compounds such as PCBS are
known to induce [his ertzyrne system in,fish. Therefore, as concentrations of PCBS change k El%C, the
ievels of detoxification enzymes would also be expected to change. This has indeed been the case in
EFPC. From 1988 to 1992, year-to-year changes in EROD activi~ have ciose~y tracked F’CB body
burdens in fish, providin3 good evidence that these enzymes are accura~ely reflecting the biolo~icai
availability of PCBs in EFPC (Fig. 3.1).

Remedial measures at the Y- 12 PIam have resuhed in both gradua[ azd rapid charges k water
quality in EFPC over the fast several years. Gradual patterns in several water quality indicators appezu m
be related to the trends in PCB and EROD levels shown in Fig. 1. In addition, relatively rapid decreases
in cocal residual chlorine in EFPC in response to Iarge-scale dechlorination effofis initiated in Jam i 992
also coincided with a rapid rise in PCB levels and detoxifkazion ertzyrnc a.ctivi~ during this zirne.
Although there is not yet reason to suspect an actual cause-and-effect rektionship bemveen increased
PCB bioaccumulation in fish and dechlorination, these trends will continue m be monilored so detemine
wheIher dechlorination is somehow influencing the availabi lity of PCBS $0 aquatic organisms in lSFPC.

An important component of this evaluation wiH be to look at the growh of fish and the availabi~iry d
macro invefiebrates in the stream to determine if and by what mechanisms dechlarinatian is having a
positive influence on these important ecological parameters within EFPC.

.

3.2 Bioindicators of Reproductive Competence (M S. Gweley, Jr., andk.f K M@~ackea)

3.2.1 Tntroducfion

Successtid reproduction of fish populations requires that aduks be capable of producing and
spawn inS viabIe gametes. To address the reproductive competence of aduh fish in EFPC, various
reproductive indicators, representing severaI different levels of reproductive orgariizatiuR related Ca

8
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garnctc production, have been routindy examined in female redbreasz sunfish sampled from EFPC and
reference streams at the beginning of each annuai breeding se&cm si~ce 1988. Estiblislunent and
maintenance of stable fish populations also requires that offspring be ab!e to devebp normally into

subsequent reproductive cohorts. Beginning in 1990, water samples fTom several sites in EFPC and
other streams on and about the ORR have been tested for their effects on fish deve}opmentd processes
utilizing a medaka (OVzias L@es) embryo-lama[ test.

3.2.2 Results/Progress

Redbreast sunfish were sampled from 5 sites in EFPC and 2 sires in reference streams during

May and June, 1996, in order to assess reproductive competence at the begirmirg of the breeding season.
Reproductive tissues obtained from these fish are cumerxiy being analyzed in the laboram~~ resuhs of

these analyses will be presented in the next quarterly report.

A medaka embryo-larval tesr WaSconducted during November, \ 996, in an ongoing azempt to
characterize the cause of the continuing toxicity of water in uppeT EFPC to fish embryos in this test
(Table 3.1). A water sample from ~he Waler Ins&e Statiop on the Clinch River had relatively Iimie effect
on embryo survival when sterile-filtered, aishough there was a modemle reduclion in sunivaf in

Table 3.1. ResuIts of medaka embryet-larwd toxicity tests Of sterileliltered and unfiltered water
sampies from the Water Intake Station, the FIow Management Pipe, and the .NofiMSouth Pipes

Sample Concentration [’%) Sm-vivai {%)

Cunr?ol=

~rnfiIt~~ed

Sterile-filtered

Water Make Station

Unfiltered

SwriIe-filtered

Flow J4znagcment Pipe

Unfiltered

Sterile-filtered

iVorrMSo uth Pipe

~nfiitered

Srerile-filtered

100

100

100

[00

52.6

95

33.3

35.0

5.3

5.0

‘ Xaya brand botfled spring warer

10
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unfiltered water (possibly due either to particulate-borne cornpaurds ar co pathogens]. Filtered and
unfiltered water from the FIOWManagement Pipe at the junction with EFPC significantly nduced
sumival of medaka embryos in both cases. The greatest reductian in embryo survival cccmred h wate~
obrained directiy from the North/South Pipes, and again fikracion did not affec~ ~he resuhs. The resuhs of
~his preliminary specialstudy suggest Ihat water added to EFPC dwaugh che flow Management Pipe
should reduce the toxicity of upper EFPC wrier to fish embryas, but not to the extent originally cxpec~rd
Future studies wil 1exam ine whether the adverse effects of warer from ~he Flow Management system on

medaka emb~os are reduced over rime with further ffushing of the system. Studies also continue to
icientifi and charac~erize the specific factor(s) involved in the poor sumivat uf medaka embryos in water

from upper EFPC.

4. BioaccumuIation monitoring task

4. I Routine bioaccumulation monitoring (AU Peterson urrd (U?. 2huf)Iwutih}

4. L1 Introduction

Bioaccumufation monitoring conducted since [985 as parz of the EFPC BMW has identified
mercury and po\ychIorinated bipheny[s (PCBS) assubstances that accumulate to wmcenwations in fish
that may pose health concerns tohuman consumers. Redbreast sunfish {Lepomis aurir=) are coilected
twice annually from six sites along [he length of EFPC to eva~uate spatial and temporal Irends in mercury

and PCB contain irmion. The fallkinter collection of sunfish was initiated in Novemlm ~996. Resuks
of analyses of these samp[es are expected to provide the first indications of changes in exposure or
bioavaiIabili~ of mercwy and PC% in upper EFPC as a result of flow management.

The bioaccurnu!ation task focuses prhnari~y oti evaluating contamination in filers ofcmtman
sport fish such as sunfish and bass. Such data can be used m assess the potenlial risk to people who
might eat fish from these creeks, but is Iess useful in evacuating ecological risks. Whole-body amlysis of
strewn fora~e organisms are a more appropriate measure ~f evahming ecological risk because 1) the
whole organism (not just muscle) is eaten by terresbiai predators, 2) organisms such as minnows are

more readily eaten by predators than game fish, and 3) \ower organisms cari have very differenr
bioconcentration potentials. In 1996, three composite samples of smnerol]ers were analyzed for a sui~e
of mer.ds and PCBS at EFK 24.8, EFK 23.4; and EFK 13.2. Striped shiuers, which mace effectively
accumulate methy[mercury Than the herbivorous stonerof fers, were analyzed for rnercu”ry at rhe same
sites. The metals results (incIuding mercury) in forage fish are reported beiuw. The PCB results in
smnerol!ers wiII be repofled with tie sunfish PC’Bdata in the next qwwly report.

4.1.2 ResuM’Progress

iMean metal concentrations in whole body analyses of EFPC forage fish are presented in Table
Q.1, along with dara for meral concentration in forage fish from Bear Creek. W%ite Oak Creek, and the
Hinds Creek reference site. Cadmium, uranium, zinc, and mercwy concentrations in fish from upper
EFPC(EFK 24.8 and EFK 23 .4) were several fold higher than concentrations in forage fish from tie
reference sire. A decreasing downstream gradient suggests thal somces of 2H fmr mezds arise within the
Y-[ 2 Plant. Copper, nickel, and kid concentrations in EFPC forage fish were higher than reference site
concentrations at some sites in EEPC, but a c [ear downstream gradkmc was absent, and levels were
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Table 4.1 Mcim (~ SE, n = 3) umccnlralkms (pg/g wet wt) of metals in composile samples of stonerollcrs (Cmnpo.r[owfI “
mwnwlw ) from HUT w-id0[her sites on the ORR

—.

ANALY’lTj SlT13

—————.. —.

EI’K 24.8 EFK.23,4 13FK18.2 RCK12,5** BCK9.4 BCK3,3 WCK 3.5 WCK 2.9 HindsCr

Antimony

Arsenic

Beryllium

Cadmium

Chromium

Copper

Fdcrlxlry

Nickel

Sdcniurn

Siivcr

Thallium

Uranium

zinc

a.s

0.068 * 0,009

<(),0()3

0.18 A 0.00

~o.s

5.4 *0.38

S0,5

2q5ko.2s”

<0.5

<0,5

sO.2

<0,02’

0.92 * 054

Rf),7k 1,2

<0,5

0.15 * 0.020

0,006 f 0.001

0.t8k0.003

0.6S.* 0.049

5.9 k 1.04

0,76 &0.052

0.42 A 0.037’

1.08 + 0,076

<0,5

<(),2

<0.02

0,4’710.020

68,0 * 2,0

<().5

fJ.10 f o.~(j

0,018 k 0.001

0.11 * 0,004

0.89 * 0.0)5

4.13 * 0.38

1.83*0.12

0.!1610.19*

0.73 i 0.009

<0.s

4.2

<().02

0,26 ~ 0.01S

d4.3i 0,88

<0,5

0.19 t 0.00s

0.006 k .003

1.S0~ 0.26

<(),5

o.56ko,032

<().5

0,09 * 0?007

0.78 h 0.05

0,82 i0.14

<U.2

KO.02

0.58 A0.11

39 i oil

<(),fi

0.19 f 0.032

0!010 * 0.003

0.32 &0.027

O.JIG*0.13

2.9 t l.’?

<0.5

0.10 t O.000”*

gj,54

U).5

<0.2

<i),o~

(),83 * 0,24

41 *0,88

-as

0.28 t 0.0250

0.030 * 0,002

0.21 ko.o19

1.06f 0.068

4.730,51

.SO.5

(),10*0,()00*

0.78 * 0.04

CO.5

<(),2

<(),()2

049 ~ 024

38~3,(j

<(j.s

0,16 t0.009

0.004 * 0.001

0,06 * 0.020

0.56~0.0t8

6.4k0.27

~o.5

o.22k 0.04” ●

<(3,5

l,25ko.16

0.25 i 0.009

<().()2

0!O17* 0.007

62.3 ? 2.7

<().5

a17&o.o12

04008t 0.002

0.02 t 0.004

0.56 &0,041

5,()*(3,7()

<().s

0.15* 0.OIQ*

<().5

0.6450.00

<0.2

<0.02

0,030 A 0,006

44.7 i 3.2

<0.5 I
0.24 t 0.004 {

0.014 i 0,002

<0.02

0.63 ~ 0.079

2.9k 0.33

<0.s

0.033 * 0.007’

<0,5

<0.5

‘=$.2

<Q.02

0,010 * O,oon

29.Of 1,6



generally not more than Wicc backe-ound ccmctmlra~ions or deletion limits. The mean copper
concentration in the reference site fish WaSapproximately three times higher than was typical d
stonerollers from that site in three previous ana[yses associated with od-wr programs, suggesting That
copper resuhs for EFPC fish may be biased high. Although well above background leveis, cadmium in
EFPC forage fish was nearly ten times Iowcr than that in forage fish from he headwamrs of Bear Creek,
and about half that of fish in lower E3carCreek. Zinc was slightiy higher in EFPC fish than in fish from
WOC below OI?NL, while uranium concentrations in EFPC fish were sj~jj~~ zo ~~~~e ~R fish from Bear

CIreek. The average total mercu~ ccmcenlrations in striped shiners exhibited a spatial mend similar ta
mereuv concentrations in sunfish filets: concentrations were highest upstream of Lake &xdiv {EFK
24.8), and average concentrations at the WO downstream sites (EFK 23.4 and EFK 18.2] were similar.
However, the ratio between total rnercuzy in sunfish vs. total mercury in shiners did vary by site. Total
mercury concenmation in shiners were approximately a factor of two higher chin sunfish at EI% 24.%,

but shiners were approximately 25°10lower than sunfish at EFK 23.4 and EFK 18.2. The differences are
likely due to high Ieveis of inorganic mercury in forage fish near the Y- 12 plant. Mercury specimiori
srudies conducted for the Lower EFPC rerrtedia[ investigation have shown thas methylmercwy
ccmcentrations in whole body anaIyses of forage species are about 25% or less concentrations found in
sunfish fille~s. Proportions of the much kxs toxic inorganjc mercury in forage species ax high enough
(40 - 90Yo) that e~;aluations of risk co piscivorous wildlife based on as.sump~ions of i WY. mtihyimercury
in forage species are likely to be substantially overestimated.

The 1996 screening provides a basis from which mercu~ and PCB concen~ralions in sunfish
fillets can be used to estimate the potential ecological concerns associated with who!e-body
concemralions in shiners and roilers. 11sis like!y that substantial increases oc decreases in mercury and

PCBS in sunfish fillets would result in a similar change in forage fish, thus forage fish will not be
moni~ored for these two contaminants in 1997. Wkole-body analyses af herbivorous minnows for memls
other than mercury is clearly a better ahemarive than sunfish fillers for evaluating biologicaUy-

meaningfil metal contamination. Annua[ rnetak analysis of fish fdlets irt EFPC wilt therefare be

replaced by analyses of whole stonerollers. Because stonemkrs front ‘EFK24.S cuntained dw highest
concentrations of mosl melais of porentiai concern (e.g. uranium, zinc), this sitdspeeies wilt be
moni~ored in futu~e years.

4.2 Special Studies

Relationship be&veen mercu~ in water and fish in IXPC (G ~ Souzhwotih atrd

Al J Petersors)

Introduction

Efforts to esublish a predictive empirical relationship between total rnercu~ in water and
rnethyknercwy accumulation in fish in EFF’Chave indicated that mercury Mvdvailability in EFPC is
much Iawer than ic is in unccmtarninated sites throughout Nofih America. However, rnercwy availability
at o~her contaminated sizes might be sirnikr. [n 1996, data on mercury concentrarioms in frs.h and water
in mercuty -contain inated hard water screams in Virginia, Kentucky, and Tennessee were obtained to
investigate the hypothesis that mercury bioavailability at those sites was similar ~o EFPC. if mercury

bioavailabi[ity at other contaminated sites with similar water chemistry was similar IO EFPC, data from
Those sites could be used to assess the relationship bemveen total mercury in water and bioaccwnulxion
in fish at aqueous mercury concentrations in the range {50 -200 n#L) chat k the 1998 tmger fix remedial



actions in upper EFPC.

4.2.1.2 Results/Progress

Mercury concentrations in sunfish exceed back~rmmd ievels in Big Bayou Creek {Paducalt.
Kentucky),, %’hire Oak Creek (Oak Ridge, Tennessee), Nonh Fork Holsson River (Sa(wii[e, Virginia),
and The South River (Waynesboro, Virgirtia) as well as EFPC, ‘A7~tersarnpies were cd{emd at Ihcse
sites under he summer baseflow and anaiyzed for totalmercury by atomic fluorescence spectromet~.
Redbreast sunfish (Iongear sunfish ar I%ducah) are roulineiy coilected az most of those sites by Y- 12,
ORNL. and PGDP BMAPs, and ana[yzed for tolal mercury. Fish were collec~ed atthe Saurh River site
and analyzed at ORNL, while data cm mercury concentrations in fish from d-ie North Fork HOISUMRiver
were provided by Olin Corporation, which regulady monitors mercury levels in fish beluw che Salmilie

site.

Mercury bioavaiiability at contaminated sites irr Virginia and Kentucky was strikingly higher chars
atsites in Oak Ridge (H+’C and Whire Oak Creek). In Fig. 4.1, sites at which mercury concerttratiam k
sunfish are sirn ih.r- are paired, and total mercury concentrations in wa~er are compared. .%tthe S~uih
River si~e, mercury concentration in waler ws less thrm ldO rzg~L,while at FIX 24.S withk the Y-{ 2

P{ant, where mercury in fish was neariy identical to that at the Virginia site, total water-bame mercury
exceeded 1400 n~L. The patwrn was repeated when the North Fork Hokton River site was compared
with &FK 23.4 (Station 17). Although rnercu~ in redbreast sunfish was about 0.6 m-dkg az zhe two sites,

aqueous mercu~j in the Virginia river was less than 50 ngfL, while in EFPC izWZLSnedy 1500 ttg’1.
Y%%iteOak Creek and Big Bayou Creek at Paducah each contained sunfish t.lmt averagad Mound 0.3

mg.lkg mercuW, but the aqueous mercury concentration in Whire Oak Creek was much higher.

TWO conclusions can be drawn from this srudy. First, other mercury-carttamirwxed streams cmmut
be used as surrogates for predicting the degree of reduction needed in mercury cancerrfiation in EFPC to
achieve target concentrations of mercury in resident fish; and second, sornesbin~ disrincs about the
chemical cornpositiart of water in upper EFF’C and Whke Oak Creek may act to reduce bioavai\abi\ity ~f
mercury. Much of the t70w in both streams is comprised of pracess {drinking) wafer IhaI is obtained
from the same water treatment plant. The chemistry of both srrearns is also strikingly aitered by
industrial discharges from both facilities, which have many chemical simikuities.

4.2.2 Effects of M@dmercury on Fish-Eating Birds in 3X’PC (X L Asfiwoodj

4.2.2.1 Introduction

Kingfishers are highly piscivorous birds that consume up to ha[f their bwlyweigh< each day in
fish or crayfish. Because kingfishers are territorial during the breedirzg seaso~, their food irrtalke and che
food they provide their nesziin:s all comes from a relatively small wea of a s~rewn ar lak~. Iffish ‘fiifhin
these temitories are contaminated. zhen the aduhs and nestlings are higMy expesed. Far ma years,, the
Oak Ridge Reservation (ORR) ecological risk assessment {Sample et al. 1995.. 19’?6) lm.s idcncified
kingfishers as being highly at risk on alI ORR sl~eams.
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4.2.1.2 Results/Progress

AS part of the mercu~ study, kingfishers were suweyed in two areas on EFPC, Achdt
kingfishers of bofi sexes were obscmed during the brceciing season (March-May) in the viciniq of Lake
Rcaliv and along EFPC where it flowsthrough Jackson Farm. At Lake lleali~, kingfishm were
observed aiong upper EFPC as far upstream as where citestream enters the securhy area of the Y-12
P!anr. Ar Jackson Farm,kingfishers were obsewed along the stream in the lmrse pasture area of the
farm.

We were unab[e to cancktsively idemi~ any kingfisher nests at eitheT !ocatim. Kingfishers
prefer steep banks with sufficient height above water to minimize the risk of nest flooding. Because they
dig their own burro ws, kingfishers prefer loose soil. Locations believed to be suizabie for
kingfkherbumows are scarce along the banks of upper EFPC. Az Jackson Farm, the banks maybe too
low for kingfisher nests, akhough rough-winged swallow wre obsewed nesting k the banks at Jackson
Farm.

Because no kingfisher nests were found, no samp{es were co!!ecmd and rm data regarding
hatching or fledging succcss were collected during FY 1996. This !ack of success in FY 1996 is most
probably due TOthe ad koc 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 obtain
reproductive data and samples. The high potential for risks to these birds suggests that they maybe
suffering reproductive impairment along EFPC. The presence of adults dnughou~ the year and durjn~
the breeding season cannot be taken as au indication that che birds are successfully reproducing.

4.2.3 PCB Source Identification (. F. ZkfcCarihy)

Semi-pemneable membrane devices {SPMDs} were deployed during the fas~ quarter at21 sires in
upper EFPC arid within the storm drain network in. an afl~mp~ m identill tj~e s~urces of PCB being
bioaccumulated by fish and clams. Results oft.hese studies will be repmzed in future quameriy repons.

5. Community Studies

5.1 Periphyton (W. R. IWI)

5.1.1 Introduction

Periphfion monitoring in EFPC occurs four times a ye= (as close to a quarterly sarnpiing reg+me
as environmental conditions wiH Mow)- Rocks and their associated periphyton arc cxdlected from d-me
sites on EFPC (EFKs 24.4, 23.4, 6.3) and one site cm Brushy Fork {BFK 7.6}. Four rocks from each sire
are used in determining algal biomass (ch!orophy!~ a), rate of photosynthesis (~dCincoqoration), and
algal commurti~ composition. To compare photosynthesis (PS) rates for periphyton among sires wi~h
different algal biomass. the PS data are divided by che chlorophyll D amow.s. The resuhing chforuphyll-
specific phcxosynthetic rates provide an index of physiological condiicm of the algal component of zhe
periphyton.
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5.1.2 Results/Progress

Periphyton biomass and photosynshesls was measured’ Ocmber 31.1996. The cesuks of these
measurements appear in Table 5.1. Overall, periphyon biomass and photosynthesis in EFPC were
roughly sirniIar to that measured previously in 3uiy, However, photosynthesis and ddoroPt@sPecific

photosynthesis at EFK 24,4 were lower dwm in July. The other fi’o EFPC sites e.xhibired modest gains in
biomas and photosynthesis, and Ike reference site (I3FK 7 ,6) showed two-fold increases in biomass and
photosynthesis. No significant spates Occurredfor at least a mod-i prior to SamQh& so increases in
biomass and photosynthesis were not unexpected. Loss of canopy cover ar shaded dawnscream (El%
6.3] and reference (BFK 7.6) sites may have Arnuhted primmy production at these sites and contributed
to the increases in photosynthesis we measured in the Jaborato~. The contrasting decrease i~
phocosyn~hesis at EFK 24.4 cotdd we~~be the resuh of ~ke lower temperatures and turbulent b~e ftaw
caused by flow augmentation. If photosynthesis in situ was indeed diminished by flow augmentxism,
then growth and reproduction of the major fish species at H% could also lx affecled by flow
augmcnmtion,

The next samp{ing ofperiphylon biomass and photosynthesis in EFPC is scheduied far fanuary
1997. This sampling episode may confirm impacts of flow augmentation. Periphyton and starsecallers
samples collected in the Fall of 1996 for metal accumu~ationwill be submitted for ZCP ardysis of metals
in January. A paper describing the accumulation of PCBs by pe~iphyton and sloneroliers in upper EFPC
was accepted for publication by .4rchhes oyEnvironmentul Contamination and Tuxico[ogv in November,

Table 5.1. Means and standard errors fur lhmass, photosynthesis, and chlorophyll-specific

pho~osynthesis rates of periphyton collected frarn EFPCand Brushy Fork, October 31, 1996

Site
.Mgai biomass
@g cldaicm’]

Photosynthesis
~gC/cm25)

CMmqS.iylLspecific
photosynthesis

(@~WWcrn2/h)

EFK 24.4 49.5 + 4.5 7.62 & 0.77

EFK 6.3 29.5 + 6.1 &45 = (3,82 0,33 = 0.07

N’ote: EFK = East Fork kilometer, F3FK= Bmshy Fork kilometer

17
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5.2 Benthic Macroinvertebratc Community LMonitoring (X G. Smith)

5.2.1 Introduction

The objectives of dle bemhic macroinvertebrare Cask are m monitor the lxrxhic
rnacroinvefiebrate comrn unity in EFPCto provide information on the ecchgiczd condition of zhe stream,
and to eva Iuate the response of macro irwertebrates m operational changes, abammsnt activities, m
remedial actions at the Y-12 Plant as a measure of the effectiveness of these actions. To meet these
objectives, routine quantitative bendtic rnacroinvertebram samples have been collected at k3ss wice

annually (April and Ocrober) since 1985 from four sites on El?PC {3ZFK24.4, EFK 23.4. EFK 13.8, and
EFK 6.3). Since 1986, two reference sires unimpacted by indtisrrial discharges have also been
moni~ored: one site each on 13F al kilometer 7.6 (BFK 7.6) and i-finds Creek at ki~orneter20.6 (HCK
20.6) (Figs. 1.1 and 1.2).

5.2.2 RcsultsfProgress

Average va[ues for tots! taxonomic richness and richness of the Ephemeropte~S P{ecopter% and
Trichoptera (EPT richness} for samples co[iecteclduring dte April sampling periods from 1986 rhrou:h
1996 are presented in Fig. 5.1. These two metrics have consistently heiped delermine the ccmdhion d

stream sites, and derect ternporai changes within sires. EPT richness is panicu~a~iy useti! because the
three major insect orders it incorporates are genera\iy intolerant of poor water quality. Total and EPT
richness values were ciearly and persistent! y low at EFK 24.4 and EFK 23.4 compared with the reference
sizes from 1986 through i996. However, to!al richness values for EFK 23.4 and EFK 24.4 have
generally increased while values for the reference sites have shown no consisxms trends of change. -i+T

richness has increzsed ar these mvo sites, but the increases have been more subtie. EPT raxa were rarelj
collected until after 1990 and 1991 a~EFK 23,4 and EFK 24.4 respective] y.

Values for total and EPT richness were also consistently lower at EFK 6.3 than at eirher
rc ference site, but the magnirude of difference was km than for EFK 24,4 or EFK 23.4. Afrer 1990 m(al

richness vahm for EFK 6.3 and the reference sites generally diffezed by “less than a factor of 2X. ~TCY?2

1989 through 1996, values for total richness at EFK 13.8 consistently changed within he ranges
exhibited by the reference sites. This was ak.a true for E?T riclmess except for W most recem
CO1Iection period in April (1996). Akbough EPT richness values declined between 1995 and 1996 at
EFK 13.8 and the reference sites, the magnitude of decline ac EFK13.8 was enough to scsuk in a much

greater difference from the reference sites than in past April sampling periods. It is not known if this
larger difference was caused by an actuai ckmngeassociaw-d with natural or unnatural facmrs, or if it was
the resutt of a sampling aflifact.

These results indicate that the rnacroinvertebrare community at EFK 25.4 and 5X 24.4
remained significantly degraded through 1996. However, sulxle but persistent increases in total richness
and richness of polhion tokmm taxa at these sites indicate that same irrtpravernefics have accurred in
upper EFPC since 1986. Within approximately 10 km downstream of EFK 23.4 (i.e., EFK )3.8). the
benthic macroinvertebrare community, as judged from tota[ and EPT rid-mess ort[y, exhibits
characteristics that indicate minimal or no impacc relative to reference conditions.
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5.3 Fish communi~ monitoring (M. G. li’jm)

53.1 Introduction

Fish population and communiw studies can be used to assess the ecologica[ effects of wzter
quality andfor habitat degradation, Fish communities, for example, include several trop~tc kvek, and
species that are at or neaT the end of food chains. Cmsequerdy, zhey integrate the dkecc effects of water
quality and habita~ degradation on primary producers (periphyron) ad cotiswncrs (benttilc invertebrates]
that are uti[ized for food. Because of these trophic interre[atianships, the well-being of fish pqxslaticms
has often been used as an index of water quality. ikforeover, statements about the condition of%he fish
community are easily understood by the general public.

The two primacy activities conducted by the Fish Cosnmunhy Srudies ~k in EFPC are (~ }
biannual, quantitative estimates of the fish community at six EFPC sites and &vo reference stream site%
and (2) investigative procedures in response to fish kiils near the Y-12 Plant. The quantitative sampling
of the fish populations at sites is conducted by e~ectroflshing in bfarch-April and S.epterttber-Octahec.

The resulting data are used to estimate population size (nbmbers and biomass per unit area], determine
length frequency, estimate production, and calcuktte Index oflilioric [tttegr@ values. Fish kill
investigations are conducted in response to chemical spills, “unjhmed waterrekises, w when dead @h
are observed in EFPC. The basic tool used for fish kiN investigations is a swwey c+fupper EFPC (above
Bear Creek Road to the NortMSouth Pipes) in which numbers and locations of dead, dying, and stressed
fish are recorded. This baseline is supplemented by special toxicity rests, hislopathological
examinations, and water quality mea.surerttencsin an efFofi to dtxermine the cause of obsened mortzdity.

5.3.2 Results/l% ogress

This quarter, quantitative fish community sampling was completed for the EFPC sites and the
reference sites, as per the pian schedule. Data from these quantimtive surveys of EFPC sites were
entered into computer databases and will be processed through quaiity assurance p~ocedures during Ihe
next quarter.

During September 1996,5 daily suweys were conducted of EFPC above Bear Creek Rd, to
evaiuate the background levels of mortality. A totaIof 5 dead stoneroilers were facmd. The avecage dead
per swwey, 1 fish, was lower than prior baekgrotiRd tnofiali~ levels ofapproximatety 6 fish per sumey,
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 da~e,oiany subst~ti.d fish FKH.s
particularly in the late November time frame also is notable. Because of this possible improved rate of

morta!i~, a background survey wi[[ be conducted in December to provide addisicmd data.
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