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PREFACE 

On April 1, 1986, a National Pollutant Discharge Elimination System (NPDES) 
permit was issued for the Oak Ridge National Laboratory (ORNL) (EPA 1986). As 
required in Part 111: Special Conditions (item H) of the permit, a plan for biological 
monitoring of the Clinch River, White Oak Creek, Northwest Tributary of White Oak 
Creek, Melton Branch, Fifth Creek, and First Creek was prepared and submitted for 
approval in July 1986 to the U.S. Environmental Protection Agency (EPA) and the 
Tennessee Department of Health and Environment ( b a r  e t  al. 1991). The plan is 
referred to as the ORNL Biological Monitoring and Abatement Program (BMAF') and 
describes biomonitoring activities and characterization studies to be conducted for the 
5-year duration of the permit. 

This report is structured around the seven major tasks that comprise the BMAP (see 
Table of Contents, Sects. 3-9). It is the second of a series of *reports and presents the 
results of BMAP studies conducted in 1987. These reports also address any significant 
modifications in the scope of work outlined in Loar et  al. (1991). 
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EXECUTIVESUMMARY 

As a condition of the National Pollutant Discharge Elimination System (NPDES) 
permit issued to Oak Ridge National Laboratory (ORNL) on April 1, 1986, a Biological 
Monitoring and Abatement Program (BMAP) was developed for White Oak Creek 
(WOC); selected tributaries of WOC, including Fifth Creek, First Creek, Melton Branch, 
and Northwest Tributary; and the Clinch River. BMAP consists of seven major tasks that 
address both radiological and nonradiological contaminants in the aquatic and terrestrial 
environs on-site and the aquatic environs off-site. These tasks are (1) toxicity monitoring; 
(2) bioaccumulation monitoring of nonradiological contaminants in aquatic biota; 
(3) biological indicator studies; (4) instream ecological monitoring; (5) assessment of 
contaminants in the terrestrial environment; (6) radioecology of WOC and White Qak 
Lake (WOL); and (7) contaminant transport, distribution, and fate in the WOC 
embayment-Clinch River-Watts Bar Reservoir system. This document, the second of a 
series of annual reports, describes the results of BMAP studies conducted in 1987. 

TOXIClTY TESIWG AND CoMMUNiTy STUDIES (TASKS 1,3, AND 4) 

Ambient (instream) toxicity was evaluated in 12 monthly tests at 15 sites on 5 streams 
in WOC, and the toxicity of the effluent from 3 ORNL wastewater facilities was evaluated 
in 10-12 tests of each facility. The evaluations were based on 7-6 static-renewal tests that 
utilized the survival and growth of fathead minnow (Pimephules promelas) larvae and the 
survival and reproduction of a small crustacean (Ceriodaphniu dubialufinis) as toxicity 
endpoints. The periphyton, benthic invertebrate, and fish communities were also routinely 
sampled at all (or most) of these 15 sites in 1987, and several biological indicators were 
measured to assess the health of individual redbreast sunfish (Lepmk uurim) from the 
populations in lower WOC, Melton Branch, WOL, and Brushy Fork, a reference stream 
located just north of Oak Ridge near Marlow. 

Toxicity patterns in WOL watershed in 1987 were similar to those observed in 1986. 
The middle reaches of WOC adjacent to the main ORNL complex and lower Fifth Creek 
are consistently toxic due primarily to high concentrations of total residual chlorine (TRC) 
that are apparently associated with discharges of chlorinated tapwater. The toxicological 
effects of TRC discharges to these two streams are at least episodically evident at sites 
where average concentrations of TRC are as low as 0.10 to 0.15 mg/L. 

Surveys of the biological communities in streams near ORNL also showed that the 
impact of plant operations was greatest on middle WOC and lower Fifth Creek. For 
example, the periphyton community in middle WOC at White Oak Creek Kilometer 
(WCK) 3.9 was in poor physiological condition, and the number of species of benthic 
invertebrates (species richness) was significantly lower at WCK 3.9 than at all other WOC 
sites. Benthos abundance and richness were also significantly lower at the downstream 
site on Fifth Creek than at the upstream reference site. As in 1986, fish densities were 
very low at WCK 3.9, and no fish were collected in lower Fifth Creek. For the first time, 
the unusually high fish densities that had been observed throughout BMAP at WCK 5.1 
just above the main plant complex were not found in fall 1987. The cause of the 13-fold 



decrease in density that occurred at this site between April and November 1987 is not 
known. 

Significant ecological recovery was observed in lower Melton Branch following the 
shutdown of the High Flux Isotope Reactor (HFIR) in November 1986. Water quality 
improved, as evidenced by the decreased conductivity and lower sulfate and phosphorus 
concentrations; water temperatures also decreased. In February 1987, periphyton at 
Melton Branch kilometer (MEK) 0.6, -800 m below the confluence with the tributary that 
receivcd blowdown from the HFIR cooling tower, exhibited the most rapid response. A 
significant but slower response by the fish populations at MEK 0.6 was also observed. 
Total fish density in lower Melton Branch increased 50-fold between April and November 
1987 and reflected successful spawning and recruitment. 

Although all three communities showed substantial recovery with increasing distance 
below ORNL, little change was noted between 1986 and 1987, and impacts of plant 
operations were still evident at WCK 2.3 just above WOL. Individual redbreast sunfish 
from lowcr WOC were in better physiological condition in spring 1987 than they were in 
fall 1986, but the difference may in part reflect seasonal diffcrences in nutritional status. 
The activities of several detoxification enzymcs, which regulate the biotransformation or 
metabolism of organic compounds, were significantly different between redbreast sunfish 
from WOC and those from Brushy Fork (a reference stream for lower WOC) in 1986 but 
not in 1987. This trend may be important, but the data base currently availablc for 
assessing its importance is too limited. In contrast, very little change was noted in 
community-level impacts between 1986 and 1987. Many benthic invertebrate and fish taxa 
that inhabit upstream reference areas and are sensitive to water quality degradation and 
habitat alteration were absent at WCK 2.3. The richness of aquatic insect species of the 
orders Ephemeroptera and Plecoptera was very low, and no representatives of such 
pollution-intolerant groups of fishes as Notroph, Catostumidae, and Perdue  were 
collected. By contrast, all of these intolerant taxa are wcll represented in Brushy Fork. 

Futurc studies will emphasize (1) characterization of the physical environment at each 
monitoring site (or sampling reach), (2) additional characterization of the biological 
communities by using various measures of ecological disturbance, and (3) manipulative 
field experiments. To help evaluate the importance of natural factors as determinants of 
community structure and function, the abiotic characterization will include morphometric 
measurements (e.g., channel width and depth, current velocity), substrate composition, 
description of riparian vegetation, canopy cover, and light penetration. Additional biotic 
characterizations may include (1) assessment of periphyton species composition, 
( 2 )  application of the index of biotic integrity (Karr et al. 1986), ( 3 )  use of similarity 
indices, and (4) calculation of secondary production for the fish and benthic 
macroinvertebrate communi ties. Manipulative field experiments will be used to further 
evaluate sources of toxicity in WOC and to identify ecologically safe concentrations of 
residual chlorine. As part of the biological indicator task, caging experiments will be 
conducted to evaluate the effects of chronic stress on fish under semi-controlled field 
conditions. 
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CONTAMCNANT TRANSPORT AND BIOACCUMULATION (TMKS 2 AND 5-7) 

The bioaccumulation of polychlorinated biphenyls (PCBs) is the most significant 
problem in the WOC system caused by the accumulation of metals and organics in biota. 
Although no other organic priority pollutants were detected in biota, substantial levels of 
PCBs were observed in sunfish from WOC and WOL, indicating a source upstream of 
WCK 3.5. However, the accumulation of PCBs by caged Asiatic clams (Curbiculu 
flurninea) placed at sites in WOC, Melton Branch, and WOL suggested a source between 
WCK 3.5 near the Melton Valley Drive bridge and WCK 2.65 at the lower weir or1 WOC 
(NPDES site X14), possibly from a tributary that drains solid radioactive waste 
disposaVstorage area No. 4 (SWSA 4) and enters WOC between these two sites. Future 
studies will involve the use of caged clams at numerous sites throughout the 
WOC watershed in order to identify PCB sources. Routine quantitative measurement of 
PCB concentrations in fish from WOC will be initiated on a semi-annual basis if collection 
pressure is not significant. 

In 1987, 25% of the channel catfish collected from the Clinch River in the vicinity of 
WOC exceedcd the FDA limit for PCBs of 2 ppm. This study provided additional 
evidence that the WOC discharge and/or WOC embayment is an active source of PCB 
contamination to resident aquatic organisms. However, the absence of a relationship 
between %r and PCBs in catfish, coupled with the presence of significant PCB 
contamination in channel catfish from sites upstream of Melton Hill Dam, suggests that 
ORNL might not be the major source of PCBs in fish at more remote sites in the Clinch 
River. 

The levels of As, Sb, Be, Cd, Cr, Cu, Pb, Li, Ni, Se, Ag, Ti, and Zn in fish from 
WOC and WOL did not differ from the levels found in Fih from reference sites. Only 
mercury was found in elevated levels in fish from WOC and WOL. However, the levels 
were well below the FDA action limit of 1 ppm and were not elevated in fish from WOC 
embayment or the Clinch River. The pattern of mercury contamination in fish suggests a 
source upstream of WCK 3.5. The screening of metals and organics in fish from WOC 
will be conducted annually. 

Monitoring of contaminants in the terrestrial environs at ORNL in 1987 was focused 
on (1) bcnzo[u]pyrene (B[a]P), a representative polycyclic aromatic hydrocarbon, mercury, 
?5r ,  and PCBs in small mammals from the WOC floodplain and SWSA 4 and (2) 137Cs, 
@Co, ?3r ,  mercury, PCBs, and a DNA-damage assessment in yeliow-bellied slider turtles 
(Psedemys scripta) €rom WOL and Beardcn Creek embayment, a nearby reference site. 
Results indicated that B[u]P is not a contaminant of concern in SWSA 4 or the WOC 
floodplain. Mercury concentrations in small mammals from SWSA 4 were substantially 
below the concentrations observed in small mammals collected from the mercury- 
contaminated floodplain of East Fork Poplar Creek, and no individual collected from the 
ORNL environs had a concentration greater than 1.1 ppm, a level that may have an 
adverse effect on the individual. Concentrations of mercury in muscle tissue of turtles 
from WOL were below those reported in sunfish from the lake. The mean !%r 
concentration was highest in the Eastern harvest mouse (Reithrodontumys humulus) at 
SWSA 4 and the cotton rat (Sigmodun hispidus) from the WOC floodplain (71.5 f 117 
and 20.7 * 20.9 Bq/g, dry wt of bone respectively). Mean radionuclide concentrations in 
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turtles from WOL were 7.29 x lo4 * 2.36 x 106 and 51.4 * 162 for 137Cs and 6oCo in 
muscle, and 9.9 x 1 6  5 2.12 x 106 for %r in bone. Radionuclide concentrations in both 
small mammals and turtles were highly variable. The high concentration and presence of 
85Sr in two turtles suggests they had migrated to WOL from another contaminated 
impoundment (Old Hydrofracture Pond). Turtles from WOL also had a significantly 
greater amount of deoxyribonucleic acid (DNA) damage than turtles from the reference 
site, indicating that turtles from WOL had a potentially greater exposure to nonspecific 
genotoxic agents. To date, too few PCB analyses have been conducted to adcquately 
evaluate levels of contamination in terrestrial biota. Future studies will include additional 
analysis of PCB residues in small mammals and turtles and the analysis of radionuclides 
and assessment of DNA damage in another turtle species (the common snapping turtle, 
CheZydru serpentha) from WOL and a reference site. 

Studies of the radioecology of WOL are being conducted to evaluate potential 
remedial action alternatives and to identify where additional data or research is needed. 
During the past year, estimates were obtained of the quantity of radioactivity in the biotic 
and abiotic compartments of the WOL ecosystem. It was estimated that the lake contains 
a total of 1.2 x 1013 Bq (94% was 137Cs), of which <1% is in the water and biotic 
compartments (fish, benthic invertebrates, and emergent macrophytes). The study 
indicated the potential importance of sediments as a contaminant source in WOL and the 
need for a more comprehensive sediment sampling program in the lake. 

In response to data gaps identificd in the 1986 radionuclide screening analysis, a 
study of the emergent macrophyte community in WOL was initiated in July 1987, and a 
weekly census of the resident and migratory waterfowl populations on ORNL 
impoundments was initiated in October 1987. A similar screening analysis for metals and 
organics was completed in 1987 and, like the radionuclide inventory analysis, it 
demonstrated the need for additional data on contaminant levels in the sediments of WOL 
and WOC floodplain. Future studies of the radioecology of WOL will focus on 
(1) examination of the role of macrophytes in the remobilization of radionuclides from 
sediments, (2) completion of the waterfowl census and measurement of radionuclides in 
resident and migratory waterfowl, and (3) annual monitoring of radionuclide 
concentrations in fish from WOC above WOL to assess the effectiveness of abatement 
projects in reducing radionuclide levels in WOC. 

A preliminary budget for 137Cs in the sediments of Watts Bar Reservoir was 
dcveloped by using a Geographic Information System and ARC:INFO software package to 
produce a digitized map of the sediment characteristics and 137Cs inventories in the 
memoir. Preliminary results showcd that Watts Bar Reservoir sediments contain 
-1.07 x 1013 Bq of 137Cs compared with a decay-corrected total of 1.24 x 10'3Bq of 137Cs 
that have been released to the Clinch River from WOL. These results indicate that about 
85% of the 137Cs released from White Oak Dam has been trapped within the sediments of 
Watts Bar Reservoir while the remaining 15% either has been trapped within floodplain 
areas of the Clinch River and WOC embayment or has been transported beyond Watts 
Bar Dam into Chickamauga Reservoir. The off-site studies were conducted as Task 7 of 
B T " .  This task will be incorporated into the broader scope of the off-site Resource 
Conservation and Recovery Act (RCRA) Facility Investigation beginning in F T  1989. 



ABATEMENT PROGRAM 

Abatement efforts at ORNL are directed toward providing both short-term and long- 
term management and technical solutions to water quality problems, including toxicity of 
some receiving streams. Abatement projects include chlorine reduction, substitution for 
ethylene glycol, tank diking, PCB and mercury monitoring plans, wastewater treatment for 
1500 and 2000 areas, and enhanced environmental surveillance of construction projects by 
ORNL Department of Environmental Monitoring and Compliance staff. 





1. INTRODUCI'ION 

As a condition of the National Pollutant Discharge Elimination System (NPDES) 
permit issued to Oak Ridge National Laboratory (ORNL) on April 1, 1986, a Biological 
Monitoring and Abatement Program (BMAP) was developed for White Oak Creek 
(WOC); selected tributaries of WOC, including Fifth Creek, First Creek, Melton Branch, 
and Northwest Tributary; and the Clinch River ( h a r  e t  al. 1991). BMAP consists of 
seven major tasks that address both radiological and nonradiological contaminants in the 
aquatic and terrestrial environs on-site and the aquatic environs off-site. These tasks are 
(1) toxicity monitoring; (2) bioaccumulation monitoring of nonradiological contaminants in 
aquatic biota; (3) biological indicator studies; (4) instream ecological monitoring; 
(5 )  assessment of contaminants in the terrestrial environment; (6) radioecology of WOC 
and White Oak Lake (WOL); and (7) contaminant transport, distribution, and fate in the 
WOC embaymcnt-Clinch River-Watts Bar Reservoir system. 

BMAP was developed to meet several objectives. First, studies (tasks) were designed 
to provide sufficient data to demonstrate that the effluent limits established for ORNL 
protect and maintain the classified uses of WOC, Meiton Branch, Northwest Tributary, 
First Creek, and Fifth Creek. These streams have been classified by the Tennessee 
Department of Health and Environment (TDHE) for (1) growth and propagation of fish 
and aquatic life, (2) irrigation, and (3) livestock watering and wildlife (EPA 1986). 

Second, BMAP will provide ecological characterizations of WOC and tributaries and 
of WOL that can be used to (1) document ecological impacts of past and current 
operations and (2) identify contaminant sources that adversely affect stream biota. This 
ecological information will be important in the development of various Remedial 
InvestigationFeasibility Study plans and in the assessment of remedial action alternatives 
as part of the Resource Conservation and Recovery Act (RCRA) planning process within 
the ORNL Remedial Action Program (RAP). 

Third, BMAP will document the effects on stream biota from implementation of 
RAP and the Water Pollution Control Program (WPCP) at ORNL. The major remedial 
action included in the latter program is completion of a new Nonradiological Wastewater 
Treatment Plant (NWTP) in 1989. The ecological characterization of WOC watershed 
will provide baseline data that can be used to document the ecological effects of WPCP 
and RAP and to determine the success of remedial actions implemented under these 
programs. The long-term nature of BMAP ensures that the effectiveness of remedial 
measures will be properly evaluated. 
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2. DESCRIPTION OF WHITE OAK CREEK WATEiRSHEiD 

The WOC watershed is located near the southern boundary of the 150-km2 U.S. 
Department of Energy (DOE) Oak Ridge Reservation (ORR). With a drainage area of 
16.9 km2 at its mouth at Clinch River kilometer (CRK) 33.5,’ WOC watershed is similar 
in size to Bear Creek watershed (20.1 km2) near the Oak Ridge Y-12 Plant (Evaldi 1986). 
Parallel northeast-trending ridges constitute the northern and southern borders of the 
watershed, and a third ridge (Haw Ridge) bisects the basin and separates Bethel Valley to 
the north from Melton Valley to the south (Fig. 2-1). Elevations in the watershed range 
from 226 m above mean sea level (MSL) at the mouth of WOC to 413 m MSL on Melton 
Hill at the crest of Copper Ridge, the highest point on the ORR (McMaster 1%3, 
McMaster and Waller 1%5). 

Because of dam construction, three distinct environments can be identified within the 
WOC watershed: (1) WOL, (2) WOC embayment below the lake, and (3) WOC and 
tributaries above the lake. The lake was created in 1941 by construction of a small 
highway-fill dam -1.0 km above the confluence of WOC and the Clinch River (Fig. 2-1). 
It is a shallow impoundment that extends -0.7 km upstream from the dam and has a 
surface area -6 ha at a lake elevation of 227.1 m MSL. 

The water level in WOC embayment is controlled by thc operation of Melton 
Hill Dam at CRK 37.2 and Watts Bar Dam, which is located at Tennessee River kilometer 
(TRK) 852.6, -61 km below the confluence of the Clinch and Tennessee rivers. When 
Watts Bar Reservoir is maintained at or near full pool (approximately April to October) 
and discharges occur at Melton Hill Dam, the subsequent rise in water level in the Clinch 
River creates an embayment extending from the mouth of the creek to White Oak Dam. 
=cause of this regulated condition, the WOC watershed is generally considered to be 
limited to the 15.5-km2 area above the dam (Edgar 1978). 

The region of the watershed above WOL is emphasized in the discussion that follows. 
Further descriptions of the WOL, WOC embayment, and Clinch River environments are 
provided in Loar et al. (1981), Boyle et al. (1982), Oakes et al. (1982), and Sherwood and 
Loar (1987) and in Sects. 4 and 7-8 of this report. 

21 GEOHYDROLOGY 

The headwaters of WOC originate on the southeast slope of Chestnut Ridge 
(Fig. 2-1). The belt of ?box Dolomite underlying the ridge is the principal water-bearing 
formation, and the springs that occur along the base of Chestnut Ridge and in its valleys 
are the chief source of the base flow of upper WOC (McMaster and Waller 1%5). The 
largest tributary of WOC is Melton Branch, which originates at the eastern end of Melton 
Valley and joins WOC at White Oak Creek kilometer (WCK) 2.49 (Fig. 2-2), -500 m 
above WOL (at a lake elevation of 227.1 m MSL). Most of the Melton Branch drainage 

‘CRK 0.0 is located at the confluence of the Clinch and Tennessee rivers. 
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basin is underlain by the Rome Formation (Haw Ridge), which is composed principally of 
siltstone and shale, and by the Conasauga Group (Melton Valley), a primarily calcareous 
shale interlayered with limestone and siltstone (McMaster 1%3, McMaster 1967); both are 
poor water-bearing formations (McMaster and Waller 1965). Together, the two 
formations compose 95% of the surface area of Melton Branch watershed, whereas all of 
upper WOC watershed north of Bethel Valley Road is underlain by Knox Dolomite 
(McMaster 1%7, Table lo). 

The hydrology of Melton Branch reflects the underlying geology of the watershed. 
Base-flow discharge is typically low, with periods of no flow at times (McMaster 1967). In 
each of the past 3 years, precipitation was below normal, and extended periods of zero 
discharge occurred in 1986 and 1987 at the U.S. Geological Survey (USGS) gaging station 
on upper Melton Branch at MEK 1.93. No flow was observed at this site on 14 d in 1985, 
104 d in 1986, and 172 d in 1987 (Table 2-1). Excluding September 2, 3, and 6, when 
daily flow was < O S  L/s, there were 85 consecutive days of no flow in 1986 (July 17- 
October 12) and 155 consecutive days of zero flow in 1987 (July 13-December 14). Zero 
discharge was also observed in both 1986 and 1987 in upper Northwest Tributary, where a 
portion of the watershed drains the north slope of Haw Ridge. Annual precipitation 
measured at the Atmospheric Turbulence and Diffusion Laboratory (ATDL) in Oak 
Ridge was 118.2 cm in 1985, or 85% of normal, which b based on the 1951-1980 record 
period; 98.6 cm (71% of normal) in 1986; and 102.4 cm (74%) in 1987 ( N O M  1987a, 
198%). 

Table 2-1. Number of days of zero discharge (number of mnsecutive days in parentheses) in 
upper Melton Branch at Melton Branch kilometer 0 1.93 

(U.S. Geological Survey gaging station 03537100) 

June July Augusl September October November December Total 

1985 4 (2) 8 (6) 0 2 (2) 0 0 0 14 (4) 

1986 10 (10) 15 (15) 31 (31) 27 (24) 20 (12) 0 0 103 (47) 

18 (14) 172 (155) 1987 11 (8) 21 (19) 31 (31) 30 (30) 31 (31) 30 (30) 

Source: J. F. Lowery, P. H. Counts, H. L. Edmiston, and F. D. Edwards. Wafer Resources I)ata for Tennessee, Water 
Year 1985, Report No. USGS/WRD/HD-86, U.S. Geological Survey, Nashville, Tennessee, 1986. J. F. LoweIy, 
P. €1. Counts, 11. L. Edmiston, and E D. Edwards. Wum Resources Dum for Temmee, Wu~er Year 1986, Heport No. 
USGSWRDkID-87G5, U.S. Geological  SUN^, Nashville, Tennessee, 1987. Oak Ridge National Laboratory Departmenl 
of Environmental Monitoring and Compliance, unpublished data. 

Streamflow in lower Mclton Branch, on the other hand, is augmented by periodic 
discharges of several proccss waste basins and cooling tower blowdown from the High Flux 
Isotope Reactor (HFIR) (sce Sect. 2.2.1). The discharges, which enter the stream near 
Melton Branch kilometer (MER) 1.4 via an unnamed tributary (Fig. 2-2), are a significant 
fraction of the flow in Melton Branch (Fig. 2-3). Extreme and possibly worse-case 
ambient conditions existed in lower Melton Branch in 1986 when upstream flows were at 
or near zero and dilution of plant discharges was minimal. Although upper Melton 



ORNL-DWG 91 M-14155 

5 

0 

f 
I 
I kilometer / 

0 1 

1 

APPROXIMATE FENCE AROUND MAIN ORNL COMPLEX 
WATERSHED BOUNDARY 

0 WASTE PONDS (+ = INACTIVE) 
@ SAMPLING SITES FOR BENTHIC INVERTEBRATES AND FISH 
0 SITES FOR FISH SAMPLING ONLY 
A SITES FOR BENlHlC INVERTEBRATE SAMPLING ONLY 

- - - - _  --. 

M WEIRS - LOW LEVEL WASTE LIQUID fRENCHES 
LOW LEVEL WASTE LIQUID PITS 0 

F@ 2-2 Map showing locations of (1) liquid and solid mihadwe waste -tow areq (2) National Pollutant Dischavge 'Elimination System ambient monitoring stations on Melton Branch (XU), White Oak CreeL 
w4), md White Oak Dam gus); and (3) sampling sites for benthic imrenebrates and fish in White Oak Creek watershed A = fish sampling only. Construction of the weir new WCK 4 8  was initiated in early 1988 FCK 
= First Creek kilometer, FFK = Fifth Creek kilometer; HFIR = High Flux Isotope Reactor, U W  t low level waste; MEK = Melton Branch kilometer, STP = Sewage Treatnent Plant; SWSA = solid radioactive waste 
disposaVstorage area; WCK = White Oak Creek kilometer. 





7 

I 
1 

ORNL-DWG 32M-10747 

I I I 

400 
h cn 
\ 

2 

c7 
U 

300 

a 

22 n 

5 200 

100 

0 

I I 1 I 

1 1/30/84 611 8/85 1/4/86 7/23/86 2/8/87 8/27/87 311 4/88 

Fs 2-3. Mean weekly s m a m f b w  in (1) Melton Branch (top) at US. Geologicnl Sunreg 
(USGS) gage 03537100 
Pollutant DisEbarge Elimination System (NPDEB) station XU near MEI( a16 (miid line) and 
(2) White Oak Creek (bottom) at NPDES s t a t i m  X14 near WCK 265. Discharge at the NPDES 
site was measured once each day, excluding weekends and holidays. Source: Provisional data from 
the USGS, (L D. Voorhees, Oak Ridge National Laboratory, unpublished dasa). J. E Lowery, 
P. H. Counts, H. L. Bmiston, and E D Edwards. Water Resources Data for Tennessee, Water Year 
1985, Report No. USGSWRWHD-86, U.S. Geological Survey, Nashville, Tennessee, 1986. 
J. E Lowery, P. H. Counts, H. L Edmiston, and F. D. E3hwrds. Water R e s m e s  Data f i r  
Tennessee, Water Year 1986, Report No. USGSfWRDHD-87/225, U. S. Geological Survey, 
Nashville, Tennessee, 1987. Oak Ridge National Laboratory Department of Environmental 
Monitoring and Compliance, unpublished data. 

Melton Brpnch Lilometex 0 1.9 (dashed line) and at Nationnl 



8 

Branch was dry for an even longer period in 1987, discharges from the HFIR were 
substantially reduced following shutdown of the reactor in November 1987. 

The hydrology of the headwater region of WOC above ORNL could be expected to 
differ from that of upper Melton Branch due to differences in the geologies of the two 
areas. For example, drainage basins underlain by limestone and dolomite generally have 
higher unit-area low-flow discharges than those underlain by sandstone and shale 
(McMaster 1%7). Although extended periods of zero discharge occurred in upper Melton 
Branch and Northwest Tributary, no periods of zero flow have been observed at WCK 6.8 
north of Bethel Valley Road or at sites near the headwaters of other tributaries, such as 
First Creek and Fifth Creek, which also originate in the Knox Dolomite of Chestnut 
Ridge. The watershed area of upper WOC at WCK 6.8 is 2.07 km2 and is similar in size 
to that of upper Melton Branch at the USGS gaging station (1.35 km2). Several extended 
periods of no flow occurred during the summer of 1979 in a reach of WOC just north of 
Bethel Valley Road near WCK 6.3 (Loar et  al. 1981). 

As in lower Melton Branch, streamflow in WOC bclow ORNL is augmented by 
discharges from various facilities (Sect. 2.2.1). Low-flow measurements have shown that 
-90% of the dry-weather discharge of the creek originates as groundwater discharge from 
the Knox Dolomite of Chestnut Ridge, from the Chickamauga Limestone of Bethel 
Valley, and from ORNL plant effluent (McMaster 1%7). Plant effluent provides a 
substantial portion of the flow in lower WOC, but the magnitude of this contribution 
cannot be accurately assessed without data on streamflows in upper WOC. (A USGS 
gaging station near WCK 6.8 is presently under construction.) 

An indirect estimate of the relative importance of flow augmentation can be obtained 
from the coefficient of variation (C.V.) of stream discharge (Table 2-2). The C.V. is 
defined as the sample standard deviation (s.d.) expressed as a percentage of the sample 
mean (Steel and Torrie 1960) or C.V. = y. Because the temporal variability of 
effluent discharges is usually much lower than that of natural streamflows, streams with 
substantial flow augmentation exhibit a much lower C.V. (or higher flow constancy) than 
streams without flow augmentation. For example, in natural streams, such as Bear Creek 
and upper Melton Branch, the C.V. usually ranges from 200 to 400%, but streams that 
receive plant discharges generally have a C.V. of <200% and usually ~ 1 0 0 % .  For 
streams in WOC watershed, the C.V. in 1987 ranged from 25% in Northwest Tributary, 
where all the flow during much of the summer and early fall was due to discharges from 
the 1500 area (Sect. 2.2.1), to 105% in First Creek. The high C.V. of the mean annual 
flow in lower Melton Branch (238%), relative to that of other flow-augmentcd streams, 
probably reflects the intermittent or batch discharge of effluent from the process waste 
ponds and from the HFIR cooling towers (Sect. 2.2.1). 

Low flow upstream and flow augmentation downstream dominated the hydrographs 
for Melton Branch and WOC in 1985-87, and high flows occurred infrequently (Fig. 2-3). 
There were eight major storms ( > 5  cm of precipitation in 24 h) during this 3-year period, 
but only one had a recurrence interval greater than 1.5 years. The maximum 24-h rainfall 
for the period 1985-87 occurred on August 16-17, 1985, when 10.9 cm of rain was 
recorded at the ATDL in Oak Ridge ( N O M  1985, 1986, 198%). A storm of this 
magnitude has a recurrence interval of 3 years (Sheppard 1974, Fig. 2). 
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Table 2-2 Comparison of the variability in mean daily discharge between 
streams with and without flow augmentation in 1987 

Coefficient of variation (C.V.) = 100 s.d./x 

Drainagehitee 
U.S. Geological Survey Drainage Mean annual 

site ID area (b2) flow (US)* C.V. 

White Oak Creek 
White Oak Creek kilometer (WCK) 3.9 03536380 5.31 116.4 85.0 
WCK 3.54 03536550 8.50 230.4 73.0 
WCK 2.65 X14' 9.53 227.7d 64.2 

Melton Branch 
Melton Branch kilometer (MEK) 1.9T 03537100 1.35 10.1 398.5 
MEK 0.16 X1Y 3.83 54.od 237.7 

First Creek 
First Creek kilometer (FCK) 0.2 03536450 0.85 15.2 105.4 

Northwest Tributary 
Northwest Tributary kilometer (NTK) 0.2 03536440 1.74 18.9 24.6 

East Fork Poplar Creek 
East Fork Poplar Creek kilometer (EFK) 5.3 03538250 50.5 991.8 109.3 

Bear Creekc 
Bear Creek kilometer (BCK) 6.24 
BCK 4.55 
BCK 3.88 

Bear Creek tributaries4 
North Tributary 14 (6.24) 
North Tributary 15 (5.32) 
East Tributary 1 (4.07) 

03.5382673 8.29 63.8 300.2 
03538270 11.03 110.6 209.1 
03538273 12.95 119.3 292.6 

035382672 0.78 5.3 368.0 
035382677 0.36 2.6 345.3 
03538272 0.36 2.2 309.8 

"Site designations refer to the distance in kilometers (km) above the mouth of the stream. 
bBased on mean discharge for 249 d at WCK 2.65 and MEK 0.16; 254 d at NTK 0.2; 334 d at FCK 0.2; 364 d at 

%ischarge data at this site are collected by the ORNL Department of Environmental Monitoring and Compliance. 
'Value is based on one discharge measurement each day, excluding weekends and holidays. 
'Stream has no flow augmentation at this location. 
b t i m  of the confluence with Bear creek (in kilometers) is given in parentheses. 
Note: East Fork Poplar Creek and Bear Creek are located just north of Chestnut Ridge at the east and west end, 

NT 14; and 365 d at WCK 3.9, EFK 5.3, and BCK 6.24; and 360 d at the remaining nine sites. 

respectively, of the Oak Ridge Y-12 Plant. 

22 WATERQUALITY 

ORNL is centrally located in upper WOC watershed (Fig. 2-1). Although most of 
the ORNL complex is situated in Bethel Valley, some facilities are located in Melton 
Valley (Fig. 2-3). Both WOC and several tributaries (First Creek, Fifth Creek, and 
Northwest Tributary) are located within or adjacent to  the main plant area and receive 
effluents from various ORNL operations. 
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22-1 Description of ORNL Efnuent Discharges 

Wastewater discharges at ORNL are generated by the operation of nuclear reactors, 
chemical pilot plants, research laboratories, radioisotope production laboratories, and 
various support facilities. Such discharges include sanitary wastewater, coal yard runoff 
and ash washwater, process wastewaters, cooling system wastewaters (once-through cooling 
water and cooling tower blowdown), and storm drainage (EPA 1986). Approximately 30% 
and 36% of the estimated total effluent discharge volume are contributed by the cooling 
and process systems respectively; discharges from the, sewage treatment plant (STP), the 
steam plant, and leakage constitute the remainder of the discharges in approximately equal 
proportions (Kasten 1986, Table 5). 

There are ten major effluent discharges that enter WOC either directly or indirectly 
via several tributaries (Table 2-3). Direct discharges to WOC, as listed in Table 2-3 and 
shown in Fig. 2-4, are largely rcstricted to a 1.5-km reach of the creek that flows west 
along the southern perimeter of ORNL (Fig. 2-2). Effluents are discharged to Melton 

Table 2-3. Description of the ten major effluent discharga regulated under the Oak Ridge 
National Lahcamry National Pollutant Discharge M a t i o n  System 

permit isucd on April 1, 1% 

Receiving Source of NPDES Average flow 
stream effluent discharge” outfall No? rate (L/s)’ 

Fifth Creek O R R ~  resin regeneration facility x 1 0  0.4 (O.Ol)c 

Melton Branch TRUd process waste basins 
HHRd process waste basins 

XO8 2.2 (0.08)” 
X09 7.0 (0.25)d 

Northwest Tributary 1500 area X03 0.3 (0.01) 

White Oak Creek Sewage Treatment Plant xo 1 10.1 (0.36f 

2000 area XO4 0.6 (0.02) 
Coal Yard Runoff Treatment Facility x 0 2  1.0 (0.04)f 

3539 and 3540 ponds XO6 5.9 (0.21)’ 
3544 Process Waste Treatment Plant X07 7.9 (0.28)f 
3518 Acid Neutralization Facility x11 1.8 (0.06)” 

“Discharge locations arc illustrated in Fig. 2-4 of this document (ORNL/TM-10804). 
bNo outfall XOS exists. Outfall X12 is the planned discharge from the Nonradiological Wastewater 

Treatment Facility scheduled for completion in 1989 with a March 1990 date for compliance and an estimated 
average flow rate of 22 L/S (0.8 ft3/s). 

days when waste is discharged. 

Reactor. 

5-8  d (XlO), and three batches per day (X11). Discharge XO6 is batch if radioactivity is below predetermined 
levels. 

fMaximum flow rates are 32.9 I,/s (1.16 ft3/s) at XO1, 9.6 L/s (0.34 ft3/s) at X02, and 18.8 L/s (0.67 ft3/s) 
at X07. 

Source: Airthorizah’on to Discharge Under the National Poilurant &charge Elimination Systetn, Permit No. 
TNOOO2941, Oak Ridge National Laborarory, Fact Sheet, 173. Environmental Protection Agency, Region W ,  
Atlanta, April 1, 1986. 

‘Discharge in cubic feet per second in parentheses. For batch operations, average flow rate is based on 

dORR = Oak Ridge Reactor; IRU = Transuranium Processing Facility; HFIR = High Flux Isotope 

‘Batch discharge with frequencies of once every 5 d (XO8), three times per month (XW), once every 
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NPDES MONITORING STATIONS 
1 1500 Area (XO'3I 
2 Sewage rrealrnecii illml tX01) 
3 Coal Yard Runoll Trealment Facility (X02) 
4 Process Waste Trealnienl Plant (X07) 
5 Acid Neulralizalion Factlily (X11) 
6 3539 and 3540 Porids (X06) 
7 Nonradtological Wasluwnlcr I iu,ilitttwi 

Facility (X12)  
8 2000 Area (XO4) 
9 ORR Rcsiri Regeneralion Fdcilily ( X 1 0 )  

10 WhileOak Dam(X15) 
1 1 While Oak Creek ( X 1 4 )  
12 Mellon Branch (X13) 
13 TRU Porids (XOE) 
14 I iF lR Ponds (XOS) 

BETHEL VALLEY ,jg 

Fig. 24. Location of National Pollutant Mscharge EIimination System (FPDES) efiluent (Sites 1-9 and 13-14) and ambient (Sites 
10-12) water quality monitoring statioas Station numbers on legend do not correspond to serial identification of the discharges in the 
NPDES permit. ORR = Oak Ridge Reservation; TRU = Transuranium Processing Facility; HFIR = High Flux Isotope Reactor. Source: 
ORNL Department of Environmental Management, Environmental Surveillance Datu Report for the Second Q u a m  of I986,ORNUM-173, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, 1986. Fig. 8. 
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Branch via a small tributary near MEK 1.4, whereas discharges to Northwest Tributary 
from the 1500 area and to Fifth Creek from the Oak Ridge Reactor are located above 
Northwest Tributary kilometer (NTK) 0.3 and just below Fifth Creek kilometer (FFK) 0.4 
respectively (Figs. 2-2 and 2-4). 

In addition to these major waste streams, there are 127 outfalls that also discharge to 
streams in WOC watershed, including Fifth Creek, First Creek, Melton Branch, and WOC 
(Table 2-4). These include (1) 34 noncontaminated storm drains (identified as Category 1 
outfalls in the NPDES permit); (2) 61 drains that have been contaminated by ORNL 

Table 24. Number and location (receiving stream) of category I, II, and TII 
outfalLs that discharge to White Oak Creek and tributaries 

See text for complete description of each category 

Type White Oak Creek Fifth Creek First Creek Melton Branch Total 

Category I 
Storm drains 16 13 4 1 34 

Category I1 
Parking lot drains 27 
Storage area drains 0 
Spill area drains 1 
Cooling tower blowdown 2 
Condensate 4 

6 8 3 44 
0 2 0 2 
0 0 0 1 
3 0 1 6 
4 0 0 8 

Category I11 
Process drains 14 8 4 6" 32 

"Settling ponds. 
Source: DEM [(Department of Environmental Management), name changed in 1987 to DEMC 

(Department of Environmental Monitoring and Compliance)]. 1986. Environmental surveillance data reprf  
for the second qwrter of1986 ORNL/M-173. Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

operations (Category I1 outfalls), including drains of roofs, parking lots, and storagehpill 
areas, once-through cooling water, cooling tower blowdown and condensate; and (3) 32 
untreated process drains (Category I11 outfalls) that are contaminated by pollutants 
because of inflow/infiltration, cross-connections, or improper disposal of chemicals 
(DEM 19%a, EPA 1986). 

Cooling system wastewater, a Category I1 outfall, is a major component, by volume, 
of the total effluent discharged by ORNL operations. Waste heat from reactors, particle 
accelerators, evaporators, environmental control systems, process systems, research 
laboratories, engineering-scale development facilities, and space-heating condensates is 
transferred to once-through cooling water or dissipated to the atmosphere via 26 wet- 
evaporative, mechanical-draft cooling towers (Boyle et  al. 1982, Kasten 1986). Seven 
mechanical-draft cooling towers discharge the principal heat burden generated by the 
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operation of ORNL facilities, and an additional 19 smaller towers operate intermittently to 
meet lesser demands ( k y l e  et  al. 1982). Total blowdown from all cooling towers is 
-16.2 Lis (Kasten 1986), of which an average of -6.9 Us is discharged to Melton Branch 
from operation of the HFTR, 3.3 L/s to Fifth Creek from operation of the Oak Ridge 
Reactor, and 3.8 L/s to WOC from the Building 4500 cooling tower ( k y l e  et  al. 1982, 
Table 2.12). Occasionally, the blowdown may contain radionuclides, thus requiring 
diversion to the diversion to the Process Waste Treatment Plant (PWTF) prior to 
discharge. Normally, however, cooling tower blowdown is discharged directly or indirectly 
via the storm sewer system to area stream. 

22.2 Wastewater Modificatioas for Pollution Abatement 

Several pollution abatement measures were implemented recently, and more are 
planned over the next several years as part of the ORNL WPCP (Sect. 10). The sewage 
treatment plant was upgraded in August 1985. A new coal yard runoff treatment facility 
became operational in early March 1986, and new demineralizer systems were installed at 
the HFIR and Oak Ridge Reactor in August 1986. One of the most significant 
components of the WPCP is construction of the Nonradiological Wastewater Treatment 
Facility (NRWTF). Scheduled for completion in 1989, the facility will treat effluents that 
are currently (1) untreated and discharged directly to area streams, (2) untreated but 
discharged to process waste basins prior to release, or (3) treated by existing facilities. 
The NRWTF will collect and treat NPDES serial discharges X03 through XlO; discharge 
X11 will be treated by either NRWTF or the Coal Yard Runoff Treatment Facility 
(Table 2-3). Additional pollution abatement projects and programs are described in 
Sect. 10. 

223 NPDES Water Quality Monitoring Program 

Water quality in WOC and Melton Branch is influenced both by point-source 
discharges from ORNL facilities (Sect. 2.2.1) and by area-source discharges from waste 
disposal areas, such as the solid radioactive waste disposalhtorage areas (SWSAs), former 
liquid radioactive waste disposal/storage areas (pits and trenches), and inactive process 
waste basins (Fig. 2-2). The discharge to area streams of leachates from waste disposal 
areas has been documented by Stueber et al. (1981) for Northwest Tributary (from 
SWSA 3) and by Cerling and Spalding (1982) for WOC (SWSA 4), Melton Branch 
(SWSA 5), and WOL (SWSA 6). A characterization of ambient water quality downstream 
of all point-source discharges and most major area sources is presented in Table 2-5. It is 
based on routine NPDES monitoring conducted in 1987 at sites MEK 0.16 and WCK 2.65 
(NPDES sites X13 and X14 respectively), although data collected from sites on upper 
WOC and Melton Branch above ORNL and at White Oak Dam (X15) are included for 
comparative purposes. Routine radiological monitoring is also conducted at the three 
NPDES ambient stations and other sites on Melton Branch just below the HFIR, 
First Creek, Fifth Creek, Northwest Tributary, Raccoon Creek, and WOC at WCK 3.41 
(Fig. 2-2). These data are collected either daily or weekly and are published quarterly by 
ORNL Department of Environmental Monitoring and Compliance (DEMC). 

Water quality in lower WOC, as characterized by the NPDES monitoring program, 
consisted of (1) moderate levels of dissolved solids and occasionally high levels of turbidity, 



Table 2-5. Median concentrations (mnge in parentheses) of 34 National Pollutant Discbarge Elimination System (NPDES) water quality 
parameters that are routinely monitored below Oak Ridge National Laboratory in Melton Branch at NPDES site X13 (MEK 0.16). 

in White Oak Creek at NPDES site X14 (WCK 265), and at White Oak Dam P O D )  at NPDES site X15, 
January-December 1387 (concentrations in micrograms per liter) 

Analyses were based on 24-h composite samples collected monthly unless noted otherwise 

Parameter 
Melton Branch White Oak Creek 

WOD WCK 2.65 Above ORNL" MEK 0.16 Above ORNL4 

OrEanieS 

Rrornodichlorornethane 
Chloroform 
PCBs 
Phenols 
Tnchloroethene 

Aluminum 
Arsenic 
Cadmium 
Chromium 

Iron 
Lead 
Manganese 
Mercury 
Nickel 
Silver 
Zinc 

Copper 

Ammonia nitrogen 
BOD, 5-day 
Chlorine, total residual' 
Conductivity (p/cm)" 
Dissolved oxygen' 
Dissolved solids' 
Fluoride 

ND <5 (all <5) ND <5  (all 4) 5 (all 4) 
ND <5 (all <5) ND <5 (15-62) <5 (all 4) 
<0.5 (all i0.50) ~ 0 . 5  (all <0.5) <0.5 (all <0.5) <0.5 (ail <0.5) <0.5 (<0.54.5) 

ND < 5  (all < 5 )  ND < 5  (all a5) <5 (all < 5 )  
ND e1 (~1-3) ND <1 (<1-3) < 16 

3 9  
ND 
0.05 (0.01 -0.59) 
0.41 (0.17-1.5) 
0.82 (0.30-2.1) 
97 (47-578) 
0.70 (0.2-5.7) 
12 
0.003 (<0.001-1.19) 
3.1 (0.1-16) 
ND 
0.52 (0.19-56) 

~ 0 . 2  (all 4 . 2 )  
< 5  (all 4) 

231 (118-262y 
ND 

od 

158 (118-266) 
0.1 (0.0-0.2y 

270 <120-570) 
<60 (all 4 0 )  
<2  (all <2) 
<24 (all <24) 
<12 (<12-17) 
200 (88440) 
<4  (all <4) 

< 0.05 (< 0.05-0.10) 
<36 (all a36) 
< 5  (all <5) 

81 (43-200) 

16 (< 12-W) 

ND 
ND 
0.08 (0.01-0.45) 
0.39 (0.05-1.5) 
0.56 (0.24-5.9) 
41 (22-285) 
0.72 (0.1-4.0) 
ND 
0.002 (<0.001-0.36) 

1.1 (0.25-36) 

1.3 (0.1-15) 
ND 

130 (<120-9u)) 

<24 (<2440) 

<60 (all ~ 6 0 )  
< 2  (all i 2 )  

<12 (<12-14) 
105 (61-1900) 
<4 (<4-12) 
31 (15-120) 
0.10 (<0.05-0.11) 

< 5  (all 4) 
<36 (<36-170) 

32 (22-72) 

0.08 (0.4-0.14) <0.2 (all <0.2) 0.07 (0.05-2.91) 
< 5  ( 4 - 7 )  <5 (all 4) <5 (all 4) 
< O B 1  (<0.01-0.03) od <0.01 (<0.01-0.03) 
305 (200-390) ND 350 (290-425) 
8.1 (4.0-14.0) ND 7.3 (4.0-12.5) 
230 (148-2,074) 95 (68-239) 246 (95-545) 
<1.0 (<LO-1.1) ND 1.1 (<1.0-1.1) 

CL 

P 

300 (1404700) 
(60 (all ~ 6 0 )  
<2 (<?-3) 

< I 2  (<12-32) 
460 (2804500) 

<24 (<24-93) 

<4  (<4-19) 
102 (37-290) 
0.06 (<0.05-0.20) 
<36 (all <36) 
<5 (<2-<5) 
20 (42-180) 

0.12 (0.04-0.30) 
< 5  ( 4 - 9 )  
<0.01 (<0.01-0.05) 
WO (50-400) 
7.8 (1.1-12.8) 
234 (172-373) 
1.0 (<1.0-1.1) 



Table 2-5 (mnfinued) 

Parameter 
Melton Branch White Oak Creek 

Above ORNL' MEK 0.16 Above ORNL' WCK 2.65 WOD - 
Nitrate 
Oil and greaseC 
Organic carbone, total 

Phosphorus 
Sulfate 
Suspended solids 
Temperature ("Cy 
Turbidity (NTU)" 

PI 1" 

0.04 (<0.005-1.10) 
<2  (all <2) 
ND 

0.012 (0.003-0.152) 
7.9 (7.5 -s.l)f 

12.1 (6.8-16.4) 
8 (<5-13) 
ND 
6.4 (2.5-32) 

4 (all < 5 )  
< 2  (C2-15) 
2.3 (1.5-5.2) 
7.8 (6.3-8.5) 
0.2 (0.1-1.7) 
28 (2040) 
5 (<5-13) 
12.0 (4.4-24.0) 
15 (0-35) 

0.31 (0.08-1.90) 
e 2  (all <2) 
ND 
ND 
0.012 (0.002-0.124) 
2.93 (0.26-4.76) 

g 
3.7 (1.4-30) 

<5 (<5-30) 

<5 (all <5) 
<2 (<2-8) 
1.9 (1.4-2.6) 
7.9 (6.5-8.5) 
0.3 (0.1-0.42) 
48 (21-63) 
<5 (-3-7) 

106 (0-400) 
16.0 (10.0-29.0) 

< 5  (<1-<5) 
<2 (<2-26) 

0.2 (0.1-0.66) 
38 (21147) 

3.2 (1.9-6.3) 
7.9 (6.4-8.5) 

26 (5-172) 
14.2 (4.4-28.0) 
30 (0-240) 

'Values represent the median concentration (range in parentheses) of grab samples collected weekly between Apnl 1979 and January 1960 in upper Melton Branch near MEK 
1.8 and in upper White Oak Creek near WCK 6.3 (Boyle et al. 1982, Sect. 3.2.3.2 and Tables 4.15 and 4.16; ORNL Department of Environmental Monitoring and Compliance, 
unpublished data). I-r ul 'N = 1; values for aluminum and manganese were obtained from W. M. McMaster, Hdrorogic Dotofor the Oak Ridge ARU, T-e, US. Geologicoi Survqr Water-Suppiy 

'Grab sample collected weekly. 
dJ. M. b a r  et ai., First Annuul Repon on the URNL Biologicul MoniroringandAboremmr Rogrom, ORNLJIM-10399, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1992. 
'Grab sample collected monthly. 
/Values represent the median concentration (range in parentheses) of six samples collected in 1961-1964 from upper White Oak Creek near WCK 6.8 

8% Table 2 6  of this document (ORNLJTM-10804) for temperature data. 
ND = No data available. 
Source: Oak Ridge National Laboratory Department of Enwronmentai Monitoring and Compliance, unpublished data. 

Paper No. 1839-N, U.S. Government Pnnting Office, Washington, D.C., 1967. 

(McMaster 1%7, Table 11). 
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(2) elevated concentrations of most metals, (3) low concentrations of organics, 
(4) moderate phosphorus enrichment, ( 5 )  periods of low ( ~ 5  mg/L) dissolved oxygen 
(Table 2-5), and (6) high temperatures (Fig. 2-5). Although concentrations of trace 
elements in WOC below ORNL exceeded the levels observed in the unimpacted upper 
reaches of the stream, most did not exceed EPA water quality criteria for freshwater 
aquatic life (EPA 1976, 1980a). Concentrations of iron in 1 of 12 samples from 
WCK 2.65 and 3 of 12 samples from White Oak Dam (WOD) exceeded the criterion of 
lo00 & (EPA 1976). The maximum mercury concentration at WOD exceeded the 
criterion of 0.14 mg/L for protection of human health from ingestion of organisms and 
water (EPA 1980a). The detection limits for Cd, Cu, Ni, Ag, and PCBS exceeded the 
criteria either for average concentration or for protection of human health on most 
sampling dates. Based on the results of ambient toxicity testing (Sect. 3.1.2), however, it is 
unlikely that concentrations of these elements exceeded levels that would be toxic to 
biota. 

The water quality of WOC in 1987 was much the same as in 1986 ( b a r  et  al. 1992). 
Concentrations of iron and mercury exceeding EPA criteria were observed in both years in 
either WOC or at WOD. The greatest change between the 2 years was a tenfold increase 
in turbidity in 1987. The greater turbidity probably reflects a general increase in 
construction activity associated with various WPCP and Remedial Action Program (RAP) 
projects. The only other parameter that exhibited a greater than twofold change between 
1986 and 1987 was phosphorus, where the median concentration decreased from 
0.63 mg/L in 1986 to 0.30 mg/L in 1987. 

Temperatures in WOC below ORNL (WCK 2.65) are significantly higher than the 
temperatures in upper WOC north of Bethel Valley Road (Fig. 2-5). During the summer 
and fall of 1987, temperatures at the downstream site were generally 7 to 10°C higher 
than those at WCK 6.8 (Table 2-6). Although some increase in downstream temperatures 
would be expected due to the absence of a riparian canopy in the 1.5-km reach of stream 
adjacent to the plant complex, plant operations probably account for much of the 
longitudinal gradient in water temperature (average of 2" C/km). Cooling tower blowdown 
and condensate are discharged to WOC and several tributaries (Table 2-4), and most of 
the streams show higher temperatures downstream of these outfalls (Fig. 2-6). 

Unlike WOC, a significant improvement in water quality occurred in Melton Branch 
between 1986 and 1987. The median sulfate concentration decreased from 306 to 
28 mg/L (maximum lcvels declined from 1065 to 40 mg/L), and phosphorus levels 
exhibited a fourfold decrease From 1986 to 1987. Dissolved solids and conductivity also 
decreased by -50%. Reductions in stream temperatures were also evident; whereas 
temperatures in Melton Branch consistently exceeded those in WOC throughout the 
summer of 1985, the reverse was true in 1987 (Fig. 2-7). Maximum temperatures in 
Melton Branch at MEK 0.16 approached 38°C in 1986 (Loar et  al. 1987, Fig. 2-6) but did 
not exceed 30°C in 1987 (Table 2-6). 

The improvement in water quality was associated with shutdown of the HFIR in 
November 1986 and a subsequent reduction in cooling tower blowdown and in discharges 
from the HFIR process ponds (Fig. 2-2). The HFIR is the largest of the five ORNL 
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Fw 2-5. MeMweskly temperatares in White Oak Creek at sites abme anal bebrsrr Uak 

Ridge National Laboratoq [white Oak Creek UometercWcK) 6.8- WCIC2.65 mpsivdy 1 9  

April-Deaember 15181. At WCK 6.8, temperature data were obtained hourly with a Ryan 
Tempmentor digital thermograph. At WCK 265 (National Pollutant Discharge Elimination 
System station X14), weekly values were based on average hourly temperatures computed from 
data collected at l0-min intervals with a real-time monitoring system. Some: Department of 
Environmental Monitoring and Compliance, unpublished data. 



Table 2-6. Mean (* s.d) monthly water temperatures (" C) in White Oak Cr& 
and triiutaries, including Fint Creek, Fifth Creek, Melton Bran4 

and Northwest Triiutary, May-November 1 W  

Absolute maximum and minimum temperatures are given parentheses 

Site May Juneb Juty August September October Novembef 

FCK 0.1 

FCK 0.8 

FFK 0.2 

m 1.0 

NTK 0.3 

NTK 1.0 

MEK 0.16d 

MEK 1.4' 

WCK 2.69 

WCK 6.8 

ND 

ND 

ND 

ND 

ND 

NU 

21.8 i 1.1 
(17.4-25.8) 

ND 

22.6 i 1.9 
(15.tL29.0) 

15.4 i 1.5 
(1 1.4-18.8) 

20.5 t 1.5 
(1 7.1-24.8) 

18.4 i 1.6 
(1 5.1-24.0) 

20.2 i 2.1 
(16.2-35.0) 

15.0 i 0.4 
(14.0-16.9) 

22.9 i 1.1 
(20.0-25.4) 

19.4 t 1.9 
(12.8-24.7) 

ND 

20.9 i 2.5 
(16.5-36.0) 

26.1 i 1.0 
21.9-30.1) 

16.8 t 1.2 
(13.5-19.6) 

22.1 i 1.6 
(19.0-26.7) 

20.8 i 3.2 
(15.9-31.0) 

22.8 i 2.9 
(1 7.9-35.0) 

15.3 i 0.4 
(14.8-16.3) 

23.9 t 1.0 
(21.5-26.1) 

22.2 t 3.2 
(14.2-31.0) 

24.1 i 1.1 
(19.8-29.2) 

20.8 i 1.2 
(17.2-23.7) 

27.9 i 0.3 
(24.8-30.6) 

17.8 i 1.3 
(14.9-21.4) 

21.3 i 1.7 
(17.5-25 .O) 

18.4 i 1.9 
(15.1-24.1) 

23.0 f 1.9 
(1 9.8-31 .O) 

15.5 i 0.4 
(14.9-16.9) 

23.7 i 0.9 
(21.325.9) 

21.6 * 2.2 
(14.8-27.5) 

24.5 i 1.3 
(18.9-28.7) 

24.9 i 1.7 
(20.8-28.1) 

(20.0-30.3) 
27.5 i 0.8 

18.4 i 1.3 
(14.7-21.6) 

19.9 i 1.8 15.5 i 1.8 
(16.0-24.0) (11.9-19.6) 

17.9 i 2.4 13.1 i 1.8 
(12.4-27.8) (8.4-17.5) 

20.0 i 1.0 17.4 i 1.3 
(17.7-23.2) (14.5-m.9) 

15.1 i 0.6 13.0 i 1.0 
(1 3.7-17.0) (10.0-15.2) 

20.4 i 2.4 13.8 i 2.5 
(14.9-25.7) (7.3-21.1) 

Dry Dry 

19.8 t 2.1 12.5 i 2.2 
(13.8-24.7) (5.7-18.1) 

22.7 i 2.6 
(17.8-27.4) (10.0-23.1) 

24.2 i 1.5 

16.4 i 2.3 

19.1 i 0.9 
(20.1 -28.2) (1 5 2-22.7) 

16.5 i 1.7 11.5 i 2.1 
(12.3-20.0) (6.4-16.5) 

14.1 i 2.1 
(10.0-19.5) 

11.9 i 2.0 
(8.0-16.4) 

16.5 i 1.4 
(14.0-21 .O) 

12.1 i 1.4 
(9.2-15.3) 

12.7 i 2.7 
(7.1-17.6) 

Dry 

9.8 i 2.7 
(2.1-15.6) 

14.8 i 3.1 
(7.8-23.7) 

17.5 i 1.6 
(12.6-22.4) 

10.1 i 2.8 
(3.7-16.6) 

'Data were obtained at 2-h intervals using a Ryan-Peabody thermograph (Model J W), except sites White Oak Creek 
kilometer (WCK) 6.8 and Melton Branch kilometer (MEK) 1.4, where data were collected hourly with a Ryan-Tempmentor 
digital thermograph and sites MEK 0.16 and WCK 2.65, where tabular values are based on average hourly temperalures 
computed from data collected at 10-min intervals with a real-time monitoring system. 

b27 d of record at all sites except MEK 1.4 and WCK 6.8 (30 d), and WCK 2.65 (18 d). 
'Sites with <30 d of record included Fifth Creek (17 d), FCK 0.1 (18 d), FCK 0.8 (16 d), NTK 0.3 (19 d), 

dDays of record were: May (18 d); June (6 d); July (20 d); August (30 d); September (30 d); October (29 d); 

'Site is located just below the confluence of the HFIR tributary with Melton Branch; temperatures could not be 

h a y s  of record were: May (30 d); June (18 d); July (21 d); August (30 d); September (29 d); October (29 d); and 

ND = No data available. FCK = First Creek kilometer, FFK = Fifth Creek kilometer; NTK = Northwest Tributary 

Source: Oak Ridge National Laboratory Department of Environmental Monitoring and Compliance, unpublished 

MEK 0.16 (28 d), and WCK 2.65 (27 d). 

and November (28 d). 

measured at the upstream reference site near MEK 2.1 due to xro discharge (see Table 2-1). 

November (27 d). 

kilometer, MEK = Melton Branch kilometer, WCK = While Oak Creek kilometer. 

data. 
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reactors; the volume of blowdown from its cooling towers is twice that of any of the other 
four. Moreover, its chemical usage exceeds that of all the other cooling towers 
combinedithe HFIR towers account for 77% of the sulfuric acid, 55% of the biocides, and 
63% of the sodium phosphate used for cooling towers annually (Boyie e t  al. 1982, 
Table 2.2). 

The dramatic shift in water quality in Melton Branch from 1986 to 1987 was due 
partly to the fact that most of the flow in lower Melton Branch in 1986 consisted of 
blowdown from the HFIR cooling towers. For much of the year, no flow occurred 
upstream of MEK 1.4 where HFIR discharges enter Melton Branch (Table 2-1). 
Although the four other ORNL reactors were eventually shut down in March 1987, no 
measurable effects on WOC water quality were observed. The average flow in WOC is 
four times greater than the flow in Melton Branch (Table 2-2), and the volume of the 
blowdown from all the cooling towers at the main ORNL complex is less than that of the 
HFIR. Moreover, the HFIR is the primary facility that discharges into Melton Branch. In 
contrast, there are numerous facilities producing a substantially greater volume of 
discharges to WOC. Consequently, a reduction in the HFIR discharges would be 
expected to have a greater impact on water quality recovery in Melton Branch than a 
similar reduction in the cooling tower discharges to WOC, which constitute a much 
smaller component of the total effluent discharges to the stream. Further assessment of 
the HF'IR shutdown on water quality in Melton Branch is presented in the next section. 

2.24 BMAP Water Quality Sampling Program 

Aspects oE water quality are an important component of the environment for aquatic 
organisms. Water quality parameters, such as pH and the concentrations of inorganic 
carbon, plant nutrients, and suspended solids, influence structural and functional aspects of 
attached algal and microbial communities (components of the "periphyton" on submersed 
surfaces). As an example, the rates of algal photosynthesis and accrual of 
primary-producer biomass are affected by the availability of nutrients, such as phosphorus 
and nitrogen, and the rate of sediment deposition on benthic surfaces. Other aspects of 
water quality, including the concentrations of potentially toxic metals and dissolved organic 
carbon, may affect the periphyton and so influence other biotic communities via food web 
connections. 

Because such information is important for the evaluation of factors influencing biotic 
communities and for predicting the responses of these communities to remedial actions, a 
water quality monitoring program was initiated in August 1986 as a component of the 
periphyton community studies described in Subtask IC of BMAP (see Sect. 3.2). This 
program consisted of the monthly collection of water samples (grab samples) at the ten 
periphyton sampling stations in WOC watershed (Sect. 3.2) and from nearby Ish Creek 
(Fig. 2-1). This program is intended to augment the continuous water quality monitoring 
conducted by the DEMC by providing information on water quality at additional sites of 
interest and on parameters not included in the NPDES monitoring program. The monthly 
"samples" of water quality provided by these discrete samples are useful in the 
interpretation of periphyton community function at the various study sites (see Sect. 3.2). 
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224.1 Methods 

Two 1-L grab samples of stream water were collected at each site at the time of 
collection of the monthly periphyton samples. The water samples were collected in acid- 
washed polyethylene bottles and taken to the laboratory within 1 h of collection. Samples 
for the dctermination of dissolved organic carbon (DOC) were collected in organic-free 
glass bottles with Teflon-sealed lids. The total amount of DOC was determined each 
month, and quarterly a subsample of this water was partitioned into hydrophilic and 
hydrophobic DOC fractions, which were again partitioned by molecular weight. One 
sample at each site was analyzed for several basic water quality parameters (pH, alkalinity, 
conductivity, hardness, and soluble metals). Analyses of the other parameters were 
performed on replicate samples. Analyses for pH, alkalinity, hardness and conductivity 
were conductcd within 2 h of collection. Samples for other analyses were preserved 
and/or frozen, according to approved methods (EPA 1983), until they could be analyzed. 
The methods for the parameters included in the BMAP water sampling program are listed 
in Table 2-7. 

2 2 4 2  Results 

Six sites served as reference sites, including five sites located upstream of ORNL 
operations (WCK 6.8, MEK 1.8, NTK 1.0, FCK 1.0, and FFK 1.1) and Ish Creek at the 
weir (Fig. 2-1). The five remaining sites were located downstream of ORNL. Upstream 
sites MEK 1.8, NTK 1.0, and Ish Creek were dry for several months during summer and 
fall of 1987, but 12 months of data are available for all other sites. Water quality at all 
sites reflected the calcareous geology of this area, being moderately well buffered with a 
slightly alkaline pH (Table 2-8). The pH, alkalinity, hardness, and conductivity were fairly 
similar for all sites; however, on a month to month basis, values for the upstream sites 
varied more than those at the downstream sites. An exception was downstream site MEK 
0.6, where ORNL discharges may have varied during the year. 

Total suspended solids (TSS) concentrations were moderate (annual average of 
3.71 mg dry wtL), for upstream sites, decreased in the mid-reaches of WOC, and then 
increased at sites further downstream, averaging 4.49 mg dry wt/L at WCK 2.4 (Table 2-8). 
Melton Branch sites had higher TSS concentrations than did the WOC sites, but TSS was 
highest for downstrcam sites in both systems. Upstream site NTK 1.0 and ISK had higher 
conccntrations of TSS than did FCK 1.0 and FFK 1.1, which reflected the larger 
watershed areas of the former two streams. Concentrations of TSS at WCK 2.4, 
MEK 0.6, and NTK 1.0 are likely important influences on the biotic communities at those 
sites (Sect. 3.2). 

Concentrations of DOC were higher at downstream sites than at upstream sites 
(Table 2-8), and concentrations at upstream sites seemed to reflect watershed area. Data 
from the quarterly DOC-fractionation procedures were incomplete at the time of this 
report and will be presented in the next annual report. 

Concentrations of dissolved nitrogen (NO,- + NO,- and NH4+) were somewhat 
higher, and concentrations of phosphorus, including both soluble reactive phosphorus 
(SRP) and total soluble phosphorus, were greatly enriched at sites receiving ORNL 
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Table 2-7. Water quality parame.ters determioed for disaete samples collected monthly at ten 
sites in streams in White Oak Creek watershed 

Parameter Method Reference" 

PH 
Alkalinity 

Conductivity 
Hardness 
Phosphorus (P) 

Total P 
Total soluble P 
Soluble reactive P 

Nitrate and nitrite 

Ammonia (ammonium) 

Suspended solids 

Particulate carbon 
and nitrogen 

Glass electrode 
Acid titration to pH 4.7 

Conductivity bridge 
EDTA~ titration 
Ascorbic acid method 

Persulfate digestion 
Filter and digestion 
Filter only 

Cadmium reduction 

Phenate method 

Total filterable (1OSOC) 
Elemental analyzer 

APHA (1985) 
APHA (1985) 

APHA (19sS) 
APHA (1985) 
APHA (1985) 

EPA (1983) 
EPA (1983) 

APHA (1985) 

Dissolved metals Filter and induction c0up.A APHA , 985) 
plasma (ICP) spectroscopy 

Dissolved organic 
carbon 

Persulfate oxidation and 
infrared detection 

Dohrman (1984) 

"APHA (American Public Health Association). Standard Methods for the EvaIuanbn 
of Water und Wastewater, 16th ed. American Public Health Association, Washington, D.C., 
1985. EPA (US. Ejlvironmental Protection Agency). Methods for chemical analysis of 
water and wartes, EPA4OOf4-79-020. Environmental Monitoring and Support 
Iaboratory, IJ.S. Environmental Protection Agency, Cincinnati, 1983. Dohrmann Company. 
Total chganic Cw6on System Munual, Dohrmann Chnpany, Santa Clara, California, 19%. 

bEDTA = ethylenediamine tetracetic acid. 

effluent (Table 2-8). Concentrations of SRP were typically about 5 to 6 micrograms of 
phosphorus per liter for the upstream sites, with occasional peaks of 10 to 20 micrograms 
of phosphorus per liter. Reference sitc MEK 1.8 had SRP concentrations of about 1029 
and 70 micrograms of phosphorus per liter in September and December respectively. 
These concentrations were much greater than for other reference sites; however, they 
both occurred in samples collected several days following the resumption of streamflow 
after several months of zero discharge. Concentrations of SRP in upper Melton Branch 
were similar to concentrations at other upstream sites for months during the high- 
discharge season. The low average SRP concentrations at upstream sites suggest that 
phosphorus availability may limit primary production there. Sites receiving ORNL 
discharges typically had concentrations of SRP in excess of 100 micrograms of phosphorus 
per liter. These sites also had higher algal biomass and rates of primary production than 



Table 2-8 Water quality parameters (mean * s.d and range) determined from monthly water samples collected in Ish Creek 
and at the ten periphyton sampling stations in White Oak Creek watelshed during 19451 

WCK6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 1.8 MEK0.6 NTIC1.O ISH FCK 1.0 FFK 1.1 

PH 
mean 8.01 
s.d. 0.21 
range 7.67-8.32 

Alkalinity (meq/L) 
mean 2.36 
s.d. 0.82 
range 0.89-3.M 

Hardness (mg/L as CaCO,) 
range 135 .O 
s.d. 38.0 
range 66-176 

Conductivity (pS/cm) 
mean 218.1 
s.d. 79.0 
range 81 -299 

Total phosphorus (fig P L )  
mean 9.7 
s.d. 4.1 
range 5.5-15.8 

Total soluble phosphorus (pg PIL) 
mean 3.7 
s.d. 2.3 
range 0.7-4.4 

8.04 
0.1 
7.94-8.16 

2.21 
0.15 
1.88-2.34 

150.3 
18.2 
112-178 

283.3 
30.2 
231-312 

283.7 
115.9 
45.9-442.2 

266.3 
90.3 
43.7-393.5 

7.99 
0.07 
7.9-8.17 

2.26 
0.23 
1.98-2.38 

154.7 
16.0 
112-180 

332.8 
49.3 
265-451 

395.2 
154.9 
61.5-575.4 

345.1 
115.7 
53-446.1 

8.02 
0.07 
7.88-8.16 

2.28 
0.3 
1 .%-2.42 

157.5 
16.5 
122-184 

337.1 
55.9 
242-463 

366.8 
142.1 
58-531.2 

335.5 
106.2 

8.0 7.83 8.02 
0.09 0.17 0.1 
7.84-8.16 7.61-8.08 7.79-8.19 

2.3 1.89 2.45 
0.35 0.68 0.64 
1.68-3.24 1.14-3.22 2-3.84 

163.8 133.3 161.3 
19.7 23.9 34.7 
112-186 94-188 74-216 

334.3 238.1 312.1 
52.0 79.8 73.4 
225-447 141-333 133-443 

371.7 619.8 704.4 
155.3 1168.1 857.7 
64.8-605.8 15.7-3210.9 9.6-2692.3 

307.9 580.2 746.2 
124.5 1078.1 746.1 

7.91 
0.12 
7.66-8.01 

3.36 
0.84 
2.06-3.57 

184.0 
34.9 
114-226 

307.7 
82.2 
175-418 

20.8 
7.1 
12.6-32.0 

7.7 
3.7 

7.87 
0.21 
7.53-8.17 

2.09 
0.61 
1.08-2.93 

123.8 
32.9 
72-174 

212.3 
62.9 
111-286 

12.5 
4.1 
6.7-19.7 

9.1 
4.3 

7.85 
0.28 
7.35-8.26 

2.74 
0.84 
1.4-4.4 

146.5 
29.0 
100-174 

243.1 
64.6 
131-306 

12.5 
6.0 
2.5-21.2 

8.0 
4.4 

7.55 
0.48 
6.94-8.85 

2.66 
0.9 
1.42-5.18 

141.7 
23.6 
102-178 h) 

P 

237.1 
56.6 
118-298 

9.9 
4.5 
5.6-16.2 

7.9 
3.3 

50.2-429.4 50 .84 .2  6.3-2960.5 7-2133.6 3.4-1 1.3 1.4-1.48 5.5-14.9 5.3-13.5 



Table 2-8 (continued) 

WCK6.8 WCK3.9 WCK3.4 WCK2.9 WCK2.4 MEK1.8 MEK0.6 NTK1.0 ISH FCK 1.0 FK1.1 

NH4 (fig NA-1 6.1 
mean 29.3 
s.d. 5.3 37.9 
range 0.6-20.9 2.1-140.8 

N02- + N03- (mg NL) 
mean 0.13 0.37 
s.d, 0.2 0.2 
range 0.03-0.1 0.17-0.82 

Dissolved organic carbon (mg a) 
mean 1.13 2.33 
s.d. 0.24 0.56 
range 0.89-1.28 1.76326 

Dissolved inorganic carbon (mg Cn) 
mean 31.36 28.98 
s.d. 4.3 1.73 
range 20.78-35.98 23.29-28.8 

Total suspended solids (mg dry w t L )  
mean 3.71 2.57 
s.d. 1.54 1.33 
range 0.81-6.08 1.32-5.8 

14.1 
10.6 
4.744.4 

0.98 
0.58 
0.34-2.31 

1.99 
0.2.8 
1.6-2.45 

25.3 
1.86 
23.1-28.24 

2.43 
1.59 
1.61-5.06 

10.7 
5.3 
4 . 1 4 . 4  

0.98 
0.6 
0.33-2.35 

1.97 
0.23 
1.66-2.34 

25.2 
1.92 
22.93-28.56 

3.31 
1.28 
1.4-6.51 

9.4 7.9 
4.0 3.9 
3.6-18.3 1.9-13.2 

0.81 0.21 
0.55 0.32 
0.24-2.07 0.02-0.92 

2.0 2.36 
0.23 0.79 
1.67-2.28 1.854.12 

25.83 20.86 
1.75 11.68 
23.17-28.28 18.21-39.16 

4.49 5.98 
2.77 3.45 
1.72-1 1.72 1.91-1 2.45 

7.2 
2.9 
1.9-10.6 

0.45 
0.64 
0.04-2.32 

2.23 
0.5 
1.82-3.06 

28.15 
3.18 
25.4-35.32 

7.25 
5.53 
1-21.87 

6.2 
1.9 
3-7.9 

0.06 
0.03 
0.03-0.1 

1.76 
0.37 
1.6-2.18 

40.59 
5.54 
32.19-47.1 1 

6.36 
2.8 
2.35-10.8 

5.4 6.4 
2.8 7.2 
0.8-10.5 1.1-26,l 

0.04 0.05 
0.03 0.02 
0.01-0.11 0.02-0.08 

1.51 0.94 
0.28 0.2 
1.61-1.75 0.68-1.26 

24.98 29.23 
6.27 10.8 
15.24-34.54 24.89-36.99 

3.73 2.38 
279 1.19 
0.14-10.01 1.14-5.39 

5.2 
6.1 
0.6-23.4 

0.13 
0.03 
0.074.16 

0.86 
0.28 
0.55-1.W 

ti 
27.0 
9.69 
26.64-33.35 

1.03 
0.6 
0.26-2.11 

Note: n = 12 for all sites except MEK 1.8 and ISK, where n = 9; and NTK 1.0, where n = 8. 
WCK = White Oak Creek kilometer, MEK = Melton Branch kilometer, NTK = Northwest Tributary kilometer, ISH = Ish Creek, FCK = Fint Creek kilometer, 
FIX= Fifth Creek kilometer. 



26 

did upstream sites (see Sect. 3.2). Ammonia concentrations were low at all sites, 
averaging less than 30 micrograms of nitrogen per liter. Concentrations of NO,- + NO,- 
nitrogen were also low at all sites but tended to be somewhat greater at the downstream 
sites. 

In general, data from 1987 were similar to those collected for the same period during 
19% (Appendix A, Table A-1). The principal exception to this trend was site MEK 0.6, 
which is located -800 m below the HFIIUT'RU discharge. The discharge from the HFIR 
contains cooling tower blowdown and so is high in sulfates, Na, P, CI, and other 
constituents that influence the biota. The HFIR was shut down in November 1986, and 
the subsequent reduction in discharges had significant effects on some water quality 
parameters and biotic communities at MEK 0.6 (see Sect. 3.2). 

To illustrate some of the responses of water quality to the shutdown of the HFIR, 
data for hardness, conductivity, SRP, and NH4+ at MEK 0.6 and two sites on WOC above 
and below ORNL are presented in Figs. 2-8 and 2-9. A decrease in hardness and 
conductivity is apparent for MEK 0.6 following the HFIR shutdown (Fig. 2-8). High 
conccntrations of SRP at MEK 0.6 in 1986 are believed to be largely due to discharges 
from the HFIR. Following a decrease in SRP concentrations at MEK 0.6 in early 1987, 
concentrations bcgan rising in May 1987 and reached substantial concentrations during the 
summer, decreasing again with the onset of the wet scason (Fig. 2-9). The high SRP 
concentrations at this site may be a residual effect of HFXR activities or a result of natural 
sources. The data for conductivity and hardness indicate that dischargcs from the HFIR 
facility were minimal in 1987 (Fig. 2-8). Interestingly, high SRP concentrations have 
occasionally been encountered at MEK 1.8 upstream of the HFTR discharge when Melton 
Branch flows intermittently during the summer (e.g., 1062 micrograms of phosphorus per 
liter during September 1987). During the wet season, when flow is continuous at 
MEK 1.8, SRP concentrations are typically low (10 micrograms of phosphorus per liter or 
less). The data may suggest a groundwater source of phosphorus in the Melton Branch 
system, although the extreme concentrations found at MEK 0.6 almost assuredly indicate 
an anthropogenic source of SRP. Because SRP may be an important determinant of 
biological activity in these streams, the source and influence of the SRP at MEK 0.6 will 
be further evaluated. 

Ammonia provides an example of a biologically important water quality constituent 
that apparently was not influenced by the HFIR activity. Concentrations of ammonia at 
MEK 0.6 showed a similar relation to concentrations at the two WOC sites both before 
and after the HFIR shutdown (Fig. 2-9). 

The quarterly analyses of stream water for dissolved elements py means of 
inductively coupled plasma (ICP) spectroscopy] showed that only Ba, Ca, Mg, Mn, Na, Si, 
and Sr were consistently present at concentrations above the ICP detection limits 
(Table 2-9). Concentrations of Fe, P, and Zn were occasionally above the detection limits 
at some sites. Potassium concentrations were not determined. Because the detection 
limits of the ICP scans are relatively high in relation to the biologically significant 
concentrations of some elements (e.g., Cd, Cu, Ni), these data only provide a screening for 
excessive concentrations of potentially toxic elements and a general characterization of the 
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Fi 28. Monthly data for hardoess and condudivity from water samples mueaed at three 
periphyton monitoring stations, August 1986-Deoembet 1987. Sites on White Oak Creek include 
White Oak Creek kilometer (WCK) 6.8, an upstream reference site, and site WCK 2.9 located 
below ORNL and above the confluence with Melton Branch. Site Melton Branch kilometer 
(MEK) 0.6 is located on Melton Branch approximately 800 m downstream from the HFIR facility 
discharge. Values are the results of a single determination. The HFIR facility was shut down on 
November 14, 1986. 
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Fig 2-9. Monthly data for soluble reactive phosphorus and ammonia from water samples 
collect& at three periphyton monitoring stations, August 1986-DeCember 1 W .  Sites on White 
Oak Creek include White Oak Creek kilometer (WCK) 6.8, and an upstream reference site, and 
site WCK 2.9, located below ORNL and above the confluence with Melton Branch. Site Melton 
Branch kilometer (MEK) 0.6 is located on Melton Branch approximately 800 m downstream of 
the discharge from the HFIR facility. Values are the average of two determinations. The WFIR 
facility was shut down on November 14, 19%. 



Table 2-9. 
stations 

Concentrations in parts per million (mean * sd and range) of dissolved elements in Ish Creek and at the ten periphyton sampling 
in White Oak Creek watershed based on inductively coupled plasma (ICP) anafyses of discrete water samples coll&ed quarterly 

during 1987 

ICP metals Detection Limits (pprn) 

Ag Al As B Ba Be cd co 
0.05 0.02 0.10 0.80 0.020 0.002 0.005 0.01 

P Pb Sb Se Sn Ti v Zn Zr 
0.03 0.20 0.20 0.20 0.05 0.02 0.02 0.02 0.02 

WCK6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 

Ba 
mean % 0.077 0.039 0.035 0.033 0.038 
s.d. 0.045 0.01 1 0.009 0.009 0.014 
range 0.02-0.12 0.021-0.05 0.02-0.042 0.02-0.041 0.02-0.057 

ca 
mean % 26.0 40.8 42.5 40.0 45.5 
s.d. 12.6 4.0 1.8 2.7 6.5 
range 11-39 35-45 40-45 36-43 43-52 

Fe 
range 0.041 0.061,0.035 0.034 0.044 0.02 

Mg 
mean % 12.83 9.58 8.98 8.88 8.93 
s.d. 5.88 1.68 1.57 1.19 1.59 
range 5.6-20 7.4-12 7-11 7-10 6.2-10 

Mn 
mean 76 0.015 0.027 0.02 0.01 9 0.031 
s.d. 0.006 0.012 0.006 0.006 0.014 
range 0.005-0.021 0.017-0.046 0.015-0.030 0.010-0.027 0.016-0.052 

Na 
mean % 0.59 8.7 16.9 16.00 16.5 
s.d. 0.08 3.88 4.68 3.81 4.33 
range 0.504.69 4.4-15 9.6-21 11-21 11-23 

Cr cu Fe 
0.04 0.02 0.03 

MEK 1.8 MEK 0.4 

0.036 0.0% 
0.016 0.01 1 
0.02-0.052 0.02-0.046 

28.5 42.3 
5.5 11.8 
2 3 3  25-55 

<0.03 0.068,0.15 

4.2 8.23 
0.8 3.07 
3.5-5 3.9-12 

0.01 0.039 
0.004 0.025 
O.oOri,O.O13 0.012-0.069 

4.8 7.5 
1.1 3.23 
3.75.9 3.7-12 

Ga Li Mn Mo Ni 
0.30 0.20 0.005 0.040 0.06 

NTK 1.0 ISH FCK 1.0 

0.02 0.065 0.04 

0.02 0.043-0.087 0.011-0.094 
0.022 0.032 

143.5 21.5 31.8 
6.5 9.5 12.9 
37,50 18.37 17-46 

< 0.03 c0.03 < 0.03 

5.05 12.65 12.15 
0.35 5.35 5.08 
4.5,5.4 7.3,18 6.5-19 

0.01 0.011 0.007 
0.001 0..003 
0.01-0.01 1 0.011 0.005 1,0.013 

2.0 0.9 0.76 
0.2 0.32 0.16 
1.8,2.2 0.66-1.3 0.53-0.93 

FFK 1.1 

0.052 
0.023 
0.02-0.077 

h) 
29.0 \o 
8.6 
17-39 

<0.03 

13.25 
3.1 
8-18 

0.005 
0.000 
0.0050-0.0051 

1.63 
0.86 
0.7-3.0 



Table 2-9 (continued) 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 1.8 MEK 0.6 NTK 1.0 ISH FCK 1.0 FFK 1.1 

P 
range <0.03 

Si 
mean % 3.68 
s.d. 
range 2 . 8 4 7  

Sr 
mean % 0.031 
s.d. 0.012 
range 0.0'16-0.045 

Zn 
range <0.02 

0.31 0.34,0.41 0.35,0.41 0.35,0.40 

2.53 2.43 2.35 2.5 
0.69 0.47 0.37 0.35 
1.9-3.2 1.9-2.9 1.8-2.7 2.1-2.9 

0.062 0.068 0.086 0.094 
0.032 0.035 0.012 0.016 
0.0114.1 O . O L 4 . 0 9 9  0.0684.099 0.067-0.11 

0.0614.074 0.034-0.054 0.044 0.02-0.038 

0.37,O.B ~ 0 . 0 3  

2.75 3.03 
0.29 0.55 
2.2-3.3 2.6-3.7 

0.059 0.094 
0.015 0.026 
0.044-0.073 0.052-0.12 

<0.02 0.037-0.15 

2.94.84 C0.03 

2.35 3.95 
0.41 0.55 
1.8-2.9 3.6-4.3 

0.064 0.04 
0.01 0.015 
0.0544.073 0.025-0.055 

<0.02 <0.02 

<0.03 

3.63 
0.35 
2.6-4.9 

0.042 
0.017 
0.0244.04 

c0.02 

<0.03 

3.1 
0.830.74 
2.1-4.1 

0.034 
0.008 

w 
0 'Values below the ICP limit of detection were either presented as such or used as that concentration to calculate a mean. If less than three values were above the detection limit for 

Nore: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; ISH = Ish Creek; FCK = First Creek kilometer; 
a given element site combination, only the range is given. 

FFK = Fifth Creek kilometer. 
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concentrations of' the major cations at each site (excluding potassium). The 
concentrations of dissolved calcium were higher at downstream sites than at upstream 
sites, while magnesium followed an opposite trend (Table 2-9). The only major exception 
to this upstreamdownstream trend was site NTK 1.0, which had relatively high calcium 
concentrations, high conductivity and hardness, and low magnesium concentrations relative 
to those at the other upstream reference sites (Tables 2-8 and 2-9). Sodium 
concentrations increased by about an order of magnitude at downstream sites relative to 
upstream sites, while silicon decreased slightly at downstream sites (Table 2-9). Strontium 
concentrations also increased somewhat at sites downstream of ORNL operations. 
Concentrations of other constituents showed little influence from ORNL discharges. 

For those elements considered here, no evidence of continuous excessive inputs of 
potentially toxic materials was found. Data on the concentrations of metals in the 
periphyton matrix (see Sect. 3.2) showed accumulation of some metals at downstream 
sites; however, excessive concentrations were not found. 

2 2 4 3  summary 

Water samples collected monthly as part of the periphyton monitoring program 
provide useful indicators of water quality at ten locations in the WOC drainage and at the 
weir on nearby Ish Creek and augment the information obtained from the NPDES 
monitoring program. Data on various water quality constituents are useful in 
(1) evaluating the behavior of some biological communities (Sect. 3.2), (2) documenting 
the influences of ORNL operations on water quality, and (3) screening €or potentially 
toxic dements. With the exception of site MEK 0.6, where water quality improved as a 
result of the shutdown of the HFIR facility, water quality in WOC watershed in 1987 was 
similar to that observed in 1986. 



3. TOXICITY MONITORING 

The toxicity monitoring task included in the ORNL BMAP (Loar et al. 1991) has 
three goals: (1) identify sources of toxicity in the WOC watershed (Subtask la); 
(2) monitor toxicity of water in WOC and its tributaries and assess the usefulness of the 
toxicity test systems in detecting ambient toxicity (Subtask lb); and (3) monitor 
periphyton/microbial communities and test, by manipulative field experiments, relationships 
between ambient toxicity and periphyton-linked processes regulating energy flow in 
streams within the WOC watershed (Subtask IC). Studies were conducted in each of 
these areas from February 1987 through February 1988. 

3.1 POINT-SOURcE AND AREASOURCE CONTRIBUTIONS TO AMBENT 
TOXICITY 

Point- and area-source contributions to ambient toxicity in streams in the WOC 
watershed were evaluated with 7-d static-renewal tests based on the survival and growth of 
fathead minnow (Pimephnles promelus) larvae and on the survival and reproduction of the 
daphnid Ceriduphnia dubialnffinis. These standard EPA-approved tests are described in 
Homing and Weber (1985), Norberg and Mount (1985), and Mount and Norberg (1984). 
Each fathead minnow test used four replicates, with ten larvae per replicate. Each 
Cerioduphnia test used ten replicates, with one neonate per replicate. 

Point-source discharges to WOC that were evaluated for toxicity under the ORNL 
Toxicity Control and Monitoring Program (TCMP), as stipulated in the NPDES permit 
(EPA 1986, Part V), included those from the STP, PWTP, and Coal Yard Runoff 
Treatment Facility (CYRTF) (Fig. 2-4). Effluents from these three facilities were 
evaluated every other month (Table 3-1). 

Ambient toxicity of water from 15 sites on five streams (Fig. 3-1) was evaluated 
during February, March, and May 1987. In these tests, 4 of the 15 sites (uppermost sites 
on WOC, First Creek, Fifth Creek, and Melton Branch) served as reference sites because 
they were presumed to lack contaminants in toxic concentrations. Two ambient sites (X14 
at WCK 2.65 and X13 at MEK 0.16, Fig. 2-2) were also evaluated under the TCMP 
section of the NPDES permit. Water from these two sites was evaluated every other 
month €or toxicity with both species. Tests with the two species were always conducted 
concurrently. On each day of each test, subsamples of the effluent or water sample were 
analyzed €or pH, conductivity, alkalinity, and water hardness. Most samples collected for 
toxicity tests were also analyzed for free and total residual chlorine (TRC) by 
amperometric titrations with phenylarsen oxide. The temperature of the water at each 
site was recorded when the sample was collected. 

Statistical computations were made with the use of SAs@ (SAS 1985a, 1985b) 
procedures on an IBM mainframe computer or with PC-SASa on an IBM AT computer. 
Survival values for the minnows and the Cerioduphnia were transformed (arcsine square 
root; Steel and Torrie, 1960) before statistical analysis. 
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Table 3-1. Summary of toxicity test results for the Oak Ridge National Laboratory 
Process Waste Treatment Plant (PWTP), Cad Yard Runoff Treatment 

Facility (CYRlF), and !%%%a@ TreatEnent Plant (srp). 

ORNL 
facility Test date 

Fathead minnow Ceriodaphniu 
NOEC NOEC 

PWTP 
PWTP 
PWTP 
PWTP 
PWTP 
PWTP 
PWTP 
PWTP 
PWTP 
PWTP 

mTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 
CYRTF 

STP 
STP 
STP 
STP 
STP 
STP 
STP 
STP 
STP 
STP 
STP 
STP 

July 1986 
September 1986 
November 1986 
January 1987 
March 1987 
May 1987 
July 1987 
September 1987 
November 1987 
January 1988 

July 1986 
September 1986 
November 1986 
January 1987 
March 1987 
June 1987 
August 1987 
September 1987 
November 1987 
January 1988 

May 1986 
June 1986 
August 1986 
October 1986 
December 1986 
February 1987 
March 1987 
June 1987 
August 1987 
October 1987 
December 1987 
February 1988 

80% 
80% 
80% 

100% 
80% 
80% 
80% 

100% 
80% 
80% 

20% 
>60% 
>80% 

60% 
60% 
c >80% 
- >N% 
- >a% 
- >O% 
- >80% 

100% 
NT 

100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
100% 

80% 
80% 
80% 
N% 
80% 
80% 
80% 

<so% 
100% 
80% 

<lo?& 
5% 
NT 
3% 

10% 
10% 
25% 
NA 

50% 
25% (W/S) 

20% 
100% 
100% 
100% 
75 % 

<75% 
< 50% 
<75% 

50% 
<80% 
100% 
c 75% 

"NOEC = no-observed-effect concentration, or highest tested concentration (percentage) causing no 
statistically significant reduction (p > 0.05) in survival or growth of fathead minnow larvae or in survival or 
reproduction of Ceriodaphniu. W/S = WelUspring dilution water; NT = not tested. 
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I I 

KILOMETER 

Fig 3-1. schematic showing the 15 ambient toxicity sampling sites on streams in White Oak 
Creek watersbed Stippling designates developed areas, which are major regions of point- and 
area-source discharges to streams. The dashed line shows the approximate boundary of the 
watershed. 
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3.1.1 Toxicity of EEluents from NPDESPermitted Outfalls 

Discharges from PWTP were typically not very toxic to either test species, but 
effluent from CYRTF proved to be relatively toxic to both species in most tests, and 
effluent from the STP was sometimes toxic to Ceriodaphnia (Table 3-1). Each of the 
three facilities produced chemically distinct effluents (Table 3-2). The results of 10-12 
chronic toxicity tests of effluents for the three facilities, summarized in relation to 
chemical parameters typical for effluents from the facilities, are given in Table 3-3. 

Several toxicity tests were used to help identify the material(s) or conditions 
contributing to toxicity of the CYRTF and STP effluents. In these tests, the effluents 
were modified chemically in various ways beFore being tested. For example, PWTP 
effluent amended with calcium or magnesium sulfate was tested to determine if the low 
levels of hardness characteristic of this wastewater (Table 3-2) made it toxic to both 
species at full strength. Similarly, samples of wastewater from STP were dechlorinated 
with sodium thiosulfate before being tested to determine if total residual chlorine 
concentrations in this wastewater contributed to its toxicity. Additions of magnesium 
sulfate reduced survival and growth of fathead minnow larvae and survival and fecundity 
oC Ceriodaphnin in PWTP effluent, while additions of calcium sulfate made little 
difference with respect to growth or survival of the fish but distinctly improved survival 
and fecundity of Ceriudaphnia (Table 3-4). The tests used to evaluate the possibility of 
improving the biological quality of STP effluent by dcchlorination were inconclusive, and 
so are not detailed in this report; fish survival and growth were high even in nontreated 
effluent, and survival and fecundity of Ceriodaphnia in dechlorinated and 
nondechiorinated dilutions of STP effluent were similar. 

Water from NPDES sites X13 at MEK 0.16 and X14 at WCK 2.65 was also tested 
with both species every other month. The results of these tests are given in Table 3-5. 
The results of chemical analyses of the water from these two sites, and from the reference 
site WCK 6.8, are summarized in Table 3-6. 

Results of the fathead minnow and Ceriudaphnia tests shown in Tables 3-4 and 3-5 
should be interpreted only with a clear understanding of the limitations of these two test 
systems. In the minnow test, for example, a control is considered to be acceptable if 
survival (based on 40 larvae distributed equally among 4 beakers) equals or  exceeds 80% 
(W. Peltier, EPA, Athens, Georgia, personal communication). This consideration should 
indicate the general degree of sensitivity of the survival endpoint of the minnow test. 
Reductions in survival should be attributed to the presence of toxicants only when mean 
survival is less than 80%. Additionally, our experience has shown that among-replicate 
survival of the minnow larvae in samples of noncontaminated streamwater is sometimes 
quite variable. With four replicates, for example, survival of larvae in "good" water from 
upper WOC at WCK 6.8 was 90%, 40%, 40%, and 100% during January 9-16, 1986. In 
the preceding month, survival of larvae in four replicates of "good" water from upper First 
Creek was a%, 30%, 80%, and 100%. The results of subsequent and more highly 
replicated (n = 10) studies of survival of fathead minnow larvae reared in 
noncontaminated stream water containing different kinds and amounts of food, and at 
different temperatures, suggest that facultatively pathogenic fungi {such as Sapdegnia; cf: 
Alexopoulos 1%2, pp. 138-49) common in pristine waters are, in part, responsible for this 
variability. In tests of effluents or of ambient water from less pristine sites, variability 
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Table 3-2 Chemical parameters o€ eflluent from the Oak Ridge National Iaboratory Process 
Waste Treatment Plant (PWTP), coal Yard Runoff Treatment Facility (CYRTF), 

and Sewage Treatment Plant (STPr 

Test date PH Conductivity Alkalinity Hardness 

PWTP 

Range of means: 

Range of means: 

Jul 1986 
Sep 1986 
Nov 1986 
Jan 1987 
Mar 1987 
May 1987 
Jul 1987 
Sep 1987 
Nov 1987 
Jan 1988 

Jul 1986 
Sep 1986 
Nov 1986 
Jan 1987 
Mar 1987 
Jun 1987 
Aug 1987 
Sep 1987 
Nov 1987 
Jan 1988 

May 1986 
Jun 1986 
Aug 1986 
Oct 1986 
Dec 1986 
Feb 1987 
Mar 1987 
Jun 1987 
Aug 1987 
Oct 1987 
Dec 1987 
Fch 1988 

Kange of means: 

7.8 1 
7.88 
7.47 
7.47 
7.67 
7.74 
7.59 
7.69 
7.89 
7.40 

828 
827 
711 
544 
610 
680 
876 
73 1 
597 
665 

7.4-7.9 544-876 

CYRTF 

7.19 
7.19 
7.23 
6.70 
7.07 
7.22 
7.50 
7.33 
6.74 
6.84 

1,810 
2,883 
1,468 
1,404 
1,73 1 
2,580 
2,539 
2,624 
2,619 
1,703 

6.7-7.5 1,404-2,883 

STP 

7.91 
8.02 
7.74 
8.13 
7.96 
7.82 
7.7 1 
7.68 
7.70 
7.79 
7.60 
7.66 

-766 
385 
38 1 
403 
426 
470 
43 1 
391 
310 
42 1 
410 
483 

7.6-8.1 366-483 

80.0 
65.3 
51.4 
40.9 
53.0 
54.7 
57.7 
61.3 
71.4 
40.4 

40-80 

37.1 
9.0 
8.3 
5.6 
9.3 

10.0 
16.5 
13.9 
8.3 
5.9 

6-37 

90.1 
82.9 
74.1 

108.7 
113.6 
11 1.6 
100.3 
82.6 
80.7 
91.4 
84.7 
88.3 

74-1 14 

19.6 
20.3 
0.0 
2.6 
1.4 

32.3 
12.4 
43.1 
24.9 
4.4 

0-43 

1,160 
2,500 
1,023 

910 
1,080 
2,O06 
1,740 
1,937 
1,569 
1,006 

9 10-2,500 

151.1 
152.7 
174.0 
166.1 
177.1 
175.1 
158.9 
176.3 
145.1 
155.1 
152.9 
169.4 

145-177 

“Values represent the mean of seven daily grab samples. Alkalinity and hardness are expressed as 
milligrams of CaCO, per liter; conductivity (microseimens per centimeter) values are corrected to Z 0 C .  
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Table 3-3. Average nodxmwdeffed amcentration (NOEC) of effluent from the 
oalr Ridge National Laboratory procesS Waste Treatment Plant (PW"), Coal 

Yard Runoff Treatment Facility (CYR'E), and Sewage Treatment Plant 
(STP) in rekition to ranges of water quality paramekrs 

cbaraaeristic of the effluents 

Number of Minnow Ceriodaphnia Conductivity Alkalinity Hardness 
toxicity NOEC NOEC (dj/cm) (mg/L as (mgn as 

tests CaCO,) (3C03) 

PWTP 10 84% 82% 5- 40-80 0-45 

CKYTF 10 >66% e 15% 1,400-2,880 5-40 900-2,500 

STP 12 100% 0 5 %  370-470 75-1 15 145-175 

Table 3-4. Survival (eqweSSea in percent) and grawtb (milligrams pes fish, + 1 sa) of fathead 
minnow larvae, and survival (qrcssed in percent) and fecundity (of&pring per female, 

i 1 sd) of ceriadnphnur in full-strength process waste treatment plant (PWTP) 
effluent, and in full-strength PWTP ef€luent" 

Fathead minnow Ceriodaphnia 

Treat men t Survival Growth Survival Fecundity 
(%) (milligrams per fish) (%) (offspring per female) 

Effluent only 92.5 0.43 i 0.04 
Effluent + MgSO, 60.0 0.32 + 0.07 
Effluent + &SO, 97.5 0.51 * 0.07 

30 11.3 f 8.4 
30 7.0 * 6.1 
60 28.0 * 3.2 

"Full strength PWTP effluent amended with MgSO, (to 72-128 mg/L as CaCO,) or CaSO, (to 
48-98 m g L  as CaCO,). Tests were conducted November 5-12, 1987. 

among replicates is much lower and mean survival values can be interpreted with much 
less difficulty. 

In the Ceriudaphnia test, survival is based on ten replicates, each of which contains a 
single neonate. Each death, therefore, reduces mean survival by lo%, and mean survival 
has no associated variability. Homing and Weber (1985) recommend that the survival 
endpoint of this test be assessed statistically using Fisher's Exact Test. The criterion for 
this test suggests that when ten replicates are used and controls have 180% survival, a 
sample in which the survival rate is (60% is significantly lower than the controls 
(p < 0.05). If the survival rate of the control declines to 90%, the critical value for 
significance declines to 40%. The fecundity endpoint of the Cenodaph.nia test is more 
tractable statistically because individuals are replicates (Haynes et al. 1989). However, 
when statistically comparing mean fecundity values among treatments for the purpose of 
identifying "toxic" sites, one should consider the fact that a healthy female Ceriodaphnia 
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Table 3-5. Percent survival and growth (mean i 1 sa) of fathead minnows, and survival and 
fecundity (man * 1 sd) of C h i d q h a  in7d-W 

Fathead minnows Ceriodnphniab 

Date Sampling site S u w a l  Growth Survival Fecundity 
(%) (milligrams per fish) (%) (offspring/female) 

Jan 9, 1987 Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Feb 19, 1987 

Mar 19, 1987 

May 28, 1987 

Jul 9, 1987 

Sep 25,  1987 

Nov 5, 1987 

Jan 14, 1988 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Control 
WCK 6.8 
MEK 0.16 
WCK 2.65 

Controlb 
WCK 6.8 
MEK 0.16 
WCK 2.65 

98.0 
67.5 
67.5 
87.5 

95.0 
95.0 
77.5 
80.0 

95.0 
32.5 
15.0 
85.0 

97.5 
75.0 
95.0 
90.0 

97.5 
ND 
90.0 
85.0 

100.0 
N13 
97.5 

100.0 

97.5 
N D  
75.0 
92.5 

97.5 
N D  
82.5 
95.0 

0.42 i 0.06 
0.43 i 0.07 
0.41 * 0.03 
0.38 i 0.05 

0.30 f 0.05 
0.18 i 0.03 
0.33 i 0.04 
0.26 i 0.05 

0.34 i 0.03 
0.26 f 0.10 
0.42 t 0.15 
0.41 i 0.04 

0.28 f 0.02 
0.17 i 0.02 
0.20 t 0.07 
0.17 t 0.04 

0.57 t 0.05 

0.46 i 0.04 
0.44 f 0.04 

0.91 f 0.04 

0.85 i 0.10 
0.83 i 0.07 

0.50 f 0.05 

0.50 f 0.06 
0.50 f 0.09 

0.94 i 0.07 

0.88 f 0.05 
0.78 i 0.07 

ND 

N D  

N D  

ND 

100 
100 
100 
100 

80 
90 
90 
70 

80 
90 
80 
70 

100 
90 

100 
100 

60 
N D  
80 

100 

60 
N D  
100 
90 

60 
ND 
100 
100 

100 
ND 
100 
90 

26.8 2.8 
27.5 f 4.3 
29.2 i 4.1 
27.9 i 5.3 

13.0 i 6.0 
23.1 i 5.5 
23.6 i 4.2 
15.7 f10.0 

6.6 i 7.7 
21.0 i 6.0 
19.3 i 6.4 
15.4 t 7.7 

22.0 f 5.7 
20.9 6.2 
26.0 f 5.3 
19.2 i 4.8 

11.5 f 10.0 
N D  

18.6 i 8.9 
20.9 f 5.3 

1.0 i 2.5 
ND 

22.6 f 4.3 
19.9 i 2.3 

7.2 i 6.3 
N D  

28.1 i 3.1 
23.4 f 3.1 

27.4 i 2.3 
ND 

27.8 i 1.9 
28.2 t 2.6 

“Bioassays were conducted with control water (dechlorinated tap water for the fish and reconstituted water 
for the Ceriodaphnia) and with water from White Oak Creek above Oak Ridge National Laboratory (WCK 6.8) 
and from National Pollutant Discharge Elimination System sites X13 (Melton Branch at MEK 0.16) and X14 
(White Oak Creek at WCK 2.65). Means for the fish were based on four replicates, each with ten larvae. 
Mean fecundity was computed using only females that survived all 7 days. Date indicates initial day of test. 
WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer. 

bCeriodnphnin control water in this test was well/spring water. 
Note: ND = no data. 
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Table 3.45. Summary of water quality measufements in White Oak Creek above Oak Ridge 
National Laboratory (WCK 68)  and at National Pollutant Discharge Elimination System 

sites X13 on Melton Branch (MEK Q16) and X14 on White Oak Creek (WCK 26!5r 

Test date Samplingkite G/C pH Conduaivitf Alkalinity" Hardness" 

Jan 9-15, 1987 

Feb 19-25, 1987 

Mar 19-25, 1987 

May 28-Jun 3, 1987 

JuI 9-15, 1987 

Sep 25-0ct 1, 1987 

NOV 5-11, 1987 

Jan 14-20, 1988 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MEK 0.16 
WCK 2.65 

WCK 6.8 
MER 0.16 
WCK 2.65 

7P 
7P  
7P  

7P  
7/0 
7 P  

7/0 
413 
4P 

7 P  
2/5 
71u 

ND 
7/0 
6/1 

ND 
5t2 
St2 

ND 
7/43 
7P  

ND 
7/0 
7/0 

8.23 
8.11 
8.12 

7.74 
8.01 
8.06 

7.80 
8.00 
8.12 

8.15 
8.11 
8.17 

ND 
8.04 
8.07 

ND 
8.10 
8.17 

ND 
8.04 
8.06 

ND 
7.95 
8.05 

225 
3 14 
380 

111 
224 
326 

126 
234 
3 16 

23 1 
366 
332 

ND 
322 
362 

ND 
339 
364 

ND 
332 
366 

ND 
323 
428 

124.3 
122.6 
115.3 

54.1 
91.3 

109.4 

64.9 
100.4 
111.3 

133.9 
150.4 
116.3 

ND 
136.1 
113.3 

ND 
128.0 
110.3 

ND 
123.3 
101.8 

ND 
97.9 

107.1 

135 
158 
162 

71 
117 
147 

77 
119 
143 

138 
183 
149 

ND 
169 
16 1 

ND 
169 
161 

ND 
163 
163 

ND 
148 
171 

"Data shown are means (each based on Seven daily samples) collected during the indicated test period. 
G/C = number of grab samples vs number of 24-h composite samples collected in each test. WCK = White 
Oak Creek kilometer; MEK = Melton Branch kilometer. 

*Conductivity in microseimens per centimeter, corrected to 25°C. 
"Alkalinity or hardness, in milligrams per liter, expressed as CaCO,. 
Nore: ND = no data. 

can produce 20-30 offspring in a 7-d test period if food, water quality, and temperature 
conditions are adequate. Thus, a Ceriodaphnia control in which mean fecundity is less 
than about 15 offspring (cf. Table 3-5) should be considered biologically and, with respect 
to test interpretation, statistically suspect. Conversely, ambient water samples that permit 
high fecundity (Le., >20 offspring per female) are evidence of low toxicity, regardless of 
the fecundity of the controls. 
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With these considerations, the illusion of statistical objectivity (sensu Berger and 
Berry 1988) is less complete. Final interpretation of whether or not an ambient stream 
site shows evidence of toxicity should rely upon a general concordance of test endpoints 
(surrival, growth, and fecundity responses) through repeated tests, taking into account the 
responses of the test animals in water from other sites and in controls. 

3.12 Toxicity of Other PointSoun;e Discharges 

The results of ambient toxicity tests described in the first annual report of BMAP 
( b a r  et  al. 1992) suggested that episodic excursions of chlorine in a midreach segment of 
WOC and in a lower reach of Fifth Creek tended to control overall ambient toxicity 
patterns. This suggestion was corroborated by results of ambient tests conducted during 
February, March and May of 1987. To verify the importance of chlorine in controlling 
toxicity in WOC, toxicity tests were conducted (1) to evaluate a wastewater entering WOC 
from the Materials Testing Laboratory (MTL; also known as the Creep Laboratory) in 
Building 4500-S, and (2) to determine if materials other than chlorine contributed to 
toxicity in a midreach segment of WOC or the lower reach of Fifth Creek. 

Once-through cooling water from MTL enters WOC from the north via a culvert 
located beneath the uppermost bridge to the High Temperature Materials Laboratory 
(HTML). The discharge of water from the MTL outfall is continuous at -13-16 L/s 
(200-250 gal/min) (L.R. Simmons, ORNL Operations Division, personal communication, 
1987). On March 5, 1987, samples of water from the MTL outfall and from WOC just 
above and 20 m downstream from the outEall were analyzed for conductivity, pH, 
alkalinity, TRC, and free chlorine. The concentration of TRC in the MTL outfall was 
also measured on March 11 and April 1, 1987. The results of these analyses (Table 3-7) 
suggested that (1) the MTL outfall contributes to instream chlorine levels in WOC and 
(2) other sources of TRC exist farther upstream. 

On August 6-13, 1987, a test was conducted to determine if materials other than 
chlorine contributed to ambient toxicity in water from MTL and the midreach segment of 
WOC. For this test, water samples from MTL outfall (which enters WOC just below 
WCK 4.3) and from five ambient sites (WCK 4.4, WCK 4.3, WCK 4.2, WCK 3.8, and 
FFK 0.0) were collected daily. Each daily grab sample was divided into two equal 
portions, one of which was dechlorinated with sodium thiosulfate while the other was left 
untreated. The 12 samples were tested for chronic toxicity with Cen'mbphnia and fathead 
minnow larvae using standard static-renewal test procedures (Homing and Weber 1985). 
Water quality measurements made each day in conjunction with the test included pH, 
conductivity, alkalinity, hardness, TRC and free chlorine. 

Differences in pH, conductivity, alkalinity, and hardness among the six sites were 
relatively minor. Water from lower Fifth Creek, for example, was on average only slightly 
more alkaline (by 0.2 standard pH units) than the other sites (where mean pH values 
rangcd from 7.97 to 8.02) and had only slightly more alkalinity (0-16 milligrams of CaCO, 
per liter). Differences in chlorine concentrations among the sites, however, were 
substantial (Table 3-8). The concentration of TRC in the MTL outfall, for example, 
averaged 0.83 m a ,  whereas concentrations of TRC in WOC immediately upstream from 
the MTL outfall averaged only 0.08 m a .  Water from lower Fifth Creek contained an 
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Table 3-7. Conductivity, pH, alkalhity, total residual 0, and free chlorine (FC) of water 
samples mlleded firom White Oak Creek just abavu: the Materiais Testing L;rboratoq (MIL) 

outfall (upstream), at the MTLoutfall, and from White Oak Creek20 m below the M'TL 
outfall   down stream^ 

Date Site 

March 5 Upstream 
MTL outfall 
Downstream 

MTL outfall 
Downstream 

March 11 Upstream 

April 1 MTL outfall 

Conductivityb pH Alkalinity" TRcd Fcd 

188 8.11 
205 7.88 
167 8.0 1 
267 ND 
245 ND 
229 ND 
262 ND 

103.0 0.03 
90.0 1.20 

103.0 0.20 
ND 1.38 
ND 1.69 
ND 0.79 
ND 1.10 

0.00 
1.05 
0.06 
1.29 
1.47 
0.38 
ND 

"Only conductivity and chlorine were measured in the samples collected on March 11 and April 1, 1987. 
bConductivity, microseimens per centimeter, corrected to 25'C. 
'Milligrams per liter, expressed as CaCO,. 
dMilligrams per liter, determined amperometrically. 
Note: ND = no data available. 

Table 3-8 Mean pH, total residual chlorine 0, and free chlorine (FC) concentrations 
(mean f 1 sd) in water from the Materials Testing Laboratory (MTL) outkill, from 

White Oak Creek (sites WCK 4.4, WCK 43, WCK 4.5 and WCK 3.Q and from 
~gih (F~FK aoy 

Sampling Site PH TRcb Fcb 

WCK 4.4 8.00 
WCK 4.3 8.00 
Mfl outfall 8.02 
WCK 4.2 7 .w  
FFK 0.0 8.23 
WCK 3.8 8.08 

0.13 * 0.12 
0.08 i 0.05 
0.83 f 0.59 
0.35 * 0.14 
0.32 f 0.05 
0.13 i 0.06 

0.06 f 0.08 
0.04 f 0.04 
0.77 f 0.57 
0.17 f 0.15 
0.26 i 0.07 
0.03 f 0.04 

"Grab samples were collected and analyzed daity during August 6-13, 1987. 
bMilligrarns per liter, determined amperometricalty. 

average TRC concentration of 0.32 mg/L, and water in WOC just upstream from its 
confluence with Fifth Creek had an average concentration of 0.35 mgL. Concentrations 
of TRC at WCK 3.8 just downstream from the PWTP averaged 0.13 m a .  The chemical 
analyses showed that (1) the MTL outfall significantly increased TRC concentrations in 
WOC between HTML and Fifth Creek, (2) WOC received TRC from one or more 
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sources upstream from the Building 4509 cooling tower, and (3) TRC levels in WOC 
declined fairly rapidly (by -50% over -0.6 km) after joining with Fifth Creek. 

Additions of sodium thiosulfate clearly reduced toxicity of water from the MTL 
outfall, WCK 4.2 Gust upstream from Fifth Creek), and from Fifth Creek, based on 
responses of both test species (Table 3-9). This finding implied that chlorine or other 
oxidants were the primary toxicants at these sites. The data also suggested that toxicants 
other than chlorine were present at WCK 3.8. For example, growth of the fish and 
fecundity of Ceriodaphniu in water from this site were low and were not increased by 
treatment with sodium thiosulfate. Site WCK 4.2 is downstream of the outfall of PWTP, 
and effluent from this facility is toxic at high concentrations (Table 3-1). Materials in this 
effluent, or from as yet undetermined sources, may contribute to the chronic toxicity at 
WCK 3.8 that was identified in this test. 

Table 3-9. Mean survival (percent) and growth (in milligxams dry weight per lis4 f 1 s-d) of 
fathead minnow brvae (pimephales promeh) and mean survival @rent) and fecundity of 
caiodaplhnia in untreated and dechlorinated water samples from the Materials Testing 

Laboratory (MTL) outfall, from lower Fa Creek, and from four sites in a 
midreacb d o n  of White Oak Crwr 

Fathead minnows Ceriodaphnia 

Site Treatment Survival Growth Survival Fecundity 
(mgfish) (%) (offspring/female) 

Control 
Control 
WCK 4.4 
WCK 4.4 
WCK 4.3 
WCK 4.3 
MTL outfall 
MTL outfall 
WCK 4.2 
WCK 4.2 
FFK 0.0 
FFK 0.0 
WCK 3.8 
WCK 3.8 

95.0 
100.0 
95.0 
77.5 
80.0 
82.5 
0.0 
92.5 
90.0 
97.5 

7.5 
97.5 
95.0 
87.5 

0.62 i 0.05 
0.59 i 0.04 
0.51 i 0.02 
0.52 * 0.06 
0.39 i 0.02 
0.52 * 0.06 

ND 
0.53 * 0.06 
0.52 f 0.09 
0.55 +. 0.05 
0.10 i 0.03 
0.55 i 0.05 
0.41 i 0.03 
0.48 f 0.03 

80 
60 
70 
90 

100 
100 

0 
90 
0 
90 
50 
90 
90 
90 

18.1 f 5.6 
13.7 i 4.2 
17.4 i 5.3 
19.2 i 4.7 
18.4 i 4.5 
18.5 * 3.3 

ND 
9.7 i 3.4 

ND 
14.4 * 5.4 
8.0 i 6.5 

14.9 i 3.4 
11.0 i 9.6 
11.8 k 5.5 

“The tests were conducted on August 6-13, 1987. Samples were dechlorinated using sodium thiosulfate 
(Na,S,O,). FFK = Fifth Creek kilometer; WCK = White Oak Creek kilometer. 

Note: ND = no data available. 
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3.13 Toxicity of Area-Source Inputs to white Oak Creek 

Ambient toxicity tests conducted during the first year of the ORNL BMAP suggested 
that inputs of tapwater levels of chlorine (-1.5-1.8 mg/L as TRC) were at least 
intermittently problematic in lower reaches of Fifth Creek and in a midreach segment of 
WOC ( b a r  et al. 1992). The results of the ambient toxicity tests conducted in February 
and March 1987 were combined with the results of the previous year to address 
relationships among chemical parameters and spatiotemporal patterns of ambient toxicity. 
Toxicity test data were available for 139 to 167 site-test combinations, depending upon the 
test species (fathead minnows vs Ceriodaphnia) and the test endpoint (survival, growth, or 
fecundity). Water quality data ( 7 4  mean and standard deviation) collected in association 
with the toxicity tests were available for 176 of the possible 180 (15 sites, 12 test periods; 
see Fig. 3-1) site-test combinations. A few sites were not sampled in every test period; 
upper Melton Branch, €or example, was dry for much of the summer (Table 2-1). 

Three kinds of statistical approaches were used to evaluate the biological and 
chemical data sets obtained during the ambient toxicity testing program. First, 
relationships among chemical parameters across all site-test combinations and between 
chemical parameters and sites were assessed by correlation and by graphical analysis. 
Second, the intensity and directions of the associations between the toxicity test data and 
the chemical data sets were evaluated by examination of the correlation structures. 
Finally, principal components analyses were wed to detect and quanti@ relationships 
between the biological and chemical information available from the tests. The results of 
these three approaches are discussed in the following sections. 

3.13.1 ReIatioaShips among chemical water quality factors 

Three main points became evident by plotting and correlating results of chemical 
measurements of water quality. First, the values of conservative properties of' water 
(conductivity, hardness, and alkalinity), when expressed in ratio form, provided useful 
information about the sites. Second, plots of alkalinity (A) vs hardness (H) €or samples 
from the six sites on WOC and from the three sites on Melton Branch suggested that the 
ratio of alkalinity to hardness (AH, both factors expressed as milligrams of CaC03 per 
liter) could be used to distinguish two chemical regimes in each of these streams. Third, 
many of the physicochemical factors measured at the 15 ambient sites were highly 
correlated with one another. The implications of these findings are discussed below. 

A plot of the A H  ratio vs conductivity using data for all site-date combinations 
produced a nonlinear curve with most points having A:H values between 0.6 and 1.1 
(Fig. 3-2). Few samples had conductivity values >400 pS/cm. Water from three of the 
rcference sites (upstream sites on First Creek, Fifth Creek, and WOC) never had A:H 
values of 4 . 5 8  nor >1.14; the mean A H  values for water from these three sites were 
extremely similar (0.94, 0.93, and 0.92) and temporally constant. (C.V.s were only 7.4%, 
7.5%, and 13.8% respectively.) These findings showed that the 15 sites were, on average, 
chemically distinct and that they could be ordinated along strictly chemically axes 
(Fig. 3-3). 
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Fig. 3-2 Plot of conductivity vs the ratio of alkalinity to hardness (AH) for water samples 
from all ambient toxicity sampling sites. The area enclosed by the square shows the 95% 
confidence interval for conductivity and A:H ranges for upstream reference sites on First Creek, 
Fifth Creek, and White Oak Creek. Two overplots are shown as progressively larger symbols. 
Regions of the graph where there are 3-10, 11-16, and >16 overplots per value are indicated by 
increasing degrees of shading within the isopleths. 
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Fig. 3-3. Ordination of the 15 ambient tadcity sampiing sites on axes of condudivity and the 
ratio of alkdinity to hardness (AH). The values for each site are means for all dates, but A H  
was computed from daily values before the means were computed. Sites 1, 2, and 3 (upper left) 
are upstream reference sites; sites 4 and 6 (lower right) are on Melton Branch downstream from 
the HFIR (see Fig. 3-1). 
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Plots of alkalinity vs hardness for samples from the six sites on WOC and from the 
three sites on Melton Branch suggested that A H  could be used to distinguish two 
chemical regimes in each stream. In one regime, the relationship between A and H was 
linear and positive, and A:H was close to 1.0; in the other, the relationship between A and 
H was zero to negative, and A H  was well below unity (Figs. 3-4 and 3-5). Bicarbonate- 
rich waters have an innate tendency to assume a positive near-unity relationship between 
alkalinity and hardness (Cole 1983, Stewart 1988). An A H  value close to 1.0 over a range 
of alkalinity and hardness concentrations is, therefore, indicative of a "natural" chemical 
regime. Deviations from this axis that generate the alternate regime may provide a 
measure of the degree of chemical perturbation at a site or over a stream reach. 

In WOC, deviations from the expected A H  relationship are most easily explained by 
inputs of wastewaters, such as those produced by CYRTF. The wastewater from this 
facility is relatively concentrated and has little alkalinity but is high in hardness 
(Table 3-3). In lower Melton Branch (MEK 0.16), abnormal relationships between A and 
H (Fig. 3-4) were evident in every test conducted in 1986. Some improvement was noted 
between tests conducted during October 16-22 and November 13-20, 1986, when A H  
increased from 0.16 * 0.05 to 0.46 * 0.09 (mean * 1 s.d.). In 1987, A:H at MEK 0.16 
increased even more. For the eight test periods, 7-d A H  averages ranged from 0.67 to 
0.84. In each of these test periods, A H  averages at MEK 0.16 exceeded those at 
WCK 2.6 (Table 3-6). 

The increases in A H  in lower Melton Branch suggest that beneficial changes in 
wastewater discharge patterns in Melton Valley occurred at about the same time as the 
shutdown of the NFIR in November 1986. Cooling towers that are used to dissipate heat 
generatcd by operation of the HFIR release blowdown high in conductivity and hardness. 
The blowdown is subsequently discharged to Melton Branch near MEK 1.4 via an 
unnamed tributary. As much as 95% of the heat dissipated by the HFIR cooling tower is 
from the HFIR. (C. W. Ayers, Plant and Quipment Division, ORNL, personal 
communication, 1986); hence, the shutdown of the HFIR resulted in less use of the 
cooling tower, and so reduced the average conductivity of water discharged to Melton 
Branch. 

Silver recovery operations are also located at the NFIR site. The procedure used to 
recover silver from spent photographic wastes generates wastewaters that are high in 
hardness but low in alkalinity (Le., a low AH). Discharges to Melton Branch from this 
operation were terminated on June 17, 1986. Because the HFIR operations (and the 
associated high rates of cooling tower blowdown) were greatly reduced in mid-November, 
chemical conditions in Melton Branch from July to mid-November should reflect the 
effects of the HFIR operation alone. A:H values (7-d means) for water from MEK 0.16 
over this 5-month period were 0.10 for June 19-26, 0.08 for July 25-August 1, 0.12 for 
August 22-2.8, 0.16 for September 25-October 1, and 0.17 for October 16-22. The 
persistently low A H  during the 5-month period when the HFIR was operating but the 
silver recovery operation was not, combined with the relatively rapid and complete 
recovery of A H  in Melton Branch after the HFIR was shut down, clearly implicates 
cooling tower blowdown as a factor controlling water quality parameters in this stream. 
Materials that could contribute to low A H  include calcium or magnesium sulfate, chloride, 
or nitrate. These substances result from neutralization of strong acids (e.g., sulfuric, 
hydrochloric, or nitric) with calcium or magnesium carbonates. 
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Fig. 34. Graph of hardness vs alkahity for all sampies from 15 ambient tmk5ty sampling 
sites in the White Oak Creek watershed (see Fa 3-1) The longer ellipsoid encompasses an 
alkalinity to hardness (A:H) ratio that is close to unity; the area outside of the larger ellipsoid but 
within the smaller, more horizontal ellipsoid encloses values that are not typical for undisturbed 
local streams. 
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Fig. 3-5. Graph of hardness vs alkalinity for all samples from the three ambient toxidty 
sampling sites on Melton Branch (see fig. 3-1). The ellipsoid on the left defines an alkalinity to 
hardness (AH)  ratio that is close to unity; the area within the larger ellipsoid on the right 
encloses values that collectively form an A:H axis that is markedly different from the A H  axis for 
undisturbed local streams. 
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Many of the physicochemical factors measured at the 15 ambient sites were 
significantly correlated with one another. For example, 42 of 66 possible pair-wise 
comparisons (64%) h a d p  values of 50.03 (Table 3-10). (Because one would expect, at 
p = 0.05, 5 of 100 correlations to be "significant" by chance alone, only correlations whose 
probability of occurring by chance alone was 10.03 were considered "significant".) The 
degree of redundancy found here suggested that, for the same effort, more information 
could be obtained either by measuring a smaller, more select suite of parameters either at 
more sites on a given date or at fewer sites on several dates. 

3.132 Correlative associations: BiologicaI vs chermcal - data 

The biological data set contained seven variables: mean survival of the fish for each 
test [arcsine square root transformed percentage, (MFSURV)]; the among-replicate 
standard deviation in fish survival for each test (DFSURV); mean growth of fish for each 
test ( W G R O W ) ;  the standard deviation associated with mean growth of the f sh  
(DFGROW); survival of the Ceriudaphnia in each test [arcsine square root transformed 
percentage, (MCSURV)]; mean fecundity of Ceriodaphnia that survived all 7 d for each 
test at each site (MCREPRO); and the standard deviation of MCREPRO (DCREPRO). 
Degrees of freedom for correlations among the biological parameters ranged from 139 
(DEREPRO vs MFGROW and DCREPRO vs DFGROW) to 175 (DFSURV vs 
MFSURV). 

The proportion of statistically significant correlations (p 5 0.03) among all 
7 biological variables was lower (only 8 of 21 possible comparisons or 38%) than the 
proportion found among the chemical variables (&I%, cf. Table 3-10 vs Table 3-11). The 
acute (survival) endpoints of the tests for the two species were significantly correlated 
(p < O.OOO1); the chronic endpoints for the two tests (MFGROW vs MCREPRO) were 
also correlated but less strongly (p = 0.0258). Among fish-test parameters, three of six 
possible correlations were significant; among Ceriodaphnia-test parameters, two of three 
possible correlations were significant. Only 3 of the 12 fish vs Cerialaphnia correlations 
were significant. 

Of the 84 possible correlations between the chemical and biological data sets, 
17 were significant (p < 0.05); parameters associated with the Ceriuciaphnia test accounted 
for 13 of the 17 (76%). Only 4 of 48 (8%) possible fsh-test parameters correlated 
significantly with the chemical data, whereas 36% (13 of 36 possible) of all Ceriudaphniu- 
test vs chemical parameter correlations were significant. In short, as might be expected, 
the proportion of significant relationships in each category declined according to the 
sequence: chemical-chemical > biological-biological > chemical-biological. These 
correlative relationships are summarized in Table 3-12. 

3.133 Principal components analyses: Bolqgical vs chemical data 

Principal. components analyses were used to determine the kinds of chemical water 
quality factors that best explained the toxicity test outcomes €or each species. Because 
these analyses were to identify chemical conditions related to ambient toxicity, they 
excluded chemical and biological data from reference sites on upper First Creek, Fifth 
Crcek, and WOC whcre toxicity was not evident. Analyses of separate principal 
components were used to assess mean survival of the fish, mean growth of the fish, 
survival of the Cenodaphnia, and mean fecundity of Ceriodaphnia. The 7-d mean water 



Table 3-10. Correlation coefficients (r) among water quality parameters measured in White Oak 
Creek ambient toxiaty testf 

M-pH Mcond M-alk M-hard M-TRC D-temp D-ptI D a n d  D-alk D-hard D-TRC 

-0.264 0.663 -0.351 0.660 0.092 
M-temp O.OOO4 0.0001 0.0001 0.0001 0.2230 

8 t t t 

0.089 
0.2398 

0.058 
0.4431 

0.304 
0.0001 
t 

0.009 
0.9068 

0.346 
0.0001 

0.180 r 
0.0170 p 
t 

-0.430 0.649 -0.451 0.248 
M-PI-I 0.0001 0.0001 0.0001 o.Oo09 

8 8 8 t 

-0.131 
0.0832 

-0.282 
0.0001 

-0.1% 
0.0092 

-0.094 
0.2141 

-0.267 
0.0003 
t 

0.243 r 
0.0011 p 
8 

-0.522 0.975 -0.028 
0.0001 0.0001 0.7157 
8 t 

0.342 
0.0001 

0.148 
0.0507 

0.587 
0.0001 
8 

0.112 
0.1400 

0.621 
0.0001 
t 

-0.559 r 
0.4610 p Mcond 

M-alk 

M-hard 

M-TKC 

D-temp 

D-pH 

D a n d  

-0.514 0.014 
0.0001 0.8491 
t 

-0.181 
0.0159 
8 

-0.248 
O.OOO9 

-0.403 
0.0001 
t 

-0.128 
0.0908 

-0.459 
0.0001 
t 

0.010 r 
0.8951 p 

-0.081 
0.2852 
t 

0.334 
o.Ooo1 
t 

0.172 
0.0224 
t 

0.528 
0.0001 

0.107 
0.1577 

0.654 
0.0001 

-0.119 r 
0.1164 p 

-0.147 
0.0508 

-0.047 
0.5298 

0.194 
0.0100 
t 

-0.127 
0.0924 

0.047 
0.5370 

0.797 r 
0.0001 p 
* 

0.081 
0.2858 

0.300 
0.0001 
8 

0.383 
0.0001 
8 

0.405 
0.0001 
8 

-0.164 r 
0.0298 p 

0.267 
O.OOO8 
t 

0.282 
0.0002 
t 

0.267 
0.0003 
8 

-0.043 r 
0.5702 p 

0.286 
0.0001 

0.7% 
0.0001 . 0.204 r 

0.0068 p 
8 

0.355 
0.0001 

-0.004 r 
0.9565 p D-alk 

D-hard 
0.046 r 
0.5413 p 

V h e  M and D preceding the parameter refer to the mean and standard deviation respectively. The probability of 
obtaining a greater absolute value for r under the null hypothesis H0: R = 0 is given for each value of r; the number of 
observations used to compute r is 176 in all cases, Temp = temperature, cond = condition, alk = alkalinity, hard = 
hardness, TRC = total residual chlorine. 

*Significant at p = 0.05. 
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Table fll. correlation coeffiaents among biological variables in ambient mxiaty t s i s  of water 
from White Oak Creek and tniutarkf 

DFSURV MFGROW DFGROW MCSURV MCREPRO DCREPRO 

-0.087 0.080 -0.484 0.293 -0.016 , -0.100 

MFSURV 0.2507 0.3210 0.0001b 0 .0001b  0.8421 0.2214 
(175) (157) (155) (167) (155) (152) 

DI;SURV 

MFGROW 

DFGROW 

MCSURV 

MCREPRO 

0.034 0.342 0.150 0.048 0.053 
0.6724 0.0001b 0.0530 0.5525 0.5187 
(157) (155) (167) (155) (152) 

0.249 -0.072 -0.185 5.204 
O.Ool8b 0.3837 0.02iVb 0.0158b 
(155) (149) (141) (1 39) 

-0.030 4.096 0.014 
0.7210 0.2577 0.86% 
(147) (140) (139) 

0.348 -0.010 
0.0001b 0.9067 
(155) (152) 

‘MFSURV = mean transformed survival of the fish in each test; DFSURV = among-replicate standard deviation in 
fBh survival for each test; MFGROW = mean growth of fish for each test; DFGROW = standard deviation of MFGROW, 
CARCSUR = transformed survival of Cericwiqphnin; MCREPRO = mean fecundity of Cm’odaphnio that survived all 7 days 
for each test at each site; and DCREPRO = standard deviation of MCREPRO. The probability of obtaining a greater 
absolute value for r under the null hypothesis H,: R = 0 is given for each value of r; the number of observations used 10 
compute r is given in parentheses. 

bIndicatesp < 0.05. 

temperature, pH, conductivity, hardness, alkalinity, and TRC €or each site-test combination 
were first used to generate principal components axes. These axes were in turn used as 
independent variables in separate regression models with MFSURV, MCSURV, 
MFGROW, and MCREPRO as dependent variables. 

Results of the principal components analyses are shown in Table 3-13, and results of 
the SASS, general linear model (GLM) tests of the relationships of MFSURV, 
MFGROW, MCSURV, and MCREPRO to the two principal component factors are 
shown in Table 3-14. The loading values indicated that factor 1 represented an axis 
dominated by hardness, conductivity, and pH; factor 2 correlated highly with chlorine, and 
secondarily with water temperature and pH. Relationships of the two factors to the 
toxicity test data were similar to those suggested by the correlation analyses described 
earlier: the fish test results did not correspond well to any combination of the chemical 
data, but the Cerbdaphnia test results did. The chlorine-related axis (factor 2) strongly 
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Table 3 1 2  Summary of correlative relationships among water chemistq parameters (chem), 
caiadophnia (e) and fathead minnaw 0 toxicity test data, and between these two 

(chemical, biologid) data sew 

Parameter sets analyzed 
Number of 

Number of correlations significant correlations 
(%I 

Chemical (all) 

Biological (all) 

Cer vs Cer 
Cer vs FHM 
FHM vs FHM 

Chemical 

Biological 
vs (all) 

Cer vs Chem 
FHM vs Chcm 

66 

21 

3 
12 
6 

84 

36 
48 

41/66 (62.1%) 

8/21 (38.1%) 

2/3 (66.7%) 
3/12 (25.0%) 
3/6 (50.0%) 

17/84 (20.2%) 

13/36 (36.1%) 
4/48 (8.3%) 

"Data are based on 12 monthly tests with both species at 15 sites on 5 streams in the White Oak Creek 
watershed. Significance level isp c 0.05. 

Table 3-13. pniocipal component factor patterns for 7-6 means of water quality parameters 
measured during toxicity tests of water from 12 sites on 5 streams at O W m  

Parameter Factor 1 Factor 2 

Mean water temperature 
Mean pH 
Mean conductivity 
Mean alkalinity 
Mean hardness 
Mean total residual chlorine 

0.7 1956 

0.93728 

0.93610 

-0.82505 

-0.7%63 

-0.20577 

0.35307 
0.22678 
0.06768 
-0.02068 
0.04857 
0.93470 

"Chemical data from 12 monthly tests were used to compute the loadings for 6 orthogonal factors. The 
first two (factors 1 and 2) accounted for 60.5% and 17.6%, respectively, of the total variance. 
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Table 314. Results of multiple regression a~lyses of toxicity test response variables on chemical 
data nsed to generate principal components axes 1 and 2" 

Source 

__ 

DF Type I11 SS Mean Square F value Pr > F 

Model 179.063 
Error 136 
Total 138 

Model 
Error 
Total 

Model 
Axis 1 
Axis 2 

Error 
Total 

2 
121 
123 

2 
1 
1 

130 
132 

Model 2 
Axis 1 1 
Axis 2 1 

Error 118 
Total 120 

MFSURV 

89,532 0.22 0.8031 
55445.470 407.687 
55624.533 

MFGROW 

0.01614 
2.3%97 
2.41311 

MCSURV 

0.00807 
0.01981 

0.41 0.6663 

16947.75 8473.88 13.75 
1681.60 1681.60 2.35 

15497.19 15497.19 25.15 
$0100.15 616.16 
97047.90 

MCREPRO 

649.884 324.942 6.13 
352.556 352.556 6.65 
300.422 300.422 5.67 

6253.086 52.992 
6902.%9 

o.Ooo1 
0.1009 
o.Oo0 1 

0.0029 
0.01 11 
0.0189 

"Sums of squares for each axis are given if the werall model was significant (p < 0.05). Variables are 
defined in Table 3-11. 

influenced Ceriodizphnia survival, while factors 1 and 2 affected more equally, and to only 
a slightly smaller extent, Ceriuduphnia fecundity. 

The results of the principal components analyses indicate that Cetjoduphnia may be 
more sensitive than fathead minnow larvae to the presence of low levels of TRC and 
moderate to high levels of hardness and/or conductivity. The results of tests of various 
high-conductivity effluents [e.g., those from CYRTF at ORNL, the S-3 Liquid Treatment 
Facility and West End Treatment Facility at the Y-12 Plant, and the K-1407-B pond at the 
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Oak Ridge Gaseous Diffusion Plant (ORGDP)], with fathead minnow larvae and 
Ceriodaphniu tend to substantiate this finding. Support for the hypothesis that 
Ceriodaphnia may be more susceptible than fathead minnow larvae to TRC is also found 
in the results of toxicity tests of TRC-contaminated water from East Fork Poplar Creek 
above New Hope Pond at the east end of the Y-12 Plant ( b a r  1992) and from Mitchell 
Branch at ORGDP (Smith et  al. 1988). 

3.1.4 Toxi~logical Problems Associated with Chlorine 

The analyses of the biological and chemical data sets discussed in the preceding 
section and the results of the dechlorination experiments described in Sect. 3.1.1 
repeatedly showed that concentrations of TRC in midreach sections of WOC and 
throughout most of Fifth Creek are at least episodically high enough to be acutely toxic 
@e., kill the test animals in less than 7 d). Ultimately, changes in chlorine discharge 
patterns will be required if ambient toxicity in these reaches of stream is to be eliminated. 
Toxicity, however, is dcfined in terms of the responses of organisms (death, behavioral 
changes, reductions in growth or fecundity) to a material in the context of a particular 
exposure regime. The intensity (or rapidity) of the biological response of an organism or 
population of organisms to a material is generally assumed to be linearly or log-linearly 
related to toxicant concentration (Le., responses increase with dose) and, for disruptive 
substances at least one can identify a concentration below which responses do not occur 
(Mackay 1988). The point at which concentrations of TRC in WOC and Fifth Creek are 
so low that toxicity is no longer evident is determined by two factors. Due to the dose- 
response aspects inherent in the concept of toxicity, its measure is dependent upon (1) the 
innate sensitivity of the organisms for which protection is desired and (2) the fluctuations 
in concentration of TRC and ancillary factors influencing TRC speciation, such as pH and 
water temperature, that collectively define the organisms' exposure regime. 

Results of the ambient toxicity tests indicate that the Cenoduphniu test systems could, 
on average, reveal toxicity in water from WCK 4.4 where the mean TRC concentration 
was only 0.03 mg/L. This mean value, however, included TRC concentrations ranging 
from nondetectable (~0.01) to 0.38 mg/L. Results of Cen'oduphnin static-renewal tests 
suggest that a test water with an initial TRC concentration of about 0.15 mg/L is likely to 
show evidence of toxicity. Studies presently underway show that Elimiu, an operculate 
snail common in headwater reaches of First Creek, WOC, Walker Branch, and Ish Creek 
changes its behavior almost immediately when exposed in flow-through test systems to 
tapwater with a TRC concentration of 0.09-0.10 mg/L. Mortality of the snails exposed to 
this concentration of TRC for 2-4 h exceeds 70%. In the same flow-through systems, 
fathead minnow larvae exposed to 0.09-0.10 mg/L of TRC died within 90 min. To protect 
aquatic biota in ORNL streams, these findings suggest that average concentrations of TRC 
should be lower than 0.03 mg/L and that no site should have TRC concentrations that 
exceed 0.1 mg/L for more than 60-90 min. The data do not allow much insight into how 
frequently stream organisms could be subjected to a maximum TRC level of 0.10 mg/L. 
before ecological effects became evident. The data also do not provide insight into 
whether or not a hypothetical maximum concentration or 0.10 mg/L TRC would actually 
protect aquatic communities that include animals other than EZimiu, fathead minnow 
larvae, and Cenoduphniu. Assessment of community-level responses to continuous or 
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intermittent exposures to known concentrations of TRC concentrations in flow-through 
test systems are required to address these questions. 

3.15 Summary of R a d W  Efnuent and Ambient Toxicity Tests 

Based on (1) 10 to 12 toxicity tests of effluents from 3 ORNL wastewater treatment 
facilities, (2) 12 monthly tests of water from 15 stream sites, (3) tests with ambient water 
samples from WOC and Fifth Creek that were dechlorinated before testing, and 
(4) experiments on chlorine toxicity in flow-through systems, the following 6 conclusions 
seem warranted: 

1. Chlorine and/or chlorine-like oxidants measurable as TRC andor  short-lived 
degradation products of such oxidants control the overall patterns of toxicity in WOC and 
Fifth Creek. Evidence for toxicity due to materials other than chlorine was found at 
WCK 3.8, based on responses of both test species. The evidence for toxicity at WCK 3.8, 
however, came from one test only and so should be interpreted cautiously. 

2. The toxicological effects of discharges of TRC to these two streams are at least 
episodically evident at sites where average concentrations of TRC are as low as 
0.10-0.15 m g L  Concentrations of TRC 20.15 mg/L occur at least intermittently 
throughout Fifth Creek below Bethel Valley Road; in WOC, TRC concentrations 20-15 
mg/L occur at least occasionally throughout a 1.0- to 1.7-km reach extending upstream 
from the weir at Melton Valley Drive (WCK 3.41). 

3. Much or most of the TRC in WOC and Fifth Creek appears to be associated with 
releases of chlorinated tapwater, notably through outfalls such as that from MTL. 

4. Sampling sites used for evaluating toxicity patterns in the WOC watershed could 
be distinguished chemically, using conservative properties of natural waters 
(hardness:alkalinity and conductivity; Fig. 3-3) as descriptors. 

5. Chemical analyses of water samples from reference sites on upper Fifth Creek, 
First Creek, and WOC, and from Ish Creek and Brushy Fork, indicate that local strcams 
unaffected by DOE operations typically have a linear, positive relationship between 
alkalinity (A) and hardness (H). The value for A H  in such cases ranges from about 0.83 
to 0.94 and varies little seasonally. Deviations in A H  in the receiving streams can in some 
cases be linked to specific wastewater discharge processes; A H  can then serve as a useful 
fingerprint for temporal and spatial changes in wastewater discharge patterns. CYRTF, 
for example, generates a chemically distinct wastewater that could contribute to reductions 
in A.H in WOC. In Melton Branch, cooling tower blowdown associated with operation of 
the HFIR appeared to be important to low instream values of AH. A:H values in Melton 
Branch recovered rapidly after the HFIR was shut down in November 1986. 

6. Correlation analyses and principal components analyses between water quality 
data and ambient toxicity test data were in good general agreement in two areas. First, 
the Ceriuduphniu test system appears to be distinctly more sensitive than the fish test 
system and tracked measured ambient water quality factors fairly closely. This conclusion 
was supported by the results of the effluent tests (Table 3-11, where Ceriduphnia were 
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more sensitive than the fish in 18 of 29 side-by-side tests and just as sensitive as the fish in 
10 of the 29 tests. Second, the degree of redundancy among the kinds of water quality 
factors included in the chemical data set and the general lack of concordance between 
fish-test and water chemistry data sets indicate that chemical factors other than those 
measured warrant toxicological consideration. Both statistical approaches also implicate 
TRC as an important factor controlling Ceriodaphnia test outcomes for midreach sites in 
WOC and in mid and lower Fifth Creek. 

3.1.6 Future Studies 

During the next year, studies are planned to address the following questions: 

1. What outfalls, other than that associated with MTL, contribute significantly to 
TRC levels in WOC and Fifth Creek? 

2. Is there evidence of chronic toxicity in the midreaches of WOC and in lower Fifth 
Creek after TRC is eliminated? 

3. What concentrations and exposures of TRC can be considered to be ecologically 
safe? What kinds of test organisms and/or groups of organisms are most suited to provide 
answers to this question? 

Finally, many waytewaters are treated to remove contaminants by adding chemicals. 
For example, acidic wastes are neutralized by additions of lime; basic wastes are typically 
neutralized by adding sulfuric acid; metals may be removed by pH adjustments made 
through the addition of acid or base; materials may be coagulated and/or precipitated by 
adding polymers or by pH adjwtments after flocculating agents, such as Ferrifloc, have 
been added. In some cases, the rcmoval of undesirable chemicals by means of adding 
other chemicals may leave the treated water more toxic than it was prior to treatment. 
Effluent from CYRTF is consistently toxic to Ceridaphniu and ironically is concentrated 
with respect to conductivity and hardness. Is this toxicity due to the presence of toxic 
contaminants (such as metals or organics), or are reductions in Ceriodaphnia survival and 
fecundity reflections of more fundamental water quality factors (conductivity, hardness, 
A:H) that are altered by the processes used to remove the contaminants? Diagnostic tests 
will be used to distinguish between these two possibilities and to evaluate the biological 
effects of changes in alkalinity, hardness, and their ratio. 

3 2  INSTREAM MONLTORING OF THE PERIPHYTON COMMUNITY 

Periphyton, a complex matrix of algae and heterotrophic microbes attached to 
submersed surfaces, serves as a major food source for many stream invertebrates (Minshall 
1978) and herbivorous fishes (Power et  al. 1985). The biotic activity and organic content 
of periphyton can rcsult in concentrations oE certain contaminants (e.g., mercury and 
cadmium within the periphyton matrix (Huckabee and Blaylock 1973, Selby e t  al. 1985). 
Thus, periphyton becomes important to both the natural functioning of aquatic systems 
and to the food-chain transfer of contaminants entering these systems. Turnover rates on 
the order of days for the biotic components of the periphyton make this community 
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especially useful for detecting short-term environmental changes (e.g., infrequent pulses of 
toxicants that might be difficult to detect when considering organisms with longer life 
spans). In summary, periphyton can be used to (1) characterize biological communities, 
(2) evaluate contaminant transport and food-chain accumulation, (3) identify sources and 
frequencies of toxicant entry into the system, and (4) predict and evaluate biotic responses 
to remedial actions. 

Monitoring of the periphyton communities was initiated in April 1986 and, to date, 
has focused largely on the biomass and productivity of the algal component of the 
periphyton matrix. During 1987, additional parameters were included in the monitoring 
program, and several studies were conducted to evaluate conditions for algal periphyton 
growth at the study sites. Work continued on the development of metria to evaluate the 
physiological state or "health" of the algal periphyton. Adenosine triphosphate (ATP) 
concentrations in the periphyton were determined as an indicator of b t h  algal and 
heterotrophic biomass. Short-term laboratory algal bioassays were conducted to evaluate 
the influence of water quality on photosynthesis by the algal component of the periphyton. 
Recently initiated studies are evaluating biotic interactions and the influence of various 
aspects of the physicochemical environment on the composition and process rates of the 
periphyton community. Periphyton samples were collected and analyzed to screen for 
metal contamination and to identify (1) sources of contaminant entry to the WOC system, 
(2) stresses on the periphyton community, and (3) the potential €or food-chain transfer of 
contaminants via the periphyton. 

Evaluating the role of the periphyton in the food-chain transfer of contaminants and 
utilizing the periphyton as sensitive bioindicators are viewed as important components of 
the periphyton monitoring task of BMAP. These areas received some attention during 
1987 and will be more intensively evaluated in 1988. 

3 2 1  Meth& 

Small rocks with their associated periphyton were collected monthly from ten sites in 
the WOC watershed (Fig. 3-6) to monitor algal periphyton biomass and photosynthetic 
rates. The periphyton sampling sites largely coincided with fish and invertebrate sampling 
stations (Fig. 2-3). Five sites receive drainage or  are downstream from ORNL effluent 
discharges, including four on WOC (WCK 3.9, WCK 3.4, WCK 2.9, and WCK 2.3) and 
one on Melton Branch (MEK 0.6). The remaining five reference sites are all located 
above ORNL on WOC (WCK 6.8), Melton Branch (MEK 1.8), Northwest Tributary 
(NTK l.O), First Creek (FCK 1.0), and Filth Creek (FFK 1.1). 

3.21-1 Periphyton chlorophyll and carbon incorporation 

To determine algal periphyton biomass and production, four small (10- to 60-cm2) 
relatively flat rocks were collected monthly from shallow (<25-cm-deep) riffle areas at 
each site. The rocks were taken to the laboratory in water from the collection site. In 
the laboratory, rocks from each site were incubated for 2 h in -1 L of water € o m  the 
collection site containing 10 Ci NaHI4CO,. During the incubation, the water temperature 
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was maintained within 2" C of ambient stream temperature. Approximately 
400 pmol-m-2-s-' of photosynthetically active radiation (-16% full sun) was provided by 
a 1OO-W metal halide lamp, and the water was circulated by a submersible pump to 
simulate natural conditions. After incubation, the rocks were rinsed twice in distilled 
water to remove residual inorganic I4C. They were then placed in 30 mL of dimethyl 
sulfoxide (DMSO) and kept in darkness for 24 h to extract soluble organic compounds 
and chlorophyll (Filbin and Hough 1984). Five milliliters of extract was diluted 1:l with 
90% acetone, and the chlorophyll a content was determined spectrophotometrically by 
using the equations of Jeffrey and Humphrey (1975). Corrections were made for phaeo- 
pigments (Strickland and Parsons 1972). A 500-4 aliquot of the extract was added to 
10 mL of Aquasol (scintillation cocktail), and the I4C content of the aliquot was 
determined by liquid scintillation spcctrornetry. 

The surface area of each rock was determined by covering the uppex surface with 
aluminum foil, determining the weight of the foil, and converting to surface area based on 
a known weight per unit area of foil. This procedure was repeated twice for each rock. 
Chlorophyll a, the rate of carbon incorporation, and ATP were then expressed on a 
surface-area basis. 

3.21-2 Periphyton ATP 

ATP was determined by assaying an aliquot of DMSO extract (Shoaf and Lium 1976) 
using Lumac reagents and a Lumac Biocounter integrating photometer. Phosphate was 
added to the DMSO to -20 mM prior to extraction in order to prevent loss of ATP to 
phosphatase activity (Palumbo et al. 1987). 

3.21.3 Algal bioassay of water quality 

To evaluate the influence of water quality on the growth and photosynthesis of the 
algal periphyton, short-term laboratory bioassays were performed at each site using the 
green alga Haematocnccus (modified from Giddings et  al. 1983). In these studies, the 
photosynthetic rates of the laboratory-grown alga provide a relative measure of the 
potential influence of water quality on the photosynthesis of the algal periphyton in the 
stream. For these assays, water was collected from each of the nine study sites that were 
flowing on three dates in June and July 1987. (MEK 1.8 was dry on all three dates.) The 
water was taken to the laboratory, where an inoculum of the laboratory-grown green alga 
Huematococcus was added to an aliquot oC the water from each site and to dechlorinated 
tap water as a control medium. Following a 2-h preincubation, the cells in each aliquot 
werd concentrated by centrifugation, and a 500-L inoculum from this concentrated 
solution was introduced to a fresh 4.5-mL aliquot of water from the same site in a glass 
20-mL scintillation vial. A solution of NaHI4CO, was added to each aliquot, and these 
were then incubated on a gently rotating shaker table for 2 h at 25°C and -150 mol of 
photosynthetically active radiation. At the end of the experimental period, 30 mL of 1N 
HCl was added to each vial to stop carbon uptake and to lower the pH to -4. The 
solutions were then purged for 20 min with an air stream to remove unincorporated 
inorganic I4C. Fifteen milliliters of Aquasol liquid scintillation cocktail was then added to 
each vial, and the I4C content was determined by liquid scintillation counting. 
Photosynthesis was determined based on the fraction of the added carbon incorporated 
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and the inorganic carbon mntent of the water from each site (determined from pH, 
alkalinity, conductivity, and temperature), and then corrected for background uptake by 
photoautotrophs in the water sample and nonphotosynthetic carbon incorporation. 
Background uptake in the water sample was determined by adding the I4C solution and 
incubating the water sample without adding the Haemutococcus inoculum. 
Nonphotosynthetic carbon uptake was determined by adding dichlorophenyl dimethyl urea 
(DCMU, an inhibitor of photosynthesis) to the Huemutococcus in one of the scintillation 
vials from each site prior to the addition of the 14C solution. For each site and date, three 
replicate samples, one background sample, and one control sample for nonphotosynthetic 
uptake were analyzed. The carbon uptake determined for the background and control 
vials was subtracted from each of the test vials; this was typically less than 5% of the 
carbon incorporation determined for the test vials. 

321.4 Contaminant Transfer 

Periphyton samples were brushed (using a toothbrush) from rocks collected from 
each study site in February and May 1987 to determine the concentration of metals in the 
periphyton. Samples were analyzed by inductively coupled plasma (ICP) spectroscopy. 
Periphyton samples collected on February 10, 1987, were analyzed for total mercury by 
cold vapor atomic absorption. Samples were not collected from several upstream sites due 
to the lack of sufficient periphyton biomass. On May 5, 1987, samples of filamentous 
algae were collected from several reference sites (WCK 6.8, Mx 1.0, and MEK 1.8) and 
submitted to the ORNL Analytical Chemistry Division for analysis. Standard reference 
material (NBS SRM-1645, River Sediment) was submitted along with the periphyton 
samples for ICP and mercury anatyses. 

322 Results and Discussion 

32-21 Algal periphyton biomass and productMly 

Recognizing the rapid turnover rates of the algal and microbial components of the 
periphyton, the monthly sampling frequency is a compromise between that frequency 
necessary to detect and follow episodic events (e.g., toxic pulses, m u r i n g  during high 
discharge) and a lower frequency needed to characterize seasonal changes in biomass and 
production. Therefore, the data should provide good estimates of seasonal conditions but 
will likely underestimate the frequency of episodic events. The importance of such events 
may depend on their frequency and severity, in relation to other biotic and abiotic factors. 
Evaluation of the influences of episodic events on the structure and function of the 
periphyton community at the study sites will be considered in Euturc /studies. 

Periphyton chlorophyll a per unit rock surface area provided a measure of algal 
biomass at each of the monitoring sites. (Data from all sites are presented in Appendix B, 
Table B-1.) The seasonal patterns in periphyton chlorophyll a concentrations were similar 
the upstream and downstream sites, as shown foe WCK 6.8 and WCK 3.4 (Fig 3-7). 
Chlorophyll a showed peak concentrations for 1 or 2 months during early summer to 
midsummer (May through July) and again in the fall (September through November) in 
both 1986 and 1987 (Fig. 3-7 and Table B-1). Minimum values of periphyton 
chlorophyll a occurred during midwinter (January through March). Tfne rise in periphyton 
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chlorophyll a in the fall also occurs in other streams in the Oak Ridge area and seems to 
be related to (1) increased light as the canopy thins, (2) periodic increases in discharge 
(and increased nutrient input for some sites), and (3) perhaps a decrease in grazing 
pressure. The cause for the midsummer chlorophyll peak is not clear, For the winter 
months, low light, low temperature, high turbidity, and frequent periods of scouring and 
sediment accumulation likely account for periods of low periphyton biomass. 

Mean annual chlorophyll a concentrations in 1987 were generally similar to values 
measured in 1986 (Table 3-15). As noted for the 1986 data ( b a r  et al. 1987), 
chlorophyll a concentrations at the upstream sites (2.0-9.8 mg/cm2) were fairly typical of 
small forested streams and were generally lower than the downstream sites 
(7.9-28.8 pg/cm2). The highest average chlorophyll concentration among the upstream 
reference sites occurred at FFK 1.1. Because this site is closer to its groundwater source 
than are the other upstream sites, there is less variability in nutrient concentrations 
(Table 2-8) and elevated water column COz (see data for pH and alkalinity in Table 2-8) 
than at other reference sites. Grazing pressure may also be lower at this site because 
snails are absent (Sect. 6.1). The downstream sites are enriched in phosphorus 
(Table 2-8) and receive chlorine inputs from various sources, including STP, which 
discharges to WOC above WCK 3.4. Site WCK 3.9 is nutrient-rich, open (no tree canopy 
shading the stream), and seldom has grazing invertebrates (Sect. 6.1); thus, the chlorophyll 
a per unit area was generally quite high (Table 3-15) and reached a maximum of 
69 &cm2 during July. Site MEK 0.6 had the lowest average concentration among the 
downstream sites (7.9 micrograms of' chlorophyll a per cubic centimeter). 

There were also some notable differences in the periphyton chlorophyll in 1987 
compared with those in 1986 (Table 3-15). First, an increase in chlorophyll u at FCK 1.0 
likely resulted from the movement of the sampling site to a point -50 m upstream; rocks 
are now collected from the reach above Target Range Pond. This move was necessitated 
by construction in the pond and altered conditions downstream. Second, chlorophyll a 
increased at MEK 0.6 (below the HFIR discharge) and at WCK 2.3 (below the confluence 
of WOC and Melton Branch). These increased concentrations occurred shortly after the 
shutdown of operations at the HFIR. This facility discharges materials used to prevent 
biofouling of the cooling system, and these materials may be toxic to the periphyton. The 
recovery of periphyton chlorophyll at MEK 0.6, following the shutdown of the HFTR in 
November 1986, is shown in Fig. 3-8. Third, the average chlorophyll a concentration at 
WCK 3.9, an enriched, contaminated, and unshaded site, was substantially lower in 1987 
than in 1986; however, this difference largely reflected the absence in 1987 of two 
largechlorophyll peaks that occurred during 1986. The reason for the absence of such 
peaks during 1987 is not known. 

Periphyton primary production (inorganic carbon incorporation rates) followed a 
similar seasonal pattern at both the upstream and downstream sites. (Data for all sites are 
presented in Appendix B, Table B-2.) These similarities are illustrated in Fig. 3-9 for 
WCK 6.8 and WCK 2.9, which are located above and below ORNL respectively. The 
dominant feature for all sites was the relatively high rates of carbon incorporation during 
summer and fall as compared with the rates during winter and spring. The generally high 
rates of periphyton carbon incorporation during summer were noteworthy, since only 
moderate levels of periphyton chlorophyll a were present during that time. In other local 
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Table 3-15. Mean annual periphyton chlorophyll (I and carbon inmrporation rates in 
1986 and 1 W  

Year MEKbmc WCKb NTKb,d FCKb MEK FFKb WCK WCK WCK WCK 
1.8 6.8 1 .o 1 .o 0.6 1.1 2.3 3.4 2.9 3.9 

Chlorophyll u (rglcm’) 

Mean 2.0 5 .o 5.1 6.2 7.9 9.8 11.5 15.0 16.4 28.8 
s.d. i l -3  il.8 i3.2 i4.1 t4.4 i5.6 i6.7 i7.5 i10.1 t18.3 
Range 0.5-4.3 1.5-7.8 1.7-11 2.7-17 1.2 -19 1.2 -22 2.0-26 7.7-29 4.2-33 11-69 

1987 

1986 
Mean 2.9 5.0 4.0 3.1 4.6 10.8 7.1 16.0 15.0 64 

Production (mg C.m-2.h-’) 

Year MEK WCK NTK FCK MEK WCK FFK WCK WCK WCK 
1.8 6.8 1 .o 1.0 0.6 3.4 1.1 2.9 2.3 3.9 

1987 
Mean 6.8 16.3 19.2 22.5 38.5 40.9 42.3 43.1 47.4 65.4 
s.d. i4.4 i8.1 i12.7 i11.8 i17.1 i18.3 i10.3 i21.7 i28.6 i43.6 
Range 0.8-15 5.3-30 5.8-43 11-48 3.4-74 7.8-65 25-61 14-83 13-123 16-156 

1986 
Mean 7.5 11 14.5 7.5 12 26 35 26 19 69 

“Data for 1986 are based on eight monthly samples collected from April through December, except where 

bUpstream reference site. 
‘Sampled in Jan., Feb., Mar., Apr., May, Sept., and Dec. 
dSampled in Jan., Feb., Mar., Apr., May, and June. 
Nore: FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; 

noted. Values for 1987 are based on 12 monthly samples. 

WCK = White Oak Creek kilometer; NTK = Northwest Tributary kilometer. 

nutrient-rich streams, periphyton primary production largely follows chlorophyll a and is 
high during the winter chlorophyll peak (H. L. Boston and A. J. Stewart, ORNL, 
unpublished data). A comparison of environmental conditions leading to the divergence 
in periphyton chlorophyll concentration and production, and the implications of such, will 
be considered during 1988. 

Average periphyton carbon incorporation rates generally followed the trends in algal 
periphyton biomass and so were typically greater for the downstream sites (Table 3-15). 
Annual average carbon incorporation rates at FFK 1.1, however, were similar to those of 
several downstream sites, in part, because of the high chlorophyll a per unit area. The 
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High Flux Isotope Reactor, which discharges to the stream near MEK 1.4, was shut down in 
November 1986. 
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annual average periphyton carbon incorporation rates in 1987 were generally greater than 
those observed in 1986 (Table 3-15). No general explanation for the higher primary 
production rates in 1987, compared with those in 1986, is offered at this time. The 
increased rates of primary production at FCK 1.0, MEK 0.6, and WCK 2.3 are likely the 
result of the higher algal periphyton biomass at these sites in 1987, as previously discussed. 
The sites tend to align along a nutrient gradient; those with higher water column nutrients 
have higher rates of primary production. Thus, downstream sites have higher rates of 
primary production than upstream sites. Site FFK 1.1 on upper Fifth Creek was an 
exception to this pattern, having fairly high rates of carbon incorporation at fairly low 
concentrations of water column nutrients. As noted earlier, the higher-thanexpected 
rates of primary production at FFK 1.1 may be related to the proximity of its groundwater 
source. 

Following the cessation of discharges from the HFIR facility, algal periphyton 
production as well as biomass seems to have recovered at both MEK 0.6 and WCK 2.3. 
This recovery is evidenced by the increased rates of primary production at MEK 0.6 after 
November 1986 (Fig. 3-10). The periphyton at WCK 3.4 and WCK 2.9 had lower rates of 
primary production than would be expected based on water chemistry and periphyton 
chlorophyll a. This observation suggests the presence of unfavorable factors at those sites, 
perhaps related to the operation of STP. The rate of periphyton primary production at 
WCK 3.9 is also lower than would be expected based on biomass or water chemistry. As 
noted during 1986 (Loar et  al. 1992b), the absence of invertebrates and the patchy 
distribution of the periphyton at WCK 3.9 (some rocks had thick coatings while nearby 
rocks were totally barren) suggest frequent exposures to transient toxicants, such as 
chlorine (Sect. 3.1.4). Results of toxicity tests (Sect. 3.1) and indicators of stress to other 
biotic components at this site (Sects. 6.1 and 6.2) support these inferences. Of the 
downstream sites, WCK 2.3 was most like the upstream reference sites. Data on the 
benthic invertebrate and fih communities (Sects. 6.1 and 6.2, respectively) also suggest 
that environmental quality at this downstream site had recovered to conditions similar to 
those above ORNL. 

Temporal (month-to-month) variability in algal periphyton biomass was least at 
WCK 3.4 (below STP) and at WCK 6.8 (above ORNL). Temporal variation in periphyton 
production was least at FFK 1.1, MEK 0.6, and WCK 3.4. The sites with the maximum 
variation in these parameters were MEK 1.8 and NTK 1.0, both of which flow only during 
the wet season, and WCK 3.9, which receives toxic inputs. During 1988, the potential 
factors determining the variability in biomass and production at the study sites will be 
investigated, and the implication for stream system structure and function resulting from 
such variation will be assessed. 

3- Physiological status 

Chlorophyll concentrations and carbon incorporation are positively correlated but not 
linearly related, because self-shading and diffusion limitation cause carbon incorporation to 
rise more slowly than chlorophyll as additional layers of cells are added to the periphyton 
matrix Chlorophyll-specific production values (data for carbon uptake per unit 
chlorophyll per unit time) provide a means to assess the relative physiological state of the 
algal component of the periphyton. Chlorophyll-specific production normalizes the 
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production data for the amount of biomass present and thus provides more insight into 
the variations in conditions controlling photosynthesis and the physiological state of the 
periphytic algae. Monthly data for chlorophyll-specific production rates were plotted as a 
function of periphyton chlorophyll for each site (Fig. 3-11). The decline in chlorophyll- 
specific production with increasing chlorophyll is to be expected based on the 
mathematical formulation; however, the location of points above or below the mean value 
for any given chlorophyll level suggests better-than- or  worse-than-average performance 
respectively . 

This point is illustrated more clearly in Fig. 3-12, where the data were transformed by 
natural logarithms. The resulting relationship can be described by a simpie linear 
regression. When data for a given site consistently lie above the regression line (Le., 
higher-than-predicted chlorophyll-specific production), the periphyton are in better-than- 
average physiological condition. The converse is true for sites where data consistently fall 
below the line. Ideally, only data from the reference sites would be used to establish such 
a relationship; however, using all of the available information allows a relative comparison 
of the performance of the algal periphyton at each site. 

The residuals from the regression equation were used to determine the average 
deviation for each site. The results indicated that the algal periphyton at sites FFK 1.1, 
MEK 0.6, and WCK 2.3 were in the best condition, while those at WCK 6.8 and WCK 3.9 
were in the worst condition. These results Seem intuitively reasonable based on the 
characteristics of the sites. Sites MEK 0.6 and WCK 2.3 are nutrient-rich downstream 
sites with little toxic stress. As noted previously, FFK 1.1 has moderate nutrient levels, is 
enriched in CO, and has low siltation and moderate to low grazing pressure. 
Consequently, the good performance of the algal periphyton at these three sites was to be 
expectd.  Site WCK 6.8 is a nutrient-poor, heavily grazed reference site, where the algal 
periphyton would not be expected to be in very good physiological condition. Site 
WCK 3.9 is enriched in nutrients, and the periphyton are under little grazing pressure 
because grazer species are usually absent due to frequent episodes of chlorine toxicity. 
However, this episodic exposure to chlorine also cleariy stresses the algal periphyton; and, 
thus, poor performance was to be expected. In general, the condition of the algal 
periphyton improved with distance downstream of ORNL (WCK 3.9 through WCK 2.3). 

The approach described previously provides an objective means of quantifying the 
performance of the algal periphyton at sites that differ greatly in both biomass and 
production. Of the three reference sites included in this analysis, the algal periphyton at 
WCK 6.8 had the poorest performance of any site (probably due to low levels of nutrients 
and intensive grazing), those at FFK 1.1 performed among the best of all sites (moderate 
nutrient levels, little grazing, and low suspended loads), and the performance oE the algal 
periphyton at FCK 1.0 was about average €or all sites. Although these results were largely 
as expected, they illustrate that poor performance may result either from natural factors 
(e.g., few nutrients and intensive grazing at WCK 6.8) or from toxic stress (e.g., chlorine 
inputs at WCK 3.9). Further, these results suggest that increased nutrient loading may 
ameliorate the effects of other stresses. 
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F = MEK 0.6; G = FCK 1.0; and H = FFK 1.1. 
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3.223 Periphyton ATP 

ATP is present in all living cells, and so both algae and heterotrophic microbes 
contribute to the periphyton ATP pool. Thus, ATP serves as an additional indictor of live 
periphyton biomass, much like chlorophyll a; however, ATP reflects both autotrophic and 
heterotrophic contributions. Concentrations of ATP may be inherently more variable than 
chlorophyll concentrations because of the rapid turnover of microbes and their rapid 
responses to organic enrichment and toxicants. Further, while chlorophyll u may persist in 
algal cells having low metabolic activity, the ATP pools of algal and microbial cells are 
more dynamic. As discussed below, chlorophyll a in algal cells is usually present in a 3:l 
to 1O:l ratio with ATP; therefore, data on periphyton ATP concentrations can be used 
together with data on periphyton chlorophyll u to evaluate the relative contribution of 
heterotrophs to periphyton biomass at a given site. For such evaluations, sites with ratios 
of chlorophyll u:ATP <1 (wt/wt) likely receive excess organic loading and have relatively 
high heterotrophic activity; while sites with a ratio of chlorophyl1:ATP >10 may have 
excess inactive chlorophyll, are phosphorus limited, or are exposed to toxicants that 
decrease microbial activity without decreasing algal chlorophyll u concentrations. 
Consequently, periphyton ATP concentrations, in conjunction with data on other 
parameters, can be useful in characterizing and evaluating periphyton communities. 

Periphyton ATP was measured four times between November 1986 and October 
1987, with additional data collected from two sites in December 1987. Periphyton ATP 
ranged seasonally from <1  to >40 micrograms of ATP per square centimeter for several 
sites. The data for the WOC sites (Fig. 3-13) were similar to those for other sites and 
showed high ATP concentration during the fall (when biomass is high and nutrient and 
allochthonous organic carbon inputs increase), low ATP concentrations during the winter 
and spring, and moderate levels during the summer. As expected, downstream sites with 
high algal biomass and nutrient levels have high ATP concentrations compared with those 
at upstream sites (Table 3-16). 

The ATP concentrations in January 1987 were especially low. However, data 
collected during January 1988 were similar to those for April 1987, suggesting that the 
data for January 1987 underestimated ATP by about an order of magnitude. This 
inference was corroborated by evaluating the chlorophyll a:ATP ratio (Table 3-16). Data 
for January 1987 were well outside of the normal range of behavior as described in the 
literature and determined for these sites. Analytical error was likely responsible. 

The ratio of periphyton chlorophyll a to ATP provides another means of 
characterizing the periphyton community. The chlorophyll u:ATP (wt/wt) ratio is typically 
on the order of 3:l to 1O:l  in algal cultures and varies with nitrogen or phosphorus 
availability, becoming larger with increasing phosphorus limitation. Under field conditions, 
ratios much larger than 1O:l usually indicate the presence of detrital chlorophyll (Healey 
and Hendzel 1980). The ratio decreases with increasing nitrogen limitation; however, 
ratios much lower than 3: 1 suggest significant organic enrichment and substantial microbial 
populations. The periphyton chlorophyll a:ATP varied seasonally at all sites (Table 3-16). 
Interpretation of these data remains difficult because low values during November 1986 
and October 1987 likely reflect organic enrichment rather than nitrogen limitation. 
Interpreting the data €or other months requires additional information on other 
parameters (see Sect. 3.2.4). 
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Table 3-16 Periphyton ATP concentrations and chlorophyll u to ATP ratio (WthHt) 

Values are the mean of four replicates 

Location Sampling period 

Nov. 1986 Jan. 1987 Apr. 1987 July 1987 Oct, 1987 Nov. 1987 Dec. 1987 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 

WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

FFK 1.1 

NTK 1.0 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 

WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

FFK 1.1 

NTK 1.0 

535 1 

34,959 

21,435 

26,488 

13,632 

4,858 

9,966 

2,456 

1,3000 

5,142 

1.40 

4.49 

1.35 

0.86 

1.26 

0.79 

0.87 

0.81 

1.1 1 

0.83 

114.2 

719.8 

493.9 

84.3 

375.9 

271.4 

203.8 

90.2 

270.9 

474.5 

Periphyton ATP (ng/un? 

1226 1532 

7508 43,739 

5505 10,875 

6356 8,984 

5423 11,213 

1130 Dry 

57% 3,686 

830.5 880.7 

3515 2,114 

1458 Dry 
Chlorophyll nATP (wt/wt) 

68.80 1.20 4.56 

18.75 1.86 1.80 

28.42 1.41 2.75 

131.45 2.24 4.39 

6.02 2.55 2.15 

11.37 4.80 Dry 

6.42 1.02 2.66 

45.26 2.24 18.20 

12.37 0.30 7.07 

7.56 2.08 Dry 

8319 

48,246 

20,416 

42,575 

35,928 

Dry 

8,956 

1577 

26,246 

Dry 

0.53 

0.46 

1.08 

0.86 

0.34 

Dry 

0.67 

1.10 

1.03 

Dry 

a 

a 

a 

(1 

a 4909 

2918 0 

a 

a 

4.88 

1.36 

a 

a 

a 

"Value for this parameter not determined for this period. 
Note: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; FCK = First Creek 

kilometer; EX = Fifth Creek kilometer; NTK = Northwest Tributary kilometer. 
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3 2 2 4  Algid bioassay of water quaiity 

Algal bioassays were conducted on June 26, July 9, and July 17, 1987. Results were 
inconsistent between dates. On June 26, for example, water collected from WCK 3.4 
below STP completely inhibited carbon uptake by the laboratory-grown algae (possibly due 
to chlorine). On that date, the algal cells placed in water from WCK 6.8 had the best 
performance (highest rates of carbon uptake), and algae in water from MEK 0.6 
performed only half as well as cells placed in the water from other sites. However, on the 
second date, carbon uptake by algae placed in water from WCK 3.4 and MEK 0.6 was 
about average, and uptake in water from WCK 6.8 was poor. On  the third date, carbon 
uptake by the laboratory-grown algae was highest in water from WCK 2.3 and lowest in 
water from FCK 1.1 and FFK 1.0. With the exception of possible incidents of chlorine 
toxicity at WCK 3.4, the cause for the changes in the apparent water quality necessary for 
algal photosynthesis are unknown. Overall, the results of an analysis of variance 
(ANOVA) on these data found water from WCK 2.3 to be the best for short-term 
photosynthesis. However, water from sites WCK 6.8 and WCK 3.9 was similar to water 
from WCK 2.3, a result contrary to expectations. 

In summary, the results confirmed the presence of acute toxicity at some sites; 
however, these assays were unable to account for observed differences in periphyton 
biomass, photosynthesis, and physiological status among the sampling sites. The results 
suggested that stresses are either intermittent, cumulative, or due to physical factors (e.g., 
siltation) or biological interactions (e.g., grazing) not included in this laboratory procedure. 
Even though the laboratory bioassay was generally a useful tool in identifying short-term 
toxicity and in comparing water quality for photosynthesis, the lack of consistent results 
(Le., consistently good or  poor water quality) reemphasizes the need for additional 
information concerning the abiotic and biotic environment. 

3.225 Contaminanttransfer 

Compared with the upstream reference sites, levels of Cu, Cr, Ni, P, Pb, Ti, Zn and 
Zr  were elevated in the periphyton collected on February 12, 1987 at WCK 3.9 (the 
uppermost site influenced by ORNL operations) and sites farther downstream 
(Table 3-17). Cadmium and cobalt were elevated at site WCK 3.4, which is located below 
STP and downstream of the confluence of First Creek and Northwest Tributary with 
WOC, and at sites on WOC farther downstream. The same elements were elevated 
relative to reference sites in May, except that (1) cadmium was also elevated at WCK 3.9 
and downstream and (2) titanium was not detected at the downstream sites (Table 3-18). 

In Melton Branch, Co, Cr, Cu, and P were elevated in the periphyton at MEK 0.6 
relative to MEK 1.8 during February (Table 3-17). In May, titanium and zinc were also 
elevated in periphyton from MEK 0.6 (Table 3-18). 

Periphyton samples collected in WOC in February 1987 contained elevated levels of 
mercury relative to periphyton at NTK 1.0 and MEK 0.6 (Table 3-19). The single sample 
from WCK 6.8 had a higher mercury concentration than other upstream reference sites 
for unknown reasons. The analysis of filamentous algae samples collected from the 
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Table 3-17. Concentrations of selected elements (parts per million, dry weight) 
in periphyton collected in Fehruary 1987 

Values are the mean of three replicates 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.3 MEK 1.8 MEK 0.6 NIX 1.0 FFK 1.1 

4 
N 
As 
B 
Ba 
Be 
0.59 
ca 
Cd 
co 
Cr 
C:U 

Fe 
Ga 
Li 

Mn 
Mo 
Na 
Ni 
P 
Pb 
Sb 
Se 
Si 
Sn 
Sr 
Ti 
V 
Zn 
Zr 

Mg 

< 16 

< 32 
38 

227 
<0.66 

7,000 

49,700 
<1.6 
17 
13 

<6.3 
11,367 

< 94 
< 63 

18,600 
3,633 

15 
237 
< 19 
490 
< 63 
< 63 
<6 

1,867 
< 16.0 

36 
51 
17 

217 
7 

37 
12,933 

< 19 
21 
280 

0.74 

49,667 

18 
54 

207 
17,667 

<57 
<38 

5,333 
3,167 

<8 
953 
32 

4,700 
63 

<38 
<38 

3,000 
<9.5 
67 

138 
16 

2,567 
13 

2.3 

27 28 15 
9,933 11,667 15,333 
< 19 <u) < 19 

17 18 < 15 
293 220 157 

0.63 0.53 1.1 

24,000 

32 
41 
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17 
45 
70 

19,667 
4 8  
< 39 

3,233 
7,933 

<8 
357 
25 

1,267 
< 39 
<38 
< 39 

3,900 
<9.6 
27 
90 
18 

670 
10 

< 9.6 
10,367 

< 19 
22 

160 
9.4 

86,333 

14 
14 
5 

13,667 
4 7  
< 30 

1,567 
4,067 

<8 
287 

12 
433 
< 39 
< 39 
< 39 

2,300 
<9.6 
41 
57 
15 
75 
9 

1.2 

< 10 
3,633 

160 
38 
34 

104,000 
< 1.0 

7.7 
11 

<4 
5,067 
<60 
<40 

53,333 
213 
<8 

273 
< 12 
593 
<40 
<40 
<40 

2,200 
< 10.0 

35 
47 
13 
57 
6 

Note: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; h T K  = Northwest 
Tributary kilometer; FFK = Fifth Creek kilometer. 

reference sites (WCK 6.8, MEK 1.8 and NTK 1.0) in May 1987 approximated what may 
be considered background levels. 

The elevated levels of several metals found in periphyton from the downstream sites 
relative to the upstream reference sites reflect ORNL operations. However, none of the 
concentrations were in the range typically associated with "contaminated" areas. Based on 
the relatively low levels of these constituents, no attempt was made to evaluate the form 
(ionic species, organic vs inorganic) or type of association (adsorption, coagulation, matrix 
bound) of any of thcse elements within the periphyton matrix. Current investigations in 
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'hbk 3-18 concZnmtionS of selecied elements (parts per milion, dry weight) in periphyton 
mlleded in May 1987 

Values are the mean of three replicates 

WCK 3.9 WCK 3.4 WCK 2.9 WCK23 MEK 1.8 MEK 0.6 ISK 1.1 STD 

4 
Al 
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B 
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Nore: STD = Standard Reference Material (River sediment from National Bureau of Standards, 
SRM-1645). WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; ISK = Ish Creek 
kilometer. 

other local systems that are more highly contaminated by these elements (A J. Stewart 
and H. L. Boston, ORNL, unpublished data) will provide information that can be used to 
evaluate the potential ecological role of these elements in the WOC system (e.g., direct 
effects on periphyton, food-chain transfer). Screening for organic contaminants and 
radionuclides will be conducted during 1988. 
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Table 319. Mercury concentrations in periphyton and llamentous algae 

Values are the mean i 1 s.d. (n = 3), expressed per unit dry weight 

Date Site Sample typea Hi2 

February 10, 1987 WCK 6.p 
WCK 3.4 
WCK 2.9 
WCK 2.3 
MEK 0.6 
NTK 1.e 

May 5, 1987 WCK 6.86 
MEK 1.g 
NTK 1.e 

FA 
FA 
FA 

3.81‘ 
5.00 f 1.74 
7.21 * 0.70 
3.72 i 0.32 
0.60 * 0.04 
0.09 i 0.03 

0.20 5 0.03 
0.08 i 0.01 
0.23 i 0.03 

“P = periphyton scraped from rock surfaces. FA = filamentous algae. 
bUpstream reference site. 
‘Single determination. 
Note: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; N1‘K = Northwest 

Tributary kilometer. 

3.31 summary 

Efforts to datc have focused on characterization of the rates of primary production 
and algal periphyton biomass at ten study sites in WOC watershed. Metrics were 
developed to evaluate the physiological performance of the algal periphyton and the 
heterotrophic component of the periphyton matrix. Studies were directed toward 
(1) documentation of the current condition of the biotic community at selected sites in the 
WOC system, (2) idcntification of the various effects of ORNL discharges on algal 
periphyton, (3) evaluation of responses to changes in toxicant input (e.g., at MEK 0.6), 
and (4) corroboration of results obtained from monitoring other communities. 

The major conclusions at this stage of the investigations are as follows: 

1. The downstream sites had higher algal periphyton biomass, which likely reflected 
the increased nutrient loading due to ORNL operations. Algal biomass on rocks in riffle 
zones averaged from 2 to 29 micrograms of chlorophyll n per square centimeter €or 10 
study sites during 1987. Values at the upstream reference sites were on the lower end of 
this range and were fairly typical for natural woodland streams. 

2. Average periphyton primary production rates ranged from 6.8 to 65 milligrams of 
carbon per square meter per hour and followed a pattern similar to that for chlorophyll, 
again presumably reflecting nutrient enrichment at the downstream sites. 
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3. Despite higher biomass, the periphyton at the downstream sites were apparently 
less efficient in photosynthesis, possibly as a result of toxic stresses. Periphyton 
physiological condition improved with increased distance downstream from ORNL 
discharges. 

4. Results obtained in 1987 were similar to those reported for April through 
December 1986. Increased biomass and improved performance at several sites could be 
explained by the reduction in toxicant input or a change in sampling site location. For 
example, algal periphyton biomass and primary production rates increased and 
physiological condition improved at MEK 0.6 (800 rn below the HEIR discharge) following 
the shutdown of the HFIR in November 1986 and the subsequent reduction in discharges. 

5. Differences in the performance of the periphyton at the ten study sites could not 
be explained by differences in water quality based on short-term bioassays. These 
differences may be the result of intermittent toxic exposures or physical factors and biotic 
interactions not examined thus far. For example, siltation and grazing appeared to be 
important influences on periphyton biomass and performance at several sites. 

6. Analyses oE the metals associated with the periphyton reflected the impact of 
discharges from ORNL operations; concentrations of several elements (e.g., Cr, Cu, Hg, 
Pb, and Zn) increased at the downstream sites. However, none of these compounds were 
present in what would be considered excessive or physiologically damaging concentrations. 

Efforts during 1988 will emphasize the characterization of the physical environment 
and the biotic components at each site in order to evaluate the influences of natural vs 
toxic influences on community structure and function and to better assess the role of 
internal vs external regulation of system dynamics. This information will then contribute 
to the characterization of the various study reaches, permit an assessment of the influence 
of ORNL operations on the structure and d,ynamics of these systems, and provide the 
information needed to predict responses to proposed remedial actions. 

Characterization of the physical environment will consist of the determination of the 
morphometry (width, depth, current velocity); substrate type; canopy cover; and light 
penetration at each of the sampling sites. These data will help to evaluate the factors 
influencing the periphyton (e.g., light and current) and the contribution of the periphyton 
to system dynamics for each site. 

Characterization of the biological communities will consist of determining the 
presence and levels of several additional physical parameters useful for describing the 
periphyton at each site and for evaluating the population structure of the algal periphyton, 
the rates of colonization of algal and microbial components, and the influence of grazing 
pressure on the structure and dynamics of the periphyton communities. As part of this 
characterization, rocks will be collected from each site and taken to the laboratory where 
the periphyton matrix will be removed by abrasion (brushing with a toothbrush) rather 
than by DMSO extraction. A slurry of the periphyton matrix is produced that is then 
subsampled for algal species composition, filtered for the determination of dry weight and 



ash-free dry weight (AFDW), and extracted in DMSO for ATP and chlorophyll 
determinations. 

A preliminary evaluation of this method was conducted by collecting three rocks from 
each sampling site on January 5, 1988. The periphyton was removed by scraping, and 
chlorophyll a, ATP, dry weight, and AFDW were determined and expressed per unit rock 
surface area (Table 3-20). In addition to the data for chlorophyll and ATP, the ability to 
consider chlorophyll and ATP per unit AFDW is useful in evaluating site characteristics 
and the composition of the periphyton community. Although the species composition of 
the algal periphyton was not determined for these samples, such information will be useful 
for site characterization and for the evaluation of system dynamics. Data on percentage of 
AFDW in conjunction with the other parameters showed the large contribution of 
inorganic material to periphyton weight at downstream sites WCK 2.3 and MEK 0.6 and 
upstream sites NTK 1.0 and WCK 6.8. Although the periphyton at the two downstream 
sites are generally in good condition, the accumulation of an unstable silt layer on the 
surface is likely a major influence on the composition and process rates for the algal 
periphyton at these sites. The high level of AFDW ( > S O % )  at WCK 3.9, WCK 3.4 and 
WCK 2.9 is similar to that at other local sites characterized by nutrient enrichment and 
reduced grazing pressure. When considered together with other information, the 
percentage of AFDW in the periphyton matrix is correlated with site characteristics (e.g., 
nutrient-rich sites with occasional toxic stress; sites where siltation may be important) and 
may serve as a useful diagnostic parameter. 

During 1988, ceramic tiles will be placed at each site and retrieved at 1- or 2-week 
intervals to evaluate the rate of colonization by algae and microbes and the accumulation 
of inorganic matter. These data will aid in identifying key factors influencing the dynamics 
of the periphyton community at each study site. 

Although the brushing method tends to underestimate periphyton chlorophyll a and 
ATP when low levels are present and difficult to remove from rock surfaces, the data for 
chlorophyll and ATP collected by brushing generally compare well with data collected 
using the DMSO extraction. The direct DMSO extraction method will continue to be 
used for routine monitoring of chlorophyll and carbon incorporation because of the ease 
of performing those extractions. The brushing method will be used several times annually 
to provide a more complete characterization of the periphyton community and to measure 
colonization rates. 
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Table 3-20. Charaderization of the periphyton at ten study sites where periphyton was removed 
by brushing the mck snr€a& 

WCK 6.8 
WCK 3.9 
WCK 3.4 
WCK 29 
WCK 2.3 
MEK 1.8 
MEK 0.6 
FCK 1.0 
FFX 1.1 
NTK 1.0 

1.22 
20.3 
18.8 
8.6 

13.0 
1.8 
5.3 
0.4 

13.7 
0.9 

2.53 
2.23 
6.23 
6.21 
4.99 
5.49 
4.36 
0.76 
9.75 
3.03 

0.95 
1.47 
1.26 
0.94 
6.20 
1.21 
2.75 
0.18 
3.75 
1.56 

0.30 
0.97 
0.92 
0.62 
1.04 
0.28 
0.6§ 
0.07 
2.06 
0.34 

27 
69 
71 
56 
24 
36 
23 
3s 
37 
23 

"Samples were collected on January 5, 1988. WCK = White Oak Creek kilometer; MEK = Melton 
Branch kilometer; FCK = First Creek kilometer; FFK = Fifth Creek kilometer; NTK = Northwest Tributary 
kilometer. 

'Adenosine triphosphate. 
"values represent the mean of three repiicates. AFDW = Ash frae dry weight determined after 

combustion at 550°C. 



4. BIOACCUMULATION STUDIES 

4.1 TDENTIFICATION OF CONTAMINANTS THAT ACCUMULATE IN AQUATIC 
BIOTA 

The bioaccumulation monitoring task of the ORNL BMAP ( b a r  et  al. 1991) has 
five subtasks with the following objectives: 

1. to determine what materials present in the WOC system accumulate to unacceptable 
levels in aquatic biota (Subtask 2a); 

2. to identify specific sources of any observed contarnination (Subtask 2b); 

3. to calibrate water quality monitoring data against contaminant levels in biota 
(Subtask 2c); 

4. to determine the source and scope of polychlorinated biphenyl (PCB) contamination 
of channel catfish in WOC embayment and the Clinch River (Subtask 2d); and 

5. to develop the capability to forecast future levels of biotic contamination under 
various remedial action alternatives (Subtask 2e). 

Results of studies relating to Subtasks 2a, 2b, and 2c are reported in Sect. 4.1 of this 
report; results relating to Subtasks 2b and 2d are reported in Sect. 4.2. Data from all five 
subtasks will be applicable to Subtask 2e. 

4.1.1 Introduction 

Prior to the implementation of BMAP for WOC watershed and the Clinch River 
( b a r  et al. 1991), no data had been collected on levels of contaminants in biota in WOC 
and tributaries upstream from WOL. However, historical data on levels of metals and 
organics in water and sediment indicated that streams in the WOC watershed above WOL 
contained elevated levels of some contaminants. Elevated levels of mercury were 
observed in sediments of WOC between ORNL and WOL and also in WOL and WOC 
embayment in 1974-1975 (ERDA 1975). Sediments in WOC embayment contained 
elevated levels of mercury in 1984 (TVA 1985a, 1985b). An extensive water quality survey 
conducted by the ORNL Department of Environmental Management at ORNL in 
1979-1980 (Boyle et  al. 1982, DEM unpublished data) found an increase in total aqueous 
mercury concentrations as WOC flowed past ORNL. 

In a 1985-86 streambed gravel survey, Cu, Zn, and Mo were found at elevated levels 
in reaches of WOC and Melton Branch downstream from cooling tower discharges (S. J. 
Morrison and T. E. Cerling, University of Utah, personal communication, March 1988). 
The 1979-80 water quality survey (Boyle et al. 1982, DEMC unpublished data) showed a 
severalfold increase in copper and zinc in WOC and Melton Branch downstream of 
ORNL facilities. Chromium was also elevated in the sediments of WOC and tributaries 
(S. J. Morrison and T. E. Cerling, University of Utah, personal communication, March 
19%) and in the sediments of WOL and WOC embayment (ERDA 1975; Elwood et  al. 
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1980; TVA 1985a, 1985b) as a result of the past use of corrosion inhibitors containing 
chromate (discontinued in 1976) in cooling towers at ORNL. Silver appeared to be 
somewhat elevated in WOC ernbayment sediments in 1984 (TVA 1985a, 1985b), but 
elevated levels of silver were not observed in the 19854% gravel survey of the WOC 
watershed. Concentrations of Fe, Pb, Mn, Na, K, and Ni increased substantially in WOC 
and Melton Branch downstream from ORNL (Boyle e t  al. 1982, DEMC unpublished 
data), as did total dissolved solids and major ions, such as calcium, magnesium, and sulfate. 

Measurements of metals in fish from WOL and WOC embayment were made in 1979 
( b a r  et  al. 1981) and in 1984 (TVA 198%). Although elevated (-0.6 ppm), mercury 
levels were below the Food and Drug Administration (FDA) action level of 1 ppm (FDA 
1984a) at both sites in 1979. Mercury was still slightly elevated (-0.2 ppm) at these sites 
in 1984, but levels were considerably lower than those observed in 1979. Other metals 
were not elevated in fish from these sites in either study. 

PCBs were detected in sediments from WOC above WOL in 1974-75 (ERDA 1975) 
and in 1979 (Boyle e t  al. 1982, DEMC unpublished data); levels of about 3-5 ppm were 
typical of the most contaminated site (several hundred meters downstream from ORNL). 
PCBS were not found in sediments from Melton Branch, WOL, or WOC embayment in 
the 1979 survey (BoyIe et a1 1982, DEMC unpublished data), but PCB contamination of 
sediments in WOL and WOC embayment was observed in 1974-75 (ERDA 1975) and 
1984 (TVA 1985a, 1985b). 

Sediment samples from WOC between ORNL and WOL were analyzed for organic 
priority pollutants in 1985-86 (S. J. Morrison and T. E. Cerling, University of Utah, 
personal communication, March 1988). Several phthalate esters (bis-2-ethylhexylphthalate, 
di-n-butylphthalate, and benzylbutylphthalate) were detected in some samples in 
concentrations oE several parts per million, but they were found in similar concentration 
levels in control samples from upper WOC (above ORNL), suggesting that the results may 
be an artifact or  the result of sample contamination. High molecular weight polycyclic 
aromatic hydrocarbons (PAHs) were found in low levels (total PAHs <1 ppm) at a single 
site in WOC (Third Street Bridge) within the main ORNL plant area. The composition 
of the PAH mixture indicated the presence of a highly weathered aromatic oil, creosote, 
or asphaltic solid, such as blacktop or roofing tar. The low levels, localized occurrence, 
and absence of more soluble, low molecular weight PAHs suggest the absence of a chronic 
source of biologically available PAHs to this reach of WOC. 

Sediment cores from WOL were analyzed for priority pollutants in 1984 (TVA 1985a, 
1985b) and 1985 (T. W. Doyle and F. G. Taylor, OWL, personal communication, June 
1986), but no compounds were detected. Surface sediments from WOC embayment were 
analyzed for priority poilutants in 1984 (TVA 1985a, 1985b), but only 
bis-2ethylhexylphthalate was detected in one of two samples. 

Polychlorinated biphenyls have been found in fish from WOL and WOC embayment 
in recent samplings (TVA 1985c, Loar et al. 1992). No other organics were detected in 
fish from these sites in 1984 (TVA 198%) with the exception of chloroform, which was 
reported in two samples from WOC embayment. Because chloroform has very little 
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bioaccumulation potential (Callahan et  al. 1979), it is unlikely that these results actually 
reflect environmental exposure to this chemical. 

Recent data suggest that only two nonradioactive contaminants, mercury and PCBs, 
accumulate in fish from WOL and WOC embayment to levels substantially higher than 
those expected in local uncontaminated sites. Information is needed on the 
bioaccumulation of contaminants in biota in reaches of WOC and tributaries upstream 
from WOL, where the combination of lower dilution and the absence of contaminant 
scavenging by macrophytes and suspended particulates in WOL may result in substantially 
higher exposures. 

4.12 Methods 

Fish were collected by electrofishing at three sites on WOC and at single sites on 
WOL, WOC embaymcnt, Northwest Tributary, and Melton Branch in winter 1986-87 
(Table D-1). Sites on WOC, Melton Branch, and Northwest Tributary corresponded 
closely to the benthos and fish community sampling sites (Fig. 2-2). At each site, fish were 
generally concentrated in one or two large pools; only at WCK 2.9 was it necessary to 
electrofish a larger reach of stream (-150 m). 

Twelve fish were collected at each site to provide samples for analysis of metals, 
organics, radionuclides, and archival storage. Samples were taken from eight fish for each 
purpose (except at MEK 0.2, where fish numbers were inadequate). Bluegill (LepomiS 
macrochirus) and redbreast sunfish (Lepomis aurihcs) were collected in equal numbers 
where possible; however, redbreast sunfish were restricted to those portions of the WOC 
watershed downstream of the weir at WCK 3.41 (Fig. 2-2). Although an attempt was 
made to restrict the collections to individuals of a size likely to be taken by sport 
fishermen, it was impossible to meet this requirement at all sites. Fish were collected from 
Hinds Creek (Anderson County, Tennessee) in order to estimate background levels of 
contaminants and to provide analytical controls. 

Fish collected at each site were placed on ice in a labeled ice chest and returned to 
the laboratory for processing. Upon return to the laboratory, fish were tagged with a 
unique four-digit tag wired to the lower jaw. Each fish was then weighed and measured, 
and scales were taken for age determination. The fish was fileted, and the skin was 
removed from the filet. A 1- to 2-g sample of the anterior dorsal portion of the axial 
muscle filet was excised for the determination of mercury; the remainder of the filet was 
retained for analysis of other metals and radionuclides. Samples to be analyzed for metals 
and radionuclides were freeze-dried, wrapped in aluminum foil, and stored at room 
temperature until analyzed. The remaining filet was either used for a duplicate sample, 
archived, or analyzed for organic contaminants. Samples to be analyzed for organics or 
maintained in archival storage were wrapped in heavy-duty aluminum foil, labeled, and 
stored at -20°C in a locked freezer in Building 1504 until delivered to the ORNL 
Analytical Chemistry Division (ACD) for analysis. 

Asiatic clams (Corbicula flurninea) were placed in the streams to monitor for PCBs 
and organic contaminants. Clams were obtained in July 1987 from upper Bull Run near 
Maynardville in Union County, Tennessee. Results from a comparison of several area 
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reference (or control) streams conducted in June 1987 as part of the Y-12 Plant BMAP 
showed that Corbicula from this site had the lowest background levels of PCBs of any 
specimen tested in the four streams that were evaluated (G. R. Southworth, ORNL, 
unpublished data). After the clams were held for 24 h in clean flowing water, they were 
put into polypropylene cages and placed in WOL, WCK 3.4, WCK 2.6 and MEK 0.2. 
One set of clams collected from Bull Run was frozen immediately for analysis as a 
control. Each cage held approximately 50 clams, which contained 0.5-2 g (wet wt) of soft 
tissue each. The clams were suspended in the stream for 4 weeks, at which time they 
were removed and processed prior to delivery to the ACD laboratory at ORNL. Mter  
freezing the clams, the shells were removed, and the frozen soft tissue was placed in a 
20-mL glass vial. Composite samples weighing -5 and 10 g were taken for PCB analysis 
and gas chromatographic/mass spectrometric (GCMS) analysis respectively. 

Mercury determinations were conducted using the ACD procedure EC 420 (Martin 
Marietta Energy Systems 1983). Samples were digested in a mixture of nitric acid, 
perchloric acid, and potassium dichromate, after which the mercury was reduced with 
stannous chloride and determined by cold vapor atomic adsorption spectrophotometry. 
Other metals were determined using graphite furnace atomic absorption 
spectrophotometry following digestion with concentrated nitric acid (EPA 1980b). 
Organic priority pollutants were analyzed by procedure PPB 12/83 (EPA 1983), in which 
the homogenized sample is extracted in methylene chloride, cleaned up using column 
chromatography, and analyzed using GC/MS or electron capture detectors (GCECD) and 
high-performance liquid chromatography (HPLC) with fluorimetric detection. 

Quality assurance was maintained using a combination of blind duplicate analyses; 
split sample analyses between the EPA Environmental Services Laboratory in Athens, 
Georgia, and ORNL; and the analysis of biological reference standards and 
uncontaminated fish. Recoveries of representative organics were verified by spiking 
uncontaminated fish or clam samples with known amounts of PCBs and analyzing them. 
Details and results of these procedures are summarized in Appendix C. 

4.13 Results 

4.13.1 Metals 

Mercury contamination in Fih from the WOC system (WOC, Northwest Tributary, 
Melton Branch, WOL, and WOC embaymernt) was described in the first annual BMAP 
report ( b a r  e t  al. 1992). Levels were elevated above those found in fish from Hinds 
Creek, a referene stream, but they were well below the FDA tolerance level (1 ppm) in 
all fish (Table 4-1). Early results from the December 1987 collections indicate no change 
in this situation and will be reported fully in the next annual report. 

Despite the presence of abnormal levels of some metals in sediments, levels of all 
other metals in f s h  collected from the WOC system were similar to those found in fish 
from the reference stream (Table 4-1; Appendix D, Table D-1). Levels of copper and 
zinc were ten times higher than background in periphyton (Table 3-17) but were not 
elevated at all in fish. The levels of metals in Fsh from the WOC system were also quite 
similar to those reported by Tennessee Valley Authority (TVA) researchers for Melton 



Table 4-1. Mea0 metal mncentratio~ in fish (parts per million, wet weight) from White Oak 
Creep: and tiiiutaries, White Oak Lake (WOL), and Hinds Cnxk (referen= stream) 

Fish are bluegill (Lepomici mrrcrochirus) and redbreast sunfish (Lepomb ouritus) collected in 
winter 1986-1987; n = 8 except where noted; i 1 s.d. in parentheses 

lmels  by sampling site 

Metal NTK 0.2 WCK 3.5 WCK 2.9 WCK 2.3 MEK 0.T WOL WCK 0.9 Hinds CP W A C  USFWSd P G V  
levels levels 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lead 

Lithium 

Mercury 

Nickel 

Selenium 

Silver 

‘I’hallium 

Zinc 

c0.12 

co.06 

<0.04 

0.026 
(0.019) 

co.1 

<0.4 

co.04 

(0.04) 

c0.4 

0.26 
(0.05) 

c1.0 

0.41 
(0.10) 

co.06 

co.1 

5.2 

(1.1) 

c0.12 <0.12 c0.12 

co.06 co.06 co.06 

co.04 co.04 co.04 

0.024 0.008 0.018 
(0.029) (0.004) (0.012) 

co.1 <0.1 <0.1 

c0.4 <0.4 c0.4 
(0.56) (0.3) 

0.04 0.03 0.03 
(0.02) (0.01) 

c0.4 c0.4 c0.4 

0.25 0.44 0.49 
(0.12) (0.09) (0.18) 

c1.0 <1.0 <1.0 

0.36 0.51 0.18 
(0.10) (0.16) (0.06) 

co.06 co.06 <0.06 

<0.1 <O.l <0.1 

6.4 6.4 7.2 
(1.2) (1.3) (2.4) 

c0.12 

c 0.06 

C0.04 

0.035 
(0.015) 

co.1 

c0.4 

<0.04 
(0.11) 

~ 0 . 4  

0.13f 
(0.03) 

c1.0 

0.34 
(0.07) 

co.06 

co.1 

6.4 

(0.8) 

c0.12 <0.12 ~0.3 

co.06 co.06 co.10 

0.031 0.019 0.015 
(0.016) (0.016) (0.014) 

co.1 CO.1 <0.1 

~ 0 . 4  c0.4 0.45 

0.10 0.03 C0.02 
(0.01) (0.33) 

<0.4 c0.4 <0.5 

0.16 0.07 0.099 
(0.10) (0.01) (0.03) 

c1.0 <l.O <1.0 

0.30 0.21 0.55 
(0.08) (0.07) (0.12) 

co.06 co.06 co.10 

co.1 <0.1 co.2 

5.1 5.6 6.2 

(0.7) (0.6) (1.0) 

c0.03 

c1 

0.007 
(0.003) 

0.06 

0.4 

0.21 

c0.1 

c 1.0 

0.7 
(0.2) 

c0.3 

c1 

8.4 

(2.6) 

5.2 

0.16 0.0007 

0.004 

0.04 1.0 

1.8 

0.86 36 

0.19 1.8 

0.11 0.42 

5.2 

0.46 12 

0.29 

0.66 

25.6 180 

‘n = 5. 
bn = 4. 
”A (Tennessee Valley Authority). 1985. Insmam Contaminant S W ,  Task 4: Firh sampling and analysis. Report 

to the U.S. Department of Energy, Oak Ridge Operations Office. Tennessee Valley Authority, Office of Natural Resources 
and Fmnomic Development, Knoxville, Tenn. [Note: TVA reference site was Melton Hill Reservoir (n = 9 for Cr, As, Ni; 
n = 4 for others)]. 

dT. P. I m e  et al. 1985. National Contarninnnt B i o m d o r i n g  hogam Concenaarions of seven elemenis WI frpshwater 
FFh, 1978-1981. Arch. Environ. Contam. l’oxicol. 14363-388. 

‘Preliminary guidance values (Sources: EO. Hoffman, et al. 1984. Prelmumny screening of cortlcuninantr in sediments 
ORNUIU-9370, Oak Ridge National laboratory, Oak Ridge, Tenn.; and C. C. Travis et al. 1986. Preliminmy review of 
TKA fih sampling and analysk repon R e p n  of Task Group Five w Oak Rid& Task Force. Mimeo. 

Jn = 11. 
8Adult redbreast sunfish, n = 20. 
‘FDA action level is 1.0 ppm wet wt. 
Nore: NTK = Northwest Tributary kilometer, WCK = White Oak Creek kilometer, MEK = Mclton Branch 

kilometer. 
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Hill Reservoir (Table 4-1; TVA 1985c, 1986) and, except for mercury, were similar to the 
geometric mean levels of metals (Pb, Cd, As, Se, Cu, Zn) observed in fish in the National 
Contaminant Biomonitoring Program (Table 4-1, Lowe et al. 1985). A comparison of the 
levels of metals in fish from the WOC system with preliminary guidance values (PGVs) 
derived to screen for levels of contamination that potentially threaten human health 
(Hoffman et  al. 1984, Travis et  al. 1986) indicates that only As, Be, and Hg approach this 
threshold (Table 4-1). Neither arsenic nor beryllium was elevated in WOC fish; however, 
the PGV is set at a level below background due to the carcinogenicity of these two metals. 
The PGV screening approach is very conservative and is designed to eliminate from 
concern any substances not exceeding a specific PGV (Hoffman e t  al. 1984). 

4.132 Organics 

The only organic contaminants found to accumulate in fish from the WOC system 
wcre PCBs (Table 4-2 and D-2), and they were detected in fish at all sites except 
Northwest Tributary. Virtually all PCBs detected in sunfish from WOC and tributaries 
were quantified as PCB-1254. Very high levels of PCBs were reported in some sunfsh at 
each of the sites sampled in WOC upstream from WOL, ranging up to 5.8 ppm in one 
fish. The highest mean concentration of PCBS was 2.4 ppm in fish collected at WCK 2.3, 
but mean levels 2 1  pprn were also found at WCK 3.5, WCK 2.9, and MEK 0.2. A 
substantial proportion of the fish (8 of 51) exceeded the FDA tolerance level for PCBS in 
f s h  and shellfish of 2 ppm (FDA 1984b). Sunfish (Le~mnh macrochims and L. aurihrs) 
are relatively shortlived fish that do not have high levels of intramuscular lipids; thus, they 
do not accumulate hydrophobic contaminants to the extent that older, fattier fish do (e.g., 
channel catfish). PC3 levels of 1 ppm or more in sunfish imply a level of contamination 
in an aquatic system that would result in many larger game and food fishes exceeding the 
2-ppm FDA limit. 

Although the dual capillary column system used in these analyses of fish from WOC 
is a powerful confirmatory tool, lower detection limits and better quantitative results are 
possible using a packed column GCIECD analysis. This latter procedure was used for 
investigating PCB contamination in fish in WOC embayment, where previous studies 
(TVA 1985a, b a r  et  al. 1992) had demonstrated that PCB contarnination was a concern. 
In order to gain a better insight into the degree of PCB exposure to WOC and WOL 
biota, caged clams (Corbicula fluminea) were placed at several sites in the WOC system 
and allowed to accumulate contaminants for 1 month. These clams were then analyzed 
for PCBs by packed-column GCIECD and for other organics by GCECD and GCMS. 

The results of these exposures (Table 4-3) were in general agreement with those of 
the fish collections; WOC above WOL contained a significant source of PCB 
contamination. No other organics exceeded detection limits (Tables D-3 and D-4). Clams 
maintained at WCK 3.5 did not accumulate high levels of PCBs, but those held at the two 
sites farther downstream (WCK 2.6 and WOL) accumulated substantial quantities of 
PCBs. Like those found in the f s h  from the WOC system, virtually all PCBs in clams 
were quantified as PCB-1254. Melton Branch did not appear to be a source of PCB 
contamination during this exposurc. This result contrasts with that from the fish 
collections made 8 months earlier in which elevated PCB levels were found in sunfish 
from Melton Branch. 
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Table 4-2 Concentrations of polychlorinated biphenyls (PCBs) and other organic priority 
pollutants @arts per million, wet weight) in sunfish (LA?+ maudwus and 
L muiacS) from White Oak Creek and mibutaria and White Oak Lake 

(WOL), winter 1986-87 

Site Mean i 1 s.d. Range Occurrence" Other organics6 

WCK 3.5 
WCK 2.9 
WCK 2.3 
WOL 
WCK 0.9 
MEK 0.2 
NTK 0.2 

1.0 i 1.9 <0.24.8 2/8 BLIY 
1.4 i 1.3 ~0.2-3.9 6B BLD 
2.4 i 1.9 <0.2-5.8 818 BLD 
0.4 i 0.7 c 0.2- 1.5 2/8 BLD 
0.6 i 0.4 < 0.4-1 .o 7/8 BLD 
1.1 f 1.2 <0.2-2.8 2rj BLD 

c0.2 <0 .2 -~0 .4  0/8 BLD 

ONumber of samples exceeding detection limit/total number of samples, 
bNames and detection limits of organics that were screened for but not 

'Below limit of detection. 
Note: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest 

detected are listed in Appendix D, Table D4.  

Tributary kilometer. 

Table 4-3. Concentrations of polychIorinated biphenyl (PCBs) (parts per million, wet weight) in 
composite samples of caged clams (cwbiculn pimimu) held in White Oak Creek, Melton 

Branch, White Oak Lake (WOL), and East Fork Poplar Creek at the outfall of 
New Hope Pond near the Oak Ridge Y-12 Plant 

Site Exposure period Mean i 1 s.d. N Control 

WCK 3.5 July 15-August 17, 1987 0.17 i 0.02 2 

WCK 2.6 July 15-August 17, 1987 1.5 i 0.0 2 

MEK 0.2 July 15-Aug~~t 17, 1987 0.11 * 0.04 2 

WOL July 15-Aug~~t 17, 1987 1.4 * 0.1 2 

EFK 23.4 July 7-August 6,1986 0.45 * 0.07 3 

EFK 23.4 April %May 26,1987 0.57 i 0.19 3 

EFK 23.4 September 1-29, 1987 0.40 i 0.10 3 

0.05 

0.05 

0.05 

0.05 

0.07 

0.08 

0.03 

Nore: WCK = White Oak Creek kilometer; MEK = Melton Hill kilometer; EFK = Fast Fork Poplar 
Creek kilometer. 
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If the level of PCBs in WOC and WOL clams is compared with levels attained in 
clams held for similar periods in East Fork Poplar Creek (EFPC), where levels of PCBs in 
f i h  have been monitored for several years (Table 4-3), it is possible to place the degree of 
contamination observed in the WOC system in perspective. Near East Fork kilometer 
(Em) 23.4, where clams generally accumulate about 0.5 ppm PCBs in a 4-week exposure, 
sunfish typically contain 0.5-1 ppm PCBs, and carp collected at sites farther downstream 
often contain >2 ppm (G. R. Southworth, ORNL, unpublished data). The concentration 
of PCBs accumulated by clams placed in WOC and WOL was about three times that 
found in clams placed in EFPC. In addition, PCB levels in sunfsh averaged 2.4 ppm at 
the WOC site exhibiting the highest mean concentration of PCBs (Table 4-2). Thus, the 
degree of biotic PCB exposure in the WOC system above WOL would almost certainly 
result in levels of PCBs in excess of 2 ppm iE long-lived fish, such as carp and channel 
catfish, which contain higher levets of intramuscular lipids, were residents of WOC. 

4.1.4 Discussion 

4.1.4.1 Metab; 

Excluding mercury, which was discussed as a contaminant in WOC fish in the 
previous annual report (Loar et  al. 1992), the accumulation of metals in fish does not 
appear to be a problem in the WOC system. Levels of trace metals in fish were typical of 
those found in ffih from a reference stream and similar to levels observed in previous 
surveys of this system ( b a r  et ai. 1981, TVA 198%). The comparison of levels of metals 
in WOC fish with levels assumed for screening purposes to represent a possibility of 
posing a health hazard to humans ingesting fish on a regular basis indicated no cause for 
concern. 

4.1.42 Organics 

The accumulation of PCBs was clearly evident in t i h  samples coliected in November 
and December 1986 and in caged clams exposed in July and August 1987. The level of 
PCB accumulation in biota indicates a serious problem of PCB contamination within the 
WOC system. The clam samples suggest a source of contamination between WCK 3.5 and 
WCK 2.9, possibly in drainage from SWSA 4. Fish samples suggest PCB contamination in 
both WOC and Melton Branch, with the highest contamination occurring in the lower 
reaches of WOC. While the clam and f i h  data may appear contradictory, it should be 
noted that (1) these are the first data obtained on PCB contamination in biota from WOC 
and tributaries above WOL and (2) very little is known of the nature a€ PCB inputs to the 
WOC system. If the biotic contamination is a result of episodic discharges at different 
points, then site-by-site contamination patterns could differ between sampling periods. 
The finding of significant PCB-1254 contamination in biota of WOC is consistent with a 
conclusion in the previous annual report that the discharge of WOL is a source of PCB 
contarnination (predominantly PCB-1254) to channel catfish in WOC embayment (Loar et  
al. 1992, Sect.4.2.4.2). Much of the PCB-1260 noted in catfish from WOL, WOC 
embayment, and the Clinch River may represent accumulation via the food-chain pathway, 
which would tend to accentuate the accumulation of more highly chlorinated PCB 
congeners. 



4.15 conClusbm 

The bioaccumulation of PCBs is the most significant problem in the WOC system 
caused by the accumulation of metals and organics in biota. High levels of PCBs are 
found above WOL in fish from stream reaches that are isolated by weirs and thus prevent 
the upstream movement of fish. Consequently, the source of the problem is upstream from 
the lower weir at WCK 2.65. Fish data, including incomplete results from the December 
1987 sampling, suggest that the source is upstream from WCK 3.5, The levels of PCB 
contamination in some sunfish from WOC exceed the FDA tolerance level, and both clam 
and sunfish data indicate that the degree of PCB exposure to biota in WOC is at least as 
severe as that in EFPC. The PCB contamination of WOC also has the potential to act as 
a source of PCB contamination to upper Watts Bar Reservoir. There is a need to 
determine the source(s) of PCB contamination in fish in WOC and to evaluate the 
importance of the WOC discharge as a source of PCB contamination in biota of the 
Clinch River and Watts Bar Reservoir. 

Mercury bioaccumulation in WOC fish is of interest because it indicates that ORNL 
is a source of biologically available mercury. However, the levels are well below the FDA 
action limit, and the elevated levels found in biota are confined to the WOC system 
upstream from White Oak Dam. The primary need is to determine the source of the 
mercury that is accumulating in WOC biota. 

4 2  EVALUATION OF PCB CONTAMINATION IN WHITE OAK CREEK 
EMBAYMENT AND CLINCH RlvER 

4.21 Introduction 

The 1986 survey of PCB contamination in channel catfish (Ictulunrs punctutus) from 
WOC embayment and nearby reaches of the Clinch River found significant levels of PCBs 
in many of the fish collected ( b a r  et al. 1992). That study concluded that recent or 
ongoing releases of PCBs from sources upstream or within the embayment (WOL or 
WOC) contributed to the observed contamination, especially in fish collected from WOC 
embayment and adjacent reaches of the Clinch River ( b a r  et  al. 1992). Nevertheless, 
little of the PCB contamination in catfish from other sites in the Clinch River could be 
directly attributed to this source. Levels of PCBs in channel catfish from WOC 
embayment in 1986 were substantially lower than those observed in 1984 (TVA 1985c), 
when all fish collected at the site exceeded the FDA tolerance limit (FDA 1984b). 

The 1% survey also found a relatively strong association between ? 3 r  content of 
channel catfish bone and the proximity of the collection site to WOC ( b a r  et  al. 1992). 
Such a finding indicated that catfish resided in specific locations long enough to acquire 
burdens of contaminants that had long turnover times and thus were representative of 
exposure conditions at that site. This study also detected evidence of movement of catfish 
between WOC embayment and nearby reaches of the Clinch River, thus making fish that 
were residents of the embayment, which is closed to public access, vulnerable to capture 
by fishermen. 
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The basic objectives of this task of BMAP in 1987 were the same as those in 1986: 
(1) to determine the likelihood that channel catfish caught by fishermen in the tailwaters 
of Melton Hill Dam and upper Clinch River and Watts Bar Reservoir might contain PCBS 
in excess of the FDA tolerance limit and (2) to establish the extent to which ORNL, via 
WOC, WOL, and WOC embayment, is the source of PCB contamination in channel 
catfish in public waters downstream. 

Monitoring conducted in 1986 indicated that fish collected from the Clinch River 
within 300 m of the mouth of WOC (CRK 33.2 and CRK 33.8) contained PCB and %r 
levels identical to those of fish collected from within WOC embayment. The monitoring 
,program, therefore, was modified in 1987 to exclude sites CRK 33.8, GRK 33.2, and 
CRK 30.2 (the most remote site sampled in 1986). 

The 1986 study used levels of -%r in catfsh vertebrae to estimate the extent of 
exposure of fish to the WOC discharge. By comparing levels of 90Sr and PCBs in fish at 
different sites, it was possible to estimate the extent to which PCB levels in fish were 
associated with exposure to the WOC discharge. 

A key question in the investigation of PCB contamination downstream of the WOC 
system is how a localized source of PCBs subject to large-scale dilution could result in a 
broad geographic pattern of contamination in fishes that are not directly associated with 
the source. One mechanism assumes that the predominant uptake pathway is the 
ingestion of PCB-contaminated forage fish which, due to their wide-ranging movements, 
act to distribute the contamination to locations far removed from the source. If so, then a 
strong relationship between PCB levels and exposure to the local source (WOC) would 
not be expected. To investigate this question, gizzard shad (Dorosomn cepedicrnurn), an 
abundant forage fish, were collected from WOC embayment, the Clinch River, and 
Melton Hill Reservoir and analyzed for PCBs and 90Sr. 

Catfish were collected in July and August 1987 by trotline and gill net at five sites: 
WOL, WOC embayment (WCK 0.3), Clinch River 1.3 km above and below the mouth of 
WOC (CRK 34.8 and CRK 32.2, respectively) and Melton Hill Reservoir (Fig. 4-1). All 
five sites were also sampled in 1986 with one exception: channel catffih were collected 
from Hope Creek embayment of Melton Hill Reservoir in 1986, but in 1987 they were 
collected from the main channel of the reservoir so they would be more representative of 
contamination in the bulk flow of the Clinch River. The sampling program attempted to 
capture eight channel catfish (Ict~lurus punctutus) weighing 440 g or more at each site. 
This objective was not met at CRK 34.8 and Melton Hill Reservoir, where fewer than 
eight fish were collected, or in WOL, where no channel catfish were found and yellow 
bullhead (Icralurus natalis) were substituted. 

Two other sites served as controls. Uncontaminated channel catfish were purchased 
from a local commercial fish farm to serve as analytical controls and to provide a basis for 
estimating background levels of PCBs likely to be reported by the analytical procedure. 
Fort Loudoun Reservoir at Lenoir City, Tennessee, served as a positive control, thus 
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Fig. 61. Location of catfish m W o n  sites in White Oak Creek and the Clinch River. Site 
1 = WOL, Site 2 = WCK 0.3, Site 3 = CRK 34.8, Site 4 = CRK 32.2, Site 5 = Melton Hill 
Reservoir. 
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enabling results of PCB analyses of Clinch River fish to be placed in perspective by 
comparing them with PCB levels in fish from a site of known contamination. 

Fish collected at each site were placed on ice in a labeled ice chest and returned to 
the laboratory for processing. Individual ice chests were used to contain fish from each 
site when more than one station was sampled on a given date. Upon return to the 
laboratory, fBh were tagged with a unique fourdigit tag wired to the lower jaw. Each fish 
was then weighed, measured, and the dorsal fin removed for possible age determination. 
The fish was fileted, and the skin was removed from the Net. Filets were rinsed in 
running water, and one filet was wrapped in heavy-duty aluminum foil and stored in a 
locked freezer at -20°C for archival purposes. The remaining filet was frozen and then 
ground three times in a hand-operated meat grinder. A 10- to 20-g sample of ground f s h  
was wrapped in heavy-duty aluminum foil, labeled by writing directly a n  the aluminum foil 
with a permanent marker, and stored in a locked freezer until submitted to the ORNL 
ACD laboratory for analysis. 

Gizzard shad were collected from WCK 0.3, CRK 32.2, and Melton Hill Reservoir by 
electrofishing and analyzed for PCBs in order to estimate levels in a likely food of channel 
catfish. Three composite samples of five fish each (22-29 cm total length) were taken 
from each site. The fish were ground whole, frozen, and submitted for analysis. 

A 4- to 5-cm portion of the vertebral column was removed from the tail oE each 
catfish, air dried, wrapped and labeled, and sent to ACD for ?3 r  analysis. For gizzard 
shad, portions of the backbone of each fish were removed and submitted as composite 
samples (from the same five fish) €or %r analysis. 

Fish were analyzed for PCBs through the use of procedure EPA aoO/4-81-055 (EPA 
198Ob). This procedure utilizes extraction with methylene chloride followed by adsorption 
column cleanup, solvent exchange, and evaporative concentration prior to analysis by 
packed column GCIECD. Strontium-90 was determined by beta counting with the use of 
a low-background proportional counter. Prior to counting, the fish vertebrae were ashed, 
dissolved in nitric acid, and subjected to a chemical purification procedure in which a 
strontium oxalate precipitate is ultimately isolated for counting (Volchok and Planque 
1982). 

Statistical evaluations of the data were made by using SAS procedures and software 
(SAS 1985b) for ANOVA Duncan’s multiple range test; linear regression analysis; t-test 
with assumption of unequal variances; and the calculation of means, standard deviations, 
standard errors, and coefficients of variation. 

Quality assurance was maintained using a combination of blind duplicate analyses; 
split sample analyses between the EPA Environmental Services Laboratory in Athens, 
Georgia, and the ORNL ACD laboratory; and the analysis of fish reference standards and 
uncontaminated fish spiked with PCBs. Details and results of these procedures are 
summarized in Appendix C. 
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4-23 Results 

423.1 PCBs in catfish from WOe: embayment-Clinch River 

PCB contamination was evident in channel catfish from WOC embayment, the Clinch 
River, and in yellow bullheads from WOL (Tables 4-4 and D-5). Channel catfish collected 
from Melton Hill Reservoir (upstream from any possible inputs from WOC) also 
contained significant levels of PCBs. The PCB mixtures recovered from fish contained 
predominantly pentachlorobiphenyl and hexachlorobiphenyl congeners characteristic of 
Arochlor 1254 and 1260 commercial mixtures; PCB-1260 was somewhat more abundant 
than PCB-1254. Total PCBs (PCB-1254 + PCB-1260) in individual f t h  ranged from a 
high of 5.0 pprn in Fort Loudoun Reservoir, the positive control site, to 0.03 ppm in a 
commercial catfish farm. The highest level observed in fish from WOC or the Clinch 
River was 4.7 pprn in the Clinch River (CRK 32.2), while the lowest noncontrol level was 
0.23 pprn in Melton Hill Reservoir. The minimum PCB level observed in Clinch River- 
WOC embayment fish was 0.51 ppm. The fraction of fish containing PCBs in excess of 
the FDA tolerance limit of 2 ppm was approximately 25% in both WOC embayment and 
the Clinch River (Table 4-5). 

Contaminants with long biological half-lives tend to accumulate in a fish to ever- 
higher levels throughout much of its lifespan. Thus, larger, older fish may contain higher 
contaminant levels than smaller, younger fish. The effects of such a bias can be significant 
if fish collected from some sites are predominantly small while those from other sites are 
predominantly large. Such effects can often be avoided by collecting adult fish of similar 
s ix .  Therefore, channel catfish weighing <440 g were not included in this study if 
adequate numbers of larger fish were collected at a site. Mean weights of fish comprising 
collections varied somewhat among sites (893-1577 g), and the range of weights and 
overall mean were larger than in the 1986 collections. Regressions of %r, total PCBs, 
PCB-1254, and PCB-1260 vs fish weight at each site showed no significant relationship 
(slope not different from zero,p > 0.05) in 17 of 19 possible comparisons. Therefore, 
comparisons of mean contaminant levels among sites were made without normalizing for 
variations in fish weight. 

Mean levels of PCBs in catfish collected from sites in the Clinch River-WOC 
embayment were similar, ranging from 1.59 ppm in WOC embayment to 1.69 pprn at the 
upstream river site (Table 4-4). The mean PCB concentration in fish from Melton Hill 
Reservoir was about half that found in fish downstream from Melton Hill Dam. Channel 
catfish collected from Fort Loudoun Reservoir, a nearby lake for which an advisory was 
issued by TDHE warning the public against consuming catfish because of PCB 
contamination, averaged 1.9 ppm. However, ANOVA and Duncan’s multiple range test 
indicated no significant differences in mean PCB levels among any of these sampling sites. 
In the 1986 survey of PCBs (Loar et  al. 1992), Melton Hill Reservoir was used as a 
reference (control) site. The finding of substantial PCB contamination in fish from that 
site in 1986, which was corroborated the following year (Table 4-4), necessitated the 
selection of another control site. Consequently, in 1987, control fish were obtained from a 
commercial catfish farm near ORNL. Sampling at this site was used to evaluate whether 
or not high background levels of PCBs would be found in any channel catfish samples 
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- Table 4-4. Concentrations of polychlorinated biphenyls and %r in channel catfish 
( I a i d w u s m )  from lower White Oak Creek embayment, White Oak Lake 

(WOL), (xinch River, and other local sites 

Values are mean * 1 s.d., range, and number of samples (in parentheses) 

Site Location" PCB total PCB- 1254 PCB-1260 90Sr 

1 W0Lb 1.00 * 0.86 
0.41-2.50 
(5) 

0.30 i 0.30 
0.06-0.80 
(5)  

0.70 * 0.57 
0.35-1.70 
(5) 

4800 * 1107 
37oo4mo 
(5)  

2 WCK 0.3 1.59 f 0.87 
0.57-3.28 
(8) 

0.52 1: 0.50 
0.0.3-1.40 
(8) 

1.07 i 0.78 
0.4.3-2.6 
(8) 

351 * 326 
24-1100 
(8)  

3 CRK 34.8 1.69 * 1.16 
0.83-3.0 
(3) 

0.61 * 0.49 
0.13-1.10 
(3) 

1.08 i 0.84 
0.23-1.9 
(3) 

359 i 372 
47-770 
(3) 

4 CRK 32.2 1.61 f 1.55 
0.51-4.7 
(8) 

0.46 f 0.60 
0.01-1.9 
(8) 

1.15 * 1.22 
0.26-3.4 
(8) 

158 i 270 
13-800 
(8) 

MHR Melton Hill 
Reservoir 

0.81 * 0.61 
0.23-2.0 
(7) 

0,37 f 0.34 
0.01-1.0 
(7) 

0.43 * 0.28 
0.19-1.0 
(7) 

11 i 10 
1-27 
(6) 

FLD Fort Loudoun 
Reservoir at 
Lenoir City, 
Tenn. 

1-90 * 1.54 
0.42-5.0 
(8) 

0.57 i 0.64 
0.04-2.1 
(8) 

1.32 i 1.02 
0.35-2.9 
(8) 

ND 
ND 
ND 

CEC Commercial 
catfish farm 

0.03 i 0.01 
0.03-0.04 

(4) 

0.02 f 0.01 
0.02-0.03 
(4) 

0.01 * 0.01 
0.01-0.01 
(4) 

ND 
ND 

"The confluence of White Oak Creek and the Clinch River is located at White Oak Creek kilometer (WCK) 
0.0 and Clinch River kilometer (CRK) 33-5. (CRK 0.0 is located at the confluence of the Clinch and Tennessee 
rivers.) 

yellow bullhead (Zcfahrur nufufk) were collected in WOL. 
Note: ND = no data available. 



Table 4-5. Changes between 1986 and 19# in mean concentrations of polychlorinated biphenyls 
(PcEki), %r, and ratio of fish txcseding the Food and Drug Administration (FDA) limit to 

total number (for channel catfish) 

Sampling from White Oak Lake (WOL), White Oak Creek 
embayment, the Clinch River, and two local reservoirs 

No. of fish exceeding 
PCB total 90sr FDA limit per 

(ppm, wet wt) (Bqkg. dry wt bone) No. analyzed 

Site 1986 1987 1986 1987 1986 1987 

WOL 0.97 1.00 4420 4800 0 5  1:5 

WCK 0.3 1.30 1.59 74 1" 35 1" 3: 12 2:s 

CRK 34.8 1.07 1.69 295 359 0 8  1:3 

CRK 32.2 1.01 1.61 57 158 0:s 2:8 

Melton Hill 0.46 0.81 14 11 0:6 1:7 
Reservoir 

Fort Loudoun 1.7b 1.90 ND ND 3: lob 3:8 
Reservoir at 
Lenoir City, Tenn. 

"Statistically significant difference at 0 . 1 s  p > 0.05. 
bFish collected and analyzed by Tennessee Valley Authority in 1985 (D. L. Dycus and G. D. Hickman. 

1987. PCB Levels in Fish from Fort L~udon  Reservoir-1985. TVA/ONRED/AWR-88/8. Tennessee Valley 
Authority, Office of Natural Resources and Economic Development, Knoxville, Tenn.). 

Note: WCK = White Oak Creek kilometer; CRK = Clinch River kilometer; ND = no data available. 

analyzed by the analytical procedure used in this study. Results of those analyses, which 
showed a mean PCB concentration of 0.03 ppm (Table 4-4)' clearly disproved the 
hypothesis that PCB analyses of channel catfish routinely report high background levels, 
even in f s h  expected to be uncontaminated. The mean level of PCBs in the control fBh 
was significantly lower than the mean level (p < 0.05) in Melton Hill Reservoir (the site 
with the next lowest level of PCBs) and the remaining sites (t-test with assumption of 
unequal variances and Duncan's multiple range test applied to the natural logarithm of the 
PCB concentration). 
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Like total PCBs, levels oE PCB-1254 and PCB-1260 were not significantly different 
among the noncontrol sites (Duncan's multiple range test,p > 0.05). When levels of total 
PCBs, PCB-1254, and PCB-1260 were compared after logarithmic transformation of the 
data (a procedure that makes variances among sites more homogeneous and reduces the 
influence of very high and very low values), the results were unchanged. 

The levels of %r in catfish vertebrae exhibited much greater differences among 
sampling sites than did PCBs (Table 4-4). The highest mean concentration of "Sr 
(4800 Bqkg) was found in fish from WOL, as expected, and the lowest level (11 Bq/kg) 
was observed in fish from Melton Hill Reservoir. The mean level of %r in catfish 
collected in WOC embayment (351 Bqkg) was lower by about a factor of 14 than the 
level in WOL fish. The dilution factor for the flow of WOC in the embayment was 
estimated to be a factor of 5 ( b a r  et  al. 1992); thus the %r concentration in catfish from 
this site was substantially lower than that expected if the fish were permanent residents of 
this site. The level of 90Sr in fish collected from the two Clinch River sites did not differ 
greatly from that in fish from WOC embayment; Fish from the downstream site 
(CRK 32.2) averaged about half as much wSr as embayment fish, while f i h  from the 
upstream site (CRK 34.8) contained about the same amount as embayment fish. Results 
of statistical comparisons (Duncan's multiple range test using log-transformed data due to 
clearly nonhomogeneous variances) indicated no significant difference in %r among WOC 
embayment and Clinch River fiih; fish from WOL and Melton Hill Reservoir had 
significantly higher and lower concentrations, respectively, than fish from other sites. 

No close correspondence between mean PCB and %r concentrations in fish from 
WOC embayment and the Clinch River was evident (Table 4-4). Even less 
correspondence was noted when WOL fish were included, since these were lower in PCBs 
and much higher in 3 r .  The slopes of linear regressions of [PCB] vs p"Sr], [PCB] vs 
[In "Sr], and [In PCB] vs [In ?3r] were not significantly different from zcro ('p > 0.05) for 
fish from the WOC embayment-Clinch River sites. Similar treatments of PCB-1254 and 
PCB-1260 were also not statistically significant. However, if the level of significance is 
reduced from 0.05 to 0.10, a significant relationship was observed €or PCB-1254 vs %Sr: 

[PCB] = 0.oooci9 ["Osr] + 0.32, i! = 0.17, 

suggesting rather inconclusively that WOC discharge and the WOC embayment may be 
the source of a significant fraction of the PCB burden of channel catfih in the 
embayment and nearby reaches of the Clinch River. 

PCB levels in fish collected in 1987 were somewhat higher than the levels found in 
ffih from the same sites in 19% (Table 4-5). Statistical comparisons between mean levels 
of total PCBs in fish at each site in 1987 vs 1986 indicated no significant differences (t-test 
with assumption of unequal variances, where appropriate, p > 0.05). When f s h  from the 
WOC-Clinch River sites sampled in both years were pooled and compared, the difference 
was still not statistically significant. 
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A probable explanation for the somewhat higher levels of PCBs observed in 1987 is 
that these collections tended to have a higher average weight per fish than the 1986 
collections. While no statistically significant relationship was observed between PCB 
concentration and f s h  weight for specific sampling sites in either 1986 or 1987, a 
significant relationship was observed in 1987 (but not 1986) when all ffih from the WOC 
embayment/Clinch River sites sampled in 1987 were pooled: 

[PCB] = 0.00075 x wgt(grams) + 0.67, ? = 0.24. (2) 

If the mean weight of channel catfish collected at these sites in 1986 (725 g) is inserted 
into Eq. 2, a predicted mean PCB concentration of 1.19 ppm i s  obtained, which compares 
closely with the actual mean of 1.15 ppm found in these ffih in 1986. 

The year-to-year difference in the mean weight per fish in the collections wuld also 
explain the higher level of PCBs in fish from Melton Hill Reservoir in 1987, although no 
statistically significant relationship between PCB concentration and fish weight was 
observed at this site. Fish collected from WOL differed very little in mean weight or PCB 
concentration between 1986 and 1987, and fish collected from WOC embayment in 1986 
had virtually the same mean PCB concentration when reanalyzed in 1987 as they did in 
1986 (Appendix C). The probable presence of a correlation between f sh  weight and PCB 
concentration underscores the need to ensure that fish are selected from a relatively 
narrow and consistent size range at all sites each year. 

Similar levels of %r were observed in fish from WOL in 1986 and 1987 (Table 4-5), 
indicating little year-to-year variation in their exposure to ?3r and implying relatively 
constant year-to-year average %r concentrations in the discharge from WOL. 
Strontium-90 was lower in catfish collected in WOC embayment in 1987 than in 1986, but 
the difference (741 vs 351 Bqkg) was significant only at p = 0.10. The level of WSr in fish 
at the downstream site on the Clinch River was higher (57 vs 158 Bqkg) in 1987 than in 
1986, but the difference was not statistically significant 0, > 0.05). The difference in 
geographic patterns of %Sr in fish between 1986 and 1987 could indicate a wider 
local-scale dispersal of fish in 1987. In 1986, fish at CRK 32.2 and CRK 34.8 contained 
significantly less %r than fish from WOC embayment; in 1987 they did not. The highest 
%k level found in fish at CRK 32.2 in 1986 was 120 Bqkg; in 1987, it was 800 Bq/kg, a 
level typical of fish from WOC embayment. The mean "Sr concentration in WOC 
embayment fish was lower in 1987 than in 1986, despite similar inputs of WSr to the WOC 
system in the 2 years (as inferred from the lack of change in "Sr in catfish from WOL 
between 1986 and 1987). Together, these data suggest that the fish comprising the 1987 
collection had less association with the WOC discharge. In other words, the area within 
which one could assume to find a geographically homogeneous population sample was 
larger in 1987 than 19%. 

The proportion of fish exceeding the FDA limit for PCBs was similar in 1986 and 
1987 for the WOC embayment site. Although no fish exceeding 2 ppm PCBs were 
collected from CRK 32.2 and CRK 34.8 in 1986, 3 of 11 fish collected at those sites 
exceeded the FDA limit in 1987 (Table 4-5). Undoubtedly, some of this difference is due 
to the presence of larger fish in the 1987 collection; however, a wider dispersal of catfish, 
with more highly contaminated fish from WOC embayment moving to sites in the Clinch 
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River, could also account for more fish exceeding the FDA limit at the Clinch River sites 
in 1987. 

4.23.4 PCBsingizzardshad 

Gizzard shad, an important forage fish in most reservoirs in East Tennessee, were 
sampled and analyzed for PCBS in 1987 in order to evaluate the significance of PCB 
accumulation in channel catfish via the food chain. The results of these limited analyses 
were striking and unexpected. 

Gizzard shad collected in WOC embayment contained very high levels of PCBs, 
averaging 3.0 ppm (Tables 4-6 and D-5). Fish collected at CRK 32.2 (1.3 km downstream 
from WOC embayment) contained far lower levels, averaging 0.65 ppm PCBs, while those 
collected in Melton Hill Reservoir averaged 0.44 ppm. The predominant mixture present 
in the WOC embayment fish was PCB-1254, but at the other two sites (CRK 32.2 and 
Melton Hill Reservoir), levels of PCB-1254 and PCB-1260 were similar. Results of 
ANOVA and Duncan's multiple range test indicated that mean PCB levels in WOC 
embayment fish were significantly higher than those at the other two sites @ c 0.05), 
which were not significantly different from each other. 

Table 4-6. Coocentrations of polychlorinated biphenyls (PCBs) and 'osr in gizzard shad 
(-- upedianurn) from White oalr creelr embayment (WCK OS), the C;linrb 

River -13 km below White Oak 0ex.k (CXK 322), and Melton Hill Restmoir 

Values are mean * 1 s.d. of composites of five fish, range, and number of 
samples (in parentheses) 

Site PCB total PCB-1254 PCB-1260 %r 

(parts per million, wet wt) (Bq/kg, dry wt bone) 

WCK 0.3 3.0 * 1.6 
1.8-4.8 
(3) 

CRK 32.2 0.65 i 0.06 
0.60-0.71 
(3) 

Melton Hill 0.44 i 0.19 
Reservoir 0.33-0.66 

(3) 

1.9 * 1.1 
1.1-3.2 
(3) 

0.34 i 0.17 
0.10-0.41 
(3) 

0.22 f 0.17 
0.10-0.41 
(3) 

1.1 * 0.45 
0.71-1.6 
(3) 

0.31 * 0.22 
0.19-0.25 
(3) 

0.22 i 0.03 
0.19-0.25 
(3) 

397 f 108 
320-520 
(3) 

91 i 112 
22-220 
(3) 

8 i 7  

(3) 
1-14 

Note: WCK = White Oak Creek kilometer; CRK = Clinch River kilometer. 



The mean concentration of %3r in vertebrae of shad from WOC embayment 
(397 Bq/kg) was comparable to the concentration in channel catfish from that site (Tables 
4-4 and D-5). Strontium-90 was significantly lower at the Clinch River site (Duncan’s 
multiple range test and t-test with assumption of unequal variances, when necessary), but 
one of the composite samples from that site contained a relatively high level of ?5r  (220 
Bqkg). The sample that was high in ?3r ,  however, did not contain PCBs at a level typical 
of those observed in WOC embayment fish. 

4.24 Discussion 

424.1 PCBS in Clinch River catfish 

Levels of PCBs in catfish in WOC embayment and nearby reaches of the Clinch 
River appear to have remained stable between 1986 and 1987, following a relatively large 
decrease between 1984 and 1986 (Loar et al. 1992). A substantial fraction (25%) of the 
channel catfish collected in 1987 from WOC embayment and reaches of the Clinch River 
open to public ffihing contained PCBs in excess of the 2-ppm FDA limit. 

The levels of PCB contamination in channel catfish collected in 1986 in the Clinch 
River near ORNL were typical of those found by TVA in 1984 at sites farther 
downstream in Watts Bar Reservoir (Loar et  al. 1992). Results of the 1987 sampling 
agree with this earlier finding. Because systematic differences may exist in quantitative 
determinations of complex mixtures, such as PCBs, among different analytical laboratories, 
a positive control, Fort Loudoun Reservoir, was added to the sampling program in 1987. 
A public health advisory warning against the consumption of catfish was issued by TDHE 
for this lake due to PCB contamination. Channel catfish collected from the lowermost 
reaches of Fort Loudoun Reservoir and analyzed by TVA in 1985 averaged 1.7 ppm 
PCBs; fEh collected by ORNL at this site in 1987 averaged 1.9 ppm PCBs (Table 4-5). 
Thrce of ten fish collected in 1985 at this site exceeded 2 ppm; three of eight fish in 1987 
exceeded this level. The levels of PCB contamination in channel catfish from waters in 
the vicinity of ORNL appear to be somewhat lower (although differences are not 
statistically significant) than those in lower Fort Loudoun Reservoir. It should be noted, 
however, that substantially higher levels of PCB contamination occur in catfish in the 
upper reaches of Fort Loudoun Reservoir, especially Little River embayment, and that 
levels of contamination in the lower reaches of the lake did not necessarily result in the 
issuance of the advisory. 

The levels of 90Sr in catfmh collected in the Clinch River corroborate the conclusion 
of the 1986 study (Loar et  al. 1992) that there is substantial movement of fish between the 
embayment and the Clinch River. Strontium-90 levels in fish at sites 1.3 km upstream and 
downstream of the mouth of WOC were statistically indistinguishable from those in fish 
from WOC embayment, indicating substantial localized movement in and out of the 
embayment on a somewhat larger geographic scale than that observed in 1986. 

4.242 woc as source of PCBS 

While a significant portion of the PCB burden of catfish collected in WOC 
embayment may result from recent or ongoing releases from sources within the 
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embayment or upstream, the 1986 study concluded that little of the total PCB content of 
fish from other sites could be attributed to these sources ( b a r  et al. 1992). Although the 
1987 data for [ 5 r ]  vs [PCBs] in fish collected in the vicinity of ORNL support this earlier 
conclusion, they also suggest that the geographical scale of contamination traceable to 
ORNL may be larger than indicated by the 1986 data. The presence of high levels of 
PCBs in forage fish in WOC embayment and the high levels of PCBs accumulated by 
clams placed in WOC and WOL indicate that the role of ongoing or episodic 
contamination upstream from WOL may be more significant than previously thought. If 
small, widely ranging forage fish, such as gizzard shad, can accumulate high levels of PCBs 
during a relatively short residency in WOC embayment and then disperse to other 
portions of the Clinch River-Watts Bar Reservoir, an important pathway could exist for 
the spread of PCB contamination to higher trophic levels. 

Ratios of PCB-1254 to PCB-1260 were higher in sunfish mllected in WOC and WOL 
than in catfish collected in WOL and WOC embayment. Because more highly chlorinated 
PCB congeners have longer half-lives in ffih (Niimi and Oliver 1983), PCB-1260 would 
tend to be higher in longer-lived fish. Similarly, the lower water solubility of PCB-1260 t5 
PCB-1254 (MacKay et  al. 1983) and greater partitioning of PCB-1260 to particulates 
would act to enhance the relative importance of the food chain as an exposure pathway 
for PCB-1260 as compared with PCB-1254. Thus, it is not unlikely that the 
PCB-1254:PCB-1260 ratio would be lower in sunfish than in catfish. The use of PCB 
congener ratios may have value in elucidating the significance of specific sources of PCBs 
in larger systems, such as the Clinch River, but a thorough understanding of how 
environmental transport and transformation processes affect congener ratios, particularly 
among different fish species, is needed before this approach can be applied with 
confidence. 

Some channel catfish caught by anglers in the Clinch River in the vicinity of WOC 
are likely to contain PCBs in excess of the 2-ppm FDA limit. In 1986, only 5% of fish 
collected in the Clinch River exceeded that limit, but in 1987, 25% did. The higher 
proportion of fish exceeding the FDA limit in 1987 is, in part, due to the larger average 
size of the fish collected and to the apparent wider range of movement of fish into and 
out of WOC embayment. It must also be noted that a smaller number of fish were 
collected from the Clinch River in 1987 and that the most distant site from WOC was not 
included in the 1987 sampling. Because there was no measurable change in mean PCB 
levels in channel catfsh at these sites between 1986 and 1987, it is unlikely that the 
increased number of fish exceeding 2 ppm in PCBs in 1987 is a result of a change in PCB 
exposure. However, it is likely that fish residing for periods of time in WOC embayment 
are more susceptible to capture by anglers (due to movement into waters open to public 
fishing) than was concluded from the 1986 data. 

The 1987 study provided more evidence that the WOC discharge and/or WOC 
embayment is an active source of PCB contamination to organisms that reside there. 
However, the lack of a relationship between wSr and PCBs in catfish, coupled with the 
presence of significant PCB contamination in channel catfwh from sites upstream from 
Melton Hill Dam, suggests that ORNL is not the major source of PCB contamination in 
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fish at more remote sites in the Clinch River, unless a mechanism such as food-chain 
accumulation via widely ranging PCB-contaminated forage fish is dominant. 

The detection of significant levels of PCB accumulation in biota from WOC indicates 
the need to proceed to Subtask 2b oE B W :  identification of contaminant sources ( b a r  
et  al. 1991). Further studies will be designed and implemented in this subtask, probably 
using caged clams at numerous sites within the watershed, after discussion with DEMC 
staff responsible for implementing the NPDES PCB Monitoring Plan. Routine 
quantitative measurement of PCB concentrations in fish from WOC will be initiated on a 
semiannual basis if other Bh4AP investigators agree that such collection pressure can be 
sustained without undue effects on fish populations or other tasks within BMAP. Routine 
quantitative evaluation of PCB contamination in WOC fish will provide a baseline €or 
evaluating the effectiveness of any remedial actions that may be implemented. 

Monitoring of PCB contamination in channel catfish in WOC embayment will 
continue annually to detect any change in PCB levels at this site. Additional studies of the 
role of the food-chain pathway in determining PCB levels in Clinch River catfish will also 
be initiated. These investigations will focus on the accumulation of PCBs in gizzard shad 
in WOC embayment and the dispersal of these fish to other sites in Watts Bar Reservoir. 
The possibility of using PCB congener ratios to evaluate the importance of ORNL as a 
source of PCBs in fish in Watts Bar Reservoir will be investigated. 

The annual screening of fish in WOC for metals and organic contaminants as 
outlined in BMAP will be continued, with greater emphasis on the use of caged clams to 
monitor for organic contaminants. Further studies will be conducted to determine the 
source of mercury contamination in biota. Work will also continue on Subtask 2c: 
Integration of water quality and bioaccumulation data (Loar e t  al. 1991). 



5. BIOLOGICAL INDICATORS OF CONTAMINATED- 
RELATED STRESS 

5.1 LNTRBDUCIION 

This task of B W  involves the development, screening, and application of biological 
indicators to evaluate the responses of fish populations in the WQC watershed to point- 
and area-sources of contamination ( b a r  e t  aL 1991). As used in BMAP, biological 
indicators (bioindicators) are those physiological variables of organisms that respond in 
biologically meaningful ways to changes in the environment. They have several advantages 
over other, more traditional approaches to biomonitoring that are focused on higher levels 
of biological organization (Le., populations and communities). For example, bioindicators 
can provide an early warning of potential adverse ecological effects due to their sensitivity 
to water quality degradation and can be used to establish the relationship between water 
quality and important biological responses, such as growth. Because they are generally 
easy to measure and cost-effective, they can be used for long-term biomonitoring and for 
evaluating the effects of remedial actions on water quality. 

Bioindicators selected after the first year of study were applied in long-term field 
investigations (Subtask 3b) initiated in 1987. The objectives of this phase of the study 
were (1) to measure a suite of indicators that represented a series of biological responses 
along a gradient of relatively short-term to long-term responses and (2) to evaluate the 
usefulness of these indicators for long-term monitoring of water quality. The basic 
approach involved a comparison of both individual and integrated biological responses of 
fish from various sites in the WOC watershed to the responses of fEh from 
noncontaminated reference areas. 

Sampling was conducted during late April and early May 1987 at four sites: 
(1) WOC between WCK 3.2 and WCK 2.9; (2) Melton Branch near the weir at MEK 
0.16; (3) WOL; and (4) Brushy Fork, a reference stream located north of Oak Ridge near 
Marlowe, Tennessee. At each site, 10-15 adult bluegill and redbreast sunfish were 
collected by electroshocking. Within 2 min after collection, blood samples were taken 
from each fish for various biochemical analyses. B i d  was collected by puncturing the 
caudal vessels with a 20-gauge needle. Samples of -0.7 mL were obtained from all fish 
with the use of heparinized (sodium heparin) and unheparinized 3-mL vacutainers 
(&ton, Dickson, & a,). Each tube was labeled with a fish identification number and 
placed in a container with ice for transport to the laboratory. 

Total lengths and weights of each fish were recorded before the liver, gonads, gills, 
and kidney were removed for analysis. The liver was removed from the body cavity and 
cut into three pieces that were used in three different analyses. A 100-mg section for 
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histopathological analysis was placed in a 20-mL scintillation vial with 5 mL of Bouin’s 
Futative. For analyses of detoxification enzymes, a 300-mg sample was placed in a vial with 
0.2 M sucrose buffer. The remaining liver sample (50-100 mg) was placed in a small 
plastic bag and immediately frozen in liquid nitrogen for subsequent ribonucleic acid 
(RNA) and deoxyribonucleic acid (DNA) analysis. 

The spleen was also removed from the body cavity and weighed to the nearest 
milligram; a section was placed in Bouin’s fEative for subsequent histopathological 
analysis, and the remainder was used for immunological assays. A portion of the kidney 
was scraped off the interior dorsal body wall for histopathological analysis. Sections of the 
gill were also removed and placed in Bouin’s furative. For females, the ovary was 
removed, weighed to the nearest milligram, and placed in a separate vial with 10 mL of 
Bouin’s fNative for future enumerations of egg numbers and size. 

521.1 Lipid Analysis 

Following dissection and removal of the critical organs, four individuals of each sex 
from each site were chosen for lipid analysis. These fish were frozen at -12O.C until 
shipment was made to the subcontractor. Lipid biochemical analysis was performed 
according to a modification of the Bligh and Dyer (1959) method and using the Iatroscan 
Analyzer System (Harvey and Patton 1981) for lipid class quantification. The Iatroscan 
system for lipid analysis combincs the resolution capabilities of thin-layer chromatography 
with the quantitative sensitivity of a flame ionization detector. Lipid analysis for each fish 
included total lipids (percentage of body weight); triglycerides (percentage of total lipids); 
sterols, including cholesterol and/or sterol esters; phospholipids; and the two major 
fractions of phosphatidylethanolamine (PE) and phosphatidylcholine (PC). 

5 2 1 2  Serum Chemical Analysis 

Blood collected in the unheparinized tubes was allowed to clot, transferred with 
Pasteur pipettes to 1.5-mL conical microcentrifuge tubes labeled with the fish 
identification number, and centrifuged for 2 min in a Beckman Microfuge. The clear 
supernatant (serum) was drawn off with clean pipettes and transferred to labeled 1-mL 
conical plastic tubes. Serum glucose, serum glutamate oxyaloacetate transaminase 
( S G O T ) ,  bilirubin, cholesterol, triglycerides, and serum electrolytes were analyzed by the 
ORNL Health Division and the ORNL Chemical Technology Division, using a Rotochem 
IIa %-cuvette centrifugal analyzer. A centrifugal analyzer is a multicuvette device that 
uses centrifugal force to simultaneously transfer, mix, and initiate several reactions (36 
with Rotochem IIa) and rotary motion to rapidly move these cuvettes through a stationary 
optical system (Burtis et al. 1973). This type of instrument is very versatile, has on-line 
data processing capabilities, and needs only microvolumes of sample and reagent. 

Glucose analysis was pcrformed according to the method of Peterson and Young 
(1948); SGOT was analyzed following the procedures of the Scandinavian Committee on 
Enzymes (1974); cholesterol was analyzed by the method of Allain et  aL(1974); 
triglycerides were analyzed by the procedure of Bucolo and David (1973); and bilirubin 
was determined by the method of Tietz (1986). All of these methods are enzymatic 
&$says, and the reagents for each assay were obtained from Smith Kline Beckman 
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Instruments. Calibrations for all enzymatic assays are traceable to the National Bureau of 
Standards (NBS) reference materials. In addition, each batch of samples was run with 
quality control materials. 

Total serum proteins were measured by the Biuret method (NCCLS 1979), where 
divalent copper reacts with the peptide bonds of proteins under alkaline conditions to 
form the characteristic biuret complex which absorbs at 540 nm. The procedures for the 
assay are described in the Roche Diagnostic Systems (1986) information package. Assays 
were performed on an automated Centrifugal Fast Analyzer System (Cobas-Fara, Roche 
Inc.). Calibrations were performed using the Roche serum calibrator as the standard and 
monitrol Level 1 and 2 (American Dade, Miami, Florida) as internal controls. 

Liver samples removed from fish were placed in a sucrose buffer and homogenized 
using a Tekmar tissue homogenizer and a motordriven Potter-Elvenhem glass and Teflon 
homogenizer. The homogenates were centrifuged at 20,000 x g for 30 min in a Beckman 
J-21B centrifuge and the supernatants placed on ice while the resultant pellet was 
resuspended in buffer and again centrifuged at 10,OOO x g for 20 rnin.' The supernatants 
from the two centrifugations were pooled and centrifuged at 105,000 x g for 60 min in a 
Beckman L3-50 ultracentrifuge. Microsomal pellets were resuspended in 1 mL of Tris 
buffer [50 mM Tris, 1.0 mM ethylenediaminetetraacetic acid (EDTA), 20% glycerol, and 
pH 7.41 using a Braun Sonic 1510 sonicator at 50 W for 20 s. Microsome suspensions 
were frozen in liquid nitrogen and stored at -120°C until assayed. 

cytochrnnre P450 and by Cytochrome P-450 and bs were each assayed by their 
characteristic oxidized and reduced spectra (Omura and Sat0 1 W ) .  For the b, assays, 
50 4 of microsomes was added to 550 pL of resuspension buffer (50 mM Tris, 1.0 mM 
EDTA, mM dithiothreitol (DTT), 20% glycerol, and pH 7.4). These are mixed and 
divided between two cuvettes, one of which contained 5 pL of 4 mg/mL nicotinamide 
adenine dinucleotide (NADH) while the other served as the reference. They were then 
scanned from 400 to 500 nm, and the absorbance at 413 and 424 nm was recorded. The 
contents of the cuvettes were then combined, and carbon monoxide was gently bubbled 
through the mixture. A small amount of sodium dithionite was added to one cuvette. 
Nothing was added to the reference. These were again scanned from 400 to 500 nm, and 
the absorbance at 450 and 490 nm was recorded. The difference between the two 
readings was used to calculate the quantity of each cytochrome. Activity was expressed as 
nanomoles per milligram. 

Nicotinamide-adenine dinucleotide phosphate (NADPHJ cyfochrome c reductase. 
The electron transfer enzyme, nicotinamide-adenine dinucleotide phosphate (NADPH)- 
cytochrome c reductase, was assayed spectrophotometrically by a modification of the 
Phillips and Langdon (1962) method, using cytochrome c as an electron donor. This assay 
is a measure of the reduction of cytochrome P-450 by using NADPH cytochrome P-450 
reductase. It spectrophotometrically monitors the reduction of the artificial electron 

'An italic, lower case g denotes the standard acceleration due to gravity (-9.8 md-s-'). 
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acceptor cytochrome c at 550 nm. The assay mixture consisted of 0.36 mM NADPH, 
89 ghl cytochrome c, 1% glycerol, 2.5 mM Tris, 50 f l  EDTA/D?T, and 0.2 M phosphate 
buffer at pH 7.4 in a total volume of 450 pL. Either 5 or 10 pL of sample was added to 
the assay mixture, and the solution was incubated at 30°C for 2 rnin prior to assay. To 
each of the cuvettes 10 pL of NADPH was added. A third cuvette, the reference, 
contained cytochrome c in 0.2 M phosphate buffer. The assay was conducted at 30°C for 
1.5 min. Activity was expressed as nanomoles per minute. 

7 - N - h  04eethylase The activity of 7-ethoxyresorufin-O-deethylase 
(EROD) was determined fluorometrically at 30°C by measuring the production of 
resorufin from 7-ethoxyresorufin (Molecular Probes, Oregon), using a Perkin-Elmer LSSB 
spectrofluorometer. The final reaction buffer contained 60 m M  Hepes pH 7.7, 5 mM 
magnesium acetate, 100 pM NADPH, and 1 pM 7-ethoxyresorufin (Egan e t  al. 1983). 
The mixture was preincubated at 30°C for 3 rnin before microsomes were added. The 
excitation wavelength was 574 nm, and the emission wavelength was 583 nm. Activity was 
expressed as picomoles of resorufin per minute per nanomole of P-450. 

Microsomal protein was determined using a modification of the Bradford assay 
(Bradford 1976) that has been adapted to the Cobas-Fara system. This method is linear 
from 0.2 to 0.7 mg/mL at 30°C. It was modified to include 3 pL of a 20x dilution of the 
microsomal protein suspension, 150 pL of 4-volume dilution of the Bio-Rad reagent dye, 
and 27 & of diluent (distilled water). Six different protein concentration standards of 
bovine serum albumin were used in the test to establish the best linear regression (least 
squares fit), which was used to determine the unknown microsomal protein concentrations. 
Nine absorbance measurements at 595 nm were made during the first 90 s of the reaction, 
and the mean value was used to calculate protein concentration. 

5.21.4 Histopathological Analysis 

The following histopathological analyses were performed on three tissues from each 
fish: (1) liver (average hepatocyte number and volume; functional liver volume, including 
parasitic lesions and necrosis); (2) spleen (volume of germinal centers for white blood 
cells); and (3) kidney (relative intertubular cell volume and relative intertubular 
noncellular space). The analyses were performed according to the methods of Hinton and 
Couch (1984). 

A 50- to 100-mg section of liver was homogenized in approximately 1 mL of distilled 
water for 1 min using a Teflon homogenizer while keeping the sample cold. After the 
homogenate was brought up to a final volume of 1.5 mL with distilled water, it was 
transferred to 1.5-mL microcentrifuge tubes and centrifuged for 2 rnin in a Beckman 
microfuge. The RNA content of each sample was analyzed in triplicate by adding to each 
of three 1.5-mL centrifuge tubes 200 pL of supernatant from the liver homogenate, 
1.2 mL of 95% ethanol, 0.035 mL of 2 M sodium acetate, and 0.015 mL of 1 M 
magnesium acetate. Samples were cooled for 20 rnin in a refrigerator before centrifuging 
in a Beckman microfuge for 2 min. Mter  the supernatant was decanted, 1 mL of 0.3 M 
KOH was added to the tubes with the pellet and incubated at 37°C in a constant water 
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bath until the pellet dissolved. Each tube then received 0.5 mL of 1.4 N perchloric acid 
before it was cooled for an additional 20 min in the refrigerator. The mixture was 
centrifuged for 2 min, and the supernatant was recovered in 20-mL scintillation vials. The 
precipitate was washed once with 1 mL of 0.2 N perchloric acid and centrifuged again, and 
the supernatant was combined with the previous supernatant. Standards were prepared 
using 1100 pg of RNA and processed in exactly the same manner as the liver samples. 
Absorbance of the samples and standards was measured at 260 nm using a Gilford 
Response Spectrophotometer and a distilled water blank as a reference. Results were 
expressed as micrograms of RNA per milligram wet weight of liver tissue. For DNA 
analysis, duplicate samples were prepared by adding 3 mL of 0.2 M phosphate buffer at 
pH 7.0 to 100 & of the original liver homogenate supernatant. Standards were prepared 
with 4.6 of salmon sperm DNA The fluorescence was measured using an excitation 
wavelength of 360 nm and an emission wavelength of 450 nm with a Beckman LS-5 
spectrofluorometer. Results were expressed as micrograms of DNA per milligram of wet 
weight liver tissue. 

ANOVA procedures were used to test for differences in individual bioindicators 
among sites, between sexes, and between species (e.g., redbreast vs bluegill sunfish). 
Interaction effects between site, sex, and species were also included in the ANOVA 
model. If the ANOVA procedure rejected a multisample (site, sex, or species) null 
hypothesis of equal means, then the Tukey multiple range test was used to identify 
significant differences among pairs of variables (e.g., sites). The Tukey test was used 
because it is fairly robust with respect to departures of the data from normality and 
homogeneity and also because it is the most widely accepted and commonly used multiple 
comparison test (Zar 1984). 

To determine the integrated response of fish to the environmental conditions at each 
sampling site, all the bioindicator variables were considered jointly within a multivariate 
context by using canonical discriminant analysis (Seal 1968). This method provides a 
graphical representation of the positions and orientations of the various integrated site 
responses relative to each other. In addition, the discriminant analysis variable selection 
technique of McCabe (1975) was used to identify and prioritize the variables that 
contributed most to discriminating between integrated site responses. This variable 
selection procedure considered all possible combinations of the observed values and, for 
any specified subset size, selected those variables having the best discriminating power. 
The Melton Branch site was not included in the discriminant analysis because the 
minimum sample size requirement could not be met. 

53 RESULTS AND DISCUSION 

The individual indicator responses measured in this study can be grouped into five 
functional categories: (1) carbohydrate-protein metabolism, (2) lipid metabolism, (3) liver 
detoxification enzymes, (4) histopathology, and (5) condition indices. Each of these 
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categories is discussed below for both species. Except €or the detoxification enzymes, 
there were no significant differences between sexes. Cmnsequently, the indicators of 
carbohydrate-protein metabolism, lipid metabolism, histopathology, and condition 
represent the combined response of males and females for each species. 

53.1.1 Indicators of Carbohydrate-Protein Metabolism 

Total serum protein, SGOT, and bilirubin are indicators of protein metabolism, while 
glucose is an indicator of carbohydrate function. Both SGOT and bilirubin are involved in 
protein catabolism and, therefore, are indicative of tissue damage in organs such as the 
liver. 

Bluegill There were no significant differences between the reference site (Brushy 
Fork) and any of the three contaminated sites for bilirubin, SGOT, or total serum protein 
(Table 5-1). Even though they were not significantly different, the SGOT values appear 
to be higher for Melton Branch than for Brushy Fork and lowcr for WOL than for Brushy 
Fork (Fig. 5-1). 

Serum glucose, an indicator of carbohydrate metabolism, was significantly higher in 
WOC than in Brushy Fork (Table 5-1); this response also appeared greatcr in fish from 
the other two sites (Fig. 5-1), but the differences were not statistically significant. 
Elevated serum glucose (hyperglycemia) is a generalized stress response in fish to a broad 
spectrum of environmental perturbations (Silbergeld 1974) and thus may reflect both 
direct (metabolic) and indirect (food chain) effects of contaminants. 

Redbreast. Total serum protein and SGOT were significantly lower in WOL than in 
Brushy Fork (Table 5-l), whereas serum protein was lower in Melton Branch than in 
Brushy Fork. As in bluegill, serum glucose values in redbreast were slightly higher in 
Melton Branch and WOC than in Brushy Fork, and SGOT levels were higher in Brushy 
Fork than in WOL. 

53.12 Indicators of Lipid Metabolism 

Bluegill. Serum triglycerides and cholesterol can serve as indicators of both lipid 
metabolism and nutritional status in fish. The only serum lipid indicator that was 
significantly different among sites was cholesterol, which was lower in Brushy Fork than in 
WOL (Table 5-1). Both serum triglycerides and total body triglycerides appeared lower in 
Bruqhy Fork than in WOC (Fig. 5-2), but due to the high within-site variability, the means 
were not significantly different. Body lipids (diglycerides and triglycerides), which are 
indicators of overall physiological condition and, therefore, the vulnerability of an 
organism to stress, were significantly higher and lower, respectively, in Brushy Fork than in 
WOC (Table 5-1). Both the PC:PE ratio, which is an indicator of cell membrane integrity, 
and the levels of phospholipids were similar at Brushy Fork and each of the WOC sites 
(Fig. 5-2). Except for phospholipids, there was a lower response of all lipid indicators in 
fish from Brushy Fork than in those from sites in the WOC system. This pattern may 
indicate that bluegill in Brushy Fork are in poor nutritional condition, possibly because 
they must compete for food with the more abundant and possibly dominant redbreast 
sunfish. 



Table 5-1. Statistical comparisons between sites for individual bioindicators 

Bioindicators" 
Brushy Fork vs Brushy Fork vs Brushy Fork vs 

White Oak Creek White Oak Lake Melton Branch 

BC RB BG RB BG RB 

Serum bilirubin 
Serum SGOT 
Total serum protein 
Serum glucose 

Serum triglycerides 
Serum cholesterol 
Body cholesterol 
Body diglycerides 
Body triglycerides 
PCPE 
Phospholipids 

Total body lipids 
Liver-somatic index 
Visceral-somatic index 
Condition factor 
RNkDNA ratio 
RNA 

NS 
NS 
NS 
4 

NS 
NS 
NS + 
+ 

NS 
NS 

- 

NS 
PIS 
NS 
NS 
+ 

Protein/carbohydrate metabolism 

NS NS 
NS NS 
NS NS 
NS NS 

NS NS 
NS - 
NS NS 
NS NS 
NS NS 
NS NS 
NS NS 

Condition indices 

NS NS 
NS - 
NS NS 
NS NS 
NS NS 
NS NS 

NS 
+ 
4- 
NS 

+ 
NS 

- 
+ 
NS 
- 

+ 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
+ 
NS 

NS 
NS 
NS 

NS 
NS 

- 

- 

4- 
NS 
NS 
NS 
NS 
NS 

"SGOT = serum glutamic oxaloacetic transaminase; RNA = ribonucleic acid; DNA = deoxyribonucleic acid. 
%e symbols "+" and '-" denote values for Brushy Fork (reference stream) significantly higher and lawer, respectively, than those for the comparison site at 

the 95% confidence level. BG = bluegill; RE = redbreast sunfish; NS = not significantly different. 
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Fig. 5-1. Response of thc carbohydrateprotein indicators in bluegill and redbreast s d h  at 
three sites in the White Oak cteetr system, e x p d  as a percentage of the refereurn site (Brushy 
Fork) value. Bars with white tops indicate that the response of a particular parameter was greater 
in fish from the affected site than in those from the reference site, and bars with black tops 
indicate a greater response in fish from the reference site than in those from the affected site. 
BGLU = serum glucose; BBIL = serum bilirubin; SGOT = glutamate oxaloacetate transaminase; 
BPRO = total serum protein. 
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Fig. 5-2 Response of lipid metabolisIll indicators in bluegill and redbreast sunfish at three 
sites in the White Oak c3reeL system, expressed as a percentage of the r e f e m  site (Brushy Fork) 
value. Bars with white tops indicate that the response of a particular parameter was greater in fish 
from the affected site than in those from the reference site, and bars with black tops indicate a 
greater response in fish from the reference site than in those from the affected site. 
BTRI = serum triglycerides; BCHL = serum cholesterol; TRI = body triglycerides; PHOS = total 
body phospholipids; PC:PE = ratio of the two major types of phospholipids. 
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Redbreast The pattern of lipid metabolism in redbreast sunfish was dramatically 
different from that in bluegill at all sites. Even though phospholipids, which reflect the 
availability of nonenergy fats in the organism, were significantly lower in Brushy Fork than 
in both WOC and Melton Branch (Table 5-1), serum triglycerides were higher in the 
reference stream (Fig. 5-2). Such a pattern suggests that redbreast sunfish in Brushy Fork 
were in better nutritional condition and possibly experiencing less metabolic stress than 
redbreast sunfish in the WOC system. Like bluegill, this species had similar PC to PE 
ratios at all sites, indicating that the nature of contaminant stress in the WOC system was 
not of the type that interferes with the integrity of the cell membrane. 

53.13 Histopatbololrjcal Indicators 

Indicators of liver pathology analyzed in this study included (1) the volume density of 
parasites, necrotic parenchyma, and macrophage aggregates and (2) the percentage of 
functional parenchyma in the liver. Indicators of spleen pathology included the volume 
density of parasites and macrophage aggregates, and the percentage of functional 
parenchyma in the spleen. 

Bluegill. Except for the density of liver parasites in WOL bluegill, all other indicators 
of liver pathology showed that bluegill in Brushy Fork had higher incidences of 
pathological conditions than bluegill from the WOC system (Fig. 5-3). The high value of 
the functional liver parenchyma, however, is indicative overall of healthier livers in fish 
from Brushy Fork than in fish from other sites. 

Histopathological analyses of the spleen indicated higher levels of both macrophage 
aggregates and parasites in fish from Brushy Fork than in those from Melton Branch 
(Fig. 5-3). In contrast, both WOL and WOC fish had higher levels of these two 
parameters than fish from Brushy Fork. As observed from analysis of the functional 
parenchyma in the liver, fish from Brushy Fork exhibited somewhat lower levels of spleen 
pathologies than did the fish from the other three sites (Fig. 5-3). 

Redbreast The comparative histopathological response in redbreast and bluegill 
sunfish was very similar to the response pattern for lipid metabolism observed in the two 
species. Whereas the pathological condition of the liver and spleen was generally worse in 
bluegill from Brushy Fork, the condition of redbreast was much better. With the 
exception of Melton Branch fish, all the other fish from Brushy Fork had lower indicators 
of liver pathology than the f sh  from the WOC system (Fig. 5-3). The functional liver 
parenchyma was slightly higher in Brushy Fork fish, indicating healthier livers. The level 
of parasites in the spleen was higher in fish from the WOC system, but the volume density 
of macrophage aggregates was lower in WOL and WOC fish than in the Brushy Fork fish. 
The volume density of functional spleen tissue, which is the most important indicator of 
the pathological condition of the spleen, was very similar between fish from Brushy Fork 
and those from the WOC system. 

Like the lipid metabolism indicators, the histopathological indicators also showed that 
bluegill in Brushy Fork wcre in poorer physiological condition than redbreast. This 
difference in condition between the two species may indicate (1) that, on a nutritional 
basis, bluegill are outcompeted for food and/or habitat by the more abundant redbreast in 
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fig. 5-3. Respoase of the histopathological indicators in biuegill and redbeast sun6sh at 
three sites in tbe White Oak Creek system, a r p d  as a percentage of the reference site (Brushy 
Fork) v a l ~  Bars with white tops indicate that the response of a particular parameter was greater 
in fish from the affected sites than in those from the reference site, and bars with black tops 
indicate a greater response in f i h  from the reference site than in those from the affected site. 
LPARS = percent parasites in the liver; LNPMA = volume density of necrotic parenchyma in the 
liver; LMACA = percent macrophage aggregates in the liver; LFPMA = percent functional 
parenchyma in the liver; SPARS = percent parasites in the spleen; SMACA = percent 
macrophage aggregates in the spleen; SPMA = percent functional parenchyma in the spleen. 
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Brushy Fork (although bluegill are much more abundant than redbreast at all WOC sites) 
and/or (2) redbreast in the contaminated WOC system are more sensitive and vulnerable 
to chronic stress than are bluegill, thus explaining, in part, the different bioindieator 
responses between the two species in both Brushy Fork and the WOC system. 

53.1.4 condition Indicators 

Bluegii Total body lipids and the liver-somatic index for bluegill were significantly 
lower for fish in Brushy Fork than those in WOC and WOL respectively (Table 5-1). The 
RNA levels in the liver were higher, however, in the f i h  from Brushy Fork than in those 
from WOC. Most condition indices, especially total body lipids, appeared higher in WOL 
and WOC fish, except for bluegill in Melton Branch, than in Brushy Fork fGh (Fig. 5-4). 
Excluding total lipids, all condition indices in WOC fish were similar to those in Brushy 
Fork fBh (Fig. 5-4). 

Redbreast. The pattern of differences in lipid metabolism and histopathological 
responses between bluegill and redbreast sunfish was also reflected by the condition 
parameters. For example, total body lipids were higher for redbreast in Brushy Fork than 
in WOL and Melton Branch but were lower for bluegill (Table 5-1) in Brushy Fork than 
in WOC. In general, however, all condition parameters except total body lipids appeared 
slightly higher in fish from WOC than in those from Brushy Fork (Fig. 5-4). 

53.15 Detoxification Ekymes 

Because of significant differences in the levels of liver detoxification enzymes 
between sexes, males and females could not be combined for statistical comparisons. 
There were no significant differences, however, in the activity of P-450, EROD, and 
NADPH enzymes between the respective sexes of each species; thus, males of the two 
species were combined, as were femalcs, for the statistical analyses of these particular 
enzymes. Because concentrations of the electron transport enzyme, cytochrome b,, were 
significantly different between both species and sex, this parameter was analyzed 
separately from the other enzymes. 

For both malcs and females, there were no significant differences in the levels of 
EROD, P-450, and NADPH between sunfish from Brushy Fork and both WOC and 
Melton Branch (Table 5-2). Activity of EROD (in males) appeared higher in WOC than 
in Brushy Fork (Fig. 5-9 ,  but due to high within-site variability, no significant differences 
were detected. 

In female sunfish from WOL, however, EROD activities exceeded the levels found in 
Brushy Fork fish, but P-450 and NADPH were significantly lower than levels found at the 
reference site (Table 5-2, Fig. 5-5). Male sunfish in WOL exhibited a pattern similar to 
that of females, but only NADPH was significantly different (lower) from levels in fish in 
Brushy Fork (Table 5-2, Fig. 5-5). Even though cytochrome b, levels were significantly 
different between redbreast and bluegill, and between sexes for both species, there were 
no significant differences between sites, primarily because of high within-site variability. 
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Flg. 54. Response of the condition index indicators in bluegill and redbrepst sonfish at thtee 
sites in the White Oak Creek system, expressed as a petczntage of the mferemce site (Brushy Fork) 
value Bars with white tops indicate that the response of a particular parameter was greater in fish 
from the affected sites than in those from the reference site, and bars with black tops indicate a 
greater response in fish from the reference site than in those from the affected site. TLIP = total 
body lipids; LSI = liver-somatic index; VSI = visceral-somatic index; CDFC = condition factor; 
ratio = RNA:DNA ratio; RNA = level of RNA in liver. 
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Table 5-2 Statistical camprisons between sites for three liver detoxification enzymes in bluegill 
and redbreast sunfish* 

Brushy Fork vs Brushy Fork vs Brushy Fork vs 
Enzymeb White Oak Creek White Oak Lake Melton Branch 

M F M F M F 

EROD NS NS NS - NS NS 

P-450 NS NS NS + NS NS 

NN)PH NS NS f + NS NS 

"The symbols "+" and "-" denote values for Brushy Fork (reference stream) significantly higher and 
lower, respectively, than those for the comparison site at the 95% confidence level. M = males; F = females; 
NS = not significantly different. 

bEROD = 7ethoxyresorufin Odeethylase; NADPH = nicotinamide adenine dinucleotide. 

53.2 Integrated Bioindicator Responses 

A canonical discriminant analysis procedure was u.ed to examine the integrated 
physiological response of fish to environmental stress in the WOC system. This procedure 
evaluated blood biochemical parameters (protein, carbohydrate, and lipid metabolic 
responses), liver detoxification cnzymes, nucleic acids (RNA and RNADNA ratio) and 
condition indices within a multivariate context. With canonical discriminant analysis, the 
mean values of the first two canonical variables (the two variables that account for most of 
the ability to separate integrated fish responses at each site) were plotted for fish from 
each site, along with the statistical confidence region (90%). Sites were considered to be 
significantly different if the 90% confidence radii of the site means did not overlap. This 
integrated response analysis consisted of three components: (1) evaluation of differences 
between sites, and between species within sites, based on the total set of response 
variables; (2) variable selection/screening to determine the best subset of variables for 
evaluating the response of fish to environmental stress; and (3) evaluation of the selected 
response variables. 

53.21 Integrated Site Evaluation 

Multivariate analysis involving two different sets of variables was used to evaluate the 
integrated responses between all sites. The 17-variable set incorporated the 
carbohydrate-protein, lipid, liver enzyme, and condition index parameters. The second 
group set consisted of a 16-variable subset and incorporated all of the above parameters 
except that the growth indicators, RNA and RNADNA, were substituted €or the lipid 
parameters. 
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Fig. 5-5. Response of the detaxitication enymes (P-450, =OD, NADPH) in male and 
female sunfish from three sites in the White Oak C h e k  system “pressed as a percentage of the 
reference site (Brushy Fbrk) value. Bars with white tops indicate that the response of a particular 
parameter was greater in fEh from the affected sites than in those from the reference site, and 
bars with black tops indicate a greater response in fish from the reference site than in those from 
the affected site. EROD = 7-ethoxyresorufin O-deethylase; NADPH = nicotinamide adenine 
dinucleotide. 



118 

Using both sets of variables, all sites were segregated and distinct in their integrated 
response (Fig. 5-6), demonstrating that Brushy Fork was significantly different from all 
sites in the WOC system. With the 17-variable set that included the lipid parameters, sites 
were separated by larger linear distances than they were in the case where the RNA and 
the RNADNA variables were substituted for the lipid data. In the 17-variable set, the 
largest separation between sites occurred between Brushy Fork and WOC. With the 
16-variable set, however, sites were closer together, indicating that the lipid parameters 
were relatively more important than the RNA and RNADNA parameters in 
discriminating between sites. 

5322 Integrated Specks Evaluation 

To determine the integrated responses of bluegill in relation to redbreast sunfish, the 
multivariate discriminant analysis procedure was performed by incorporating the same set 
of 17 variables that was used in the integrated site evaluation. The results showed that 
sites were significantly different for each species comparison and that redbrcast and 
bluegill sunfsh were significantly different from one another at each site (Fig. 5-7). For 
bluegill, all sites were widely separated from each other. Even though redbreast sunfish 
from Brushy Fork and WOC were significantly different, they were more similar to each 
other than were redbreast sunfish from Brushy Fork and WOL. Bluegill clustered as a 
group on the left side of the discriminant plot (Fig. 5-7), whereas redbreast clustered on 
the right side of the plot. Such a pattern indicated that there were fewer differences in 
the integrated response of a particular species between sites than in the integrated 
responses between species: that is, species effects appeared to be greater than site effects. 

5323 Variable Selection/Screening 

Statistical procedures were used to identify subsets or combinations of variables that 
could discriminate as well between the three sites as could the full set of 17 variables. 
The U-ratio (McCabe 1975) is a statistical measure of the ability of variable subsets to 
discriminate between sites. The higher the ratio, the less discriminatory power a particular 
variable subset has. A plot of the U-ratio for subsets ranging from 1 to 17 variables 
(Fig. 5-8) indicated that beyond 10-11 variables (approximate break point in line), very 
little additional discriminating ability can be gained by the addition of more variables. 

Using the variable selection process of McCabe ( 1 9 7 9  the variables that were the 
most useful for discriminating between integrated site responses in the spring were the 
following (listed in order of importance): (1) serum triglycerides, (2) liver-somatic index, 
(3) bilirubin, (4) P-450, ( 5 )  cytochrome b, electron transport enzyme, (6) SGOT, 
(7) RNADNA, and (8) microsomal protein. 

The variables selected €or the highest discriminating ability between sites €or the fall 
1986 (Lmar et al. 1992) and spring 1987 sampling periods are listed in Table 5-3. Of the 
ten most important variables, eight were common to both seasons, including four 
indicators of carbohydrate-protein metabolism, two detoxification enzymes, and two 
indicators of overall condition. However, the relative importance of these eight indicators 
was different between seasons. For example, serum triglyceride was the most important 
indicator in the spring but did not add to the discriminating ability for the fall sites. The 



119 

8 

6 

u 
m 4  a 

s *  
s 

p6 

d 
4: 

z 
6 z u -2 u 

g o  

a 
g -4 
0 w 
v9 

-6 

ORNL-DWG 88-1743 

I I 1 I I I I I I 

-0 
REFERENCE - 

woe 

-8 c 
0 

REFERENCE 

I I I I I I I I I 1 
2 4 6 8 -8 -6 -4 -2 0 

FIRST CANONICAL VARIABLE 
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Table 5-3. Relative importance ranking of the various hioindicators used to dimirnina te between 
the inkgrated responses of redbreast sunfish at three sites in the White Oak Greck system 

and Brushy Fork, a reference site 

The lower the rank, the higher the ability of the indicator to discriminate between sites 

Relative rank 

Fall 1986 Spring 1987 

CarbohydrateProkh Metabolism 

Glucose 
SGOT 
Serum protein 
Bilirubin 

Lipid Metabolism 

Serum triglycerides 

Detoxification Enzymes 

P-450 
Cytochrome b, 
Microsomal protein 

Condition Indices 

Liver-somatic index 
RNA-DNA ratio 
Condition factor 
Visceral-somatic index 

a 

5 
6 
a 

3 
1 
9 
10 

10 
6 
9 
3 

1 

4 
5 
8 

2 
7 
a 

a 

“Received a ranking greater than 10. 
Note: S W I  = serum glutamate oxaloacetate transaminase; RNA = ribonucleic acid; 

DNA = deoxyribonucleic acid. 

liver-somatic index and the P-450 and cytochrome b, enzymes were similar in importance 
in both seasons. 

The existence of seasonal differences in the ability of indicators to discriminate 
between integrated site responses illustrates the importance of using a suite of response 
parameters for evaluating the effects of chronic stress on organisms. In both seasons, 
indicators representative of several physiological functions were necessary to distinguish 
site responses. Site responses or differences between sites cannot usually be detected 
based on only one (or evcn a few) individual indicators (Adams e t  al. 1988). 
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53.24 Evaluation of the Selected Response Variables 

The single most important variable for distinguishing between site responses in spring 
1987 was serum triglycerides, a parameter that is more reflective of the level of nutritional 
status in fish than it is the degree of metabolic stress. In general, chronically low serum 
triglyceride levels indicate negative energy balance and nutritional deficiency. For fiih 
inhabiting stressed environments, three situations could result in chronically low serum 
triglyceride levels: (1) inadequate food availability (quality and/or quantity) to maintain 
fish in a positive energy balance; (2) abnormal foraging behavior or reduced feeding ability 
due to contaminant effects; and (3) stress-related depletion of body lipid stores, resulting 
in reduced energy availability for metabolic pathways to maintain Serum triglycerides at 
normal levels. 

As observed for the fall 1986 data set ( b a r  et  al. 1992), the liver-somatic index was 
one of the most important bioindicators for evaluating contaminant effect responses 
between sites. The index reflects both short-term nutritional status and metabolic energy 
demands (Heidinger and Crawford 1977, Adams and M c k a n  1985). In addition, the 
liver-somatic index is a sensitive indicator of toxicant stress; liver enlargement 
(hyperplasia) has been reported in fish exposed to various types of pollutants (Chambers 
1979, Poels et  al. 1980). 

Increases in serum bilirubin levels are useful in the early detection of liver 
dysfunction. This indicator ranked third in importance in the spring but only eighth in the 
fall. Physiological and/or morphological liver impairment due to various types of stressors 
can result in increases in serum bilirubin or  hyperbilirubinemia (Mattsoff and Oikari 1987). 
Elevated levels of bilirubin in bluegill from the WOC system (Fig. 5-11 could be associated 
with higher amounts of necrotic liver parenchyma (Fig. 5-3). 

Indicators that ranked fourth and fifth in importance to site differentiation were the 
liver detoxification enzymes, P-450 and cytochrome b, respectively. These enzymes play a 
major role in the biotransformation or metabolism of xenobiotics, such as pesticides, 
hydrocarbons, chlorinated hydrocarbons, and numerous biological molecules, including 
steroid hormones (Payne and Penrose 1975, Stegeman 1981). High levels of these 
enzymes are generally associated with increased liver-somatic index values because with 
enzyme induction there is proliferation of hepatic endoplasmic reticulum that results in 
liver enlargement or hypertrophy (Sloof e t  al. 1983, Fabacher and Baumann 1985). 

As a general indicator of protein metabolism/catabolism, SGOT can reflect tissue 
damage and impaired organ function (Freeman and Idler 1973, Rhodes et al. 1985). This 
indicator contributed a significant amount of statistical discriminating ability between sites 
(ranked sixth), even though levels of SWT, as an individual response parameter, were 
not significantly different between sites. 

In the fa1 1986 collection, RNA:DNA was the single most important indicator for 
site segregation. In the spring 1987 collection, however, it ranked seventh in importance. 
This ratio is an indicator of immediate or short-term fish growth in natural systems (Bulow 
1970, Haines 19731, as well as an indicator of exposure to sublethal concentrations of 
toxicants (Barron and Adelman 1984). It is generally considered a more accurate index of 
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growth than RNA concentration alone, since the ratio is not affected by cell number or 
size in the tissue sampled (Hotchkiss 1955). 

The relative importance of this ratio was less in the spring because fish were sampled 
in late March, when stream temperatures were still relatively low (Figs. 2-5 and 2-6) and 
before adequate levels of food were available for fish to realize any sustained growth. In 
the fall, however, food levels are typically high, and fish are growing at their maximum 
rate (Adams and McLean 1985). 

Microsomal protein ranked eighth in importance for site segregation, even though it 
did not contribute to the variable selection procedure in the fall. Detoxification enzymes 
(fourth- and fifth-ranked variables), the liver-somatic index (ranked second), and 
microsomal protein are all related. Elevated levels of liver enzymes are due to increased 
microsomal protein production (endoplasmic reticulum), which results in hypertrophy in 
liver tissue (increased liver-somatic index). 

5.4 SUMMARY AND CONCLUSIONS 

Major findings of the bioindicator studies conducted in 1987 are listed below: 

1. The integrated responses of fish from the reference site (Brushy Fork) were 
significantly different from the integrated responses of fBh from both WOC and WOL. 
Also, there were significantly different integrated responses between fsh from WOC and 
WOL. The pattern of responses observed between sites within the WOC system and 
between Brushy Fork and the WOC sites in the spring 1987 was the same as that observed 
in the fall 1986 ( b a r  et al. 1992, Fig. 5-6). 

2. Of the ten most important variables for discriminating between sites in the spring, 
eight were also important for site discrimination in the fall sampling period. The relative 
importance of these ten variables in evaluating site responses during the two seasons 
varied, although the liver-somatic index was among the top three variables in both seasons. 

3. In evaluating the effects of chronic stress on fish populations, indicators should be 
utilized that are representative of several physiological functions, such as carbohydrate- 
protein metabolism, lipid metabolism, enzyme response, and condition indices. 

4. Investigations related to the effects of environmental stress on f sh  are more 
effectively evaluated using integrated responses (multiple bioindicators) instead of 
individual parameter responses (also see Adams et  al. 1985). 

The results of this and previous studies ( b a r  et al. 1992) have provided a focus for 
the direction of future investigations, which fall into four major areas: 
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1. Manipulative caging experiments. These experiments will be initiated in late spring 
1988 to evaluate the effects of chronic stress under semicontrolled conditions. Healthy, 
uncontaminated fish will be placed in a large cage located in WOC between WCK 2.0 and 
WCK 2.5 and in a cage in Brushy Fork, the reference stream. Fish will be also released 
outside the cages at both sites. The response of these fish to environmental conditions in 
WOC will be determined by applying the suite of indicators selected in this and previous 
( b a r  e t  al. 1992) studies. Differences in responses between caged (starved) and uncaged 
(well-fed) fish should indicate the relative importance of direct (waterborne) vs indirect 
(food chain) effects of chronic stress on f s h  in the WOC system. 

2. Evaluation of Brushy Fork as an appropriate reference site. In 1987, fish from four 
reference (or control) sites were sampled to determine if Brushy Fork was, in fact, an 
appropriate and representative reference site for the WOC studies. In 1988 all the data 
Erom this study will be analyzed, and the results will be summarized in the next annual 
report. 

3. Studies of reproductive success and competence. Preliminary studies will be 
initiated in spring and summer 1988 to evaluate the effects of chronic stress on the 
reproductive competence or success of fish in the WOC system. The initial studies will 
primarily involve the design, development, and screening of various bioindicators of 
reproductive success, such as steroid hormones, vitellogenin production, and egg quality 
and quantity. 

4. Sampling strategy. The monitoring frequency for future bioindicator studies will be 
reduced to a single intensive seasonal survey because (1) the pattern of integrated 
responses between sites was similar in the fall and spring, thus eliminating the need for 
additional information on the seasonal differences in integraled site responses; (2) there is 
some evidence that multiseasonal sampling may exert an unacceptable collection pressure 
on the bluegill and redbreast sunfish populations, especially the females; and (3) new 
bioindicator studies will be initiated, including the caging experiments and investigations of 
reproductive success, and these studies will complement the seasonal bioindicator 
sampling. The main advantage of one intensive sampling period is that collection pressure 
on the fish populations can be reduced, and the sample size can be substantially increased. 
Such a change will improve both statistical reliability and ultimately the evaluation oE 
effects of chronic stress on the integrity of fish populations in the WOC system. 



6. INSTREAM ECOLOGICAL MONITORING 

The objectives of the instream ecological monitoring task (Task 4 of BMAF') are 
(1) to characterize spatial and temporal patterns in the distribution and abundance of the 
benthos and fish populations in WOC watershed; (2) to identify contaminant sources that 
adversely affect stream biota, including differentiation between point sources and nonpoint 
(or area) sources, wherever possible; and (3) to monitor these populations and evaluate 
the future effects on community structure and function from operation of new wastewater 
treatment facilities, from improvements in waste management operations, and from 
implementation of remedial actions directed at area source control. This task consists of 
three components: (1) benthic invertebrate studies (Subtask 6a), (2) fish population 
studies (Subtask 6b), and (3) evaluation of biotic changes (Subtask SC); results to date of 
these studies are presented in Sects. 6.1-6.3 respectively. 

6.1 BENTHIC MACROINVERTEBRATES 

6.1.1 Introduction 

Benthic macroinvertebrates are those organisms that are large enough to be seen 
without the aid of magnification and that live on or in the substrate of flowing and 
nonflowing bodies of water. Their limited mobility and relatively long life spans (a few 
weeks to more than 1 year) make them ideal for use in evaluating the ecological effects of 
effluents on streams (Platts et  al. 1983). The composition and structure of the benthic 
community reflects the relatively recent past and can be considerably more informative 
than monitoring methods that rely solely on water quality analyses but ignore the potential 
synergistic effects often associated with complex effluents. 

A preliminary characterization of the benthic macroinvertebrate communities of the 
WOC watershed based on sampling conducted during a &month period from May through 
October 1986 ( b a r  et  al. 1992) was included in the first annual report of BMAP. To 
adequately evaluate the status of a benthic community and the effects of an environmental 
change (e.g., a perturbation or improvement in water quality), a complete understanding 
of both the seasonal and annual changes of a benthic community is needed. Thus, the 
present report includes analyses for an additional 6 months of data (November 1986-April 
1987), and where appropriate, the data prescnted in the first annual BMAP report as well. 
The major objective of this study is to provide data on the benthic macroinvertebrate 
communitics in WOC and tributaries and WOL in order to (1) document the ecological 
impacts of past and current operations and (2) identify contaminant sources that adversely 
impact these stream communities. The results of this study will also be used to provide a 
baseline from which the effects of remedial actions can be properly evaluated. 

6.12 Materials and Methods 

Benthic macroinvcrtebrate samples were taken, at approximately monthly intervals 
from November 1986 through April 1987, from 15 stream sites in the WOC watershed 
(Fig. 2-2); and a single transect was sampled in lower WOL at approximately bimonthly 
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intervals. The sampling sites included all sites sampled during the May through October 
1986 study ( b a r  et al. 1992). The uppermost site of each stream served as a reference 
site. In addition, a single site [Brushy Fork kilometer (BFK) 7.61, a stream located just 
north of Oak Ridge near Marlowe, was used as an additional reference site for WCK 2.3. 
Data for site BFK 7.6 included samples collected at monthly intervals from May 19% 
through ApriJ 1987. 

Three randomly selected benthic macroinvertebrate samples were collected from 
riffles at each stream site with a S u r k r  bottom sampler (0.09 m2, or 1 ft2; 363-pm-mesh 
net). In WOL, five samples were collected at -10-m intervals across a single transect with 
a hand-operated Ponar dredge (15 x 15 x 15 cm). Five randomly selected samples were 
collected from a rime in Brushy Fork with a modified Hess sampler (0.1 m2, 363-pm-mesh 
net). Qualitative samples were collected from all stream sites and from WOL in March 
and April 1987, with a D-frame aquatic dip net (mesh of 800 x 900 pm). Qualitative 
samples were collected from riffle and nonrifle habitats (e.g., pools, leaf packs, detritus, 
snags) at the stream sites and from all identifiable habitats (e.g., emergent vegetation, leaf 
packs, snags, riprap) in WOL. Qualitative samples were washed in the field in a net 
(363-pin-mesh net) and a white pan to concentrate the organisms. Both quantitative and 
qualitative samples were placed in prelabeled glass jars and preserved in 80% ethanol; the 
ethanol was replaced with fresh ethanol within 1 week. 

Various supplemental information was also recorded at the time of sampling. At 
each stream site, water temperature and specific conductance were measured with a Cole- 
Parmer Model R-1491-20 LCD temperature/conductivity meter. Recorded for each 
sample were water depth, location within the riffle area (distance from permanent 
headstakes on the stream bank); relative current velocity (visually determined as very slow, 
slow, moderate, or fast); and substrate type, which was determined with the use of a 
modified Wentworth particle-size scale ( b a r  e t  al. 1985). In WOL, a single measurement 
of water temperature and specific conductance was obtained at the surface, and water 
depth and substrate type were also recorded for each sample. 

All samples were washed in the laboratory in a standard No. 60-mesh (250-pm-mesh) 
sieve and then placed in a white tray. Organisms were removed from the debris with 
forceps and placed in labeled vials containing 70% ethanol. Organisms were identified to 
the lowest practical taxonomic level with the use of a stereoscopic dissecting microscope. 
Chironomid larvae were first sorted into groups based on morphological similarities, and 
then one or more representatives of each group was mounted on a slide in CMC-10 
mounting media and identified using a compound microscope. The remaining larvae were 
then identified at a magnification of 80 to 12Ox with a dissecting microscope. A blotted 
wet weight (biomass) of all individuals in each taxon was determined to the nearest 
0.01 mg on a Mettler analytical balance. 

Slides of mounted chironomid larvae were retained in slide boxes, and individuals of 
the remaining taxa from a given site and sampling date were preserved in separate vials in 
80% ethanol. A reference collection, for which the identification of each taxon has been 
verified, will be maintained at ORNL. 



All data were analyzed using the Statistical Analysis System (SAS 1985a, 1985b). 
The Shannon-Wiener index (H’) was used to calculate the taxonomic diversity of benthic 
macroinvertebrates at each site (Pielou 1977): 

where pj is the proportion of the benthic invertebrate community made up by species j. 
For statistical comparisons, data were transformed [log,, (x + l), where x = individual 
values for density, biomass, richness, etc.] (Elliott 1977). Mean values for density, biomass, 
number of taxa per sample (species richness), and diversity of the reference sites and their 
respective downstream sites were compared, using a two-way ANOVA, with site and date 
as the main effects; only site effects are covered in this report. Significant site differences 
(p < 0.05) were identified with Tukey’s studentized range test. The number of samples 
varied between sites because some upstream reference sites were dry or, in the case of 
First Creek kilometer (FCK) 0.8, were initially sampled at a different frequency (see Sect. 
2.1 and Loar et  al. 1992, Table 6-1). Consequently, statistical analyses were limited to 
only those dates on which samples were collected from both the reference and 
downstream sites of each stream. 

6.13 Results 

6.13.1 White Oak Creek and tniutaries 

Taxmomic Composition. A total of 200 benthic macroinvertebrate taxa were 
identified in quantitative samples from WOC and its tributaries from May 1986 through 
April 1987 (Appendix E, Table E-1). Of these taxa, 174 were insects representing 
12 orders. The most taxonomically rich group was Diptera (true flies) with 90 taxa, 71 of 
which were chironomids (nonbiting midges). The number of taxa in the other orders of 
insects were Collembola (spring tails), 3; Coleoptera (beetles), 10; Ephemeroptera 
(mayflies), 13; Hemiptera (true bugs), 3; Hymenoptera (wasps), 1; Megaloptera (alderflics, 
dobsonflies, and hellgrammites), 3; Neuroptera (spongillaflies), 1 ; Odonata (damselflies 
and dragonflies), 15; Plecoptera (stoneflies), 14; and Trichoptera (caddisflies), 21. The 
noninsect groups and the number of taxa in each included Amphipods (sideswimrners), 2; 
Decapoda (crayfish), 2; Gastropoda (snails), 11; Hydracarina (water mites), 2; Isopoda 
(aquatic sowbugs), 2; Nematoda (roundworms), 1; Oligochaeta (aquatic earthworms), 2; 
Pelecypods (mussels), 3; and Turbellaria (flatworms), 1. In addition to the taxa collected 
during routine quantitative sampling, 13 additional taxa were collected during the spring of 
1987 in qualitative samples, including 6 dragonflies/damselflies, 3 chironomids and 1 each 
mayfly, beetle, nonchironomid dipteran, and snail (Table E-1). 

Relative to the nonreference sites (i.e., those sites located downstream of ORNL 
facilities), the reference sites (FCK 0.8, FFK 1.0, MEK 2.1, NTK 1.0, and WCK 6.8) 
generally had a greater variety of taxa within each of the major taxonomic groups 
(Table E-1). For example, the combined total of caddisfly, mayfly, and stonefly taxa was 
21 or greater at each reference site, but exceeded 10 at only 2 nonreference sites 
(NTK 0.2 and MEK 0.6, each with 15). Additionally, some major taxonomic groups 
(orders) were totally absent at some sites or were collected in only qualitative samples. 



129 

Table 61. Mean annual density (numbex per 0.1 m? and biomass (milligrams wet weight per 
0.1 m? of benthic macaoinvcrtebrates in White Oak Creek mtcrsbd, May 1986-April1987 

Standard error of the mean is given in parenthesis 

Site" Nb Densityc Densityd Biomass" Biomassd 

FCK 0.1 

FCK 0.8 

FFK 0.2 

FFK 1.0 

MEK 0.6 

MEK 1.2 

MEK 2.1 

NTK 0.2 

NTK 1.0 

WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

36 

32 

36 

36 

35 

35 

24 

36 

30 

36 

36 

36 

36 

142-3 
(69.5) 

207.3 
(24.8) 

6.0 

(1.5) 

(88-9) 
342.5 

113.8 
(41.0) 

106.1 
(36.0) 

(21.2) 

(47.3) 

124.5 

173.0 

142.7 
(33.1) 

168.3 
(62.5) 

135.2 
(49.4) 

(74.5) 
238.5 

255.8 
(85.9) 

179.2 
(29.9) 

289.5 
(25.5) 

(44.9 
123.7 

803.8 
(101.5) 

224.6 
(65.8) 

213.4 
(55.8) 

202.9 
(54. I) 

(54.5) 
280.8 

333.5 
(43.1) 

486.5 

(85.5) 

283.4 
(69.9) 

204.0 
(54.8) 

134.6 
(44.3) 

147.2 
(71.4) 

2218.0 
(272.1) 

3.6 
(1.5) 

(6.6) 
9.4 

99.9 
(58.9) 

0.03 
(0.02) 

(2.1) 
3.7 

6528.8 
(1739.8) 

62.0 
(33.17) 

7.8 
(3.8) 

(8.2) 

(2.4) 

(1.9) 

12.8 

3.8 

3.3 
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Table 6-1 (mntinued) 

Site" Nb Density' Densityd Biomass' Biomassd 

WCK 5.1 36 114.9 0.3 86.9 213.9 
( 4 . 6 )  (0.1) (21.3) (109.5) 

WCK 6.8 36 1.36.5 27.6 266.3 2661.4 
(27.9) (5.4) (57.9) (454.6) 

BFK 7.6 60 182.0 83.9 252.6 17,550.2 
(28.1) (15.9) (50.6) (2275.0) 

"FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; 
NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer; BFK = Brushy Fork kilometer. 

*Number of samples collected. 
'All taxa except Mollusca and Decapoda. 
dMollusca and Uecapoda only. 

Stoneflies were not collected at FFK 0.2, WCK 3.4, or WCK 5.1; and, at WCK 3.9, 
mayflies were not collected, and a single stonefly was collected in a qualitative sample. 

Density and biomass. Mean annual density and biomass of the benthic 
macroinvertebrates at each sampling site in WOC watershed are presented in Table 6-1. 
Exclusive of Mollusca and Decapoda, densities of other taxa rangcd from a low of 6.0 
individuals per 0.1 m2 at FFK 0.2 to a high of 342.5 individuals per 0.1 m2 at FFK 1.0. 
Densities tended to be higher in the upstream references sites, but this difference was 
significant in only First Creek and Fifth Creek (Tables 6-2 and 6-3) and in some WOC 
sites. For example, density was significantly lower at WCK 5.1 and WCK 2.9 than at their 
upstream reference site, WCK 6.8. Density at WCK 2.3 was also significantly lower than 
at BFX 7.6, a nearby reference stream similar in size to lower WOC (Table 6-3). 

Mollusks and decapods added little to the total community density at any site except 
Brushy Fork (Table 6-l), and their exclusion from the comparison of density among sites 
did not alter the pattern of significant differences between sites (Tables 6-2 and 6-3). 
Abundance was highest in Brushy Fork (83.9 individuals per 0.1 m2) and at FCK 0.8, 
NTK 0.2, and WCK 6.8, where their combined densities were 33.4, 20.9, and 27.6 
individuals per 0.1 m2 respectively. 

Excluding mollusks and decapods, biomass of the benthic invertebrates ranged from a 
low of 86.9 mg wet wt/O.l m2 at WCK 5.1 to a high of 803.8 mg wet wt/O.l m2 at FFK 1.0 
(Table 6-1). As with density, biomass tended to be highest in the upstream reference 
sites; however, values were significantly higher only in upper First Creek and Fifth Creek. 
In WOC, values were significantly lower than those at the reference site (WCK 6.8) only 
at WCK 5.1 and WCK 3.9 (Tables 6-4 and 6-5). When mollusks and decapods were 
excluded, biomass at BFK 7.6 and WCK 2.3 was not significantly different (Table 6-5). 
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Table 6-2 ComparLFons of mean benthic macroinw~rate  density with and without Decapods 
and Mollusca in tn'butaries of whire: oal CrceF 

A1 taxa All taxa except Decapoda and Mollusca 

Fit creek 

FCK 0.8 FCK 0.1 
n = 3 2  n = 3 3  

Fa& Creek 

m 1.0 FFK 0.2 
n = 3 6  n = 3 6  

Melton Branch 

MEK 2.1 MEK 0.6 MEK 1.2 
n = 2 4  n = 2 3  n = 2 3  

MEK 0.6 MEK 1.2 
n = 35 

Northwest Triiutary 

NTK 0.2 NTK 1.0 
n = 3 0  

FCK 0.8 FCK 0.1 
n = 3 2  n = 3 3  

FFK 1.0 FFK 0.2 
n = 3 6  n = 3 6  

MEK 2.1 MEK 0.6 MEK 1.1 
n = 2 4  n = 2 3  n = 2 3  

MEK 0.6 MEK 1.2 
n = 35 

NTK 0.2 NTK 1.0 
n = 3 0  

"N = number of samples. Sites connected b>l the same line are not significantly different (p > 0.05), 
based on Tukey's studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. FCK = First Creek kilometer; FIX = Fifth Creek kilometer; MEK = Melton Branch kilometer; 
NTK = Northwest Tributary kilometer. 

Mollusks and decapods contributed significantly to total biomass at some sites, 
especially at Brushy Fork (17.6 dO.1 m2) but also at FCK 0.8, NTK 0.2, and WCK 6.8, 
where their combined weights were 2218.0,6528.8, and 2661.4 mg wet wtD.1 m2 
respectively (Tables 6-1,6-4, and 6-5). Although these groups made substantial 
contributions to the biomass at FCK 0.1 and WCK 5.1, their contributions were not 
significant compared with their reference sites. Compared with their mntribution at 
MEK 1.2, mollusks and decapods contributed signiticantly to the biomass at MEK 0.6; and 
biomass at BFK 7.6, including decapods and molluskr;, was significantly greater than at 
WCK 2.3. Except for NTK 0.2, most of the biomass of these two groups at nonreference 
sites consisted of a few crayfish. 
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Table 6-3. Comparisons of mean benthic maaoinvertebrate density with and without Decapods 
and Mollusca in White Oak Creelr‘ 

Siteb 

AU taxa e&cept Decapods and Moflusca 

WCK 3.4 WCK 2.3 WCK 6.8 WCK 3.9 WCK 5.1 WCK 2.9 

n = 3 6  

Alltag 

WCK 3.4 WCK 6.8 WCK 2.3 WCK 3.9 WCK 5.1 WCK 2.9 

BFK 7.6 WCK 2.3 
n = 6 0  n = 3 6  

All taxa arcept Decapoda and Mollusca 

BFK 7.6 WCK 2.3 
n = 6 0  n = 3 6  

“N = number of samples. Sites connected by the same line are not significantly different (p > 0.05), 
based on Tukey’s studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. 

bBFK = Brushy Fork kilometer; WCK = White Oak Creek kilometer. 

Considerable temporal variability occurred within and between sites in the density 
and biomass of benthic macroinvertebrates (excluding mollusks and decapods)’ in WOC 
and tributaries (Figs. 6-1 and 6-2). Highest densities at all sites except MEK 1.2 and 
WCK 3.9 occurred during April, and some sites exhibited an additional but smaller peak 
during the late fall and early winter. Peak density at MEK 1.2 occurred in November; the 
most abundant taxonomic group was the chironomid, PoZypediZum, whose numbers 
increased steadily after August. Density at WCK 3.9 increased dramatically after October 
before finally reaching a peak in January. The increase in density at this site during this 
time period was primarily associated with substantial increases in chironomids (primarily 

‘The weights presented in Fig. 6-2 exclude Mollusca (snails and clams) and Decapoda 
(crayfBish) in order to make the weight of benthic organisms at each site more comparable without 
the biasing effect of a few large organisms. However, these taxa are included in the estimates of 
mean monthly density shown in Fig. 6-1. 



133 

Tabk 6-4. Chrnparisuns of mean benthic maaoinvleReb rate biomass with and without h p o d a  
and Mollusca in White Oak Creek triiutariesr 

All taxa All taxa except Decapoda and Mollusca 

Fmt Creek 

FCK 0.8 FCK 0.1 
n= 32 n= 33 

FFK 1.0 FFK 0.2 
n=36 n = 3 6  

MEK 0.6 MEK 2.1 MEK 1.2 
n = 2 3  n = 2 4  n = 2 3  

MEK 0.6 MEK 1.2 
n= 35 n= 35 

NTK 0.2 NTK 1.0 
n= 30 n= 30 

Melton Branch 

Northwest Tniintary 

FCK 0.8 FCK 0.1 
n= 32 n= 33 

FFK 1.0 FFK 0.2 
n = 3 6  n = 3 6  

MEK 0.6 MEK 2.1 MEK 1.2 
n= 23 n= 24 n= 23 

MEK 0.6 MEK 1.2 
n= 35 n= 35 

NTK 1.0 m 0.2 
n = W  n = 3 0  

“N = number of samples. Sites connected by the same line are not significantly different (p > 0.05), 
based on Tukey’s studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; 
NTK = Northwest Tributary kilometer. 

CricotopuslOrthocladius group), oligochaetes, and the dipteran, Hemerodrornia. The 
increase in density of these groups at WCK 3.9 most likely occurred as a result of a spill 
of -29,500 L (7800 gal) of a 5% ethylene glycol solution into WOC near WCK 4.8 
(6OOO area) in September 1986. As this compound degraded, it most likely provided an 
ideal and abundant food supply (through increased microbial production) for these taxa. 
In combination with the ability of these taxa to reproduce rapidly, this spill allowed the 
populations to increase dramatically. Increases in density at sites in WOC downstream of 
WCK 3.9 during this time period were less dramatic. 

Biomass was generally highest at most sites during the spring and early summer, 
although increases during early winter to midwinter and early summer to midsummer were 
also evident at most of the reference sites and at some nonreference sites (Fig. 6-2). As 
observed for density, biomass at WCK 3.9 showed a steady and dramatic increase after 
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Table 6 5 .  Comparisons of mean benthic macroinvertebrate biomass with and without Dccapoda 
and Mollusca in While Oak Creek? 

Siteb 

AU taxa acluding Dccapoda and Mollusor 

WCK 2.3 WCK 6.8 WCK 2.9 WCK 3.4 WCK 5.1 WCK 3.9 

WCK 6.8 WCK 2.3 WCK 2.9 WCK 3.4 WCK 5.1 WCK 3.9 

n = 3 6  

BFK 7.6 WCK 2.3 
n = 6 0  n = 3 6  

AU taxa except Decapoda and Mollusca 

WCK 2.3 BFK 7.6 
n = 3 6  n = 6 0  

“N = number of samples. Sites connected by the same line are not significantly different (p > 0.05), 
based on Tukey’s studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. 

bWCK = White Oak Creek kilometer; BFK = Brushy Fork kilometer. 

October before peaking in January. Seasonal changes in biomass at WCK 2.3 and WCK 
2.9 were very similar, most likely due to their similar taxonomic composition. The sites in 
Melton Branch, however, which had considerably different community compositions, 
exhibited little similarity in their seasonal biomass changes. 

Dominant taxa. A majority of the within- and between-site differences in density and 
biomass of the benthic macroinvertebrate communities (exclusive of decapods and 
mollusks) can be accounted for with four major groups of organisms: the true flies 
(Diptera), beetles (Coleoptera), caddisflies (Trichoptera), and aquatic worms 
(Oligochaeta). Additionally, dragonflies (Odonata), mayflies (Ephemeroptera), stoneflies 
(Plecoptera), and aquatic sowbugs (Isopoda) contributed considerably to the community 
biomass and/or density of some sites. 

taxa of benthic invertebrates throughout the WOC watershed (Figs. 6-3 and 6-4). 
Although densities of nonchironomid dipterans did not exceed 10% of the total 

Dipterans, particularly the chironomids, consistently represented the most abundant 
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Fig. 6-1. Monthly mean density of benthic macroiavertebrates in White Oak Creek 
watemhed, h4ay lWj-April 1987. FCK = First Creek kilometer; MEK = Melton Branch 
kilometer; WCK = White Oak Creek kilometer; FFK = Fifth Creek kilometer; NTK = 
Northwest Tributary kilometer. 
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F@ 6-3. Relative abundance (percentage of mean ann& density) of seleded benthic 

FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; 
NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer. 

macroimrertebtate tamnolnic p u p s  in white oak creek watershed, May lSApl i l1987.  
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May 1986-April 1987. FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = 
Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek 
kilometer. 
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community density at any site except FFk: 0.2 and WCK 3.9, they did account for more 
than 10% of the total community biomass at all sites but FCK 0.8, WCK 2.3, WCK 2.9, 
and WCK 3.4. A few large-bodied craneflies (Tipulidae) accounted for the high relative 
biomass of this group. Although numerically dominant, the chironomids, which were 
generally very small, typically did not dominate community biomass. Their greatest relative 
contributions to biomass were at FCK 0.1, MEK 0.6, WCK 2.9, WCK 3.4, WCK 3.9, and 
WCK 5.1. The relative abundance of chironomids was greatest at nonreference sites, 
where they accounted for 42 to 93% of the total community density; their relative 
abundance at the reference sites did not exceed 27%. Furthermore, as the relative 
abundance of chironomids increased, the relative abundance of the chironomids within the 
CricotopwlOrthmladius group tended to also increase. 

In general, caddisflies achieved their greatest relative abundance and biomass in the 
most downstream site(s) of each stream (Figs. 6-3 and 6-4). Caddisflies achieved their 
greatest relative abundance (30%) and weight (68%) at MEK 1.2 and WCK 2.3, 
respectively, and contributed little to either the biomass ( ~ 1 % )  or abundance ( 4 2 % )  of 
benthic invertebrates at FF'K 0.2 and WCK 3.9. With the exception of these latter two 
sites, the relative biomass of caddisflies at the nonreference sites tended to be high in 
comparison with their densities; whereas, at the reference sites, their relative biomass and 
numbers were very similar, suggesting more balance within the communities of the 
reference sites. Also, one or two taxa (Cheurnatopsyche and Hydropsyche) accounted for a 
majority of the total caddisfly density and biomass at the nonreference sites; while at the 
reference sites, particularly FFK 1.0, several taxa contributed. 

Oligochaetes were most likely represented by two or three families and several 
genera, but no identifications were made of this group. No consistent pattern in the 
distribution of oligochaetes was discernable within the streams of the WOC watershed 
(Figs. 6-3 and 6-4). Their highest relative abundance occurred at FFK 0.2 (16%), 
WCK 3.9 (16%), and WCK 6.8 (ll%), while their greatest relative biomass (24 to 30%) 
occurred at FCK 0.1, NTK 1.0, WCK 29, and WCK 3.9. 

With few exceptions, the highest relative abundance and biomass of beetles were 
generally found at the reference sites, ranging from 7 to 13% and 3 to 1796, respectively 
(Figs. 6-3 and 6-4). Of the nonreference sites sampled, the greatest relative abundance 
and biomass of beetles occurred at NTK 0.2 (25 and 13%, respectively); relative 
abundance and biomass at the remaining nonreference sites were considerably less. 

Mayflies and stoneflies contributed little to either biomass or density at any 
nonreference sites, where, with the exception of stoneflies at MEK 0.6, the relative 
abundance and biomass of both groups never exceeded 0.5% (Figs. 6-3 and 6-4). Relative 
to the nonreference sites, however, these groups contributed substantially to the density 
and/or biomass of the reference sites. The relative abundance and biomass of mayflies 
and stoneflies at the reference sites ranged from 3 to 20% and 4 to 33% respectively. 

Odonates contributed little to the total community density (2% or less) at any site in 
WOC watershed, but because of their large and heavy bodies, their contributions to 
community biomass was considerable at some sites (Figs. 6-3 and 6-4). In terms of 
biomass, their greatest contributions were at MEK 0.6 (32%) and MEK 1.2 (24%), where 
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the relative abundance of the small-bodied chironomids was very high (Figs. 6-3 and 6-4). 
The highest relative biomass of odonates at the reference sites occurred at MEK 2.1 
(12%), but was 5% or less at all other reference sites. 

As was the case with mayflies and stoneflies, the highest relative abundance and 
biomass of isopods occurred at the reference sites, although at FCK 0.8 and WCK 6.8 they 
contributed little to either parameter (Figs. 6-3 and 6-4). Except for FFK 0.2 where the 
relative density and biomass of isopods were 4 and 2%, respectively, the relative 
abundance and biomass of this group did not exceed 0.5%. 

Community structure. With the exception of samples from Melton Branch, more 
taxa were collected from the reference site of each stream than from their respective 
downstream site(s) (Fig 6-5); the total for the reference site on Melton Branch 
(MEK 2.1), however, included only 8 months of samples, since this site was dry from July 
through October of 1986. The greatest number of taxa (101) were collected at FFK 1.0, 
while the fewest taxa (31) were collected at FFK 0.2. In both Melton Branch and WOC, 
the fewest taxa were collected at the midstream sites. 

The annual mean number of taxa collected per sample followed a trend similar to 
that of total number of taxa; the highest values generally occurred at the reference sites, 
and the lowest values occurred in the mid-reach sites of Melton Branch and WOC 
(Table 6-6). These trends were significant for First Creek, Fifth Creek, WOC, and 
Melton Branch (MEK 2.1 relative to MEK 1.2) (Table 6-7). Also, the mean number of 
taxa collected was significantly greater in Brushy Fork than in WCK 2.3 (Tables 6-6 and 
6-7). As observed for the total number of taxa, FFK 1.0 exhibited the highest annual 
mean number of taxa (24.5 taxa per sample) in the watershed, while FFK 0.2 exhibited the 
lowest (3.4 taxa per sample). 

Seasonal trends in the mean number of taxa per sample were not evident at most 
sites (Fig. 6-6). Four sites (FCK 0.1, NTK 0.2, NTK 1.0, and WCK 6.8) appeared to 
exhibit maximum depressions in the mean number of taxahample during the summer. The 
number of taxa appeared to increase each month after September at many sites, and, at 
MEK 0.6, the number of taxa increased dramatically after September and remained 
elevated for the remainder of the study period. This increase in density may be a seasonal 
phenomenon or it could be related to the shutdown of the HFIR in November 1986. 
Monthly benthos sampling is continuing in 1988, so a larger data base will be available to 
assess recovery of the benthos in Melton Branch in the next annual report. 

Spatial trcnds in taxonomic diversity were very similar to the spatial trends observed 
in taxonomic richness, with highest diversity generally occurring at the upstream reference 
site of each stream, and with maximum depression of diversity in the midreaches of 
Melton Branch and WOC (Table 6-6). Relative to their respective downstream sites, 
diversity was significantly greater at the reference sites on First Creek, Fifth Creek, and 
WOC; and, in Melton Branch, diversity at the reference site was greater relative to the 
middle site (MEK 1.2) (Table 6-8). Diversity was also significantly greater at BFK 7.6 
than at WCK 2.3. Maximum diversity in the WOC watershed occurred at FFK 1.0 (H' = 
3.3), while the lowest diversity occurred at WCK 3.9 (H' = 0.8). 
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Table 6-6. Mmn annual richness (number of tag per sample) and species diwxsity (H') of 
benthic macroinvertebfates in White Oak Creek watershed, May 1986ApriI 1987 

Standard error of the mean is given in parentheses 

Site N" Richness Diversity 

FCK 0.1 

FCK 0.8 

m 0.2 

FFK 1.0 

MEK 0.6 

MEK 1.2 

MEK 2.1 

NTK 0.2 

NTK 1.0 

WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

36 

32 

36 

36 

35 

35 

24 

36 

30 

36 

36 

36 

36 

8.9 
(0.8) 

18.6 
(2.0) 

3.4 
(0.6) 

24.5 
(1.9) 

12.6 
(1.6) 

5.4 
(0.5) 

15.3 
(1.4) 

15.2 
(1.5) 

17.6 
(2- 1) 

7.6 
(0.8) 

6.8 
(0.8) 

7.0 
(0.8) 

5.0 

(0.9) 

2.1 
(0.2) 

2.7 
(0.2) 

1.4 
(0.2) 

3.3 
(0.1) 

2.6 
(0.2) 

1.2 
(0.2) 

2.8 
(0-1) 

3.0 
(0.1) 

1.5 
(0.1) 

1.5 
(0.2) 

1.1 
(0.1) 

0.8 
(0-1) 
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Table 66 (continued) 

Site N” Richness Diversity 

WCK 5.1 

WCK 6.8 

BFK 7.6 

36 

36 

60 

8.2 
(0.6) 

19.7 
(1.6) 

20.9 
(1.4) 

3.1 
(0.2) 

“Number of samples collected. 
Note: FCK = First Creek kilometer; FFK = Fdth Creek kilometer; MEK = Melton Branch kilometer; 

NTK = Northwest TributaIy kilometer; WCK = White Oak Creek kilometer; BFK = Brushy Fork kilometer. 

Diversity at many sites appeared to peak during the winter and spring months, while 
minima typically occurred during the summer and/or fall (Fig. 6-7). Diversity at most 
reference sites usually remained near 3.0 most of the year, and at FFK 1.0, diversity fell 
below 3.0 in only 2 months. Diversity at MEK 0.6 increased dramatically after September 
and remained near 3.0 through April of the following year. As observed for density, 
biomass, and mean number of taxa, diversity at WCK 3.9 also increased dramaticaliy from 
October through January. 

6.132 WhiteOakLatce 

A total of 15 distinct taxa were collected in bimonthly quantitative samples in WOL 
(WCK 1.1) from May 1986 through April 1987 (Table E-I). Of these taxa, 12 were 
insects, 2 were oligochaetes (aquatic worms), and 1 was a snail (Gastropoda). Eleven of 
the insects were dipterans (true flies), of which nine were chironomids (midges); the only 
nondipteran insect was a caddisfly (Trichoptera). An additional eight taxa, including three 
chironomids, two beetles (Coleoptera), and one mayfly (Ephemeroptera), damselfly 
(Odonata), and true bug (Hemiptera), were collected in qualitative samples in March 
1987. 

Mean annual density and biomass, excluding snails, were 166.8 individuals per 0.1 m2 
and 144.7 mg wet wt per 0.1 m2 respectively (Table 6-9). Snails were not often collected 
in quantitative samples in WOL, where they contributed only 0.4 individuals per 0.1 m2 
and 5.7 mg wet wt per 0.1 m2 to the mean annual community density and biomass 
respectively. Chironomids and other dipterans (primarily Chaobom) were numerically 
dominant in WOL, contributing 57 and 36%, respectively, to the total community density. 
These two groups were also the major contributors to the community biomass, accounting 
€or 57 and 22% respectively. 
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Table 67. Comparisons of mean henthic ~llacroinmrtebrate richness (number of taxa per sample) 
in White Oak Creek watershed‘ 

Site 

FCK 0.8 FCK 0.1 
n = 3 2  n = 3 3  

FFK 1.0 FFK 0.2 
n = 3 6  n = 3 6  

Melton Branch 

MEK 2.1 MEK 0.6 MEK 1.2 
n = 2 4  n = 2 3  n = 23 

MEK 0.6 MEK 1.2 
n = 35 n = 35 

Northwest Tributary 

NTK 1.0 NTK 0.2 
n = 3 0  n = 3 0  

White Oak Creek 

WCK 6.8 WCK 5.1 WCK 2.3 WCK 3.4 WCK 2.9 WCK 3.9 
n = 3 6  n = 3 6  n = 3 6  n = 3 6  n = 3 6  n = 3 6  

BFK 7.6 WCK 2.3 
n = 6 0  n = 3 6  

“N = number of samples. Sites connected by the same line are not significantly different (p > O.OS), 
based on Tukey’s studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. 

Note: FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; 
N‘I’K = Northwest Tributary kilometer; WCK = White Oak Creek kilometer; BFK = Brushy Fork kilometer. 

On a seasonal basis, density of benthic macroinvertebrates in WOL exhibited peaks in 
July and January, while the lowest densities occurred in March and September (Fig. 6-8). 
Biomass (excluding snails) achieved its highest peak in July before dropping considerably 
in September (Fig 6-8). Biomass then reached a smaller peak in November before 
gradually dropping during January and March. 
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Table 6-8 Comparisons of mean benthic macroinvertebrate diversity (H’) in 
White Oak Ckeek watersheb“ 

Site 

Frst Creek 

FCK 0.8 FCK 0.1 
n = 32 n = 33 

Fdth Creek 

FTK 1.0 FFK 0.2 
n = 3 6  n = 3 6  

Melton Branch 

MEK 2.1 MEK 0.6 MEK 1.2 
n = 2 4  n = 2 3  n = 23 

MEK 0.6 MEK 1.2 
n = 35 n = 35 

Northwest Triiutary 

NTK 1.0 NTK 0.2 
n = 3 0  n = 3 0  

White Oak Creek 

WCK 6.8 WCK 5.1 WCK 2.3 WCK 2.9 WCK 3.4 WCK 3.9 

n = 3 6  n = 3 6  n = 3 6  n = 3 6  n = 3 6  n = 3 6  

BFK 7.6 WCK 2.3 
n = 6 0  n = 3 6  

“N = number of samples. Sites connected by the Same line are not significantly different (p > 0.05), 
based on Tukey’s studentized range (HSD) test. Sites are arranged in order of highest to lowest values from 
left to right. Site: FCK = First Creek kilometer; I T K  = Fifth Creek kilometer; MEK = Melton Branch 
kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer, BFK = Brushy Fork 
kilometer. 

The benthic fauna was neither very rich nor diverse in WOL. Mean annual richness 
per sample and diversity (H’) were 5.5 and 1.7 respectively (Table 6-9), and neither 
parameter varied much between sampling periods (Fig. 6-8). The maximum (6.6) and 
minimum (4.2) richness per sample occurred in January and May, respectively, while 
maximum and minimum diversity occurred in November (H’ = 1.9) and January 
(H’ = 1.5) respectively. 
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Table 6-9. Mean annual density (number per 0.1 m3, biomass (milligrams wet weight per 0.1 m?, 
richness (number of taxa per sample), and diversity (H') of benthic maaoimmtebrates in White 

Oak Lake (WCK Ll), May 1986-March 1987 

Standard error of the mean is given in parentheses; n = 30 

Parameter Estimate 

Density" 

Density" 

Biomassa 

Biomassb 

Richness 

Diversity 

166.8 
(27.4) 

0.4 
(0.3) 

144.7 
(25.3) 

5.7 
(5-2) 

5.5 
(0.4) 

1.7 

"All taxa except Mollusca and Decapoda. 
bMollusca and Decapoda only. 

6.1.4 Discussion 

6.1.4.1 White Oak Creek and triiutarics 

Continued studies on the benthic macroinvertebrate communities of the streams in 
WOC watershed confirmed the findings presented in the first annual report that varying 
degrees of impact have occurred on all study streams ( b a r  et  al. 1992). These studies 
also support the conclusions prcsented in Loar e t  al. (1992) that, relative to past studies 
(Krumholz 1954; Blaylock, unpublished data, as reported in b a r  e t  al. 1981; Loar e t  al. 
1981), (1) WOC north of Bethel Valley Road appears "healthy" and unimpacted; (2) the 
benthic fauna of WOC south of Bethel Valley Road is still impacted but some recovery 
has occurred in lower WOC; (3) the benthos in Melton Branch below the tributary 
draining the HFIR area are still adversely impacted; and (4) the benthic community in 
lower Northwest Tributary remains moderately impacted and has changed little since 1974. 

All reference sites in the WOC watershed (FCK 0.8, FFK 1.0, MEK 2.1, NTK 1.0, 
and WCK 6.8) were characterized by rich and diverse benthic communities in which no 
one group of organisms was overwhelmingly numerically dominant. The nonreference sites 
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of each stream, however, were characterized, in general, by significantly lower richness and 
diversity; chironomids were usually the most abundant taxa (primarily taxa within the 
CricotopuslOrthocladius group); and, at the less impacted sites, caddisfly densities (almost 
exclusively Cheumatopsyche and/or Hydropsyche) also tended to increase. This pattern has 
been observed in other polluted streams (e.g., Hynes 1960, Wiederholm 1984, Winner et  
a!. 1980) and has also been observed in other streams on the DOE ORR [J. G. Smith, 
Environmental Sciences Division (ESD), ORNL unpublished data]. Conspicuously absent, 
or in very low numbers at the nonreference sites, were mayflies and stoneflies, groups of 
organisms which, with few exceptions, are generally intolerant to adverse environmental 
change (e.g., Hynes 1960, Wiederholm 1984). 

The benthic community at a site in lower Fifth Creek (FFK 0.2) remained the most 
severely impacted, while the communities at MEK 1.2, WCK 3.4, and WCK 3.9 were also 
severely impacted but to a lesser extent than at FFK 0.2. These sites generally had the 
lowest richness and diversity of any site within the watershed, and FFK 0.2 had the lowest 
density. The composition and structure of the benthic communities at FCK 0.1, WCK 2.3, 
WCK 2.9, and WCK 5.1 continued to be indicative of moderately stressed conditions, as 
discussed in b a r  et  al. (1992). These sites all had communities numerically dominated by 
chironomids; however, the sites also, on either a consistent or periodic basis, had relatively 
high densities of caddisflies. Further evidence of impact in lower WOC at WCK 2.3 was 
the significantly lower density, richness, and diversity compared with Brushy Fork 
(BFK 7.6), a nearby reference stream of similar size. 

The impact on the benthic communities at MEK 0.6 and NTK 0.2 was not as evident 
as it was at the other nonreference sites. These two sites did not differ significantly from 
their reference sites in either density, biomass, richness, or diversity; however, they 
differed considerably from the reference sites in taxonomic composition. Like other sites 
downstream of ORNL facilities, these sites were numerically dominated primarily by 
chironomids, especially MEK 0.6. With the exception of an increase in the numbers of a 
relatively pollution-tolerant stonefly (Amphinernura delosa) (J. G. Smith, ORNL, personal 
observations) at MEK 0.6 in March and April, mayflies and stoneflies were virtually absent 
from both sites. Thus, the absence of the kind of diverse community that is otherwise 
typical of the upstream reference sites, as well as the other reference sites, demonstrates 
the impacts on these benthic communities. 

Several potential or known causes of stress occur within the WOC watershed, such as 
chlorine discharges (Sect. 3.1) and alterations in the natural flow and thermal regimes 
(Table 2-2 and Figs. 2-6 and 2-7). Most likely, the benthic communities are being 
impacted by a combination of factors rather than a single factor. In some cases, these 
factors may be acting synergistically and, therefore, increasing the level of stress that 
would be expected solely on the basis of water quality or temperature alone. For 
example, it has been estimated that at a given concentration of a toxicant, survival is 
generally reduced by half with a temperature increase of 10°C (Hynes 1960). 

Concentrations of residual chlorine have been reported at several sites, including 
FCK 0.1, FFK 0.2, NTK 0.2, WCK 2.9, WCK 3.4, and WCK 3.9 ( b a r  et  al. 1992; Sect. 
3.1 of this report). However, ambient toxicity tests have demonstrated that only water 
from FFK 0.2 and WCK 3.9 is periodically toxic ( b a r  et  al. 1992; Sect. 3.1 of this report). 
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Benthic macroinvertebrate densities were consistently low at FFK 0.2, suggesting 
persistently toxic conditions. While densities of invertebrates at the other nonreference 
sites were sometimes low, densities at these sites were sometimes as high as or higher than 
those at the reference sites. As discussed previously, the benthic invertebrate communities 
at these nonreference sites were numerically dominated by chironomids and differed 
considerably in species composition from the reference sites. In addition to the high 
tolerance of some chironomid taxa to pollutants (e.g., Beck 1977), many have high 
turnover rates and are able to produce several generations a year (e.g., Mackay 1977). 
This suggests that episodic releases of toxicants could be a major factor controlling the 
structure as well as the cornposition of the benthic communities at the nonreference sites. 
Because chironomids have the capability of producing several generations a year, 
nonexposed (e.g., adult) and/or resistant (e.g., egg) stages are probably present much of 
each year, while taxa producing two or fewer generations a year (e.g., most mayflies, 
stoneflies and caddisflies) have nonexposed or resistant stages present at limited times 
during the year. Consequently, in the event of a release of a toxicant, chironomids could 
rapidly recolonize an area while other taxa might be eliminated. Continued monitoring of 
benthic macroinvertebrates will provide a valuable tool for assessing future recovery of the 
stream benthos in WOC watershed. 

Another major source of anthropogenic stress to the benthic communities of the 
nonreference sites is the elevation of temperatures (Sect. 2.2.3). Temperatures exceeding 
30°C were recorded at several sites, especially lower Fifth Creek and the middle reaches 
of Melton Branch (Table 2-6). Temperatures in excess of 20°C can be lethal to some 
invertebrates (e.g., mayflies and stoneflies), and even sublethal temperatures and altered 
daily and seasonal fluctuations can alter growth and development (e.g., Wiederholm 1984). 
This may partially explain why mayflies and stoneflies are absent from or contribute little 
to the benthic communities of the nonreference sites. 

Many of the sites in the WOC watershed are highly enriched with nutrients 
(Table 2-8). A benthic community under enriched conditions is typically characterized by 
low taxonomic richness and sometimes high densities of a few taxa (Hpes 1960, 
Wiederholm 1984). These attributes were typical of the benthic communities at most of 
the nonreference sites. A good example of the effects of extreme nutrient enrichment 
occurred in WOC following an ethylene glycol spill on September 27, 1986. Within 
-5 weeks after the spill occurred, large numbers of chironomids were observed inhabiting 
heavy microbial growths in the stream between the source of the spill (6OOO area) and the 
downstream site, WCK 3.4 (J. G. Smith, ORNL, personal observation, November 3, 1%). 
Routine quantitative benthos samples collected in the months following the spill showed 
that both density and biomass dramatically increased at WCK 3.9 and, to a lesser extent, at 
sites farther downstream. From levels similar to those observed at FFK 0.2, densities 
increased to  levels exceeding those of the reference site (WCK 6.8). 

The benthic invertebrate communities in WOC watershed may also be impacted by 
flow augmentation (sect. 2.1). Like other perturbations, altered flow regimes can affect 
the composition of a benthic community (Ward and Stanford 1979, Wiederholm 1984). 
Most likely, the major effects of flow augmentation in the WOC watershed are not caused 
directly, by increased discharge or velocity, but indirectly, from the pollutants that these 
additional discharges contain. This becomes particularly important to stream invertebrates 
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during periods of low natural flow because dilution of the effluents is decreased. Both 
upper Melton Branch and Northwest Tributary experienced recent periods of zero 
discharge and very low discharge (Sect. 2.1 and Table 2-1); thus, streamflow downstream 
of these sites consisted of 100% effluent during extended periods in both 1986 and 1987. 
Periods of zero discharge appeared to have little lasting effect on the reference sites of 
these streams, which had communities of similar composition before and after these 
periods. Thus, although the discharges into these streams served to maintain flow in the 
downstream sites, the low quality of the water in these discharges does not support the 
development or establishment of healthy, well-balanced benthic communities. 

Siltation resulting from past and current construction activities could also impact the 
benthic macroinvertebrate communities of the nonreference sites. Silt can affect 
invertebrates both directly (e.g., through the obstruction of food collection and 
respiration) and indirectly (e.g., by modification of habitat and changes in food quality) 
(Wiederholm 1984). Increased amounts of silt were evident at several nonreference sites, 
including FCK 0.1, WCK 3.9, and WCK 2.9 (J. G. Smith, ORNL, personal observation). 

Once a perturbation is reduced or ceases, the ability of a benthic community to 
recover depends upon the duration, severity, and type of perturbation; dilution; the 
physical and chemical characteristics of thc receiving body of water; and the source of the 
invertebrates that will recolonize the impacted region (Hynes 1960, Wiederholm 1984, 
Williams and Hynes 1976). One of the major sources of recolonization in streams is 
usually drift, although aerial and upstream migration may also contribute (Williams and 
Hynes 1976). Even after stresses are reduced or terminated, recovery may be slowed 
somewhat because of the long-term nature of the stress(es) to which the invertebrates in 
the WOC watershed have been exposed. However, recovery will be promoted because 
the unimpacted headwaters of the streams will serve as a good source of organisms for 
recolonization. 

6.1.4.2 White Oak Lake 

No notable major changes appeared to have occurred in WOL since preliminary data 
were presented in the first annual report of BMAP ( b a r  et  al. 1992). Benthos diversity 
and richness values were similar to those reported previously (Loar et al. 1992), and the 
community continued to be dominated numerically by chironomids, as well as, at times, by 
the phantom midge (Chuoboms). 

As was noted in the first annual report, several changes appear to have occurred in 
the benthic community of WOL since the study of Loar et  al. (1981), including (1) the 
appearance of C h a o h w  as a major component of the invertebrate community, (2) a 
reduction in numbers of ceratopogonids and the snail Physellu; and (3) the reduction or 
loss of mayflies (Loar et al. 1992). Based on the results of a complete year of sampling, 
the occurrence of Chuoborus as a major component of the community and the reductions 
in ceratopogonid and snail densities appear to be real changes. 

The mayfly Cuenk was collected in qualitative samples in the spring of 1987, thus 
indicating that this mayfly still inhabits WOL but in unknown densities. However, another 
mayfly (Cullibaeris) that was abundant in 1979-80 (Loar et  al. 1981) was not collected in 
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either qualitative or quantitative samples. The data of Loar et al. (1981) showed that 
Callibaetir was collected only during the summer and fall, indicating that if this mayfly 
occurs in WOL, it is only during certain seasons. Such a pattern may explain its absence 
in the spring qualitative samples, if indeed it still exists in WOL. The initiation of a 
sampling program in the spring of 1987 with artificial substrates ( b a r  e t  ai. 1992, Sect. 
6.1.6) should help resolve this question. Because the transect presently being sampled is 
approximately the same as that sampled by b a r  et al. (1981) (L. M. Stubbs, ORNL, 
personal communication), it is assumed that a major change in either habitat or water 
quality or both may have occurred in WOL since 1980. 

6.15 Futurestudies 

Characterization of the benthic macroinvertebrate communities will continue through 
a second year of intensive sampling to provide a better understanding of the normal 
annual changes that occur in the streams near ORNL and in WOL. Sampling frequency 
will continue at monthly intervals in the stream sites and bimonthly in WOL. After April 
1988, sampling frequency will be reduced to once per quarter except for sampling of 
benthic invertebrates with artificial substrates in WOL, which will continue on a bimonthly 
basis through April 1989. Qualitative samples will again be collected at ail sites during the 
spring of 1988, but in succeeding years will be taken only from downstream (nonreference) 
sites. 

In conjunction with the periphyton and fish studies (Sects. 3.2 and 6.2, respectively), a 
characterization of physical habitat will be conducted at each site, and the effect of habitat 
differences on benthic community structure will be assessed. The characterization will 
include measurements of substrate type, current velocity, canopy cover, and other relevant 
parameters. 

Additional in situ and/or laboratory studies will be designed and initiated during the 
third year to test the hypotheses that (1) elevated temperatures may exclude certain 
benthic macroinvertebrate taxa from some streams, (2) some sites are subjected to 
subacute or  chronic exposures of toxicants, and (3) the composition of the benthic 
community at some sites is controlled by periodic releases of toxicants. Suitable species 
for testing these hypotheses will be obtained from reference streams within WOC 
watershed or off-site. Adult stages of aquatic insects will be collected at selected sites to 
assess the Occurrence of recolonization. This evaluation could provide insight on the 
recolonization potential and habitability of impacted sites, as evidenced by the Occurrence 
of new species in the vicinity of these sites. 

Analyses in future reports will continue to incorporate data from reference sites used 
in other biological monitoring programs for the DOE Oak Ridge facilities. Additional 
analyses to be incorporated in future annual reports include secondary production and 
indices of similarity. 
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6.2 FISHES 

6.21 Introddon 

Fish population and community studies can be used to assess the ecological effects of 
water quality and habitat degradation. These studies offer several advantages over other 
indicators of environmental quality (see Karr et al. 1986, Karr 1987) and are especially 
relevant to assessment of the biotic integrity of WOC. Fish communities, for example, 
include several trophic levels, and species that compose the potential sport fishery in 
WOC [e.g., bluegill (Lepomis macrochitus), redbreast sunfish (L. aurihrs), and largemouth 
b a s  (Micropterus salmoides)] are at or near the end of food chains. Consequently, fish 
populations integrate the direct effects of water quality and habitat degradation on 
primary producers (periphyton) and consumers (benthic invertebrates) that are utilized for 
food. Because of these trophic interrelationships, the well-being of fish populations has 
often been used as an index of water quality (Weber 1973, Greeson et al. 1977, Karr et al. 
1986). Moreover, statements about the condition of the fish community are better 
understood by the general public (Karr 1981). 

The initial objectives of the instream fish monitoring task (Subtask 4b of BMAP, as 
described in Loar et al. 1991) were (1) to characterize spatial and temporal patterns in the 
distribution and abundance of fishes in WOC and (2) to document any effects on fish 
community structure and function resulting from implementation of the ORNL Water 
Pollution Control Program and Remedial Action Program. 

6.22 Methods 

62Z1 Population Survey 

Quantitative sampling of the fish populations at 16 sites in WOC watershed (Fig. 2-2) 
was conducted by electrofishing in January-February 1987, March-April 1987, and 
November-December 1987 to estimate population size (numbers and biomass per unit 
area). The mean length of the sampling reaches ranged from 26 to 69 m at the tributary 
sites and from 47 to 155 m at the WOC sites (Table 6-10). Fish sampling sites either 
overlapped or were within 100 m of the sites included in the instream benthic invertebrate 
monitoring task (Sect. 6.1), except for FFK 0.4, where benthos were not sampled. 
Lengths of the sampling reaches were similar to those used in 1985-86 ( h a r  et al. 1992, 
Table 6 - 9  except where the high density of fish required a reduction in length. 

Qualitative sampling of WOC watershed was conducted from May to July 1987. Areas 
sampled included WOL (in conjunction with a population census, see Appendix F), 
impoundments of WOC behind two large weirs, and six research ponds located just south 
of Building 1504 and adjacent to Northwest Tributary. 

FieM Sampling Procedures. All stream sampling was conducted with the use of one 
or two Smith-Root Model 15A backpack electrofishers, depending on stream size. b c h  
unit has a self-contained, gasoline-powered generator capable of delivering up to 1200 V 
of pulsed direct current. A pulse frequency of 90 to 120 Hz was used, and the output 
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Table 6-10. Meaa lengths, widths, depths, and surface areas (mge in parentheses) of fkh 
sampling sites in White Oak Creek, Fmt Creek, Fifth Creek, Mdmn Branch, and 

Northwest Tnibntay, Janwuy-December 1987 

FCK 0.1 

FCK 0.8 

m 0.2 

FIX 0.4 

FlFK 1.0 

MEK 0.6 

MEK 1.4 

MEK 2.1 

N T K  0.3 

NIX 1.0 

WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

WCK 5.1 

WCK 6.8 

63 
(60-68) 

1.2 
(1.0-1.4) 

9.9 
(7.5-11.6) 

9.8 
(7.2- 125) 

11.9 
(11.4-12.4) 

32 
(29-35) 

1.5 
(1.4- 1.7) 

69 
(63-73) 

1.1 
(1.0-1.2) 

26 
(25-28) 

(2P-30) 

(50-55) 

30 

53 

51 
(50-52) 

1.5 
(1.2- 1.7) 

41 
(3149) 

124 
(9.7-14.0) 

0.9 
(Os-1.0) 

27 
(25-29) 

7.7 
(6.4-8.6) 

3.0 
(2.7-3.2) 

155 
(142-164) 

17.1 
(14.0-22.5) 

2.4 
(2.3-2.6) 

122 
(1 19-128) 

11.9 
(9.1- 14.9) 

4 3  

(4449) 

65 
(62-69) 

37 
(35-39) 

1.4 
(0.7- 1.8) 

69 
(31-88) 

5.1 
(2.7-7.2) 

2.4 
(2.3-2.5) 

155 
(141-175) 

6.5 
(6.1-6.8) 

2.2 
(1.4-2.7) 

85 
(48-107) 

7.3 
(4.4-9.1) 

88 
(85-92) 

5.6 
(5.4-5.8) 

497 
(457-533) 

27.7 
(25.4-28.8) 

92 
(-97) 

5 .O 
(4.9-5.2) 

464 
(438-504) 

36.2 
(34.7-395) 

60 
(5843) 

3.2 
(3.2-3.2) 

192 
(185-201) 

33.8 
(28.1-39.6) 

155 
(150-161) 

2 8  
(2.6-3.0) 

434 
(410463) 

17.6 
(13.9-215) 

47 
(45-48) 

1.8 
( 1.5-2 1) 

10.7 
(9.2- 12.1) 

54 
(53-55) 

2.4 
(22-2.7) 

1-u) 
(123-141) 

7.6 
(6.1-10.0) 

"FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = 
Northwest Tributary kilometer; WCK = White Oak Creek kilometer. 
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voltage was adjusted to the optimal value (generally 400 V or less) based on the specific 
conductance of the water. The circular (ring) electrode at the end of the fiberglass 
anodepole was fitted with a nylon net (0.64-cm mesh) to allow the electrofisher operator 
to collect stunned fish. 

After a 0.64cm-mesh seine was placed across the upper and lower boundaries of the 
fish sampling site to restrict fish movement, a two- to five-person sampling team 
electrofiihed the site in an upstream direction on three consecutive passes. If f i h  
numbers captured during the first pass were extremely low or zero, then only one pass was 
made. Depending upon the turbidity of the water, the consecutive passes could not always 
be made immediately. Rather, fish were processed after each pass to allow sufficient time 
for the water to clear before another pass was initiated. Stunned f sh  were collected and 
stored, by pass, in wire mesh cages (0.64cm diam) or in buckets with small holes during 
further sampling. 

After clectroshocking was completed, fish were anesthetized with MS-222 (tricaine 
methanesulfonate), identified, measured to the nearest 0.1 crn (total length), and weighed 
by using Pesola spring scales to the nearest 0.1 g (for fish less than 100 g) or to the 
nearest gram (for fish greater than 100 g). At sites with high fish densities, individuals 
were recorded by 1-cm size classes and species. If 25 individuals of a species-size class 
were measured and weighed, additional members of that size class were only measured. 
Length-weight regrcssions (SAS 1985b) were later used to estimate missing weight data. 
Other data recorded included sex and reproductive state (if possible to determine), 
disposition (Le., dead or kept for laboratory identification and reference collection), and 
presence of any abnormalities (e-g., external parasites and skeletal deformities). 

After processing fish from all passes, the fish were allowed to fully recover from the 
anesthetic and were returned to the stream. Any additional mortality occurring as a result 
of processing was noted at that time. In addition to data on individual fsh, conductivity, 
pH, water temperature, turbidity, dissolved oxygen, cloud cover, and shocking time-as well 
as the length, width, and depth of the sampling reach-were recorded at each site. 

Ponds and impoundments were qualitatively sampled using a Smith-Root Type IV, 
boat-mounted electrofisher with pulsed DC current and one or two booms. Because the 
purpose of this qualitative sampling was to identify additional species not collected in the 
routine quantitative sampling of WOC and tributaries, the time and effort expended at 
each impoundment was variable, depending on the variety of species encountered. At 
least 30 min of sampling was conducted at each site. Captured specimens were identified 
in the field, and only those species new to the WOC watershed or difficult to identi@ 
were preserved for identification in the laboratory and inclusion in the reference 
collection. 

Data Analysis After reviewing the information on the field data sheets for 
completeness and accuracy, the data were entered and stored on IBM 3033 computers and 
analyzed with the use of SAS procedures ( S M  198Sa, 198%). 

Species population estimates were calculated by using the method of Carle and Strub 
(1978). Biomass was estimated by multiplying the population estimate by the mean weight 
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per individual. To calculate density and biomass per unit area, total numbers and biomass 
were divided by the surface area (in square meters) of the study reach. For each sampling 
date, surface area was estimated by multiplying the length of the sampling reach by the 
mean width based on measurements taken at 5-m intervals (Table 6-10), 

Condition factors (K) were calculated for individual f i h  by site and species by using 
the formula 

K = 100 (weight/length3) , 

with weight in grams and total length in centimeters (Hile 1936). Fish without measured 
weights were not used in calculations of condition factors. Comparisons of condition 
factors between sites and between sampling periods were made using an analysis of 
varianw procedure (PROC GLM) on untransformed data (SAS 1985b) because the 
condition factors exhibited homogeneity of variance as estimated with the UNIVARIATE 
procedure (SAS 1985a). If the GLM procedure indicated significant differences in 
condition factors between groups, the Tukey test was performed to identify those groups 
that were significantly different. 

Analyses of growth were performed by using PROC GLM and PROC MEANS 
procedures (SAS 19€Sa, 1985b) with length, weight, and age data for redbreast and 
bluegill sunfish. Two different parameters, the population growth rate and the true 
growth rate, were estimated using the procedures described by Ricker (1975). The 
population growth rate, which is the mean weight of surviving fish at successive age 
groups, was calculated for bluegill and redbreast sunfish at BFX 7.6, WCK 2.3, WCK 3.4, 
WOL, Environmental Sciences Division (ESD) 5 pond, and ESD 2 pond. Mean weights 
(calculated by the PROC MEANS procedure on untransformed data) were correlated with 
age classes to derive the population growth curves, as was done for these species in 1986 
( b a r  e t  al. 1992). Comparisons between sites of the mean weight of a given age class 
was performed using the Tukey test to evaluate site differences. 

The true growth, which is the instantaneous rate of increase in weight for the most 
recent year of growth, was calculated for bluegill and redbreast sunfish at BFK 7.6, WCK 
2.3, WCK 3.4, WOL, and ESD 5 pond. This latter analysis involved the following steps: 
(1) determine the age from scales (see Sect. 6.2.2.2) and measurement of successive 
annuli; (2) estimate the relationship between scale length and fish length; (3) back- 
calculate body length at the start and close of the last complete year contained on the 
scale at each age for each fsh; (4) calculate the functional slope, b, of the length-weight 
regression for each fish population; ( 5 )  calculate the natural logarithm of lengths 
determined in (3) for each fish and subtract the logarithms (equals instantaneous rate of 
increase in length for each fsh); and (6) average the instantaneous rates of increase for 
each age group and multiply by b to obtain the instantaneous rate of increase in weight at 
each age (Ricker 1975). The Eormula for the backcalculation of length at each annulus 
(Carlander 1981) was 

BCL = a -t- [(TL - a>/RL] AI., , 

BCL = backcalculated length at the time of annulus formation, 
where, 
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a = intercept of scale length vs body length regression, 
TL = total length of fish at capture, 
RL = scale measurement to edge of scale, and 
AL = scale measurement to the annulus. 

For these analyses, a common value of 20 mm was used for the constant a, as determined 
and recommended by Carlander (1982). The formula for thc length-weight regression 
(Ricker 1975) was 

log weight = log a + b (log length) 

and was determined using PROC GLM (SAS 1985b) to estimate the slope, b. 

6 2 2 2  Age Determination 

Scales were taken for age determination from target species (redbreast and bluegill 
sunfish) collected during the fall 1987 population surveys. Because of the low densities of 
these species at the fish sampling sites in WOC, additional sampling above and/or below 
the site was necessary to obtain a larger sample size. Scale data for bluegill and redbreast 
sunfish collected in October 1987 from Brushy Fork, a reference stream, were used for 
comparison. Additionally, scale samples were taken during the population survey of WOL 
(see Appendix F) and during the qualitative sampling of the research ponds (ESD 2 and 
ESD 5). 

Scales were taken from an area above the lateral line and slightly anterior to the 
insertion of the dorsal fin. Impressions of the scales were made by using a Wildco scale 
press and acetate slides. Enlarged images of the scales were projected on a screen by 
using an Bruning 4020 microfiche reader with a 15-mm lens. Where possible, at least ten 
scales from each fish were mounted and compared. For actual measurements of annuli, 
the best representative scale was used. Scales identified as regenerated (latinucleate) and 
those that were damaged or highly irregular in shape were not read. In some cases, no 
age data were obtained because all scales were unsuitable. In this analysis, ages were 
determined by one person; questionable scales were reviewed by a second observer and 
used for age analysis only if a consensus could be reached. 

The following data were recorded for each scale examined: number of annuli, total 
length of scale radius (distance from focus to anterior margin), and length oE radius to 
various annuli. The annulus was determined by examining (1) the intersection of the 
outermost margin of closely spaced (Le-, slow-growth) circuli with the innermost margin of 
widely spaced (Le., rapid-growth) circuli, (2) the occurrence of cutting over of circuli at 
the lateral edges of the anterior field, (3) the increase in radii width or formation of holes 
in the radii, and (4) the termination or origin of radii. 

6 2 3  Results and Discussion 

623.1 Species richness and composition 

A total o€ 15 species were collected in quantitative surveys of WOC during the 
3 sampling periods in 1987 (Table 6-11). The lowermost site on WOC (WCK 2.3) had 
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Table 611. Fsh spedes cornpasition in White Oak Creek, Fmt CreeJc, FiAh Creek, Melton Branch, and 
Northwest Triiutaq, January-December 1 W  

Species FCK FCK FFK FTK FF;Ic MEK MEK MEK NTK NTK WCK WCK WCK WCK WCKWCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 2.1 0.3 1.0 2 3  2.9 3.4 3.9 5.1 6.8 

Centmrchidae 
Bluegill 2 - N e -  - 3 2 3 2 3 1 - -  
(kW-W) 
Redbreastsunfish - - 3 -  - 3 3 3 -  - -  
(L. auriaur) 
Largemouth bass 1 - 1 - 1 - 1 -  - -  
(Microplsus sahoiah) 
spotted bass - 2 -  - -  

- 3 -  - -  (M. p m - 1  

(t- t+=) 
Warmouth 

Rock bass 
(AmblopUes rupeslrir) 

- -  - 2 -  

Cott idae 
Banded sculpin - 3 3 -  - 1 3  
(Conus corolinoe) 

- 1 -  - -  carp 
( c e  cmpio) 
Blacknose dace 3 3 - 3 3 3 1 2  3 2 1 2  3 3 3 3  
(Rhitlichfhys m&) 
Central stoneroller - 1 - 3 - 1 1 3 1  

- 2 1 1  1 1  - 1 2  2 3 3  
(CmnpostomP -1 
Creek chub 1 3 -  
(Semotilu ufmmach)  
Fathead minnow 2 - - 2 2 2 3 2 2 3 -  
(Pimephal . rmW 

Cyprinidae 

Gasterosteidae 
B m k  stickleback - - 1 -  - -  
(Culaeo brconsm) 

Ictaluridae 
Yellow bullhead - 3 -  - -  
(Ictalurus nntalir) 

Poeciliidae 
MosquitofBh 3 -  - 3 - 3 3 3 3 - -  
(Gambusia a m )  

Numberofspecies(N) 6 3 0 2 2 3 2 2 7 4 12 6 8 6 5 4 

"Numbers represent the number of sampling periods (n = 3) that a given species was collcded at the site. WCK = White Oak  
Creek kilometer, FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer, NTK = Northwest 
Tributary kilometer; BFK = Brushy Fork kilometer. 

bNF = no fish taken in sample. 
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12 species, of which 5 were centrarchids and 4 were cyprinids. Intermediate sites on 
WOC (WCK 2.9 to WCK 5.1) had five to eight species, while the uppermost reference 
site (WCK 6.8) had four species. The number of species in the WOC tributaries ranged 
from two to seven. No fBh were collected in lower Fifth Creek (FFK 0.2). 

A n  additional 13 species were collected in qualitative surveys of WOC, WOL, and 
the ESD research ponds (Table 6-12). Because the ESD ponds and WOL are directly 
linked to WOC, species in these impoundments can disperse throughout WOC and 
potentially affect the populations of endemic species. Consequently, information on the 
species composition of these ponds is important in evaluating changes in f t h  community 
composition in WOC. Several species in the ESD ponds were accidental introductions 
from ORNL research programs and occur only in these ponds, including the grass carp 
(Ctenophatyngodon idella), smallmouth bass (Micropterm dolomieui), flathead catfish 
(pylodictis olivaris), and striped bass (Morone saxutilis). Other species found in WOL 
were represented by only one specimen, including green sunfish (Lepomis cyanellus), 
freshwater drum (Apldinotus gncnniens), smallmouth buffalo (Zctiobus bubnlus), and 
spotted sucker (Minytrema melanops). 

In general, the number of species (species richness) increased as a function of stream 
size In WOC, the barrier to fish movement represented by the lower weir on WOC 
(WCK 2.65) provided a sharp break in the richness between the lower site (WCK 2.3) and 
the upstream sites. Without this weir, the intermediate sites (at least up to WCK 3.4) 
would be expected to have a species richness similar to that of WCK 2.3. The tributaries 
represented two different conditions. First Creek and Northwest Tributary followed the 
pattern of WOC, with higher species richness at the downstream sites. This pattern 
indicated both larger area with more diverse habitat and greater exposure to species 
sources at the lower sites. However, Melton Branch and Fifth Creek both have barriers 
that isolate their headwaters from the remainder of the WOC system. For Melton 
Branch, the barrier is a large weir that restricts upstream movements and limits the species 
total to three. For Fifth Creek, the isolation is the result of unsuitable water quality in 
the lower section, which restricts the species list to only headwater inhabitants. 

The patterns observed in species richness during 1987 were very similar to those 
found in 1985-86 (Loar et al. 1992). The additional species found at site WCK 2.3 
originated primarily from a w e s  to WOL. Three species found at WCK 2.3 in 1987 that 
were not found in 1985-86, the fathead minnow (Pimephales promelus), blacknose dace 
(Rhinichthys atratulus), and brook stickleback (Culaea inconstans), had migrated 
downstream. Also, three species associated with WOL were found at WCK 2.3 in 
1985-86 but were not collected in 1987. 

The presence of the brook stickleback represents a dispersal pattern similar to that 
observed for the fathead minnow in 1986. Both were introductions from ESD research 
programs and have become well established in the ESD ponds near Building 1504. The 
stickleback is a species not known from the Tennessee area previously (Ryon and Loar 
1988) and is normally a cold water species found in vegetated areas. Although it is not an 
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Species WOL ESD ESD ESD ESD ESD ESD 
1 2 3 4 5 6 

Lepisosteidae 

(Lepisosfeus ocularus) 
Spotted gar X 

Clupeidae 
Gizzard shad 
(Lkwosoma cepediunum) 
Threadfin shad 
(0. pefenense) 

x 
X 

Cyprinidae 
Grass carp 
(Ctenophatyngodon idella) 
carp X 
(cyprinus carpio) 
Golden shiner X 
(Notemigmus ch ysolmcas) 
Fathead minnow X 
(Pimephales promelas) 
Blacknose dace 
(Rhinkhthys atratulus) 

Catostomidae 
Smallmouth buffalo 
(Ictiobus bubalus) 
Spotted sucker 
(Minyfrema melanops) 

Ictaluridae 
Yellow bullhead 
(Zcaturus natalis) 
Flathead catfish 
( !?JkdkhS OkVAYk) 

Poeciliidae 
Mosq ui tofiih 
(Gambusia a f i i s )  

Gasterosteidae 
Brook stickleback 
(Culaea inconstam) 

X 

X 

X 

X 

X 

X X 

X 

X 

X X X 

X 

X 

X 

X X 

X 

X 
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Table 612 (continued) 

Species WOL ESD ESD ESD ESD ESD ESD 
1 2 3 4 5 6 

Percichthyidae 
Yellow bass X 
(Morone mississippiensics) 
Striped bass X X 
(M. sauxtilis) 

Centrarchidae 
Rock bass 
(Ambloplites rupesmk) 
Redbreast sunffih 
(Lepmis  nurifus) 
Green sunfish 
(L. cyanellus) 
Warmouth 

Bluegill 
(L. macrochirus) 
Redear sunfish 
(L. microlophus) 
Smallmouth bass 
(Micropterus dolomieui) 
Largemouth bass 
(M. salmoides) 

(L. gulom) 

X 

X X 

X 

X 

X X X 

X X 

X 

X X X 

X X 

X 

Sciaenidae 
Freshwater drum X 
(Aplodinotus grunniens) 

intolerant species, the establishment of a stickleback breeding population in the WQC 
stream system could provide additional information on the trophic structure and habitat 
quality of the system. 

Sampling above the weir at WCK 2.65 in 1987 indicated a more equal species 
distribution, with wider distributions noted €or the fathead minnow, the stoneroller 
(Campostoma anomalum), the banded sculpin (Cottus carolinae), and the 
spottedflargemouth bass (Microprenu punctulatus and M. salmoides); overall five sites 
above the weir had greater species richness in 1987 than in 1986. 

Community structure in WOC indicated that most sites were dominated trophically by 
omnivores and insectivores (Table 6-13). Only six sites had a herbivore component, 
represented by the stoneroller. Piscivores, although represented by numerous species, 
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Table 613. Trophic structure and intoleranoe of fish mmmunities in White Oak (3ree14 
Eirst Creek, Fifth Creek, Melton Branch, and Northwest Triiutary, based on sampling 

conduaed in 198T 

Site" 

Trophic classifications' 

Herbivore Omnivore insectivore Piscivore Intoleran? 

FCK 0.1 
FCK 0.8 
FFK 0.2 
FFK 0.4 
FFK 1.0 
MEK 0.6 
MEK 1.4 
MEK 2.1 
NTK 0.3 
NTK 1.0 
WCK 2.3 
WCK 2.9 
WCK 3.4 
WCK 3.9 
WCK 5.1 
WCK 6.8 

0 
0 

NF 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 

2 
1 

NF 
1 
1 
1 
1 
1 
2 
2 
4 
2 
2 
2 
2 
1 

3 
1 

NF 
1 
1 
2 
1 
1 
3 
2 
4 
4 
4 
3 
2 
2 

1 
1 

NF 
0 
0 
0 
0 
0 
1 
0 
3 
0 
1 
0 
0 
0 

0 
0 

NF 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 

DNumber of species in each category is shown; NF = no fish collected. 
'Based on information from the following sources: W.L. Pflieger, The Fishes ojMissOwi, Missouri 

Department of Conservation, Missouri, 1975; P.W. Smith, The Fishes of Illhois, Unwersity of Illinois Press, 
Urbana, Illinois, 1W9; G.C. Becker, FtXes of W'i.sconsh, University of Wisconsin Press, Madison, Wisconsin, 
1983; and E L  Cooper, Fisks of Pennsylvaniu and the Northeastem United Staes, Pennsyfvania State University 
Press, University Park, Pennsylvania, 1983. Classification represents major food component and, for carnivores, 
represents active ingestion of plant material. 

'FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = 
Northwest Tributary kilometer; WCK = White Oak Creek kilometer. 

dNumber of species collected at the site that are intolerant of ecological disturbanw, such as poor water 
quality or habitat degradation, as defined by Karr et al. (J.R. Karr et al., Assessing bidogical integrity in nutning 
waters: A method and its rationale, Spec. Pub. 5. Illinois Natural History Survey, Champaign, 1986. 

were found at only five sites. Species that are intolerant of habitat degradation and poor 
water quality, as defined by Karr et  al. (1986), were restricted to five sites and represented 
only by the banded sculpin and the rock bass (Arnblopfites rupestris). Sculpins were 
primarily restricted to the upstream reference sites that were spring-fed with cool, 
thermally stable environments. These sites receive little if any upstream disturbances. 
One  sculpin was found at WCK 5.1, but most likely represented a migrant displaced from 
the upstream reference site. Rock bass were only found at WCK 2.3 and in WOL and 
never in abundance (Tables 6-13 and F-1). In their studies based on midwestern streams, 
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Karr et  al. (1986) classify the rock bass as an intolerant species, but that classification may 
be inappropriate for this study and region. 

Comparisons with other stream communities in the Oak Ridge area indicate that the 
fauna of WOC is severely limited, even including the species represented by introductions. 
The fauna of East Fork Poplar Creek (EFPC) and Bear Creek are both more diverse, and 
species richness is higher compared with WOC proper (Ryon and b a r  1988). Nearly 
40 species w u r  in EFPC and 19 species inhabit Bear Creek; species of Notropis, 
Percidae, and Catostomidae, which are indicative of higher water quality (Karr et  al. 
1986), inhabit both streams (Ryon and Loar 1988). The surveys of WOL and the ESD 
ponds suggest that such species could survive in the WOC system, but, as discussed in 
b a r  et al. (1992), access for recolonization may be a limiting factor. The Occurrence of a 
single adult spotted sucker and smallmouth buffalo in WOL indicates that these species 
probably cannot presently reproduce in the WOC system. Instead, they may represent 
either relicts from populations that existed when the system was still accessible through 
the WOD spillway (Krumholz 1956) or migrants that entered WOL during renovation of 
the dam in 1980 ( b a r  et al. 1981). 

6232 Density and Biomass 

Population surveys of WOC were conducted during three separate sampling periods 
in 1987, and the data were used to determine species biomass and density for each period. 
The total biomass and densities at each site for each sampling period are presented in 
Table 6-14. Values for individual species are given in Appendix G, Tables G-1 through 
G-6. In 1985-86, fish densities decreased downstream, while biomass increased with 
increasing stream size. In contrast, the downstream (nonreference) sites often had higher 
densities in 1987, particularly in the tributaries. Like the earlier surveys, fish biomass in 
1987 generally increased downstream. 

In general, population densities were similar at most sites during the first two 
sampling periods, probably became the sampling periods were rather close together in 
time and young-of-the-year did not yet contribute significantly to the population size. 
However, sampling during the last period (November-December) indicated a decline in 
population densities at most sites, despite the presence of a new (1987) year class. In the 
tributaries, only MEK 0.6 and NTK 0.3 showed higher densities during the fall. This trend 
retlects some compression of the populations in these two streams due to the absence of 
flow at the upper sites. Also, the extremely large increase (35-fold) at MEK 0.6 reflects 
recovery and a successful reproductive season following the shutdown of the HHR in 
November 1986 and the subsequent improvement in the adverse stream conditions, such 
as high temperatures, that existed in 1985-1986 (Fig. 2-7 and Loar et  al. 1992). 

In WOC, several interesting trends were observed over the three sampling periods. 
Abundance steadily declined at WCK 5.1, and the fall 1987 sample had a density more 
than 20 times lower than the previous winter sample (Table 6-14). The next site 
downstream (WCK 3.9) also showed a decline over this same period. In contrast, 
densities at WCK 3.4 and WCK 2.3 increased from the winter through the following 
spring and fall. At the three sites downstream of the main ORNL complex (WCK 3.4, 
WCK 2.9, and WCK 2.3), densities generally varied by less than a factor of 2 from January 
to December 1987. 



Table 614. Total fish density (individuals per square meter), total biomass (grams per square meter), and species richness (number of 
spedes) in White oak: Creek, Fmt Creek, Fifth creek, Melton Branch, and Norlhwest 'l?iiuq, January-December 1987 

Samplingperiod FCK FCK FFK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

January-February 
Total density 3.95 2.63 
Total biomass 7.00 6.99 
Species richness 5 3 

March-April 
Total density 3.64 2.62 
Total biomass 6.83 7.44 
Species richness 3 3 

November-December 
Total density 1.21 1.94 
Total biomass 2.90 2.90 
Species richness 4 2 

N P  
0 
0 

NF 
0 
0 

NF 
0 
0 

10.23 2.96 0.16 0.02 0.06 0.31 
18.78 7.54 0.54 1.06 0.06 0.68 

2 2 3 1 1 4 

10.43 3.00 0.12 0.19 0.05 0.41 
20.32 14.22 0.24 0.14 0.08 0.66 

2 2 2 1 2 4 

8.% 2.94 5.79 NF NF 0.85 
22.86 7.43 5.99 0 0 0.92 

2 2 3 0 0 6 

0.36 
0.89 
3 

0.32 
0.78 

4 

NF 
0 
0 

0.31 
5.02 
8 

0.34 
21.38 

9 

0.79 
8.54 
9 

1.15 0.79 0.31 12.66 1.72 
4.38 11.42 0.20 19.28 2.30 

5 6 3 4 3 

1.51 1.50 0.02 7.82 0.86 
5.20 40.10 0.06 21.87 1.88 

4 6 4 5 3 

0.59 1.42 0.01 0.61 2.03 
7.36 13.56 0.19 3.62 2.37 
6 6 3 4 4 

"FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary 

bNF = no fish taken in sample. 
kilometer; WCK = White Oak Creek kilometer. 
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Biomass values for the individual sampling periods also showed a variety of trends. At 
FFK 0.4, NTK 0.3, and WCK 2.9, biomass gradually increased over the three sampling 
periods. In contrast, biomass decreased at FCK 0.1, FCK 0.8, MEK 1.4, and WCK 5.1, 
with large decreases (tenfold and fivefold, respectively) occurring at the latter two sites. 
At MEK 0.6, a substantial increase (tenloold) in biomass occurred in fall 1987, which 
paralleled the increase in density at that site. 

Total fish densities were highest at WCK 5.1 and F'FK 0.4 (12.66 and 10.43/m2, 
respectively) and similar to the densities of 15.71 and 10.83 individuals per square meter 
observed at these sites in 1986 ( b a r  et al. 1992). The lowest total densities in 1987 were 
0.01 and 0.02 individual per square meter at WCK 3.9 and MEK 1.4 respectively. The 
lowest fish density in 1986 also occurred at WCK 3.9 ( ~ 0 . 0 1  individual per square meter). 
Maximum biomass values of 40.10 and 22.86 g/m2 were observed at WCK 3.4 and FFK 0.4, 
respectively, in 1987. The highest biomass in 1986 occurred at WCK 5.1 in the spring and 
late summer (33.56 and 25.16 g/m2 respectively). The lowest biomass values in 1987 
occurred at MEK 2.1 and WCK 3.9 (0.02 g/m2); in 1986, the lowest biomass occurred at 
WCK 3.9 ( ~ 0 . 0 1  and 0.34 g/m2 in the spring and late summer respectively) ( b a r  et  al. 
1992). 

In summary, the most significant changes in total density and biomass occurred at 
WCK 5.1 and MEK 0.6. Site WCK 5.1 has been an area of extremely high fiih density 
and biomass, but a precipitous decline occurred in the fall of 1987. The cause of this 
decline may be related to the drought conditions during this period or may represent a 
response to an undetected chemical perturbation. (The site is downstream of the 7000 
area.) Similarly, MEK 0.6 has generally had below-average biomass and density values 
since 1985 ( b a r  et al. 1992), but the most recent sampling showed a dramatic increase in 
both parameters. From the increase in abundance and the size range of the species 
observed in 1987, it was evident that successful reproduction and recovery from a prior 
fish kill in May 1986 ( b a r  et al. 1992) had occurred in Melton Branch. In 1985-84, 
biomass and density at WCK 2.9 were below the values at sites just upstream and 
downstream (WCK 3.4 and WCK 2.3 respectively). During the current sampling, values at 
WCK 2.9 were higher than or similar to those of the adjacent sites. Those sites that were 
shown to be significantly impacted by plant operations in the 1 9 8 5 4  survey (FFK 0.2 
and WCK 3.9) continued to have very low densities or no fish in 1987 and showed no 
evidence of recovery. 

Contributions of individual species to total community density and biomass were 
comparable to those in 1 9 8 5 4 .  The blacknose dace was the dominant species in terms 
of density and biomass at 23 and 22 sites, respectively, of 42 possible sampling date-site 
combinations. Other dominant species included redbreast sunfish (dominant in density at 
five sites and in biomass at seven sites), bluegill (three sites in density and three sites in 
biomass), and creek chub (three sites in density and four sites in biomass). One species, 
the fathead minnow, increased its distribution since 1985-86 and was the dominant 
species in terms of density at four sites. In particular, the fathead minnow showed a 
dramatic increase at WCK 2.9. At this site ripe males with spawning colors and tubercles 
were observed along with large numbers of young-of-the-year, indicating establishment of 
a successful spawning population in WOC. Their success is also reflected in the increased 
total density at WCK 2.9 during 1987. 
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Growth and condition of f sh  in WOC watershed were evaluated by calculating 
condition factors for all species and by estimating the population growth rates and true 
growth rates of redbreast and bluegill sunfsh. 

The population growth rate is a comparison of mean weight of surviving fish at 
successive ages and is not always an accurate estimate of the true growth rate because of 
size-selective mortality. For comparisons of growth rates between sites, however, similar 
biases could be assumed, and the resulting curves would indicate site-specific growth 
differences. Data on the population growth rates of bluegill in 1987 (Fig. 6-9) suggested 
that WOL, WCK 3.4, and ESD 2 pond had better growth than the reference site BFK 7.6 
and that ESD 5 pond and WCK 2.3 had lower growth than BFX 7.6. For redbreast 
sunfish, the population growth data indicated that all sites had better growth than the 
reference site, with WOL demonstrating the best growth (Fig. 6-10). However, a 
statistical comparison between sites of the mean weight at each age did not demonstrate a 
pattern of significant differences (p > 0.05) for either bluegill or redbreast sunfish. 
Although the slopes of the population growth curves were not tested in this analysis, these 
comparisons suggest that the slopes of the curves (i.e., the growth rate) will not be 
significantly different. 

Analyses of true growth rates indicate slightly different trends and suggest an 
explanation for the low population growth at the reference site. For bluegill mean 
instantaneous growth appeared to be initially (for age-2 fish) greater at the WOC sites 
(Fig 6-11). However, as the fish got older, growth was greater at BFX 7.6, and the WOC 
and WOL sites showed a sharp decline in growth from the initial values (Table 6-15). For 
redbreast sunfish the trend in instantaneous growth was exactly opposite that shown by the 
population growth (Fig 6-12); fish at BFK 7.6 had higher initial growth that continued 
throughout the life span (Table 6-16). A potential explanation for the difference in 
growth patterns shown by the population and mean instantaneous growth analyses is the 
effect of size-selective mortality. Because calculation of the true growth rate restricts the 
growth evaluation to the most recent year of growth, problems with mortality biases that 
affect the population growth rate are avoided (Ricker 1975, Gutreuter 1987). 

Condition factors were also calculated for the fish in WOC and the reference stream 
(BFK 7.6), and statistical comparisons were made to evaluate differences between sites 
and between sampling periods. Comparisons between sampling periods showed that the 
condition factors for the March-April period were significantly greater than €or other 
periods (Appendix C, Tables G-7 and G-9). Of 21 comparisons where a significant 
difference was indicated, the spring period had the highest number (20). This trend was 
also observed in 1985-86 ( b a r  et  ai. 1992) and indicates the expected preparation for 
spawning. Of interest was the observed increase in condition factors in the spring at MEK 
0.6, where the fall sample had shown a substantial increase in density and biomass. 

Comparisons between sites within a sampling period generally did not show any 
pattern of significant differences (Table G-10 through G-12). Sites that had been 
identified as being impacted, based on the biomass, density, and species richness data 
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Fw 6-10. Population growth rate (mean weight at age) of redbresst sunfish in White Oak 
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Table 6-15, Data for calculation of true growth rates (after Rick= 197v of bluegill sunfish in 
White Oak Cnek White Oak Lake (WOL) and a research pond m m n e n t a l  sdences 

Division (ESD) in camparison with the reference stream, Brushy Fork 

Year Incremental Length-weight Age-class 
Siteb class" Nd growth' S.df regressiond growthh 

(mm) 

BFK 7.6 2 51 0.516 0.096 3.32 1.697 
3 24 0.279 0.083 3.32 0.926 
4 8 0.188 0.075 3.32 0.624 
5 5 0.121 0.040 3.32 0.400 

WCK 2.3 2 18 0.622 0.168 3.15 1.959 
3 3 0.288 0.143 3.15 0.907 
4 1 0.1% 3.15 0.604 
5 0 

WCK 3.4 2 7 0.594 0.144 3.33 1.978 
3 5 0.279 0.067 3.33 0.929 
4 3 0.118 0.01 1 3.33 0.393 
5 0 

WOL 

ESD 5 

2 40 0.615 0.176 3.13 1.925 
3 40 0.233 0.106 3.13 0.729 
4 4 0.190 0.050 3.13 0.595 
5 0 

2 6 0.646 0.083 3.36 2.171 
3 3 0.156 0.028 3.36 0.524 
4 1 0.228 3.36 0.766 
5 0 
6 1 0.410 3.36 1.378 

"Data derived from W.E. Ricker, "Growth in Length and Weight," Chap. 9, pp. 203-233, in Computation 
and ZnteyPp.etarion of Bwfogical Stahtics of Fish PopuI&m, Bulletin 191, Department of the Environment, 
Fisheries and Marine Service, Ottowa, 1975. 

bBFK = Brushy Fork kilometer; WCK = White Oak Creek klometer. 
"Represents the last annulus of growth. For example, a year class of 2 represents fish which have 

'N = number of fish analyzed. 
'Mean of the difference in the natural logarithm of the initial and final length (in millimeters) for the last 

fs.d. = standard deviation. 
%lope of the linear regression between length and weight based on all fiih at each site, as calculated by 

the PROC GLM procedure of SAS ( S A S  Institute, Inc. SAS User's Guide: StatisriCs, Version 5 Edition. SAS 
Institute, Inc., Cary, North Carolina, 1985). 

hProduct of the slope and instantaneous growth rate, which equals the true growth rate for the last year of 
growth for that age class. 

completed 2 years of growth. 

complete year of growth. This is the instantaneous rate of increaw in length. 
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Table 6-16 Data for cak-ulation of true growth rates of redbreast sunfish in White Oak Creek and 
White Oak Lake (WOL) in comparison with the reference sueam, Brushy k r P  

Year Incremental Length-weight Age-class 
Siteb class' Nd growth" s.df regressio# growth* 

(mm) 

BFK 7.6 2 16 0.470 0.086 3.03 1.424 
3 32 0.274 0.079 3.03 0.830 
4 8 0.171 0.0s I 3.03 0.5 18 
5 2 0.109 0.025 3.03 0.330 
6 1 0.083 3.03 0.251 

WCK 2.3 

WCK 3.4 

WOL 

14 0.472 0.085 2.88 1.359 
3 18 0.254 0.087 2.88 0.732 
4 3 0.143 0.069 2.88 0.412 
5 0 

2 14 0.483 0.117 2.86 1.381 
3 5 0.246 0.045 2.86 0.704 
4 0 
5 0 

2 8 0.415 0.146 3.26 1.353 
3 15 0.208 0.090 3.26 0.678 
4 10 0.149 0.074 3.26 0.486 
5 4 0.088 0.015 3.26 0.287 

OData derived from W.E. Ricker, "Growth in Length and Weight," Chap. 9, pp. 203-233, in Compuatim 
and Znteqretation of Biologicd St&tks of Fish Pop.iatrionS, Bulletin 191, Department of the Environment, 
Fisheries and Marine Service, Ottowa, 1975. 

'BEX = Brushy Fork kilometer; WCK = White Oak Creek kilometer. 
'Represents the last annulus of growth. For example, a year class of 2 represents fish which have 

dN = number of fish analyzed. 
"Mean of the difference in the natural logarithm of the initial and final length (in millimeters) for the last 

fs.d. = standard deviation. 
%lope of the linear regression between length and weight based on all fish at each site, as calculated by 

the PROC GLM procedure of SAS (SAS Institute, Inc. U S  User's Guide: Statistics, Version 5 Edition. SAS 
Institute, Inc., Cary, North Carolina, 1985). 

growth for that age class. 

completed 2 years of growth. 

complete year of growth. This is the instantaneous rate of increase in length. 

hProduct of the slope and instantaneous growth rate, which equals the true growth rate for the last year of 

(WCK 3.9, WCK 2.9, and fall sample at WCK 5.1), did not show significantly lower 
condition factors for any species. In fact, individuals in these areas often had relatively 
high condition factors, suggesting that they are transient individuals that can survive in less 
than optimal environments and utilize the available resources. Finally, it was generally 
noted that at sites where density was high, condition factors were low. 
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For the bluegill and redbreast sunfish, two cases were found where significant 
differences in condition existed between sites. In the spring sample, bluegill condition 
factors at WCK 2.3 were significantly lower than at WCK 3.4 (Table G-11), indicating 
possible spawning site differences or an absence of spawning adults at WCK 2.3 (due to its 
proximity to WOL). In the fall sample, the redbreast sunfish population at WCK 2.3 had 
a significantly higher mean condition factor than the population at WCK 3.4, with no 
apparent causal factor (Table G-12). These observations were not consistent with the 
data for other species at these sites at these times. The significance of data on condition 
factors must be considered with some caution because they can be relatively insensitive to 
environmental conditions or nutritional status ( b a r  et  al. 1985b). 

6.24 Fsh Kills 

During 1987 two reportable fish kills occurred in the WOC watershed. Although 
neither was judged to be insignificant at the time of detection? one was later attributed to 
a natural phenomenon, and the other was possibly related to an ethylene glycol spill. 

The first incident was a shad die-off, first observed by DEMC staff in early February 
1987 in WOL. Concern over the numbers of dead or dying fish led to the initiation of a 
routine survey that was continued for several weeks as a precautionary measure. Over a 
period of 7 weeks, more than 1600 dead shad (principally gizzard shad) and various other 
species were collected by DEMC and ESD staff in routine surveys of the lake 
(Appendix H). Water quality sampling and surveys of WOC above WOL failed to identify 
a specific problem. Die-offs of shad in late winter are common Occurrences in local TVA 
reservoirs. A survey of a nearby reservoir (Ft. Loudoun) revealed a similar die-off of shad 
on March 14, 1986. The effect on the WOL shad population was not significant, because 
they remained extremely abundant in the subsequent surveys (Appendix F, Table F-1). 

A second fish kill was observed on August 12, 1987, in WOC k l o w  the weir at 
WCK 2.65, again by personnel from the DEMC at ORNL. The dead fish that were 
collected included six decomposcd bluegill and one "minnow." This discovery was 
associated in time with a spill of 3808 L (1006 gal) of ethylene glycol in the vicinity of the 
4500 area of ORNL (near WCK 4.5). Numerous live fish that appeared to be unaffected 
were observed in the area (WCK 2.5 to WCK 5.0) by DEMC personnel. Surveillance by 
DEMC and ESD staff during the spill, and subsequent monitoring of its passage out of 
the WOC system, failed to reveal any additional mortality. 

This report presents the results from the second year of studies designed to 
characterize the fish populations of the WOC watershed. In general, the data gathered in 
1987 support trends first observed in 1985-86 (Loar et al. 1992). One general factor that 
influenced the data collected in 1987 was the drought conditions present during much of 
the year. Rainfall in 1987 was substantially below normal (Sect. 2-1), and several upstream 
sites were dry, which affected fish distributions and may have increased densities. 

Data on species richness in WOC watershed indicated little change during 1987. The 
total number of species within WOC proper in 1987 (15) was similar to the number in 
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1986 (16), and, considering the number of additional species in the WOL and E D  pond 
areas (13) available €or colonization, it appears to be relatively stable. Richness at sites 
above the weir at WCK 265 showed increases due to the spread of opportunistic species, 
such as the fathead minnow. 

Analyses of the trophic structure of the fiih populations indicated that most sites had 
simple communities with few herbivores, and only a few sites supported piscivores (top 
predators). The communities were dominated by tolerant species; intolerant species were 
mostly limited to upstream reference sites or  the larger sites in close proximity to WOL. 
The ability of intolerant species to provide an additional measure of change in WOC in 
the future appears limited, primarily because of the absence of a possible access route 
from better water quality sources in the Clinch River drainage. Overall, the fauna of 
WOC watershed, and especially of WOC proper, appears to be depauperate in 
comparison with such local streams as EFPC and Bear Creek (Ryon and b a r  1988); this 
is particularly noticeable in terms of pollution-intolerant taxa, such as Notropis, 
Catostomidae, and Percidae. 

Population density and biomass values for 1987 supported some trends noticed in 
1985-86. Data at FFK 0.2 and WCK 3.9, for example, reinforced the trends observed 
during the initial year of characterization; significant impacts were evident at these two 
sites. The areas of highest biomass and density in 1985-86 (FFK 0.4 and WCK 5.1) were 
again the highest in 1987. Biomass and density at these two sites were as much as four 
times higher than in other area streams, and may be related to nutrient enrichment (see 
Sect. 22.4). However, unlike 1985-86 levels, density and biomass at WCK 5.1 showed a 
substantial decline during the fall sampling period in 1987. Some portion of this decrease 
may be due to the drought or an undetected effluent discharge above WCK 5.1. 

The trend of decreasing fish abundance in lower Melton Branch observed in 1985-86 
was reversed in 1987. Following low values in the first two sampling periods at MEK 0.6, 
MEK 1.4, and MEK 2.1, a dramatic increase in fish density and biomass was observed at 
MEK 0.6 in the fall. This increase may reflect some compression of the fish population 
because of low flows but also indicates a successful spawning season during the summer of 
1987. The recovery represented by this spawning corresponds well with the shutdown of 
the HFIR facility in November 1986 and suggests that, with normal flow, recovery may 
extend to all of Melton Branch. 

Another area that showed a change from 1985-86 was WCK 2.9. This was an area 
of fluctuating density and biomass, but in 1987 a more stable population was evident. 
Density values were more consistent, and biomass values were three to ten times greater 
in 1987 than in 1986, due, in large part, to the establishment of a resident breeding 
population of fathead minnows and larger adult centrarchids. If this pattern continues, an 
improvement at this site is suggested; however, if the improvement is to be considered 
significant, then the expansion of other species (e.g. largemouth bass) into this area should 
also occur. 

The biomass and density of individual species remained similar to those observed in 
the first year of sampling. Blacknose dace was the dominant species, although redbreast 
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and bluegill sunfish, as well as creek chubs, were other significant species. The fathead 
minnow and stoneroller expanded their distribution and abundance. 

Evaluations of growth and condition also supported the findings of 1985-86. 
Condition factors of all species in 1987 again were significantly higher in the spring 
sampling period. This represents spawning preparation as well as winter mortality of some 
young-of-the-year, but little more could be determined from the condition factors, even in 
the larger centrarchid species. Between-site comparisons did not show a pattern among 
impacted sites that paralleled the biomass, density, and richness data. 

Two growth evaluations were performed for redbreast and bluegill sunfish collected 
in 1987. Population growth was estimated €or both species, as was done in 1986, but it 
failed to show a significant pattern in mean weight per age class between WOC and the 
reference stream (Brushy Fork). 

The other growth evaluation, mean instantaneous growth, presented a different 
picture. For redbreast sunfish the reference site had consistently better growth than the 
WOC sites, and little difference was noted between WOC sites. For bluegill initial growth 
was better in WOC, but, at older ages, fish in Brushy Fork demonstrated better sustained 
growth. One noticeable aspect of the growth curves was the lack of older age classes in 
WOL and WOC sunfish in comparison with Brushy Fork. This may be only a 
consequence of sample size, but a similar lack of older age classes was noted by Krumholz 
(1956) for bluegill in WOL. Although no explanation can be given for the differences in 
the two growth evaluations, more credence is associated with the estimation of the 
instantaneous growth rate because it avoids size-selective mortality biases (Ricker 1975, 
Gu treu ter 1987). 

626  Future Studies 

A variety of approaches and short-term experimental studies will be implemented in 
1988-89 to assess the impacts on the fish populations of WOC watershed and to identify 
specific sources and areas of impact. As a first step, the routine, quantitative monitoring 
of the density, biomass, and richness of the fish communities in WOC watershed will be 
conducted twice annually (spring and fall). Age determination and growth rate 
computation will be based on scales collected in the fall. Qualitative sampling will be 
limited to stream areas not previously sampled, with added emphasis on monitoring the 
spread or establishment of a breeding population of brook stickleback in lower Northwest 
Tributary and vegetated areas of streams. 

To help evaluate the role of habitat differences in explaining differences in 
community composition between sites, each site will be characterized by substrate, bank 
vegetation, cover, flow, and other variables by use of a standard procedure. Additional 
analytical techniques for interpreting existing data will also be employed. The Index of 
Biotic Integrity, for example, may provide additional insights into the magnitude of the 
impacts on fish communities at different sites (Karr et al. 1986). Production will be 
estimated using the procedure of Garman and Waters (1983), and a statistical evaluation 
of data on fish growth rate will be conducted. 
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As part of the growth evaluation, a validation program will be developed for the age 
determinations from scale analyses. This will involve analyzing otoli th and scales from 
sunfih collected in the bioaccumulation and the bioindicator monitoring programs (Sects. 
4.0 and 5.0 respectively) and determining the degree of correspondence. 

6.3 INTERPRETATION OF BIOTIC CHANGES 

The growing data base of information on the fish and benthic invertebrate 
communities of WOC watershed ( b a r  et al. 1981, h a r  et al. 1992, Sects. 6.1 and 6.2; and 
Sects. 6.1 and 6.2 of this report) demonstrates that, although conditions have improved 
somewhat since 1980 and have remained more or  less stable since the present program of 
sampling began in 1985, some stream reaches continue to show adverse impacts on the 
biota. These impacts are shown most convincingly by the continuing low biomass and low 
numbers of species at sites such as lower Fifth Creek (FFK 0.2) and WOC adjacent to the 
main ORNL complex (WCK 3.9). 

Interpretation of the differences in the biotic communities in different reaches of 
WOC watershed, and of how these communities change through time, requires an 
understanding not only of biomass and diversity but also of the specific types of organisms 
that make up the community. The basis for this understanding is a knowledge of the types 
of organisms (not necessarily the exact species) that would occur naturally in streams of 
the size and condition of those in WOC watershed, as well as the biomass and diversity of 
organisms found in similar natural streams. "Improvement" of conditions in a stream could 
result in either an increase or a decrease in biomass or diversity, as well as a change in the 
types of species found in the stream. A thorough understanding of a variety of different 
reference sites is also necessary in order to understand the changes that are expected. 

The objective of this study (Subtask 4c of the BMAP, as discussed in b a r  et  al. 
1991) is to develop a methodology, based on  ecological theory and data from a large 
number of appropriate reference streams within the region, that will allow evaluation of 
(1) the ecological conditions of the various sites in WOC watershed and (2) the 
significance of changes in those conditions that occur following implementation of 
remedial actions. 

6.32 Methods 

The first stage of this study has been to assemble a data base that will help place the 
WOC watershed in a regional context and allow each site to be compared with streams of 
similar size and structure that have been less severely affected by human activity. No 
single stream can serve as an adequate reference (or control), because every stream differs 
in some way from every other. However, a regional data base developed from a large 
number of streams can help detect general patterns of community structure that would not 
be obvious from a study of only a few streams. 

In the past year, a data base of fiih community structure (in the form of a SAS data 
set) was completed in collaboration with Dr. David Etnier, University of Tennessee, and 
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analysis was initiated. The principal source of data is a series of TVA studies of streams 
and rivers of the Tennessee Valley region (7 river systems with a total of 107 sites studied 
between 1968 and 1972). In addition to the numbers and biomass of fsh,  the data base 
now includes measures of stream size, structure, and water quality. Measurements of 
watershed arca, stream gradient, etc., were taken from a complete set of TVA 15-min 
quadrangles that was acquired for this study. These physiographic data allow basic 
comparisons between stream reaches that have not been thoroughly characterized by "on 
the ground" studies. 

The current data base will be supplemented in the future with additional comparable 
data from the University of Tennessee Baseline Stream Survey of 20 sites conducted in 
1981 (Etnier et  al. 1983); data on small watersheds in the Cumberland Plateau assembled 
by G. A. Vaughn, The University of Tennessee Department of Zoology; and a compilation 
of data from the Powell River system assembled by the Tennessee Cooperative Fishery 
Unit at Tennessee Technological University. 

In addition to comparisons of biomass and diversity, the data base allows comparisons 
of streams based on functional guilds of fish; that is, fish that consume different types of 
food and/or obtain their food in different physical areas of the stream (e.g., bottom 
feeders vs surface feeders). This classification of fish functional guilds (Table 6-17) was 
developed by Dr. David Etnier and allows comparisons of streams regardless of the 
particular species that may or may not occur in them. 

6.33 Results and Discussion 

Comparison of strcams is always problematical because of the many ways in which 
they can differ (e.g., width, depth, flow volume, current velocity, water quality, 
temperature). Streams similar in one set of parameters may differ in other critical 
parameters that make them noncomparable. Stream order (relative position in a hierarchy 
of tributary streams) has long been used as a standard for comparability. However, even 
streams of the same order (e.g., 2" streams formed by the junction of two unbranched 
tributaries) can vary greatly in size from one region to another, depending on the annual 
precipitation and thus their volume of flow. An alternative standard for comparison of 
streams is watershed area, which provides a better indication of flow rates and patterns 
than does stream order (Hughes and Omernik 1983). 

To illustrate some of the general patterns in the TVA fish data base, streams were 
compared on the basis of watershed area and stream gradient. Together these two 
parameters characterize a wide range of stream conditions. Although there is significant 
correlation between watershed area and stream gradient @e., rivers with large watersheds 
tend to have much lower gradients than streams with smaller watersheds), there is 
sufficient variation for these two parameters to form a useful two-dimensional system in 
which to classify streams. 

In all of the following graphs, each site is plotted in two-dimensional space based on 
the log of the watershed area at the sampling point and the log of the stream gradient 
(x10,OOO for convenience of scaling) at the sampling point. Each site is represented by a 
circle whose size is scaled to indicate the magnitude of a particular parameter (e.g., 
biomass or diversity) at that site in relation to all other sites on the graph. In all graphs 
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Feeding guild Species 

I. Herbivores 

1. 
2. 
3. 

Det ri t ivores 
Periphyton scrapers 
Periphyton and 

midwater planktivore 
4. Macrophytes and 

invertebrates 

11. Insectivores 

5. Midwater planktivore/ 
insectivores 

6. Midwater/surface 
insectivore 

7. Benthic insectivore 

8. Benthic insectivore/ 
molluscivore 

111. Piscivores 

9. Midwater piscivore/ 
insectivore 

10. Ambush piscivore 
11. Pursuit piscivore 
12. Piscivore/scavenger/ 

insectivore 

Fathead minnow (Pimephnla notam) 
Stoneroller (Campustoma anomalum) 

Creek chub (Semotilus atromaculatus) 
Mosquitofish (Gambusia a,@is) 
Bluegill (Lepomis macrochirus) 

Banded sculpin (Conus caroiinae) 
Blacknose dace (Rhinichthys atrandus) 
Redbreast sunfish (lipomis auritus) 
Rock bass (Ambioplites rupesois) 
Warmouth (Lepomis gulosus) 

Largemouth bass (Microptem salmoides) 

Yellow bullhead (Ictalurus natalis) 

IV. Parasites 

13. Parasite 

Source: 
1986. 

D. A. Etnier, Department of zoology, The University of Tennessee, personal communication, 
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the TVA sites from seven river systems (Buffalo, Duck, Emory, Flint, Powell, Sequatchie, 
and Upper Little Tennessee) are represented by thin circles, and sites from WQC are 
represented by thick circles with site labels. The data presented for the WOC sites were 
collected in August-September 1986 ( b a r  et al. 1W). One problem with use of the 
current data base for evaluation of the WOC watershed sites is the small number of 
reference sites with drainage areas as small as most of the sites on WOC and its 
tributaries. 

633.1 General Patterns in the Tennessee Valley Region 

One of the major trends in stream community structure is a decrease in the number of 
fish species in smaller high-gradient streams (Fig. 6-13). This trend is expected based on 
the greater number of habitats that are found in larger streams because, in general, 
species diversity is positively correlated with habitat heterogeneity. There also seems to be 
an effect of stream gradient on species number. For streams of relatively small watershed 
area (10-100 ha), the maximum number of species found at sites with similar areas is 
highest at intermediate stream gradients and decreases at sites with lower and higher 
gradients. This is consistent with predictions based on a dynamic equilibrium model of 
community structure (Huston 1979). Because the entire WOC watershed is small 
(13.3 ha), the maximum number of species that would be expected is relatively low. For 
the WOC sites shown in Fig. 6-13, the number of species collected in August-September 
1986 is at the low end of thc range that would be expected in streams with those 
particular gradients and watershed areas. 

With regard to total fish biomass among the TVA sites, the highest values are found in 
streams of intermediate watershed area (30-300 ha) (Fig. 6-14). Explanations for this 
pattern are likely to include increased nutrient input from larger watersheds, increased 
sunlight reaching the stream surface in wider streams, and water with higher clarity and 
higher oxygen content than large rivers. Biomass in streams the size of WOC sites is 
generally quite low, but biomass in some of the WOC sites (WCK 3.4 and WCK 5.1) 
appears unusually high for streams of this size, indicating possible nutrient enrichment. 

Many other aspects of community structure can be evaluated in this same manner, 
some of which are discussed in the following section. A more detailed analysis of this data 
base will be prepared during the coming year. 

6 3 3 2  Patterns in the Guild Structure of WOC Sites 

The biomass of each trophic guild in a natural stream depends, in part, on the 
resources available to that guild. The relative. biomass of different trophic guilds changes 
with stream size as relative. resource levels change. For example, the relative. proportion 
of the herbivorous periphyton scraper guild is highest in intermediate-sized streams 
(Fig. 6-15), where low turbidity and high insolation are likely to Eavor periphyton growth. 
In contrast, the relative. proportion of midwater/surface insectivores increases with 
decreasing stream size (Fig. 6-16). The trophic guild structure of WOC sites can be 
evaluated in relation to the trophic structure of similar streams. 

*In relation to the site with the highest number of fish species. 
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Fig 6-13. RehtiW: number of fish specig at sites in tbe Tamesee Valley regional data base 
and at White Oak Chek sites, Augmt-September 1% Each circle is scaled in size with relation 
to the site with the highest number of fEh species, so the number of fish species per site decreases 
proportionally with decreasing circle size. Sites on WOC are drawn with heavy lines and labeled. 
MEK = Melton Branch hlometer; WCK = White Oak Creek kilometer. 
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site with the greatest total fish wet weight, so the total fish weight per site decreases 
proportionally with decreasing circle size. Sites on WOC are drawn with heavy lines and labeled. 
MEK = Melton Branch kilometer; WCK = White Oak Creek kilometer, 
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Fig. 616. Relative proportion of tbe midwaterb- insectirore guild at sites in the 
Tenaessee Valley regional data base and at White Oak Creek (WOC) sites, Augnstseptember 
1986. The relative proportion is calculated as described in Fig. 6-15, and circles are scaled in size 
with relation to the proportion of midwater/surface insectivores at that site. Thus, the proponion 
of guild members per site decreases in direct relation to circle size. Sites on WOC are drawn with 
heavy lines and labeled, MEK = Melton Branch kilometer; WCK = White Oak Creek kilometer. 
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The midwater/sur€ace insectivore guild at most WOC sites appears to be within the 
range of relative' abundances found in other streams of the same size (Figs. 6-16 and 
6-17). This guild is represented by three species in WOC. 

The periphyton scraper guild (Figs. 6-15 and 6-18) seems to be over-represented in 
terms of biomass at WCK 5.1 because of the abundance of the central stoneroller, which 
is the only member of this guild found in WOC. Ordinarily, very low relative' abundance 
would be expected for the central stoneroller at sites of this size, which is consistent with 
the low abundance of the species at most WOC sites. 

The benthic insectivore guild, represented by fwe species in WOC, is present in 
relative. proportions consistent with other streams of the same size (Figs. 6-19 and 6-20). 
The high relative. abundance of this guild in the highest-gradient sites (WCK 6.8, 
FCK 0.1, FCK 0.8, and FFK 1.0) is difficult to evaluate because currently there are no 
sites this small in the data base. 

The high relative' abundance of the fathead minnow at NTK 0.3 ( b a r  et al. 1992, 
Tables E-3 and E-6), which is classified as a detritivore, results in a very high 
representation of this guild at this site (Figs. 6-21 and 6-22). In the sites in the regional 
data base, the relative' abundance of detritivores is generally quite low, with the maximum 
found in a large low-gradient river, where detritus levels would be expected to be high 
(Fig. 6-21). The ecological role of this invading species in WOC requires further study. 

A more detailed analysis of guild structure in WOC and the regional data base will be 
prepared as a separate report during the coming year. 

63.4 Future Studies 

Efforts for the coming year will focus on adding more small ( 4 - h a )  watersheds to the 
data base to provide a better basis for assessment oE the smallest watersheds in the WOC 
system. Additional data will come from the Powell River data base completed by 
Tennessee Technological University. The University of Tennessee studies mentioned 
earlier and some additional sampling of small reference watersheds in the local area were 
also used as sources. 

A complete, detailed analysis and interpretation of the data base, focusing on diversity 
and guild structure, will be prepared in the form of a peer-reviewed publication. In 
addition, patterns of seasonal and year-to-year variation in the guild structure of WOC 
sites and reference sites will be analyzed to allow comparison of the community dynamics 
at different sites, rather than simply the single-sample comparisons allowed by the present 
data base. 

Work on a simulation model of stream communities will continue in collaboration with 
the ESD Stream Recycling and Resilience Project funded by the National Science 
Foundation. 

*In relation to the site with the highest number of fish species. 
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7. ASSESSMENT OF CONTAMIINANTS IN THE TERRESTRIAL 
ENVIRONMENT 

Terrestrial biota can serve as important indicators of chemical contamination in 
terrestrial systems because toxicant exposures are integrated by the animals over time and 
space. Wildlife can be used to forecast potentially adverse biological impacts of 
environmental toxicants and as sentinels to show changes in concentrations of chemicals 
on a long-term basis. They can also serve as indicators of chemical concentrations in 
other compartments in the environment (Clark et  al. 1988). Despite these advantages of 
wildlife monitoring, there are practical drawbacks that must be addressed in order to 
implement biomonitoring in terrestrial ecosystems. 

Development of an effective biological monitoring program for the terrestrial 
environment presents special difficulties not encountered in aquatic environs. Fewer data 
exist on contaminant types, amounts, and sources for the terrestrial environment near 
ORNL, and much of the available data for radionuclides were obtained many years ago; 
thus, they are not reliable indicators of current levels of contamination. The slower 
movement of contaminants in soils compared with that in air and water, as well as the 
greater potential for spatial variation of contaminant concentrations in soils, complicates 
the task of surveying large land areas. Sampling must be conducted more intensively 
within a given area, and sources or hot spots cannot be readily tracked from flow patterns 
as in aquatic systems. Screening for contaminants is further complicated by the fact that 
chemicals present in soils may not reach either surface or ground waters in sufficient 
concentrations to be detected during routine water quality surveys. In addition, organic 
contaminants with high sorption coefficients (KJ in soil may not be found in surrounding 
waters, yet may still be available to terrestrial biota to produce toxic effects. 

While methods for biological monitoring in aquatic environments have been 
intensively studied and extensively developed over the past decades (Roop and Hunsaker 
1985, Ekrgman et  al. 1986), standard procedures and approaches for terrestrial 
biomonitoring do not exist. The techniques of wildlife and population biology are not 
suitable for establishing toxicological effects of contaminants on natural populations of 
animals because they are too time-consuming, expensive, and typically yield equivocal 
results due to the high variability inherent in the measurements. In addition, terrestrial 
animals are generally more difficult to sample and handle than aquatic species. Whereas 
most aquatic animals can be obtained by electroshocking, seining, and netting, most 
terrestrial species must be trapped at a much lower success rate. Furthermore, the 
handling and transport of wild animals to the laboratory can be difficult and pose hazards 
of disease and bodily injury to workers. Nonetheless, biomonitoring for contaminants in 
the terrestrial environment offers a cost-effective means to obtain information on the 
scope of chemical contamination in the ORNL environs. 

Studies to monitor contaminant levels in small mammals (Task 5 )  were modified in 
scope and continued during the second year of the ORNL BMAP. The objectives of this 
task of BMAP are (1) to document what radioactive and organic contaminants are present 
in elevated levels in the terrestrial environment at ORNL, (2) to examine the potential for 
mobility and availability of these contaminants to terrestrial biota, and (3) to select the 
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appropriate organisms and monitoring approaches for more-detailed biological monitoring 
as needed ( b a r  e t  al. 1991). Included within the last objective is a continuation from 
1986 of Subtask 5a {Part 4) on the use of freshwater turtles as indicators of environmental 
contamination. The turtles included in this subtask are found both on land and in water 
and did not, therefore, fall exclusively into any of the other biomonitoring tasks designated 
by ecosystem type. Inciusion of the turtle studies in Task 5 was somewhat arbitrary and 
was more a function of who had the expertise to conduct the studies than of where the 
turtles spend the largest percentage of their time. 

7.1 SMAU MAMulus AS BIOLOGICAL MONITORS OF ENVIRONMENTAL 
CONTAMlMANTs 

7.1.1 Introduction 

Effective environmental management requires knowledge of the transport and fate of 
contaminants in natural systems (Wren 1986). Small mammals can serve as indicators of 
the presence and bioavailability of contaminants, and selected monitoring species can be 
used to measure the accumulation of contaminants. Furthermore, knowledge of food 
habits and habitat may indicate pathways of contaminants to organisms. 

Small mammals have frequently been used to monitor the presence of metals and 
other contaminants in the environment either directly, by residue analysis, or indirwtly, by 
measurement of biochemical parameters. Biomonitoring is essential for determining 
bioavailability and resultant biological effects under natural conditions. Small mammals 
can be particularly effective biomonitors of soil contaminants if the species used are 
abundant, easily caught, do not migrate long distances, have a widespread distribution, and 
have generalized food habits (Beardsley et al. 1978). Ideal biomonitors are in equilibrium 
with the environment and show a graded response to a range of pollution. 

Monitoring of small mammals can be used as a cost-effective survey of contaminated 
sites and as a means of routinely monitoring uncontaminated sites. Such monitoring can 
also provide evidence of contaminant impact on biota and be used to establish priorities 
for remedial action. In areas that have been established as uncontaminated where there is 
a potential for contamination via accidental releases or migration of contaminants, small 
mammals can be routinely monitored over long periods of time. Since the presence of a 
contaminant does not necessarily involve risk to humans, evidence of impact on biota, as 
determined by biochemical parameter changes and tissue residues, will help to establish 
the need €or remedial action. 

Tissue residue and biochemical analyses can provide needed information on 
contaminant exposure over an animal’s home range. Such data may give an indication of 
the exposure history of the organism and are the best kind of data to indicate the 
bioavailability of contaminants. Thus, bioavailability, coupled with information on f d  
habits and habitats, permits inferences on the route of transfer for chemical contaminants 
to biota. 
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There are several potentially serious problems with biological monitoring in terrestrial 
systems. In many cases reference sites ecologically similar to contaminated sites are not 
available for comparative purposes. When suitable refcrence sites are found, the species 
composition at both sites may not be the same. In addition, the best species for 
monitoring, as indicated by preliminary studies, may be rare or not present at both sites. 
After selection of one or more indicator species, individual variation within species may be 
great, especially if the contaminated area is small and contains few animals. Trapping can 
be a labor-intensive exercise requiring that traps be checked daily. In addition, the 
biological significance of endpoints may be unknown. The presence of tissue residues or a 
change in biochemical parameters does not necessarily signify detrimental effects either to 
individuals or populations. Finally, the relationship of endpoints to exposure cannot 
always be determined. In the laboratory a known dose produces a specific level of 
response, but in the field the dose is unknown, and the time period over which exposure 
has occurred is likewise usually impossible to determine. 

33ctensive aquatic and groundwater monitoring studies were previously undertaken to 
determine the extent and impact of chemical contaminants in the ORNL environs (Boyle 
e t  al. 1982). In addition, contaminants in sediments in the vicinity of the Y-12 Plant were 
characterized (Hoffman e t  al. 1984) and provided information for selection of reference 
sites. From thcse preliminary studies, mercury, %h, and several organic compounds, 
including benzo[a]pyrcnc (B[a]P), were shown to be present in the soil at several sites. 

No terrestrial biomonitoring studies have been conducted in the ORNL environs in 
recent years. Biornonitoring of small mammals was undertaken as an alternative to 
extensive soil sampling and chemical analyses, especially because of the large area involved 
and the lack of information on the extent of contamination in the ORNL terrestrial 
environment. In the studies for the present reporting period, small mammals were 
collected and analyzed primarily for mercury and 3 r .  Preliminary analyses of PCEk were 
conducted during 1987. Contaminant levels in soil and vegetation were either measured 
or obtained from field studies reported by others. 

7.1.2 Materials and Methods 

7.121 Study sites 

White Oak Creek. The floodplain of WOC provided the primary sampling area for 
small mammals. The stream flows through the ORNL complex into WOL, a settling basin 
for radionuclides, before entering the Clinch River. Discharges from several settling 
ponds contaminated with radionuclides (%k, 137Cs, and "Co) enter the stream at several 
locations. The stream flows near several SWSAs and trenches (Fig. 2-2), where 
contaminated runoff and groundwater from these areas can enter WOC. 

Two weirs are present on WOC downstream of the main plant area and serve as 
convenient references for designating locations of sampling sites. The areas above the 
weirs are characterized by low-lying flat fields covered with grassy vegetation. At the 
point where WOC enters WOL, the vegetation consists of shrubs with a canopy of 
boxelder (Acer negundo) and willow (Sah sp.). Animals were trapped on the floodplain 
near WCK 2.1 (the point where WOC enters WOL), near the weir at WCK 2.7 (NPDES 
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station X14), and above the weir at Melton Valley Drive (WCK 3.4) during the spring and 
summer of 1987. 

Solid Radioadhe Waste Storage/Disposal Area 4. SWSA 4 encompasses an area of 
-10 ha just south of the main plant area (Fig. 2-2). Between 1951 and 1959, it was used 
as a low-level radioactive disposal site for wastes generated both on- and off-site (Melroy 
et  al. 1986). Trenches and auger holes were used for disposal of the wastes. Alpka- 
emitting wastes were covered with concrete, and the beta- and gamma-emitting wastes 
were covered with a natural soil cover (Lomenick and Cowser l%l). The burial ground 
was covered with uncontaminated fill and ~losed in 1959. It is now maintained as a grassy 
field. A bank covered with brush and trees separates SWSA 4 from a small tributary of 
WOC. 

During periods of rain or high water table, the trenches at SWSA 4 fill up and 
overflow, creating surface contamination. This effect is referred to as the bathtub effect, 
and the seeps are referred to as "bathtub seeps." According to recent studies (Melroy et  
al. 1986), as much as 150,OOO Bqkg dry weight of ?Sr is present in the surface soil. 
Ground- level Geiger-Muller (GM) survey meter readings taken at the intersections of a 
4-m grid pattern ranged up to 25,000 counts per minute (Fig. 7-1) (Garten and Lomax 
1987). Small mammals were trapped in the area of the bathtub seeps during the spring 
and summer of 1987 to determine whether radionuclides were taken up by resident fauna 
and whether the site could be one of the sources of %3r and '37Cs in deer. SWSA 4 also 
served as a reference area for the mercury-contaminated site, 

East Fork Poplar Creek. EEPC, which originates at the Y-12 Plant, was selected as 
a reference site for comparison with animals collected from the ORNL environs. It is the 
receiving stream for industrial e€fluent from the Y-12 Plant and may receive wastes as it 
flows through a commercial area of Oak Ridge. The stream is 23.7 km in length from 
New Hope Pond, a waste settling pond at the east end of the Y-12 Plant, to its confluence 
with Poplar Creek For much of its length, EFPC flows through the City of Oak Ridge. 
Near EFK 17-18, the floodplain is low and the creek floods periodically, depositing 
sediment. The floodplain at this point is abundantly vegetated with sneezeweed 
(Helenium autumnale), jewelweed (Impatiens capemis), and grasses (Sorgurn halepeme). 
A stand of boxelder borders an old field on the floodplain. Animals were trapped at this 
site during 1986 and 1987. 

EFPC was contaminated with mercury released from the Y-12 Plant, where it had 
been used in a lithium-separation process. From 1950 to 1%3, 1080 metric tons 
(l,OOO,OOO kg) could not be accounted for at the ptant (Bashor and Turri 1986). It is 
estimated that 80,OOO kg may be present in the floodplain (R.R. Turner, ORNL, personal 
communication, 1986). Sample analyses by researchers at Oak Ridge Associated 
Universities indicate that most of the mercury is present as inorganic salts (Bashor and 
Turri 1986). 

Benzo[a]pyrene is also present in the floodplain (Hoffman et al. 1984); and, although 
its source is unknown, B[a]P concentrations are high in the floodplain adjacent to the Y- 
12 Plant and decrease with distance downstream, Radionuclides are present at extremely 
low levels and, according to Hoffman e t  al. (1984), can be excluded from consideration as 
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important contaminants. Thus, the EFPC floodplain provided an excellent negative 
control for radionuclides in small mammals and a positive control for mercury and Bfu]P. 

7.1.2.2 Trapping of small mammals 

Small mammals were trapped using 23 x 8 x 8 cm Sherman live traps baited with 
sunflower seeds and/or fish. All traps were checked each morning, and trapped animals 
were transported to the laboratory, where they were identified to species and weighed. 
Selected tissues were analyzed for mercury, WSr, and PCBs. 

Surface soil samples (0-3 cm) were collected at trap locations at all sites. At EFPC, 
samples were also taken with a soil corer at depths up to 40 cm. (Deposits of metallic 
mercury were visible in the cores at a depth of 20-40 cm.) Sampling points were noted by 
trap location or by coordinates relative to a permanent marker at the site. Soils were 
analyzed for mercury and B[u]P to supplement previously reported evaluations of B[u]P in 
mammals ( b a r  et al. 1992). 

7.124 Anah/tical methods 

Benzo[u]pyrene. Soil samples were collected at all study sites and air dried, sieved 
(2-mm mesh), and composited before extraction. In preliminary studies B[u]P and other 
organics in soil and vegetation from the EFTC site were determined by the ACD at 
ORNL. Subsequent extractions and analyses were conducted in our laboratory using the 
following procedures. 

Benm[a]pyrene was extracted from soil by Soxhlet extraction according to EPA 
Method 3540 (EPA 1982). Soil samples of 5 g each were mixed with 5 g of anhydrous 
sodium sulfate (to absorb water) and 5 g of Ottawa sand (to permit good solvent 
percolation), placed in an extraction thimble, and extracted using 150 mL of methylene 
chloride. The extract was reduced in volume to 1 mL on a rotoevaporator (Buchi 
Rotovapor-R). 

Because colored contaminants were present in the extract, a cleanup step was 
developed to clarify the samples as follows. During cleanup the solvent was changed to 
cyclohexane, and organics were extracted into dimethyl sulfoxide and reextracted into 
clean cyclohexane. followed by two water washes. Most of the interfering colored 
contaminants remained in the original cyclohexane. The samples were dried with sodium 
sulfate, concentrated, filtered through silica columns (Waters Silica Sep-Faks), and dried 
further under a stream of nitrogen. The samples were then dissolved in P mL of 1001% 
methanol, filtered, and injected into a high-pressure liquid chromatograph (Perkin-Elmer 
Series 4) coupled with a fluorescence spectrometer (Perkin-Elmer LS-4). Samples were 
eluted with 100% methanol; detector settings were 355 nm excitation and 410 nm 
emission. 

Initial extractions using "C-labeled B[a]P showed that percentage of recovery was 
poor. Since B[a]P appears to be strongly sorbed to soils, extractions were carried out for 
a longer period than prescribed in the EPA method, and different solvents were tested. 
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Organic carbon contents of the soils were also determined to establish its influence on 
B[n]P extractability. For the latter analyses, each soil was initially prepared by grinding to 
a fine powder using a high-speed grinder (Janke and Kunkel, Cincinnati, Ohio). Next, 1 g 
of Iron Chip Accelerator (LECO Brand) and 1 g of Copper Metal Accelerator (WAC0 
Brand) were added to a baking crucible. The crucible was tared, and -0.8 g of soil was 
added. The contents were mixed thoroughly, placed in a LECO HF 20 Induction 
Furnace, and ignited. The total carbon content was analyzed by a LECO WR 12 Carbon 
Determinator. Triplicate samples of composite soils were analyzed from each site. 

Mercury. Airdried soil samples and fresh kidneys from small mammals were analyzed 
for total mercury by the ACD laboratory at ORNL. Samples were wet digested in nitric 
and perchloric acids and analyzed as a cold vapor by atomic absorption spectroscopy. 

Because the levels of mercury in tissue were unknown before analysis and literature 
searches indicated that they may be very low, kidney samples from several animals of the 
same spccies collected at EFPC (the positive reference site) were pooled to provide a 
sample weight of 1 g. When the first results indicated that mercury levels were extremely 
high compared with the detection limit of 40 ng/g, individual kidneys of a pair were 
submitted separately. Kidneys from laboratory-reared mice wcre analyzed to obtain 
background mercury concen trations. 

%r- Hind limbs and crania of sacrificed animals were cleaned of muscle tissue, dried 
overnight at lOO"C, and ashed at 900°C. Weights of wet, dried, and ashed samples were 
recorded. The bone samples were ground, successively digested in 4 M hydrochloric and 
8 N nitric acid, dried, cleared with 30% hydrogen peroxide, and then dissolved in plastic 
vials containing 20 mL of water and a few drops of hydrochloric acid. Samples were 
counted for Cerenkov radiation in a Packard Tri-Carb Scintillation Spectrometer (Model 
3002). Bones from laboratory-reared mice and blank samples served as controls. 

7.125 PCBs 

PCBs in whole liver and brain of small mammals were analyzed by the ACD 
laboratory. The procedure utilized Soxhlet extraction with methylene chloride as the 
solvent. Analysis was by packed column GC/ECD. Brain and liver tissue, rather than fat 
tissue, werc used because wild animals were found to have too little fat for analyses. 

7.13 Results 

7.13.1 Small mammal species 

Seven different species of small mammals were captured along WOC, at SWSA 4, 
and along EFPC (Table 7-1). The white-footed mouse, Peromyscus leucopus, was the 
most common species trapped and was present at all locations. 

7.13.2 Bem[o]pyrene 

Analyses of composite soils showed that B[a]P was present at all three sampling 
locations (Table 7-2). The highest concentration was found at EFK 17.4 (70 ng/g, dry wt); 



199 

Table 7-1. Species and number of small mammals trapped at Merent stpdy sites during 
1!48&1981 

Scientific name Number collected 

East Fork Poplar Creek Floodplain (near EFK 17.4) 
Peromysms leucopus (White-footed mouse) 
Blarinn brevicaudu (Shorttail shrew) 
Sigmodon hispidus (Cotton rat) 

White Oak Creek Floodplain (near WCK 2.1) 
Peromyscus leucopus (White-footed mouse) 

White Oak Creek Hoodplain (near WCK 2.7) 
Permnyscus leucopus (White-footed mouse) 

White Oak Creek Floodplain (near WCK 3.4) 
Peromyscus leucupus (White-footed mouse) 
Sigmodon hisphius (Cotton rat) 
Reithrudontomys humulis (Eastern harvest mouse) 

Solid Radioactive Waste StorageDisposal Area 4 
Peromyscus leucopus (White-footed mouse) 
3l& brevicauda (Shorttail shrew) 
Sigmodon hispidus (Cotton rat) 
Reithrodontomys humulis (Eastern harvest mouse) 
Microtus pinetorum (fine vole) 
Tomias srriutus (Eastern chipmunk) 
Mus musculus (House mouse) 

Tabk 7-2 Bem[u]pyrene mncentrations in soil at the East 
Fork Poplar Creek floodplain near EFK 17.4, White Oak 

creek floodplain near WCK 21, and Solid 
Radioactive Waste StorageDisposal 

Area 4 (SWSA 4) 

Site 

EFK 17.4 
WCK 2.1 
SWSA 4 

70 
5 
35 

27 
9 
1 

9 

5 

1 
3 
1 

14 
3 
2 
3 
2 
2 
1 

"Values represent the mean of duplicate analyses of a single 
composite sample. 
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lower concentrations were present at SWSA 4 and WCK 2.1. That some of the small 
mammals trapped on the EFPC floodplain tested positively for B[a]P (based on B[a]P 
adducts to hemoglobin), while those from the WOC floodplain and SWSA 4 were negative 
(Loar e t  al. 1992), suggests that a soil concentration of B[u]P >35 ng/g is needed to elicit 
a positive response for uptake of B[a]P by small mammals. 

7.133 Mercury 

Mercury concentrations in the soil from the EFPC floodplain averaged 348 pg/g in 
the top 3 cm (Table 7-3) and 1675 &g at a depth of 2040 cm. Concentrations were 
lower along WOC, avcraging from 0.8 &g at WCK 2.7 to 7.0 pg/g at WCK 3.4, and were 
lowest at the reference site (SWSA 4). Residues of mercury were detected in kidneys of 
all mammals collected at the study sites (Table 7-3). The highest concentrations of 
mercury were found in mammals trapped on the EFTC floodplain. Concentrations in the 
shorttail shrew, Blarina brevicauda, ranged from 21 to 73 pg/g, wet wt. Concentrations in 
small P. leucopus, the only species trapped at all sites, and the cotton rat, S i p d o n  
hispidu, from the EFPC floodplain were 1.5 &g and 1.9 d g ,  respectively, compared 
with 50.5 pg/g for both species at WCK 3.4 and SWSA 4. The standard deviation of the 
mean was large (from 41% up to 106% of the mean) for all field-collected species. The 
mean concentration in laboratory mice fed laboratory chow was 0.02 pg/g (n = 4). 
Concentrations for individual animals collected at each site are listed in Appendix I. 

7.13.4 3 r  

All small mammals from SWSA 4 and the WOC floodplain had detectable 
concentrations of in bone tissue (Table 7-4). At SWSA 4, the highest concentrations 
were found in the Eastern harvest mouse, Reithrodontomys humulis, (mean: 71.5 Bq/g, dry 
wt of bone; range: 10.0-281 Bq/g). This species was captured in the grass immediately 
adjacent to the seeps. Concentrations were high for S. hispidus trapped at both SWSA 4 
and WCK 3.4 (26.5 and 20.7 Bq/g respectively) and for B. brevicauda trapped at SWSA 4 
(23.5 Bq/g). %r was present in low concentrations in P. leucopus and R. humulis trappcd 
at the WOC sites. The standard deviation of the mean was large in all cases. 
Concentrations were close to background in animals from EFPC. Concentrations in 
laboratory-raised mice averaged the same as distilled water blanks and blanks taken 
through the entire analytical procedure (12 counts/min). Concentrations for individual 
animals collected at each site are listed in Appendix J. 

7.135 PCBs 

Only three P. leucopus, two trapped at WCK 2.1 and one trapped at SWSA 4, and 
two laboratory control mice were analyzed for PCB-1254 and PCB-1260 (Table 7-5). 
Except for PCB-1260 in the liver (2.1 Ccglg) of P. leucopus from WCK 2.1, concentrations 
in brain and liver tissue of the field-collected specimens were similar to those of the 
control mice. 
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Table 7-3. Mercury concentrations found in soil and kidney tissue of smaU mammals cdleded on 
the East Fork Poplar Creek floodplain near EFK 17.4: White Oak Creek floodplain, and sdid 

Radioadive Waste Storage/Disposal Area 4 (SWSA 4) 

Soil samples expressed as micrograms per gram dry weight; tissue samples expressed as micrograms 
per gram, wet weight 

Collection Peromyscus 
site" leucopus 

Blarina Sigmodon 
brevicauda hirpidus Soil 

EFK 17.4 1.5 i 1.6' 
(11) 

WCK 3.4 0.27 
(1) 

WCK 2.7 0.4 i 0.2 
(5)  

WCK 2.1 0.2 f 0.2 
(9) 

SWSA 4 0.5 i 0.4 
(8) 

47.2 i 19.3b 1.9 

( 5 )  (1) 

0.5 f 0.3 

ND' (3) 

ND ND 

ND ND 

'9.0 
(2) 

0.8 i 0.5 

(3) 

2.6 i 0.8 
(3) 

0..2 f 0.1 

(6) 

"EFK = East Fork kilometer; WCK = White Oak Creek kilometer; SWSA = Solid Radioactive Waste 

'Significantly different from the reference site (SWSA 4) (Student's t-test, p = 0.05). 
'No data available. 
Note: Values are the mean f 1 s.d. (sample size in parentheses). 

Storage/Disposal Area. 

7.1.4 Discussion 

7.1.4.1 Beozo[o]pyrene 

Although B[a]P is nearly ubiquitous in terrestrial ecosystems (Edwards 1983), uptake 
by vegetation is usually low. In a literature review Edwards (1983) found that 
concentration ratios (B[a]P in vegetation:B[a]P in soil) ranged from 0.0001 to 0.33. In the 
present study, B[a]P was found in the soil at all three study sites. The highest 
concentration was found at EFPC (70 ngig), but this concentration was low compared to 
highly contaminated areas cited by Edwards (up to 191 &g). Low concentrations of a 
B[a]P metabolite were found in some species of mammals collected at this site ( b a r  et al. 
1992). None of the animals collected at WOC had detectable quantities of' the B[a]P 
metabolite. The low concentrations in the soil near WOC (5 d g )  and the absence of 
uptake by small mammals inhabiting the area indicate that B[a]P is not a contaminant of 
concern at SWSA 4 or along WOC. 
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Table 74. Strontium-W concentrations ( q r e s s e d  as becque-rels per gram dry wt) in bone of 
small mammals 00lkUed from Solid Radbaaive Waste Storag4Disposal Area 4 (SWSA a), 

the floodplain of White Oak Creek, and the floodplain of East Fork Poplar k k  
near EFK 17.4 

Values are mean i 1 s.d. (sample size in parentheses) 

Peronryscus Reithrodontomys Blnrina S i p d o n  
brevicauda hispidus Collection" leucopus humulis 

SWSA 4 12.7 f 24.4 
(14) 

WCK 3.4 0.6 
(1) 

WCK 2.7 1.6 i 1.2 
(5 )  

WCK 2.1 1.6 i 1.5 
(9) 

EFK 17.4 < 0.04 

(6) 

71.5 i 117 23.5 f 35.6 26.5 * 35.6 
( 5 )  (3) (2) 

0.9 ND 20.7 i 20.9 
(1) (3) 

NW ND ND 

ND ND ND 

ND < 0.4 ND 
(3) 

"SWSA = Solid Radioactive Waste Storage/DisposaI Area; WCK = White Oak Creek kilometer; EFK = 

bND = no data available. 
East Fork Poplar Creek kilometer. 

7.1.42 Mewry 

Mercury burdens in terrestrial mammals are generally related to diet and are reported 
to be lower in herbivores than in carnivores (NRC 1978). According to Wren (1986) 
mercury concentrations are biomagnified within terrestrial food chains and the highest 
levels of mercury (up to 40 p@g, wet wt of tissue) have been found in seed-eating birds 
and mammalian predators in areas where mercury-containing fungicides were widely used 
as seed disinfectants. Mercury does not appear to concentrate in plants; concentrations 
are usually C O S  pg/g fresh weight plant tissue in control areas and up to 3.5 pg/g over 
cinnabar deposits (Shacklette 1970). 

Releases of mercury into EFPC have contaminated the creek and its floodplain with 
concentrations as high as 2100 pg/g having been measured in the floodplain (C. S. Gist, 
ORAU, unpublished data). Mercury concentrations in plants ranged from 0.00058 to 
0.31 p@g with an average value of 0.05 pg/g in vegetables grown along EFPC (Bashor and 
Turri 1986). 
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Table 7-5. PCB conazntrations (expressed as micrograms per gram fresh wt) in brain and hex of 
laboratoq mnvol mice a d  Ptromysars lepIcopplr trapped at the White OaL Creek floodplain 

(WCK 21) and Solid Radiwctivc Waste StoragdDispasal Area (SWSA 4) 

Values are mean and range (in parentheses); N = number of samples 

Sitemissue N PCB-1254 PCB-1260 

Control 

Brain 
Liver 

Brain 
Liver 

Brain 
Liver 

2 
2 

0.35 (0.184.52) 
0.13 (0.07-0.18) 

WCK 21 

2 0.21 (0.10-0.3 1) 
2 < 0.05 

1 
1 

SWSA 4 

0.41 
0.22 

0.07 (0.02-0.12) 
0.03 (0.02-0.044) 

0.22 (0.20-0.23) 
2.1 (0.91-3.3) 

0.09 
0.12 

Note: WCK = White Oak Creek kilometer; SWSA = Solid Radioactive Waste StorageDispl Area. 

Although no documentation was found of the presence of mercury in WOC soils, 
analyses of soils and small mammals showed that mercury is present on the floodplain. 
Mercury may have been released into WOC from ORNL and/or from burial grounds used 
for nonradioactive waste (Boyle et al. 1982). Concentrations of mercury in floodplain soils 
ranged from 0.8 &g, dry wt at a site where there is little flooding to 7.6) pg/g, dry wt at a 
site where the floodplain is low and wet. For soils in general the mercury content is 
reported to average 0.3 pg/g (Lisk 19721, although the natural trace metal content of soils 
varies, depending both on the rocks from which the soil was formed and weathering 
conditions. The mercury concentration at SWSA 4 averaged 0.2 pg/g, dry wt and provided 
a suitable noncontaminated reference site for mercury analysis in mammals. 

In this study, the highest concentrations of mercury were found in B. brevicaudu 
collected from the EFPC floodplain. The shrew is carnivorous, with a diet of earthworms, 
insects, and occasionally mice. Its position in the food chain and its food habits, 
particularly the ingestion of soil-containing earthworms, make it vulnerable to the 
accumulation of mercury. P. leucopus, a seed eater, and S. hkpidus, a herbivore, had 
much lower concentrations of mercury in kidney tissue. For both of these species, tissue 
mercury concentrations were significantly lower in animals from SWSA 4 than they were 
in those from the EFPC floodplain; however, no other species was abundant enough at 
the EFPC site to make statistical comparisons on a species-by-species basis. 
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7.1.43 Strontium-90 

The bathtub effect at the southwestern corner of SWSA 4 has contaminated this area 
with %r. Concentrations of %Sr in soil at this location ranged from 44 to 150 Bq/g, dry 
wt (1,OOO to 4,000 pCi/g) (Melroy et al. 1986) and fescue, the dominant vegetation at the 
site, averaged 37 Bq/g, dry wt (1,OOO pCi/g) (Garten and h m a x  1987). No previous data 
on %r concentrations in soil and vegetation along WOC were found. At two sites along 
EFPC, one above and one below the present trapping area, %Sr in soil averaged less than 
8 x Bq/g (Hoffman e t  al. 1984). 

Animals accumulate wSr, a bone-seeking radionuclide, through dietary intake (Klusek 
1987). At SWSA 4, the highest concentration was present in bone tissue of R humufis, 
which fecds mainly on seeds found in the fescue grass that it inhabits; four of the five 
individuals were collected in the grass immediately adjacent to the seeps. Concentrations 
were high in some individuals of all species caught at this site, but there was considerable 
intraspecies variation, probably reflecting the overlap of the home ranges with 
contaminated and uncontaminated areas. 

P. feucopus was the most common species caught along WOC, but concentrations of 
90Sr were low. Of the three S. hispidus collected, all within a few meters of each other, 
adjacent to the creek (WCK 3.4), two had %Sr concentrations of 14.5 and 44.0 Bq/g, while 
the other had a much lower concentration (3.6 Bq/g). The only P. feucopus collected at 
this site was trapped about 50 m from the creek and had a very low concentration in bone 
(0.6 Bq/g). At EFPC, values for the six P. feucopus and the three shrews averaged the 
same as the background count (12 counts/min). 

7.1.4.4 Summary 

Overall, terrestrial biological monitoring studies using small mammals as indicator 
species provided information on the presence and impact of on-site contaminants at 
ORNL. The studies focused on mercury, %r, and benzo[u]pyrene. Results of soil 
analyses for B[u]P and blood analyses of mammals for B[u]P metabolites indicated that 
this contaminant does not exceed background levels at ORNL and can be excluded from 
further consideration. 

Mercury concentrations in kidneys of all small mammals collected along WOC were 
below the tissue concentration of 1.1 pg/g proposed by Eisler (1987) as producing adverse 
effects. Interpretation of the results is limited, however, because only P. feucopus, a 
species shown at other sites to be a poor indicator of mercury bioaccumulation, was 
trapped at two of the WOC sites. Analyses of soil along the creek indicate the presence 
of mercury (up to 7 d g ) .  Additional trapping to collect more species is needed. Results 
of trapping near the Y-12 Plant (EFPC), where soil is contaminated with mercury (up to 
2100 pg/g), showed that only one species, B. brevicuuda, was a good indicator of mercury 
contamination (mean concentration in kidney = 47.2 &g). P. leucopus and S. hispidus 
from the EFPC floodplain had only slightly elevated concentrations of mercury in kidney 
tissue (1.5 pg/g and 1.9 pg/g respectively), indicating these species are poor sentinels for 
this contaminant. 
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All small mammals trapped at SWSA 4 had 90Sr concentrations in bone that were 
elevated above background levels, indicating that 90Sr from the burial trenches is available 
to the small mammals inhabiting the site. Highest levels were found in R humulb (up to 
281 Bq/g) which inhabits and feeds on the %r-contaminated grass. The small home range 
of these mammals ( C O S  ha) make them ideal monitors for identifymg specific areas of 
seepage. Larger mammals, such as deer, show %Sr contamination and uptake at ORNL 
(Garten and Lamax 1987), but their home range is too large to pinpoint areas of active 
radionuclide seepage. 

All mammals collected along WOC had ? 3 r  concentrations in bone that were 
elevated above background levels. However, P. leucopus, the most abundant species, was 
a poor biomonitor, having only slightly elevated concentrations. S. hispidus captured near 
the creek in a wet area subject to flooding, appeared to be the best indicator species. 

7.2 FRESHWATER T U R W  As INDICATORS OF CONTAMINATE];) 
ENVIRQNMENTS 

72.1 Introduction 

A variety of organisms have been used to monitor contaminants in aquatic systems. 
Long-lived species, such as freshwater turtles, which are often found in close association 
with lake sediments, may offer advantages as a substitute or a supplement to.fish species 
that are frequently used in biological monitoring programs. Both organic and inorganic 
contaminants have been reported in turtles, including PCBs (Helwig and Hora 1983, 
Olafsson e t  al. 1983, Bryan et al. 19871, organochlorine pesticides (Punzo et  al. 1979, 
Hall 1980) and radionuclides (Brungs 1967, Holcomb 1971, Jackson e t  al. 1974, 
Peters 1986, Scott et al. 1986). To address the importance of species selection in 
monitoring programs, two freshwater turtle species Occupying different ecological niches 
were selected for comparison of their abilities to accumulate a variety of sediment- 
associated contaminants. A biochemical technique for field monitoring was also evaluated 
as a nonspecific indicator of toxicant exposure in turtles. 

The influence of habitat and food preference on the concentration of contaminants in 
freshwater turtles is being determined by comparing data from two s p i e s  of turtles found 
in WOL. The yellow-bellied slider (Pseudemys scripta), a pond turtle that feeds primarily 
on vegetation as an adult, is being compared with a carnivorous species more closely 
associated with sediments. The numcrous attempts made to collect the sedimentdwelling 
Eastern spiny soft-shell turtle (Trionyx spinifems spinifem) from WOL during the spring 
and summer of 1987 met with little success. As a consequence, the common snapping 
turtle (Chelydra serpenrina) was substituted €or the soft-shell turtle in order to evaluate the 
influence of sediment contact and food habits on body burdens of chemical contaminants. 
Data presented in this report focus on yellow-belied sliders collected during the 1987 field 
season. 
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Two study sites were selected: WOL and the Bearden Creek embayment on Melton 
Hill Reservoir. The dominant radionuclides found in WOL are ?Sr, 137Cs and 6oCo, all of 
which have been detected in the lake biota (Oakes et  al. 1982). Mercury and PCBs are 
also present in WOL (Hoffman et  al. 1984) and have been detected in fish ( b a r  et  al. 
1992). The origin of the. mercury contamination in the lake is unknown, and both past 
and present discharges from ORNL may be sources of PCBs in WOL. 

An uncontaminated marshy embayment of Bearden Creek located east of ORNL 
served as the reference site for this study. Preliminary studies showed that the embayment 
is relatively free of the contaminants under investigation and provides suitable habitats for 
a variety of turtle species. The Bearden Creek embayment is located approximately 
5.25 km from WOL. 

7.23 Materials and Methods 

7.23.1 F~ld techniques and animal dissection 

Pseudemys scripta was trapped from WOL and Bearden Creek embayment from July 
23 through September 18, 1987. Hoop nets and 0.6-cm wire-mesh funnel traps were 
baited with cither rainbow trout or pork liver and placed in water approximately 60 cm 
deep. Traps were set overnight and checked each morning. 

Turtles from WOL that were marked and released during the 1985 and 1986 field 
seasons were weighed when recaptured and returned alive at the recapture site. Locations 
of the recaptured animals were noted and used as incidental data on the movement of the 
species within the lake. 

A total of six male and six female, unmarked yellow-bellied sliders were collected 
from each site and returned to the laboratory for dissection. Individuals were sacrificed by 
injecting 2.5 to 7.0 mL of a 10% solution of tricaine methane sulfonate, an anesthetic, into 
the neck before decapitation with a table-top cable cutter. Individuals were immediately 
dissected and a section of liver was removed and placed on ice for DNA analysis. Samples 
of muscle, bone and carapace were retained for %3r determinations. Kidney and muscle 
samples were removed for mercury analysis, and sections of muscle and liver were saved 
for 137Ck and determinations. A sample of fat was also removed from each animal 
for PCB analysis. Information on the food habits of P. scripta was obtained by 
examination of the gastrointestinal (GI) tract contents. 

72-32 Radionuclide counting and analysis 

13’Cs and 6oCo were measured in frozen muscle samples using a Packard NaI auto 
gamma scintillation spectrometer. Samples designated for %r analysis were ashed and 
acid digested for Cerenkov counting (Larsen 1981, Lauchli 1969) using a Packard liquid 
scintillation spectrometer. The samples were also counted in 15.2- x 15.2-cm2 NaI 
detectors with a 3.81- x 7.62-cm2 well to record levels of any interfering gamma emitters 
so appropriate corrections could be made when necessary. 
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The concentrations of mercury in the muscle and kidney tissue of the turtles were 
determined at the ACWORNL laboratory. The protocol included acid digestion of 1-g 
(wet weight) samples followed by the addition of stannous chloride to reduce the mercury. 
Total organic and inorganic mercury content was determined by cold vapor atomic 
adsorption spectrophotometry. 

723.4 PcBmis 

Fat samples from P. scripta were analyzed for PCBs in the ACD/ORNL laboratory by 
first extracting the PCBs from 10-g samples (frozen until analysis) via Soxhlet extraction 
and then using packed column GCECD to separate and quantify the PCBs. 

7-315 Assessment of DNA damage 

DNA damage was used as a biochemical indicator of nonspecific exposure to 
genotoxic chemicals. The method was used to compare the ratios of the single-stranded as 
well as double-stranded DNA content for turtles collected from WOL and the Bearden 
Creek embayment. Genotoxic agents such as radiation can induce DNA damage, which is 
measured as enhanced single-stranded breaks (Swenberg et al. 1976, Erikson e t  al. 1980). 

DNA isolated from liver samples of field-collected turtles was examined for damage 
by means of an alkaline unwinding technique followed by a spectrofluorometric assay. 
The technique has been tested on different tissue cells and organisms as a means of 
exploring damage to the DNA molecule caused by gamma radiation, x-rays, and other 
genotoxic agents (Ahnstrom and Erixon 1973, Rydberg 1975, Sheridan and Huang 1977, 
Kanter and Schwartz 1982, Daniel e t  al. 1985). The alkaline unwinding assay was used as 
modified by L. R. Shugart at ORNL. DNA isolated from turtle liver was denatured, and 
estimates of single strandedness were made using Hoechst dye 33528 (Cesarone et  al. 
1979, Kanter and Schwartz 1982, Downs and Wiifinger 1983) and a fluorescent 
spectrometer (Perkin-Elmer L-S). 

724.1 Turtle ranges from mark-recapture data 

Recapture data for marked P. scripta are presented Table 7-6. These data showed 
that individual sliders traveled an average distance of approximately 100 m within a year 
(Fig. 7-2). Because it is likely that the sliders move throughout the lake, it is reasonable 
to use existing data on average concentrations of contaminants in lake water and 
sediments as indicators of turtle exposures rather than obtaining data from the precise 
point of capture for each animal. 

7 2 4 2  Foodhabits 

Examination of the GI contents of P. scripta from WOL and Bearden Creek 
embayment showed that turtles from the two sites had similar diets. Vegetation comprised 



208 

Tabk 7 6  Mark-recapture data fur yellow-bellied slider turtles (Beudemy Scripto) from 
White Oak Lake 

A total of 15 turtles were marked and released 

Date of Whole body 
capture/recapture wet weight 

(g> 

Estimated distance 
sex traveled 

(m) 

6/18/86 
7/21/86 

9/ 12/85 
7/21/86 

9/ 12/85 
7/21/86 

9/12/85 
7/21/86 
9/3/87 
911 1/87 

6/25/86 
9/10/87 

197 
274 

NR 
140 

NR 
222 

NR 
260 
364 
353 

404 
456 

F 

F 

F 

M 

84 

<3 

213 

76 
267 
<3 

M 
73 

Note: NR = not recorded. 

94% and 87% of the volume of the GI tract in turtles from WOL and Bearden Creek 
respectively (Table 7-7 and Appendix K, Tables K-1 and K-2). Thus, P. scripta appears to 
be an opportunistic feeder, consuming primarily vegetation in the water column and on 
the surface. Evidence of opportunism included the presence of fruits, seed heads, and 
algae in the GI tracts. Cicadas (Homoptera:Cicadidae) were the dominant insect type 
found in the GI tracts of P. scripta at Bearden Creek. The 17-year cicadas 
(Magicicada sp.) emerged in mass during the summer, and a large number of insects were 
probably floating on the surface of the water and were consumed. Very little detritus and 
mud were found in the GI tracts of the turtles from either site. Contact with 
contaminated sediment via ingestion is expected to be less in this species than in turtles 
that are primarily scavengers. 

7 2 4 3  Radionuclide concentrations 

Muscle samples taken from the P. scripta collected from WOL and Bearden Creek 
embayment were gamma counted to determine 137Cs and 
and K-4). Differences in the concentration of radionuclides in turtles from the two sites 
(Table 7-8) were not statistically significant (Student’s t-test) because of the large standard 
deviations of both data sets. 

concentrations (Tables K-3 
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Table 7-7. Mean percentage volume of Werent food types in the gastrointestinal trad of yellow- 
bellied slider turtles (Pseudenrys scripfa) mlkcted from July through September 1987 

Collection site N Fish Insects Vegetation Detrituq Mud and rocks 
~ ~~~ 

White Oak Lake 12 0.1 0.5 93.7 5.6 0.1 

Bearden Creek 12 3.0 8.5 86.5 2.0 0.0 
embayment 

Note: N = number of samples. 

Table 78. Concentrations of and (expressed as becquerels per gram wet weight) in 
muscle tissue of yellow-bellied slider turtles (Ps- saipra) 

Values are the mean i 1 s.d. 

Collection site 1 3 7 G  6oco N 

White Oak Lake 7.29 x 10' f 2.36 x Id 5.14 x lo-' i 1.62 x lo-' 12 

Bearden Creek 1.27 x lo-' * 1.51 x lo-' 1.57 1 0 - ~  3.38 10-3 12 
embayment 

Nute: N = number of samples. 

Two turtles from W 0 L  had 137Cs concentrations that greatly exceeded those of the 
remaining 10 turtles. A male turtle collected on August 11, 1987, had concentrations of 
137Cs and in muscle of 822 Bq/g and 0.57 Bq/g wet wt respectively. Bone from this 
individual also contained "Sr (4.44 Bq/g wet wt). Because "Sr is not known to be present 
in WOL, it is likcly that the turtle migrated from the Old Hydrofracture Pond near 
Melton Branch; the pond was spiked with "Sr in March 1987 (0. M. Sealand, ORNL, 
personal communication, February 1988). The Old Hydrofracture Pond is located 
approximately 2.5 km from the point of capture in WOL and is the only known 
environmental source of "Sr within the area. 

A second male turtle collected from the lake on July 27, 1987, contained 48.8 m/g, 
wet wt, of 137Cs in muscle. @'Co was not detected in the muscle, nor wa5 "Sr detected in 
the bone. A Dixon statistical test for determining outliers indicated that the 137Cs 
concentration was significantly different (p c 0.01) from levels detected in the remaining 
ten turtles. The mean 137Cs concentration of 5.33 x lo-' f 1-59 x lo-' Bq/g, wet wt in 
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these 10 turtles was significantly higher than the concentration in the 12 turtles from 
Bearden Creek embayment (Student’s t-test,p = 0.01). The mean concentrations of @Co 
in turtles from the two sites were not significantly different. Nonetheless, these two 
turtles were not deleted from the data set since they were in fact captured in WOL and 
constituted a portion of the sample of turtles within the lake. 

Bone and carapace samples from five P. scripta were compared for wSr (Table 7-9). 
Concentrations found in bone were similar to those in the carapace. Levels detected in 
bone ranged from 2.31 to 4830 Bqlg wet wt. Although the data suggested a possible 
difference between %r body burdens in male and female turtles, the difference could be 
explained by the immigration of male turtles to WOL from a more highly contaminated 
area. 

%r determinations were also made on bone samples from four P. scripta collected 
from Bearden Creek embayment. Concentrations ranged from nondetectable levels to 
0.28 Bqlg, wet wt (Table 7-10). Mean %Sr concentrations in the bone of turtles from the 
two sites differed by four orders of magnitude (Table 7-11). The low levels of %r in 
Bearden Creek embayment provide evidence that this area is not contaminated with 
radionuclides. 

%Sr concentrations in the shells of a C. setpentina and a i? spinifem spinifems 
collected from WOL on August 8, 1986, were determined for comparison with the P. 
scripta data. The %Sr concentrations in the carapace of C. sepntina and the plastron of 
T. sphifenrs spinifems were 5.86 and 1.61 J3qfg wet wt, respectively. 

724.4 Mercwy 

Data on total mercury concentrations in kidney and muscle of P. scripta from WOL 
and Bearden Creek embayment are summarized in Table 7-12. (Concentrations in 
individual turtles are listed in Tables K-5 and K-6.) Although the concentration in muscle 
of turtles from WOL was significantly higher than that in turtles from Bearden Creek 
embayment (Student’s t-test, p < O.OS), mean concentrations in muscle of turtles from 
both sites were low ( 4 . 1  pg/g wet wt). The concentration of mercury in the kidney of 
turtles from WOL averaged 0.64 i 1.11 pg/g wet wt and was significantly higher than the 
concentration in turtles from Bearden Creek embayment (Student’s t-test, p < 0.10). Like 
radionuclides, mercury concentrations were highest in turtles that appeared to immigrate 
to WOL. When these individuals were excluded from the data set, the mean 
concentration decreased to 0.19 * 0.04 pg/g wet wt, but the statistical significance of the 
difference between the two sites was unchanged. The total mercury concentration in the 
kidney of a T. spinifems spinifems from WOL was 0.75 pg/g wet wt and within the range 
of concentrations found in P. scripta. 

724.5 pcl&s 

Initial determinations of PCB concentrations in turtles from WOL were made on fat 
samples from two P. scripta and four T. spinifems spinifem (Table 7-13). Both species 
were found to have PCB-1254 and PCB-120. In addition, €at tissue from a P. scripta 
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Table 7-9. Smntium-!Xl concentrations (arpressed as bocquerels per gram wet weight) in ahe bone 
and carapace of yellow-bellid slider turtles (pseudemys saipto) from White Oak Lakc 

Concentrations in picocuries per gram wet wt, in parentheses 

Capture 
date 

Whole body 
sex wet wt Bone 

(g) 
Carapace 

7/27/87 

7/27/87 

7t27/87 

811 1/87 

8/12/87 

M 989 1.42 x I d  
(3,842) 

F 1,865 2.92 x 10' 
(789) 

F 619 1.04 x 10' 
(280) 

M 932 4.79 x I d  
(129,303) 

F 1,820 2.31 x 10'' 
(62.4) 

1.41 x lo2 
(3,794) 

4.24 x 10' 
(1,145) 

1.24 x 10' 
(334) 

1.65 x 10'' 
(44.5) 

Table 7-10. Strontium-90 concentrations (expressed as bocquerels per gram wet weight) in bone of 
yellaw-bellied slider turtles (B- saipra) from Bearden Creek embayment 

Concentrations in picocuries per gram wet wt, in parentheses 

Capture Whole body 
date sex wet weight %r 

(g) 

8/31/87 M 435 0.12 
(3.31) 

9/1/87 M 412 ND" 

9/1/87 F 2865 0.28 
(7.63) 

9/1/87 F 834 ND 

"ND = Not detected (detection limit = 0.033 Bq/g). 
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Table 7-11. Strontium-90 concentrations (eJrpressed as baquerels per gram wet wight) in bone of 
y e l l m a  slider turtles (Zkufmys suipfu) 

N = number of samples 

Collection 
site Mean i 1 s.d. N 

White Oak Lake 990 i 2120 5 

Bearden Creek 
embayment 

0.10 f 0.13 4 

Table 7-12 Total mercury conamrations (in micrograms per gram wet weight) in ye&w-bellied 
slider turtles (Psardemys saipra) 

N = number of samples 

Collect ion 
site N 

Mean i 1 s.d. 

Kidney Muscle 

White Oak Lake 12 (6 M, 6 F) 0.64 f. 1.11 0.10 i 0.13 
0.18 i 0.03 0.05 0.02 

0.15 f 0.18 1.11 f 1.55 
6 (F) 
6 (MI 

Bearden Creek 12 (6 M, 6 F') 0.12 * 0.13 0.03 ~t 0.03 
0.03 P 0.04 
0.03 i 0.02 

0.09 f 0.13 
0.15 ~t 0.13 

embayment 6 (F) 
6 (MI 

collected from Bearden Creek on September 1, 1987, had 0.01 pg/g wet wt of PCB-1254 
and 72 pg/g wet wt of PCB-1260. These data are inadequate to speculate on the relative 
concentrations of PCBs at the two sites or on differences in PCB concentrations in the 
turtles inhabiting the sites. 

724.6 DNAdamage assessment 

The double-stranded DNA alkaline unwinding assay was conducted on liver samples 
from P. scripta from both sites. The mean percent double-stranded DNA value obtained 
using this technique was 87.7% for Bearden Creek embayment turtles and 49.2% for 
WOL turtles (Table 7-14). A Student's t-test showed these values to be signiticantly 
different at p < 0.001. The DNA of P. scripta from WOL contained approximately 
4.5 times the number of breaks found in the DNA of turtles from Bearden Creek 
embaymen t. 
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Tablc 7-13. PCB concentrations (expressed as micrograms per gram wet weight) in fat tissue of 
turtles from White Oak Lake 

Species 
Date of 
capture PCB- 1254 PCB-1260 

Yellow-bellied slider 7/27/87 
(Psedemys scripta) 811 1/87 

Eastern spiny soft- 
shell (Trionyx 
spiniferus spiniferus) 

9/10/87 
8PM 
8/8/86 
7/21/86 

co.01 
45 

82 
62" 
45" 
60" 

49 
69 

$6 
77" 
52" 
72" 

"Data reported by the ACD/ORNL laboratory to be of uncertain reliability. 

Table 7-14. Percentage of double-stranded (ds) dooxyriinucleic acid @NA) in liver samples 
&om yellow-bellied slider turtles (Pseudemys saipra) 

S.E. = One standard error of the mean 

Site of capture 

% ds DNA Relative number of 
breaks per alkaline 

Mean S.E. N unwinding unit 

White Oak Lake 49.16 4.28 12 4.49 

Bearden Creek embayment 87.73 3.06 12 1.0 

7.25 Discussion 

The ability of P. scripta to accumulate contaminants from an aquatic environment was 
evidenced by the elevated concentrations of mercury, PCBs, and radionuclides detected in 
thc animals. Turtles from WOL contained higher mercury and ?3r concentrations than 
did turtles from Bearden Creek embayment, the reference site, and preliminary data 
indicate the presence of PCBs in turtles from both sites. Additional data are needed on 
PCB residues in turtles from both sites before conclusions can be reached on the presence 
or bioavailability of this contaminant. 

Results of the alkaline unwinding assay provided evidence that P. scripta in WOL 
have a higher frequency of DNA breaks than do turtles inhabiting the Bearden Creek 
embayment. While elevated DNA breakage is recognized as indicative of exposure to 
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genotoxic agents, interpretation of these findings is not unambiguous. The nonspccificity 
of the alkaline unwinding assay is both a strength and a weakness. The strength is that 
DNA damage can be detected in a field population without knowing the specific agent 
producing the effect, but the inability to implicate a specific cause from measurement of 
the symptoms of exposure prohibits identifying the causative agent at a specific site. One 
of the merits of biological monitoring, however, is that the condition of a resident 
population of plants or animals can be used to survey improvement or deterioration of' the 
environment at a specific site, or to compare resident populations with those at reference 
sites. Although the alkaline unwinding assay for DNA breakage indicated that P. scripta 
in WOL are subjected to a greater genotoxic load than P. scripta inhabiting nearby 
Bearden Creek embayment, the cause of this genetic damage is unknown. 

Concentrations of contaminants measured in P. scripta can also be compared with 
published data on fish collected from the same site. Total mercury concentrations in 
muscle tissue of sunfish (Lepumis auritus and L. macruchirus) from WOL in December 
1986 ranged from 0.14-0.52 pg/g wet wt with a mean value of 0.16 pg/g ( b a r  et  al. 
1992). Although these concentrations are lower than the mean concentration of mercury 
detected in the kidneys of the turtles (0.64 i 1.11 pg/g wet wt), the amount detected in 
turtle muscle (0.1 f 0.13 &g wet wt) is below that found in sunfish. Like many metals, 
mercury has an affinity for kidney tissue. Because data on mercury residues in kidneys of 
WOL fish were not available for comparison, it can only be speculated that mercury 
accumulation does not differ much between P. scripta and sunfish. Differences, however, 
may exkt in the concentration and retention of mercury in the kidneys of the two species. 

Mean 137Cs and concentrations in muscle of P. scripta from WOL were 72.9 and 
0.05 Bq/g wet wt respectively. The mean concentration of 137Cs for eight species of fish 
collected in the lake during May 1987 was 0.39 Bq/g wet wt (Sect. S.l), at least two orders 
of magnitude below the mean concentration found in turtles from the same lake. The 
mean concentration of @Co reported in these ffih was 0.02 Bq/g wet wt, approximately 
0.03 Bq/g less than the average concentration detected in turtle muscle. 

The mean concentration of "Sr in the bone of P. scripta from WOL was almost three 
times higher than the mean concentration in bone of three fish species from the same 
lake. The mean ? 3 r  concentration in fEh was 0.37 Bq/g wet wt (Sect. 8.1) compared to a 
mean concentration in turtles of 0.99 Bq/g wet wt. 

P. scripta feed primarily on vegetation, either within the water column or  on tbe 
surface of the water, suggesting that exposure to contaminants is largely by ingestion of 
plant material and water. P. scripta move throughout WOL and, like fsh, are exposed to 
contaminants within a large area of the lake. 

Movement of turtles from other radioactively contaminated ponds into WOL may 
have occurred. The presence of %r in one particular turtle indicated that it traveled 
approximately 2.5 km from a radioactive settling pond (Old Hydrofracture Pond 3514) to 
the marshy cove of WOL. These data also indicate that turtles can move from other 
contaminated sites (e.g., Ponds 3513 and 3524) into the lake and may a h  move from the 
lake to offsite areas, thus increasing the exposure of' humans who consume them. The 
data also demonstrate that P. scripta may be a useful monitor of the contaminants in 
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WOL. Concentrations of contaminants detected in the turtles from WOL were greater 
than those found in turtles from the reference site and in most instances exceeded 
concentrations measured in fish collected from WOL. DNA damage in WOL turtles, as 
measured by the alkaline unwinding assay, exceeded that in turtles from Bearden Creek 
embayment. 

Future studies will be conducted in the following areas: 

1. Analyses for PCBs will be made for the small mammal and turtle tissues that have 
been preserved for this purpose. (Liver, brain, and fat samples were stored during the 
course of animal dissections for the studies reported herein.) Additional samples will be 
processed as needed to develop data on the PCB body burdens of these animals, which 
were collected from SWSA 4 and the WOC floodplain. 

2. The data on small mammals will be supplemented with analyses of animals trapped 
during the 1988 season. These and all existing data on contaminants in small mammals 
will be usxi to formulate a guidance document for routine monitoring of small mammals 
in the ORNL environs. The document will include recommendations for sites, species, 
and contaminants to be included in routine biomonitoring. 

3. Both the usefulness of turtles in a biomonitoring plan and the potential merit of 
the DNA alkaline unwinding assay as a nonspecific indicator of genotoxic stress to natural 
populations will be subjected to further evaluation. The studies presented herein for 
yellow-bellied sliders (P. scripta) will be completed and compared with results from studies 
of the snapping turtle (C. serpentina). This comparison of two species from the same sites 
(WOL and Bearden Creek embayment) will give a better evaluation of the general 
applicability and validity of the tests used than will a simple repetition of the same studies 
on P. nigra for yet another season. Data on contaminant body burdens and diet (from 
analyses of gut contents) will also be collected on C. serpentina for comparison with similar 
data on P. scripta. Results are expected to reveal higher levels of contamination in C. 
serpentina because this species has greater contact with sediments than P. scripfa. 



8. RADIOECOLOGY OF WWITE OAK LAKE 

The purpose of the radioecological studies on WOL is to determine whether 
exposure to contaminants is significant enough to warrant remedial actions under current 
conditions or under hypothesized loss of institutional control. To accomplish this task it is 
necessary to have reasonably accurate estimates of concentrations and inventories of 
contaminants in the principal biotic and abiotic compartments of the WOL ecosystem. 
The report includes an estimate of the inventories of radionuclides in the various 
compartments of the WOL ecosystem (Sect. 8.1); a report on the waterfowl associated 
with ORNL waste ponds (Sect. 8.2); a preliminary screening analysis of WOL For 
nonradioactive pollutants (Sect. 8.3); a study of the biomass and concentrations of 
contarninants in the aquatic macrophytes (Sect. 8.4); and radionuclides in fiih from WOC 
(!Sect. 8.5). 

Before potential remedial actions can be evaluated for WOL, a reliable estimate is 
needed of the quantity of hazardous materials in the biotic and abiotic compartments of 
the lake ecosystem. To obtain these estimates, measurements of the concentration of 
radionuclides in each compartment, together with estimates of the mass of each 
compartment, were used to calculate the quantity of radioactivity in the various 
compartments of the lake ecosystem. 

Three radionuclides, '37Cs, and %r, comprise most of the radioactivity in WOL 
( b a r  e t  al. 1992). In this report, estimates of the quantity of radioactivity in the different 
compartments will be limited to these radionuclides. The WOL ecosystem as defined 
here is approximately 5.3 ha (Appendix F). It is the impoundment or standing pond 
behind WOL dam, not including areas formerly covered by water, which also contain 
quantities of the same radionuclides. In this study, estimates were made of the quantities 
of 137Cs, and %Sr in fish, invertebrates, emergent macrophytes, sediment, and water. 

Fish in WOL were sampled in May 1987 to estimate the size of the populations and 
to obtain an average weight of each species (see Appendix F for a description of the 
study). The species collected from the lake and the average concentration of 137Cs, 6oCo, 
and %r in each species are listed in Table 8-1. fn most cases, ten fish each of the eight 
species with the highest biomass in WOL (Table F-1) were analyzed for 137Cs and 
and five fish each of three species (bluegill, largemouth bass, and gizzard shad) were 
analyzed for %r. Other species were also analyzed for 90Sr, but the results are not 
complete. The average concentration of 90Sr for these three species was used to estimate 
the concentration in the other species. The estimated size of the population and average 
weight for each species as well as the quantity of the radionuclides in each population are 
shown in Table 8-2. 
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Table 8-1. Whole body a-~noentratiOns of (sco, and 'Osr (expresxxl in becquepe)s per 
kilogram met wt) in fish colleded from White oalr Lake in May 1R87 

Values are the mean * s.d.; N = 10 for 137Cs and @cO and N = 5 for %r 

@cO %r Species 1 3 7 ~  

Bluegill (Lepomir mucrochirus) 340 f 80 26 f 9 520 f 140 

Largemouth Bass (Micropierus safmoides) 960 i 850 22 i 15 230 f 120 

Carp (CLprinus cu'pio) 219 f 130 37 t 11 NA 
Gizzard Shad (Dorosomn cepedianuni) m i w  4 4 * 7  370 i 360 

Redbreast Sunfish (Lepomis auritus) 600 f 580 15 i 7 NA 
Redear SunfBh (Lepomir microlophus) 290 f 46 15 * 6 NA 
Warmouth (Lepomis gulosus) 220 f 120 11 1 4  NA 

NA = not analyzed. 

Table 82 Estimated total number of each species, mean weight (expressed in grams), and 
quantity of "%h, and %r in the fish population of White Oak Lake 

Species Estimated Mean 
number weight Inventory (kBq) 

@co %r (+ 1 S. d.) 1 3 7 ~  

Bluegill 

Gizzard shad 
Golden shiner 
Largemouth bass 
Redbreast sunfish 
Redear sunfish 
Warmouth 

Carp 

Total 

17,363 
600 

13,233 
360 
575 
207 

1,568 
975 

32 + 0.76 
780 1 77 
36 i 1.5 
34 i 6 

352 i 22 
189 * 17 
77 f 5.8 
36 * 4.4 

188 14 
103 17 
226 21 
4.1 0.4 
193 4.4 
24 0.7 
35 1.8 
7.8 0.4 

292 
178 
177 

6 
47 
15 
46 
13 

781 60.7 77.3 
(21.1 pCi) (1.6 &i) (20.9 &I) 
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812 Invertebrates 

Bimonthly samples were collected from WOL to obtain an estimate of the biomass 
and the concentration of radionuclides in benthic invertebrates. A 3375-cm3 sediment 
sample was taken, and the invertebrates were picked from the sample. The majority of 
the invertebrates were chironomids, chaoborines (phantom midges), and annelid species. 
More detailed information on sampling methods and results are presented in Sect. 6.1.2 
and Sect. 6.1.3, respectively, of this report. After the invertebrates were separated from 
the sediment, composite samples were analyzed for 137Cs and 
to clear the gut before analyzing for radionuclides.) The organisms contained an average 
of 4200 Bqkg of 137Cs and 950 Bqkg of 
for these samples. The average number of organisms per sample (i 1 s-d.) was 38 * 20, 
and the mean weight per individual was 0.90 mg. Snails, clams, and crayfish, which were 
limited in number, were not included in the sample but will be analyzed separately (Sect. 
8.6.1). The estimated number and biomass of benthic organisms in the WOL ecosystem 
and the calculated inventories of '37Cs and in the benthic invertebrate compartment 
are given in Table 8-3. 

(No attempt was made 

Analyses for %Sr have not been completed 

Table 8-3. Estimaled numben, biomass, and inventories of 
inWhiteOakLake 

and 6oco in benthic hvembrates 

Biomass Inventory (Bq) Number of 
organisms (kg, wet wf) 1 3 7 ~  6oco 

8.2 10' 7.9 x 10' 3.2 x 16 7.5 io4 

The estimated biomass for invertebrates in WOL is for organisms in the upper 15 cm 
of the sediment. Because some benthic invertebrates are often found at depths greater 
than 15 cm, the estimated biomass in Table 8-3 and thus the quantity of radionuclides in 
this compartment of the lake may be somewhat underestimated. Future samples will be 
taken at greater depths to obtain a more accurate estimate of the biomass. 

813 Macrophytes 

Aquatic macrophytes often comprise a high percentage of the biomass of aquatic 
ecosystems. Since macrophytes have relatively high concentration ratios for many 
radionuclides, they can be important in the retention and remobilization of radionuclides. 
Emergent macrophytes cover an area of WOL estimated to be about 1.71 ha (Sect. 8.4). 
In previous years, populations of submerged and floating macrophytes were also abundant 
in WQL; however, in 1987 they were observed to have very limited distribution and[ were 
in poor condition. Therefore biomass and radionuclide analyses were not conducted on 
submergent and floating macrophytes. The inventories of radionuclides in the macrophyte 
compartment of the WOL ecosystem is thus estimatcd only for emergent macrophytes. A 
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more comprehensive study of the macrophytes in WOL is described in Sect. 8.4, which 
also includes the methods used to estimate biomasses and to determine the concentrations 
of radionuclides. The estimated biomasses and concentrations of radionuclides in the 
emergent macrophytes in WOL are given in Table 8-4. 

Table 3-4. Estimated biomass and inventories of radionuclides in the emergent macrophytes of 
White Oak Lake 

species Biomass Inventory (kBq) 

(kg, dry wt> 1 3 7 a  6ocr, %r 

Cattail 
(TYPha) 2.5 x 1d 1.2 x Id, 3.3 x 10 7.5 x 106 

Bulrush 
(Scirpus) 4.3 x Id 4.5 x 106 5.4 x 16 1.0 10’ 

Grasses 2.3 x 103 2.7 x lo6 2.1 x 16 5.7 x 106 

Total 9.1 x Id 8.4 x 106 1.1 x 106 2.3 10’ 

81.4 Water and Sediment 

The amount of 137Cs, 6oCo, and %Sr in the water compartment of WOL at any given 
time depends both upon the volume of water and the concentrations of each radionuclide 
in the water. Both of these variables fluctuate with the flow rate and the release rate of 
contaminants. For comparison with the biota, an area of 5.3 ha was used for the lake 
surface. One of the major uncertainties in this estimate is the depth of water in the lake, 
which has not been measured for many years and has changed considerably because of 
sedimentation. Based on the available information, an average water depth of 1 m was 
estimated. The average concentration of 13’Cs, @-‘a, and %Sr for unfiltered water sampled 
at the dam was used to estimate the total amount of each radionuclide in the water 
(Table 8-5). 

Reliable estimates of the inventory of radionuclides in the sediment of WOL have 
not been made in recent years because of insufficient information on the concentrations 
of radionuclides as a function of depth. In order to compare the biotic and abiotic 
compartments of the ecosystem, an estimate of 13’Cs, 6oCo, and %Sr in sediment was made 
using data from three core samples taken from the lower, middle, and upper end of the 
lake (T. W. Doyle and F. G. Taylor, ORNL, personal communication, 1986). These three 
radionuclides comprise most of the radioactivity in WOL. Although small quantities of 
other radionuclides, including some actinides, are known to have accumulated in the 
sediments, they are not included in this estimate because the small quantities in the lake 
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Table 8-5. Estimated inventories of %, and %r (aspressed in becquerek) in the abiotic 
and biotk compartments of White Oak Lake 

NA = Not available 

Compartment 1 3 7 ~ ~  %r 

Fish 7.8 x 1 6  6.1 io4 7.7 x 16 

Benthic invertebrates 3.2 x 105 7.5 io4 NA 

Emergent macrophytes 8.4 x 106 1.1 x lo6 2.3 107 

Sediment 1.2 1013 3.2 x 10" 5.1 x 10" 

Water 2.1 x 108 1.6 10' 2.7 x lb 

Total 1.2x10'3 3.2~10" 5.1~10" 

(324 Ci) (8.6 Ci) (13.8 Ci) 

and their relatively low concentration factors in biota make them difficult to measure 
accurately. 

The lake was estimated to have an area of 5.3 ha, and the contaminated sediment 
and estimated to extend to a depth of 68 cm. The average concentration of 137Cs, 

? 3 r  in the three cores was used to estimate the amount of each radionuclide in the 
sediment (Table 8-5). In the past, the size of the standing pond behind the dam has been 
greater than 5.3 ha; however, €or a current comparison with the biotic compartments, only 
sediment of the present standing pond (5.3 ha) was considered. (Nevertheless, an 
estimate of the radionuclides in the former lake bed should be assessed €or remedial 
action purposes.) 

815 summary 

Estimated quantities of 137Cs, and ?3r  in the biotic and abiotic compartments of 
WOL are summarized in Table 8-5. As expected, the sediment compartment, which 
represented more than 99% of the activity, overwhelms all other compartments. The total 
radioactivity for the com artments analyzed in the 5.3 ha lake was 346 Ci. Of the 
measured radioactivity, 'Cs made up 93.5%, while the remainder was %r (4.0%) and 
@'Co (2.5%). The radioactivity that is available for direct human consumption, excluding 
inadvertent ingestion of sediment, is in water, macrophytes, and fish. Of the radioactivity 
in the compartments other than sediment, E-%%, 3-7%, and 0.344% are contained in 
water, macrophytes and fish, respectively, depending on the radionuclide considered. 

,P 
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Between 0.2 and 0.4% of the radioactivity was in the benthic invertebrate compartment, 
but the organisms considered here are not usually consumed by humans. Limited 
information is currently available on macroinvertebrates (clams, snails, and crayfish) and 
amphibians (turtles and frogs) which are consumed by humans, but it was not included in 
this analysis because quantitative data on the populations in WOL are not yet available. 
General observations and previous sampling of these macroinvertebrates indicate that they 
are not abundant in the lake, and the inventory of radioactivity in these compartments 
would be much less than in the fish compartment. However, all foodchain pathways 
leading to humans, including macroinvertebrates, were considered in a previous study that 
investigated the potential food chain pathways to humans ( b a r  et al. 1992). 

Comparing the radionuclide concentration in the different compartments of the 
WOL ecosystem demonstrates the importance of sedimcnts in the cycling of radionuclides 
in aquatic ecosystems, regardless of whether the sediments serve as a sink or as a 
long-term source from which radionuclides can be remobilized and become available to 
aquatic food chains. For this reason, a reliable estimate of the quantity of radionuclides in 
sediment and an assessment of the potential for remobilization is needed before different 
remedial action proposals for WOL can be fully evaluated. 

8.2 WATERFOWL POPULATIONS ASSOCIATED WITH O W L  LAKES AND 
p o r n  

821 Introduction 

A long-standing question, which has never been satisfactorily answered, is the extent 
to which waterfowl act as important vcctors of radionuclides in the food chain utilized by 
human populations. Waterfowl utilize ORNL waste disposal ponds and settling basins and 
thus are capable of accumulating radionuclides and other contaminants. After these 
waterfowl migrate from ORR, they may be harvested and consumed by hunters. It has 
generally been assumed that most of the waterfowl that frequent ORNL ponds are 
transient and that the amount of radioactivity they accumulate in their tissue for such a 
short residency at one of the waste ponds is insignificant. Another assumption is that the 
number of waterfowl that frequent these contaminated ponds is so small that the 
probability of a hunter harvesting more than one bird that has spent some time on these 
ponds i s  very small. However, increased attention to the question concerning 
contaminated waterfowl has arisen as a result of recent deer hunts on ORR in which some 
animals were confiscated because the screening level for radioactivity in their tissues was 
exceeded. Further, an increase in the local Canada goose population has resulted in some 
of these ponds serving as nesting areas. As a result, a study was initiated to determine (1) 
the resident and migratory population of waterfowl that utilize ORNL waste disposal 
ponds and settling basins and (2) the concentrations of radionuclides in samples of 
waterfowl taken from these areas. 

822 Materials and Methods 

Censusing of the waterfowl on the ORNL reservation was initiated in October 1987. 
Dr. J. T. Tanner, an ornithologist from the University of Tennessee, was subcontracted to 



223 

advise on procedures for obtaining a census of the populations and methods of data 
analysis for population estimates. 

Eleven locations were identified as areas of potential use by migratory waterfowl or 
which might serve as nesting areas. The locations and approximate size of these areas are 
given in Table 8-6. The grids in which these ponds, waste basins, and quarries are located 
were taken from map S-16A of the Oak Ridge Area (TVA, December 1987). The 
approximate distance in kilometers from these areas to the ORNL administration building 
(4500 N) is also given in Table 8-6. These aquatic systems range in surface area from 
0.07 ha for the Old Hydrofracture Facility Pond to 5.3 ha for WOL. 

Table 86. Location and approximate size of water bodies near Oak Ridge National Laboratory 
that are being censused to estimate mi&nt and migratory populations of waterfad 

Site 

Estimated Distance Map Creek 
size from Bldg. (S-16A) km 
(ha) 4500 N grid 

(km) 

Kerr Hollow Quarry 

Roger’s Quarry 

Swan Pond 

Melton Branch Weir 

Hydrofracture pond (7852 A) 

White Oak Creek Weir 

White Oak Creek 

White Oak Lake 

Storage pond (P7821) 

Waste ponds (P3513) 

HFIR pond 

1.6 

3.7 

1.4 

0.4 

0.07 

0.07 

0.12 

5.3 

0.3 

0.8 

0.08 

9.6 

7.3 

0.3 

1.5 

1.1 

1.3 

1.6 

2.3 

2.6 

0.5 

1.6 

F14 

F13 

F8 

G7 

G7 

G7 

G7 

G6 

G6 

€33 

G8 

0.2 

2.6 

2.0-2.6 

0.9-2.0 

A weekly census of the waterfowl populations was conducted at each of the sites listed 
in Table 8-6. Waterfowl counts were also recorded when sites were visited for other 
reasons. The list of waterbirds as well as waterfowl that have been observed at one or 
more of these sites is given in Table 8-7. 

With the exception of Swan Pond (SP), all of the aquatic systems listed in Table 8-6 
have received contaminants from the Oak Ridge facilities. Contaminants released into 
Kerr Hollow Quarry (Ql) and Roger’s Quarry (Q2) are nonradioactive, and no known 
radioactive or nonradioactive contaminants hdve been released into Swan Pond. 
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Table &7. List of waterfowl and waterbirds that have been observed at various water W e s  near 
Oak Ridge National Laboratory 

Common Name Scientific Name 

American black duck Anas rubripes 

American coOt 

Belted kingfisher 

Fulica americana 

Megaceryle aleyon 

Black-crowned night-heron Nycticorar nycticorar 

Canada goose 

Gadwall 

&anta canadensis 

Anas strepera 

Great blue heron Ardea herodias 

Green-backed heron 

I-looded merganser 

Killdeer 

Mallard 

Pied-billed grebe 

Ring-billed gull 

Ring-neck duck 

Wood duck 

Butorides striatus 

Lophodytes cucullatus 

Chariuirius vociferus 

Anas platyrhynchos 

Podibnibus podkeps 

Larus delawnrensis 

Aythya colla* 

Air sponsa 

Ducks were collected from WOL in December 1987 using hoop traps baited with 
corn. Whole-body gamma counts of the ducks were made using an Intrinsic Germanium 
solid state detector. The ducks were dissected and the following organs and tissues 
analyzed for gamma radioactivity: feathers, feet, gastrointestinal tract, liver, breast tissue, 
crop and stomach contents. Samples of bone were obtained for ?Sr analysis. 

823 Results and Discussion 

The average numbers of waterfowl observed for all 11 sites and for WOL and SP 
from October 1987 through January 1988 are shown in Fig. 8-1. Waterfowl were not 
observed on sites Q1, Q2, the Hydrofracture pond (7852A), or HFIR pond (HFIR-P) 
during this time (Table 8-6); most of the waterfowl were observed either on WOL or SP. 
Because commercial food is often provided to the SP waterfowl, it appears to have a more 
stable resident population with only a few migratory birds frequenting the pond. While 
WOL does not appear to have a large resident population, apparently it has many more 
migratory birds than does SP. 

The mean concentrations of 137Cs and in the whole body and in various tissues 
of seven mallard ducks captured at WOL in December 1987 are given in Table 8-8; 
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Tabk 8-8 Mean conoentrations (i 1 s d.) of and %b (expressed as becquerels per 
kilogram wet wt) in mallard ducks mlleded from White Oak Lake in December 1987 

(ND = not detectable) 

Whole Body, 
Organs, 
Tissues 

Number of ducks 
analyzed 137cs 

Whole body 7 260 i 56 18 i 4.1 

Feathers 5 382 i 100 36 i 9.6 

Feet 4 619 i 200 59 i 56 

Liver 7 59 i 27 9.3” 

Heart 7 55 i 24 ND 

Breast muscle 7 141 f 70 ND 

GI tract 5 110 i 70 17 I 13 

“Only one had detectable 6oCo. 

muscle and bone are in the process of being analyzed for ?3r. The highest concentrations 
of 137Cs and @Co were found on the feet and the feathers and appear to be the result of 
external contamination from lake water and sediment. The breast muscle tissue, or the 
portion normally consumed by humans, contained an average of 141 Bqkg of 13’Cs. 
However, @Co was not detected in this tissue, suggesting that the ducks were resident on 
the lake for only a short time. 

The average weight of the mallard ducks collected was approximately 1 kg (2.2 lb). 
Assuming that one of these ducks was harvested by a hunter immediately after it left 
WOL and the entire amount of musclc tissue, approximately 40% (400 g) of the total 
weight of the waterfowl, was consumed by an individual, the resulting committed effective 
equivalent dose is estimated to be 0.001 mSv (0.1 mrem). Because these ducks were 
probably migratory individuals that had spent only a short time on WOL, higher 
concentrations of radionuclides would be expected in resident watcrfowl or in waterfowl 
that had spent a longer period of time a n  the lake. 

Some of the holding ponds that receive radioactive effluents from ORNL have higher 
concentrations of radionuclides in sediment and water than does WOL. In the past, these 
ponds have served as nesting sites for Canada geese, and the concentration of 137Cs 
measured in the muscle tissue sampled from these waterfowl was almost three orders of 
magnitude higher than that observed in the mallard ducks from WOL (Martin Marietta 
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Energy Systems 1987). For this reason, the sizes of the resident and migratory 
populations of waterfowl that frequent the more highly contaminated sites will be 
determined, and the concentrations of radionuclides in these populations will be measured. 

83 PRELIMINARY SCREENING OF NONRADIOLOGICAL CQNTAMINISNTS IN 
WHlTEOAKLAKE 

83.1 Introduction 

A preliminary screening analysis was conducted for the nonradioactive contaminants 
in WOL The analysis considered several of the food-chain pathways reported previously 
in the screening exercise performed for radionuclides ( b a r  et  al. 1W).  The purpose of a 
screening exercise in a contaminated environment is to identi@ contaminants of potential 
concern from the standpoint of protecting human health. Equally important is the 
identification of contaminants that are present at such low levels that they need to be 
considered further. Such analyses are important because the results can be used to (I)  
identify where additional site characterization, data collection, and/or research are needed 
and (2) assist in making decisions regarding remedial actions. 

The approach taken for screening nonradioactive contaminants is similar to that used 
for radionuclides ( b a r  et  al. 1992) in that the screening analysis involves the use of 
conservatively biased calculational procedures that are unlikely to underestimate the actual 
exposure to humans. If calculated exposures do not approach or e x d  specified limits or 
established health standards, individual contaminants can be screened out and given a low 
priority for future consideration. Contaminants that approach or exceed established limits 
are designated as warranting further evaluation or investigation. 

In this study a screening analysis was conducted for metals and organic contarninants 
for which recent measurements have been made in WOL media. A previous screening 
exercise €or metals and organic compounds in WOL (Hoffman et  al. 1984) included a 
large number of organic compounds but was referenced to concentrations of contaminants 
in sediments only. 

In the present analysis the scrcening has been performed for a scenario in which the 
lake is maintained at its current pool size and contaminant inventories, and the public is 
allowed free access to it and the surrounding environs. The aquatic food-chain pathway 
includes consumption of water, fish, and aquatic plants. Aquatic plants, namely Elodea 
and cattails, are considered as potential sources of exposure; however, their actual use as a 
food source From WOL would probably be negligible. The potential human exposure 
pathways considered in the screening of metals and organic pollutants in WOL are listed 
under aquatic and terrestrial food-chain pathways in Table 8-9. As conditions exist in 
WOL today, the aquatic food-chain pathways, with the exception of fsh, would be of little 
significance as a source of contamination. 
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Tabk 8-9. Potential White Oak Lake sources of metals and 
organic con taminants to humans via the ingestion pathway 

Aquatic Terrestrial 

Fish 
Clams 
Aquatic plants 
Water 

Beef 
Milk 
Vegetables 

The terrestrial food-chain pathway considered for screening purposes includes 
consumption of vegetables grown on either the drained lake bed or floodplain and beef 
and milk from animals grazing on the floodplain or lake bed. This screening analysis did 
not consider external exposure (i.e., by means of inhalation) to metals and organic 
pollutants. The annual consumption rates used in this screening analysis for aquatic and 
terrestrial foods are listed in Table 8-10. The consumption rates used are the same as 
those in the prcvious screening exercise €or radionuclides ( b a r  e t  al. 1992). 

Table 8-10. Estimates of oonsumption rates of aquatic and 

White Oak Lake contaminants 
terrestrial foods used in screening 

Pathway 
component 

Consumption 
rate 

( W a r )  

Water 
Aquatic plants 
Fish 
Beef 
Milk 
Vegetables 

730" 
20" 
7.3b 
100" 
300" 
200" 

"National Council on Radiation Protection (NCRP) (1986). 
Screening techniques for determining compliance with environmental 
standards: Releases of radionuclides to the atmosphere, NCRP 
Commentary No. 3, Bethesda, Maryland. 

report, 1J.S. Department of Energy Oak Ridge facilities, calendar year 
1984. ORNL-6209. Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

%artin Marietta Energy Systems (1985). Environmental monitoring 
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8 3 3  Methods 

Data Base 

Concentrations of metals and organic pollutants in ffih and macrophytes were: 
obtained From analyses of samples collected from WOL during 1987, Data used €or 
metals in sediment are the average concentrations from the most recent sediment core 
samples taken from WOL (T. W. Doyle and F. G. Taylor, Oak Ridge National 
Laboratory, personal communication, 1987). Concentrations of many of the pollutants in 
sediment were less than the detection limit for the analytical procedure employed and 
therefore are reported (albeit conservatively) as the detection limit. Metals and organic 
pollutants in water are the 1987 monthly averages obtained from the NPDES monitoring 
program (Table 2-5). Concentrations of contaminants in water, fish, macrophytes, and 
soils used in the present screening analysis are listed in Tables 8-11 through 8-16. (The 
floodplain soil concentrations were assumed to be the same as the sediment 
concentration.) 

For the terrestrial food-chain components, concentrations of metals in vegetables 
grown on the floodplain and in milk and beef from animals consuming forage vegetation 
grown on the floodplain or drained lake bed were derived Irom mathematical models. 
Model calculations were based on conservative default values from concentration ratios 
(micrograms per kilogram of pollutant in dry or fresh weight vegetation to micrograms per 
kilogram dry weight soil) and transfer coefficients (the fraction of contaminant ingested 
daily by a herbivore that can be measured per unit mass of animal product or that is 
secreted in milk when at steady-state conditions). Although the calculated values may 
deviate from measured values, this is expected to result in an overestimation of the, actual 
concentrations. 

screening h e k  

The allowable daily intakes (ADIs) for human exposure to noncarcinogenic toxic 
chemicals used in the present screening exercise are presented in Table 8-17 and were 
obtained from Hoffman et al. (1984). The AD1 is the intake of a toxicant (measured in 
micrograms per day) that is not anticipated to result in any adverse effects after chronic 
exposure to the general population, including sensitive subgroups. There is no acceptable 
threshold limit for carcinogenic chemicals. In developing water quality criteria, EPA 
utilized the intake associated with specific risk over a human lifetime (usually lo-’) to 
establish acceptable levels of exposure to carcinogens (Hoffman e t  al. 1984). In the 
present screening exercise, as in Hoffman et  al. (1989, the term AD1 was used to 
represent an allowable intake for both carcinogens and noncarcinogens. 

The technique employed for this screening exercise is the ratio of the calculated 
average intake (AI) (which is the consumption rate of the food-chain component 
multiplied by the concentration of the contaminant in the foodstuff) to the ADJ. When 
the ratio of AI:ADI is significantly less than unity, the contaminant is designated as having 
a low priority For Further consideration. When this ratio is 21, the contaminant is 
designated as one that warrants further investigation. A factor of 10 is included in the 
screening level to account for the summed risk from several contaminants with ratios <1 
(individually) but that may be >1 in aggregate. 
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Table 811. Cornparison of the average intake (AI) of metals and organic compounds from 
drinking water with tbe allowable daily intake (ADI) 

Metal/Organic Concentration AI AD1 Ratio 
(CrglL) (&d) (&d) AI:ADI 

Metals 
Arsenic 
Cadmium 
Chromium 

Lead 
Manganese 
Mercury 
Nickel 
Silver 
Zinc 

Copper 

<6.00E+01 
<7.00E+00 
<3.70E+01 
< 1.60E+01 
<7.00E+00 

1.30E+02 

<3.60E+01 
<5.00E+00 

4.80E + 0 1 

< 8.00E -02 

organics 
Bromodichloromethane <5.00E +00 
Chloroform < 5.00E +00 

Phenols < 1.00E+00 
Trichloroethene < 5.00E +00 

PCBs <5.00E-01 

1.20E+02 

7.40E +O 1 
3.20E+01 
1.40E+01 

1.40E+01 

2.60E+02 
1.60E-01 
7.20E + 0 1 
1.00E +01 
9.60E + 0 1 

1 .WE + 01 
1 .OOE + 01 

2.00E + 00 
1.00Ef01 

1.00E+00 

4.00E-02 
5.74E+01 
1.00E+02 
2.00E + 03 
1.00E+02 
5.00E + 02 
2.35E+01 
2,94E+02 
1.60E+01 
l.OOE+04 

2.00E+02 
4.75E+03 
2.20E+ 02 
7.00E+M 
5.70E+04 

3.00E+03 
2.44E-01 
7.40E-01 
1.60E-02 
1.40E-01 
5.20E-01 
6.81E-03 
2.45E-01 
6.25E-01 
9.60E-03 

5.00E-02 
2.11E-03 
4.55E-03 
2.86E-07 
1.75E-04 

Table 812 Comparison of the average intake (AI) of metals and poh/chlorinated biphenyls 
(PCBs) through the 6sh foodchain pathway with the allowable daily intake (ADI) 

MetaVOrganic Concentration AI AD1 Ratio 
( d d )  ( d d )  A1:ADI 

Fish 
Antimony 
Arsenic 
Beryllium 
Chromium 
Lead 
Silver 
Nickel 
Cadmium 

Selenium 
Zinc 
Mercury 

PCBs 

PCBs 

Copper 

Clams 

<3.85E+00 
<2.82E+00 

< 1.13E+00 
<5.65E+00 

1.40E+00 
<1.69E+OO 

< 5.50E-02 

< 1.40E-01 
< 5.90E -01 
<5.65E+00 

8.54E+00 
1.60E-01 

< 6.60E -01 

7.70E+01 
5.64E+01 
1.10E+00 
2.26E + 0 1 
1.13E + 02 
2.80E +01 
3.38E+01 
2.80E+00 
1.18E+01 
1.13E+02 
1.71E+02 
3.20E+00 

1.32E +01 

2.94E+02 
4.00E-02 
2.00E-01 
1.00E+02 
1.00E+02 
1 .60E + 01 
2.94E +02 
5.74El-01 
2.00E+03 
2.30E+01 

2.35E+01 
1.OOE+04 

2.20E-01 

2.62E-01 
1.4 1 E + 03 
5.50E+00 

1.13E+00 
1.75E+OO 

2.26E-01 

1.15E-01 
4.88E-02 
5.90E-03 
4.9 1 E +00 
1.71E-02 
1.36E-01 

S.OOE+Ol 

1.40E+00 6.90E+00 2.20E-01 3.14E+01 
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Tabk &l3. Comparison of the average intake (AI) of metals and polychkuinated biphenyls 
(PCBs) through the aquatic plant foodchain pathway with tbe alkrwable daify intake (ADI) 

Metal Concentration AI AD1 Ratio 
(W) ( M d )  ( N d >  pJ:ADI 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Lead 
Nickel 
Silver 
Zinc 

Copper 

PCBs 
Milfoil 
Elodea 

e 4.60E+ 00 
< 2.50E-tW 
<S.OOE-02 

1.14E +00 
6.70E+00 
2.60E +00 

<4.60E+00 
<4.30E+00 
c 1.40E+OO 

2.20E +O 1 

3.00E-01 
5.WE-01 

2.52E+02 
1.37Fi+02 

6.2!5E+01 

1.42E + 02 
252E+02 

7.67E+01 
1.21E+ 03 

2.74E+OO 

3.67E +02 

2.36E+02 

2.94E+02 
4.00E-02 
2.oOE-01 
5.74E+Ol 
1.00E+O2 
2.00E+03 

2.94E +02 
1.60E+01 

1.00E+02 

1.00E+04 

2.20E-01 
2.20E -0 1 

8.57E-01 
3.438+03 
1.37E+01 
1.09E+OO 
3.67E+00 

2.52E+00 

4.80E+00 

7.12E -02 

8.0 1 E -0 1 

1.21E-01 

7.45E +01 
1.47E+02 

Tabk 814. Comparison of the averas intake (AX) of metals through the beef foodchain pathway 
with the allowable daily intake (AD9 

Soil Food 
Metal concentration concentration AI AD1 Ratio 

(crgn) (Icg/g) ( N d )  ( N d )  PJ:ADI 

Antimony 
Arsenic 
Beryllium 
Chromium 
Lead 
Silver 
Nickel 
Cadmium 

Selenium 
Zinc 
Mercury 

Copper 

e 1.72E+02 
.e 1.24E+02 
<4.40E+00 

6.83E+02 
<4.10E+01 
< 2.2SE+01 

4.47E + 01 
<4.6oe+Oo 
< 1.14E+02 
<4.60E +02 
e 4.15E + 02 
2.60E+00 

~~ ~ 

1.07E-01 
6.19E+OO 

1.02E+01 

1.40E+OO 

5.49E -03 

3.68E -02 

2.23E -01 
2.01E -02 
1.15E+01 
2.87E+02 
5.18E+02 
3.248-01 

~ ~~ - 

2.94E +01 
1.70E + 00 
1.50E+00 
2.80E + 03 
1.01E+01 
3.85E+02 
6.1 1E + 01 
5.50E + 00 
3.16E+03 
7.86E+04 
1.42E+05 
8.89E-i-01 

2.948+02 
4.00E-01 
2.00E-01 
1.OOE+O2 
1.OOE+O2 

2.WE + 02 
l.M)E+Ol 

5.74E+01 
2.OOE+03 
2.30E +01 
1.00E+04 
2.35E+01 

1.00E-01 
4.24E+ 00 
7.52E+00 
2.80E + 01 

2.4OE+01 
1.01E-01 

2.08E-01 
9.59E-02 
1.58E+00 
3.428+03 
1.42E+01 
3.78E+00 
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Tabk 8-15. Comparison of the average intake (AI) of metals through the milk foodchain 
pathway with the allowable daily intake (ADI) 

Soil Food 
Metal conccntration concentration AI AD1 Ratio 

(&I ( d g )  (&d) ( d d )  AI:ADI 

Antimony 
Arsenic 
Beryllium 
Chromium 
Lead 
Silver 
Nickel 
Cadmium 

Selenium 
Zinc 
Mercury 

Copper 

e 1.72E+02 
e 1.24E+02 
< 4.40E +00 

6.83E+02 
< 4.10E +O 1 
< 2.25E +O 1 

4.47E + 0 1 
<4.60E+OO 
e 1.14E+02 
e 4.60E-tO2 
e4.15E+02 

2.60E+OO 

1.43E-02 
4.13E-02 
2.93E-06 
9.09E-01 
1.84E-02 
3.74E+OO 
1.49E-01 
1.53E-01 
3.41E+OO 
3.83E-tOl 
6.91E +01 
2.16E-02 

1.18E+01 
3.39E+Ol 

7.47E+02 
1.51E+01 
3.08E+03 
1.22E +02 
1.26E+02 
2.81E+03 
3.15E+04 
5.68E+04 
1.78E +01 

2.41E-03 

2.94E+02 
4.OOE-02 
2.OOE-01 
1 .WE +02 
1.00E+02 
1.60E + 01 
2.94E+02 
5.74E+01 
2.00E+03 
2,30E+01 
1.OOE+04 
2.35E + 01 

4.OOE-02 
8.48E+02 

7.47E+OO 

1.92E+02 

2.19E + 00 
1.40E+OO 
1.37E+03 
5.68E+00 

1.20E-02 

1.5 1E -01 

4.16E-01 

7.57E-01 

Tabk b16. Comparison of the average intake (AI) of metals through the vegetable food-chain 
pathway with the allowable daily intake (ADI) 

Metal 
Soil Food 

concen tration concen tration AI AD1 Ratio 
(@) (P&) (&d) (&d) AI:ADI 

Antimony 
Arsenic 
BeIyllium 
Chromium 
Lead 
Silver 
Nickel 
Cadmium 

Selenium 
Zinc 
Mercury 

Copper 

e 1.72E+02 
< 1.24E+02 
<4.40E+00 

6.83E+02 
<4.10E+01 
e 2.25El-01 

<4.60E+OO 
< 1.14E+02 
<4.60E+02 
e 4.15E +02 

2.60E+OO 

4.47E+01 

1.72E+OO 
1.12E + 0 1 
1.76E -02 
6.83E + 00 
4.50E+OO 
2.24E+00 
2.30E+00 
5.70E+OO 
4.60E + 0 1 
1.66E+02 

4.10E-01 

7.80E-01 

9.42E+02 
6.12E+03 
9.64E+OO 
3.74E+03 
2.25E + 02 
2.47E+03 
1.22E+03 
1.26E+ 03 
3.12E+03 
2.52E + 04 
9.10E+04 
4.27E+02 

2.94E+02 
4.00E-02 
2.00E-01 
1.00E+02 
1.00E+02 
1.60E+ 01 
2.94E + 02 
5.74E + 0 1 
2.00E+03 
2.30E+01 
1.00E+04 
2.35E+01 

3.21E+OO 
1.53E+05 
4.82E + 01 
3.74E+01 

1.54E + 02 
4.17E+00 
2.20E +01 
1.56E +00 
1.10E + 03 
9.10E+00 
1.82E + 01 

2.25E+OO 
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Table 8-17. Allowable daily intake of metals and organics used 
for screening anaiysis 

MetaVorganic Allowable daily intake 
(crgld) 

Metals 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

Copper 

organics 
Bromodichloromethane 
Chloroform 
Phenols 
Trichloroethene 

2.94E +02 
4.OOE-02 
2.OOE -01 
5.74E+01 
1.00E+02 
2.00E+03 
1 .WE 4-02 
5.OOE+02 
2.35E +01 
2.94E+02 
2.30E+01 
1.6OE+01 
1.00E4-04 

2.00E+02 
4.75E +03 
7.00+06 
5.70E+04 

PCBs 2.20E-01 

Some: F.O. Hoffman, B.G. BlayIack, C.C. Travis, KL Daniels, EL. 
Etnier, KE. Cowser, and C.W. Weber. 1984. Preliminary screening of 
contaminants in sediments. ORNL/IU-9370. Oak Ridge National 
Iaboratory, Oak Ridge, Tennessee. 

83.4 Results 

Comparisons of AI with AD1 for the aquatic and terrestrial food-chain pathways 
considered for WOL are given in Tables 8-11 through 8-16. Concentrations for most of 
the contaminants measured in soil and food-chain components were less than the limits of 
detection for the chemical analysis used; therefore, the detection limits were taken as the 
concentration of the contaminant. Using the detection limit for the concentration of the 
contaminant in the screening analysis and using conservative assumptions in the screening 
calculations, in most cases, resulted in AI:ADI ratios that exceeded unity. 

Metals and organic compounds warranting further consideration, and the pathways 
under which they were screened, are listed in Table 8-18. The contaminants are listed 
under each food-chain pathway from the highest to the lowest AI:ADI ratio. Ail metals 
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that were considered in the screening exercise for the vegetable pathway had ratios 
exceeding unity. The conservative default values of the concentration ratios used for 
vegetables in the model to estimate metal concentrations in vegetation, and the soil 
concentrations that were based on sediment values, may explain why all the metals 
screened in this pathway exceed unity. This exercise demonstrates that additional analyses 
are needed to properly quantify metals in the floodplain soils. 

Table gl8. Metals and organic compounds warranting further mnsideration 

Water Fish Aquatic plants Beef Milk Vegetables 

Metals 

As(3@30) 

Ag(O.3) 

cd(0.2) 

Cr(0.7) 
Mn(0.5) 

Ni(0.2) 

Pb(O.01) 

As( 1410) 

Se(4.9) 

Pb( 1.1) 
Sb (0.3) 
Cr (0.2) 

Ni(O.1) 
PCBs(3.14)" 

k ( 5 . 5 )  

Ag(1.8) 

Hg(O.1) 

As(3430) 
Be(13.7) 
Ag(4.8) 
Cr(3.7) 

cd(l.1) 
Pb(2.5) 

Sb(0.9) 
Ni(0.8) 
Zn(O.l) 

As(42,400) 
Se(3420) 
Cr(W 
Ag(24) 

Hg(3.8) 

Zn( 14) 
Be(7.5) 

Cu(1.6) 
Ni(0.2) 
Pb(O.1) 

Cu(1.6) 

Organics 

PCBs(60) PCBs( 147) 

Se( 1370) 

AG( 192) 
Cr(7.5) 

fWM)  

Zn(5.7) 
cd(2.2) 

Hg(0-8) 
Cu( 1.4) 

Ni(0.4) 
Pb(0.2) 
Sb(O.1) 

As( 153,000) 
se( 1 loo) 
Ag(154) 

cd(22) 
H g P )  

Cr(37) 

Zn(9.1) 
Ni(4.2) 
Sb(3.2) 
Pb(2.3) 

"In clams. 
Note: Contaminants are listed for each foodchain pathway from highest to lowest MAD1 ratio (in 

parentheses). 

Arsenic was the only metal that warranted further consideration for all pathways. For 
screening purposes, AD1 for arsenic is exceedingly small because it is considered to be a 
carcinogen; therefore, whenever present in the environment, arsenic will usually exceed 
AD1 in every food-chain pathway. Arsenic had the highest &:AD1 ratios in all food-chain 
pathways except milk, where it was replaced by selenium. 

Only the organic contaminants that were measured in the different pathways were 
included in this screening analysis. Six organics were measured in water, while fish and 
aquatic plants were analyzed for PCBs only. Concentrations of organics were not 
available for screening the terrestrial food-chain pathways and were not considered in 
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modeling the terrestrial pathways because default concentrations and transfer coefficients 
for organics were not available in the iiterature. 

The AI:ADI ratio would undoubtedly be reduced in the terrestrial food-chain 
pathways if direct measurements were available for these components instead of the 
conservative concentration ratios and transfer coefficients from sediment to vegetation 
that must be used. In addition, the concentrations of contaminants in soil were based on 
the average of only three sediment core samples. Because site characterization data for 
mctals and organics are poor, it is difficult to perform a meaningful screening exercise on 
these pathways. Therefore, more reliable measurements of contaminant concentrations 
must be obtained on the floodplain soils and sediments before a defensible evaluation of 
the contamination of the WOL ecosystem can be made. 

Results of the terrestrial food-chain pathway analyses indicate that the vegetable 
pathway is the most sensitive of the pathways for screening metal contaminants. Likewise, 
the most sensitive aquatic pathway for metals and organics involved consumption of 
aquatic plants. However, it should be emphasized that in actuality the consumption of 
aquatic plants from WOL is a highly unlikely pathway. These results also indicate that, for 
screening purposes, more than one food-chain pathway should be considered, unless the 
most sensitive pathway is selected. If only one pathway is analyzed and it is not the most 
sensitive one, then the screening procedure should be conservative enough to account for 
any pathways. 

8.4 ROLE OF AQUATIC MACROFLORA IN THE RADIOECOLOGY OF WHITE 
OAK LAKE 

84.1 Introduction 

Aquatic macrophytes are a salient feature of shallow lentic systems, such as WOL. 
As a result of their physiological activities and physical structure, these plants may have 
significant influences on the retention, remobilization, transport, and food-chain entry of 
contaminants that enter and/or accumulate within WOL. Large stands of emergent 
macrophytes (cattails and bulrushes) populate shallow regions, including those adjacent to 
contaminant-bearing surface water inflows. Rooted submersed plants have been observed 
to occupy much of the lake bottom in past years (B. G. Blaylock, ORNL, personal 
observation, June 1987), and could potentiaily colonize almost the entire lake bottom in 
substantial densities. Spring and fall biooms of floating plants (e.g., duckweeds) are also a 
common Occurrence on WOL. 

In addition to their ecological roles, the physical presence of these plants affects the 
transport of particulates within and out of the lake and consequently influences the 
dynamics of radionuclides associated with these particulates. The physiological activities of 
these plants affect radionuclide dynamics indirectly through their influences on the 
physicochemical environment, and directly through active uptake and adsorption of 
radionuclides and their subsequent losses as macrophyte-related dissolved and particulate 
substances. Organisms grazing on the epiphytic coating on macrophyte surfaces and those 
consuming detritus of macrophyte origin may incorporate the macrophyte-associated 
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radionuclides. The reliance of rooted macrophytes on the sediment for nutrients is well 
established. However, the exlent to which macrophytes may remobilize 13'Cs, 6oCo, and 
%Sr contained in the sediment is unknown. A real potential exists for the continued 
remobilization of sediment-radionuclides by macrophytes long after radionuclide inputs to 
the lake have ceased. The subsequent release of these contaminants to the water column 
could constitute a long-term source of contaminant entry into the water column. The 
magnitude and significance of such actions remains to be evaluated. 

Efforts in 1987 addressed several basic issues: (1) determining the distribution, 
biomass, and species composition of the macroflora in WOL; (2) determining the 
radionuclide concentrations in the various macrophytes; and (3) investigating the sources 
of macrophyte-associated radionuclides, and the dynamics and fate of the macrophyte- 
associated radionuclide pools. 

8.4.2 Methods 

On September 8 and 15, 1987, the emergent vegctation in WOL was surveyed using 
landmarks and existing markers from previous studies. This survey was confined to the 
major stands occurring at the upper end of the lake (Fig. 8-2). The data were then 
compared with an aerial photograph taken in early 1987 that clearly showed the extent of 
the emergent plant zone. From this information, a map of the emergent macrophyte 
distribution was constructed. A total of 12 vegetation samples and 8 soil samplcs were 
collected in the emergent macrophyte zone at the time of the survey. The above-ground 
portions of the emergent plants from 12 randomly selected 0.25-m2 plots were cut with 
garden shears and taken to the laboratory. At each site a 4-cm-diameter, 25-cm-long, soil 
core was also collected. The plants from each sample were separated by species, and the 
wet weight of the plants was determined. (Live and dead leaves were not separated.) A 
gamma scan of a subsample was performed, after which the dry weight of the subsample 
was also dctermined. The wet:dry weight ratio of the subsample was then used to 
calculate the dry weight of the entire sample. Samples of Typha leaves and Scilpus stems 
from 5 plots each (randomly selected from the 12 samples) were submitted for 90Sr 
determination. Five samples of Typha leaves and five samples of Scirpus stems were also 
submitted for ICP analysis. A sample of "standard pine needles" (NBS standard reference 
material #1575) was also submitted as part of the QA-QC program. The radionuclide and 
mineral content of the soil cores from each plot will be determined in order to evaluate 
the relationship between soil characteristics and macrophyte radionuclide content. 

The open water region of WOL was surveyed for submersed macrophytes in late 
August 1987. For this survey, a weighted garden rake attached to a line was pulled behind 
a rowboat to collect submersed macrophytes; however, no samples were collected due to 
the scarcity of submersed vegetation and the poor condition of that encountered. Samples 
of benthic filamentous algae and submersed rooted macrophytes were collected from 
WOL during a later survey on October 15, 1987. 

Because few submersed and floating aquatic macrophytes were found in WOL during 
the survey, samples of these plants were collected from populations at the weirs on WOC 
(WCK 2.65 and WCK 3.41), at Melton Branch (MEK 0.16), and at a site just above 
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WOL. Gamma scans, %r determination, and ICP scans were conducted for these plant 
samples as described above. 

8 4 3  Results and Discussion 

The emergent macrophyte community Occupying the shallow region at the north end 
of the lake was composed primarily of Typha latifolia (cattail), Sciqm sp. (bulrush), 
Pol'onum sp. (smart weed), and various grasses (Fig. 8-2). The emergent macrophytes 
covered -1.71 ha or -16% of the lake surface area. Average above-ground biomass in 
this region was -535 g of dry weight per square meter, which was dominated by SC~TUS 
(Table 8-19). The total emergent macrophyte standing crop in mid-September 1987 was 
-9.2 x I d  kg dry wt. 

Above-ground portions of Scilpus and the grasses had higher concentrations of 137Cs 
than did those of the Typha; however, concentrations of @Co were similar for all three 
types of plants (Table 8-19). All plants had greater concentrations of 137Cs than @Co. 
Concentrations of 90Sr were similar for Typha and Scirpus, and similar to or  greater than 
the concentration of 137Cs (Table 8-19). Grass samples were not analyzed for %r. 

Five samples of the above-ground portion of Typha and Scirpus were submitted for 
ICP analysis. With the exception of low phosphorus concentrations, perhaps reflecting the 
inclusion of standing dead stems, the concentrations of the major minerals were fairly 
typical for these species (Table 8-20). 

The survey of WOL for submersed and floating macrophytes during August 1987 
found only scattered stems of Mynophyllum spicatum (Eurasian water milfoil) and EZodea 
canadensis in shallow water (~0 .5 -m depth). The plants had a thick coating of epiphyton 
and were in very poor condition, having spindly stems with few leaves. Due to the scant 
populations (1 or 2 stems per square meter) present in limited areas, no biomass samples 
were collected. Similarly, the poor condition of these plants precluded the collection of 
plant material for radionuclide analysis. 

During October 1987, a few stems of Myriiophyllum were found in a screened 
enclosure at mid-lake, and mats of filamentous green algae covered the bottom of a 
shallow bay on the west side of the lake adjacent to the boat ramp (Fig. 8-2). Samples of 
these plants were collccted and scanned for gamma emitters. Cesium-137 and @Co were 
the only gamma emitters found. The concentrations of '37Cs and @Co were 74.9 and 
5% Bqlg dry weight, respectively, for the Mynophyllum stems and 10.2 and 1.37 Bq/g dry 
weight, respectively, for the filamentous algae (Table 8-21). Data for Elodea collected 
from the mid-lake enclosure in 1976 (B. G. Blaylock, ORNL, unpublished data) averaged 
29.1 and 175.6 Bq/g dry weight of 137Cs and @Co respectively. Filamentous algae in the 
enclosure in 1976 averaged 48.0 and 98.5 Bqlg dry weight for 137Cs and mCo respectively. 
The differences in the concentrations of 137Cs and @Co found for samples collected during 
1976 and 1987 may reflect physiological differences in plant species, the poor condition of 
plants during 1987, or differences in the availability of 137Cs and @Co in WOL between 
1976 and 1987. 
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Table 819. Biomass and radionuckk concentration for emergent Maaophytes aolleded born 
White Oak Lake during September 1587 

1 3 7 ~ ~  Species Biomass 

TYPha 
s.d. 
Range 

Scipus 
s.d. 
Range 

Grasses 
s.d. 
Range 

Total 

147.8 
* 110.6 

(26.5-388) 

251.3 
i 105.5 

(31.7401.8) 

136.3 
i 70.4 

(12.1-246.7) 

535.4 

0.47( 12.8) 

0.17-0.78 
0.16 

1.06( 28.6) 
* 0.95 

0.20-3.6 

1.23(33.3) 
* 0.43 

0.60-2.11 

0.13(3.5) 3.0(81) 
0.09 f 1.2 

0.03-0.37 1.8-5.0 

0.12(3.4) 2.4(66) 
* 0.07 i 1.7 

0.03-0.25 1.2-5.8 

O.rn(2.4) 
A 0.03 

0.04-0.14 

NA 

Note: Values represent the mean * I s.d. and range. Biomass values are above-ground biomass (gram 
dry weight per square meter) in the emergent macrophyte zone. Concentrations of I3'Cs and 6oCo are 
measured in becquerels per gram dry weight. Sample sizes were: biomass (N = 12), 137Cs and @Co (N = 6), 
and "Sr (N = 5). NA = not anawed. Values in parentheses are picocuries per gram dry weight. 

Because few submersed plants and no floating plants were found in WOL during 
1987, plants were collected from WOC and Melton Branch. Substantial populations of 
the macrophytes common in WOL occur above the weirs on WOC and Melton Branch. 
Samples of these plants and those occurring farther upstream were collected during July 
and August 1987 in order to evaluate intersite differences in radionuclide concentrations. 
Plants from WOC had greater concentrations of 137Cs but lower concentrations of 
compared with plants from Melton Branch (Table 8-21), reflecting the radionuclide 
concentrations in the discharges from these systems. Of the plants collected, 
Myriophylllum, Elodea, and Potamogeton sp. are rooted submersed species that can 
accumulate minerals from either the water column or the sediment. The filamentous 
algae, the moss, and Lemna (duck weed) are not rooted and so accumulate materials 
exclusively from the water column. In addition to differences in access to the sediment 
mineral pool, these plants represent a great diversily of plant types (autotrophic protist, 
bryophyte, and angiosperm respectively) and thus are likely to differ physiologically. At 
the WOC weir at WCK 2.65, the rooted plants had higher concentrations of 137Cs and 

plants at this site. The MynophylIum and the moss collected further upstream (WCK 3.4) 
seemed to have greater concentrations of 137Cs and 
WCK 2.65. The concentrations of 137Cs and were similar €or Myriophyllum samples 
collected at WCK 3.4 and in WOL (Table 8-21). Concentrations of %r were similar for 
plants at WCK 2.65 and WCK 3.4 (Table 8-21). 

than the filamentous algae (Table 8-21). Concentrations of wSr were similar €or all 

in comparison with plants at 
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Table 8-2il. Concentrations of seleaed elements in the stems of and scirpu from 
White oalr M e  

Concentrations are expressed as parts per million dry wt, values = the mean * 1 s.d., N = 5 

Elements Scilpus 

AI 

B 

Ba 

ca 

co 

Cr 

cu 

Fe 

K 

Mg 

Mn 

Na 

Ni 

P 

Sr 

Zll 

216 i 251 

7.96 f 0.94 

28.2 i 14.3 

16600 * 1744 

1.14 f 0.33 

6.72 * 5.45 

2.58 i 0.47 

305 i 352 

10320 5 2897 

1780 * 256 

1524 * 669 

22800 * 748 

4.28 i 3.10 

1820 * 306 
24.6 i 4.6 

22.0 * 3.3 

252 t 94 

4.84 * 2.02 

52.8 11.1 

5880 i 1123 

1.26 i 0.36 

11.3 i 3.5 

2.76 * 0.88 

310 69 

4W0 i 1690 

890 t 114 

882 172 

181 * 80 

5.06 i 1 . a  

1228 i 321 

11.6 * 0.5 

35.4 i 8.8 

Rooted plants (Potarnogeton) at the Melton Branch weir (MEK 0.16) had higher 
concentrations of 
(Table 8-21). Concentrations of 137Cs were low for all plants in Melton Branch, and %r 
concentrations were similar for all plants at MEK 0.16. Moss collected farther upstream 
on Melton Branch (MEK 0.6) had very high concentrations of @Co, about 346 Bq/g dry 
wt. 

than did nonrooted plants (Lemna and filamentous algae) 



Table &21. Radionuclide ooncentratiolls (eaprcssed as becquemk per gram dry wt) in submersed 
and floating aquatic IILacfophyta in White Oak Lake, White oak Creek, and Melton Branch 

during 1987 
- ~- - 

Site/date Species 1370 @Co %r 

White Oak Lake 

(10/15) 

WCK 2.65 

(7/13) 

(7D4) 

WCK 3.4 

( 8 m  

MEK 0.16 

(7/13) 

(7n4) 

MEK 0.6 

(8m 

irWyriphyilum 

filamentous algae 

Myriop/yilum 

Elodea 

filamentous algae 

Mjlriophyflum 

moss 

Lemna 

filamentous algae 

Potamogeton 

moss (Fontinalis sp.) 

74.9(2024) 5.%( 161) NA 

1.37(37) NA 

40.7( 1100) 

57.7(1560) 

15.3(413) 

83.1(2246) 

84.5(2285) 

0.45( 12.2) 

0.17(4.7) 

2.93( 79.2) 

3.92( 106) 

1.03(27.8) 

4.%(134) 

8.77(237) 

12.1(328) 

9.77(264) 

75.8(2050) 

346(9344) 

0.95(25.7) 

l.jo(37.8) 

1.40(37.8) 

lAO(37.8) 

O S (  14.9) 

6.56( 178) 

4.70( 127) 

5.81( 157) 

1.20(32.4) 

Note: Values are for single determinations. All data for above-ground biomass anly. Values not shown 
were below the detection limit. NA = not analyzed. Values in parentheses are expressed as pkocuries per 
gram dry wt. WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer. 

In general, rooted plants had higher concentrations of 13’Cs and than did 
nonrooted plants. Concentrations of 90Sr were similar €or both rooted and nonrooted 
species, although the bryophytes had lower concentrations o€ ? 3 r  than the other plants. 
Interestingly, concentrations of total Sr in the moss samples were similar to those in other 
species (Table 8-22). 



Table 822 Concentrations of selected elements in the aboveground parts of aquatic macrophytes from White Oak Creek and Melton Branch 

Elements MB-PW1 MB-PW2 MB-DW MB-FA WOW-MS WOW-FA WOW-EL WCK-MS MEK-AM WCK-AM PNR PNR-C 

Al 4900 
ca 38000 
cd 31 
co 15 
Cr 35 
c u  140 
Fe 6aK) 

Mn 35000 
Na 6800 
P 7600 
Pb 5.1 
Sr 62 
Zn 1500 

Mg 2800 

4700 
28OOo 

<0.12 
20 
17 

140 
7100 
3300 

43000 
7000 
8700 

74 
1700 

6.7 

4900 
3oooo 

< 0.12 
6 

20 
58 

5200 
4600 
6200 
7300 
7600 

<4.9 
46 

490 

5200 
28000 

<0.12 
7.3 

17 
69 

4900 
4Ooo 
6500 
3200 

12000 

47 
410 

9.7 

7900 
15OOo 

1.4 
7.9 

34 
120 

7000 
3000 
5800 
8400 
4900 

34 
34 

1000 

5300 
3700 

C0.12 
7.8 

32 
74 

5500 
5000 
3100 
3900 
7500 

39 
46 

760 

8700 
2oooo 

13 
37 

220 
9800 
3900 

1 loo0 
9200 

12000 
49 
53 

1400 

1.6 

14000 
16OOO 

14 
45 

260 
12000 
3800 
6100 
8400 
4900 

160 
41 

2100 

1.3 

27000 
2oooo 

89 
26 
61 

480 
21000 
5400 

13000 
1700 
5900 

170 
54 

2200 

21000 
14000 

<0.12 
25 

290 
120 

22000 
3700 

27000 
1000 
3300 

48 
1800 

9.8 

420 
4800 

< 0.5 
< 0.74 
34 
3.5 

240 
1200 
740 
66 

1200 
< 15 

76 
4.6 

545 
4100 

2.6 
3 

200 

675 

1200 
10 !2 4.8 t4 

Note: Values are parts per million (ppm) dry weight for single determinations. Values for chromium may not be accurate; compare the certified and 

MB = Melton Branch Weir at MEK 0.16 
WOW = White Oak Weir at WCK 2.65 
WCK = WCK 3.4 
MEK = MEK 0.6 
PWl = Pondweed (collected 7/13) 
PW2 = Pondweed (collected 7 D )  
DW = Duckweed 
FA = Filamentous Algae 
MS = Milfoil 
EL = EMea 
A M = M m  
PNR = Pine Needle Reference Material 
PNR-C = Pine Needle Reference - Certified Value 

analytical value for the reference material. 
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Results of the ICP analysis (Table 8-22) showed differences in the mineral 
composition of the plants collected from different locations. MyriOphyUum collected 
upstream (WCK 3.4) had higher concentrations of Al, Co, Cu, Fe, P, Pb, and Zn  
compared with Mynophyllum collected at the WOC weir. Rooted plants had higher 
concentrations of copper and zinc than did the duckweed or filamentous algae. 
Bryophytes are well known for their ability to accumulate metals. The aquatic mosses at 
MEK 0.6 were enriched in Cd, Co, Cu, Pb, and Zn. The data for chromium presented in 
Table 8-22 may be in error because the certified value for the pine needle reference 
material was more than an order of magnitude lower than the analytically determined 
values. The cause for this discrepancy has not yet been resobed. 

84.4 summary 

The emergent macrophyte community in WOL consisted primarily of Tpha Jatifolia 
(cattail), Scirpus sp. (bulrush), Polygonum sp. (smart weed), and various grasses. These 
plants covered a b u t  1.71 ha, or about 16% of the lake surface area, with an average 
above-ground biomass of about 535 g/m2 dry wt in this region. Although the lake has the 
potential and has been reported to support extensive stands of submersed and floating 
species in the past, few were encountered during 1987. Rooted submersed plants 
collected from the lake were in poor condition but had substantial concentrations of I3'Cs 

and 6Oc0, indicating that plants growing in WOL may serve as sources of contaminant 
entry into the aquatic food chain or as sources of contaminants for downstream transport. 
Because few submersed or floating plants were found in WOL this year, samples of plants 
previously found in the lake were collected from WOC and Melton Branch above the 
lake. Plants collected from WOC and Melton Branch also had concentrations of x37Cs, 

and %Sr in the range of 1$ to lo2 Bq/g dry wt. 

Emergent plants had lower concentrations of 137Cs and than did other 
macrophytes; however, concentrations of 90Sr were Fairly similar for all macrophytes. The 
concentrations of the various radionuclides in the macrophytes reflected the 
concentrations at the site of collection. Differences in the radionuclide concentrations for 
different species collected from the same site were apparent. Currently it is not known to 
what extent these differences reflect the remobilization of sediment-associated 
radionuclides or merely reflect differences in physiology among species. Further, during 
this initial survey no effort was made to determine whether the various radionuclides were 
organically or inorganically bound or whether they were incorporated within the plant or 
merely associated with plant surfaces. The dynamics and fate of the macrophyte- 
associated radionuclide pools are also of interest but were not addressed in this initial 
survey. 

The results of this survey indicated that macrophytes growing in WOL have 
substantial concentrations of radionuclides; and that given the potential for colonization, 
biomass turnover, and the translocation of radionuclides from the sediment to the above- 
ground parts of the plants, the aquatic macrophytes could become a major source of 
radionuclides in WOL. Clearly more information is needed concerning (1) the extent of 
remobilization of sediment-associated radionuclides by aquatic macrophytes, (2) the fate of 
the macrophyte-associated radionuclide pools (food-chain entry, downstream transport, 
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sedimentation), and (3) the influence of these plants (physical, physicochemical and 
physiological) on the radionuclide dynamics in WOL 

85 RADIONUCLIDES IN FISH IN WKITE OAK CREEK 

85.1 Introduction 

Weirs constructed on WOC for environmental monitoring purposes have created 
habitats for populations of sunffih that did not exist previously. The purpose of this study 
was to determine if levels of radionuclides found in fish from WOL were representative of 
the degree of contamination found in fish from WOC and tributaries. Data on the 
accumulation and partitioning of 137Cs were also of interest in Task 2 of the BMAP 
because 137Cs is a particle-associated contaminant whose transport and accumulation in 
this system should have much in common with the behavior of mercury and PCBs, 
contaminants in WOC that also are highly particle associated. 

852 Methods 

Levels of 137Cs were determined in sunfish samples that had been collected and 
freeze-dried for metals analyses as part of Task 2 of BMAP (Sect. 4.1). Freeze-dried fish 
samples were counted by the ORNL ACD using a GeLi crystal scintillation spectrometer. 

853 Results 

Relatively high levels of 137Cs were found in fish from reaches of WOC upstream 
from WOL in comparison with fish from WOL or WOC embayment (Table 8-23). 
Concentrations of 137Cs in fish from the site with the highest mean concentration 
(WCK 2.9) were approximately 10 times the level found in the same species from WOL. 
Although fish from Melton Branch also contained elevated levels of 137Cs, the levels were 
about a factor of 10 lower than that observed in fish from WOC near the main ORNL 
complex. Northwest Tributary contained a mixture of highly contaminated individuals and 
fish with much lower levels of 137Cs. This pattern is consistent with the movement of fish 
into this site from nearby reaches of WOC. Mercury contamination in fish at this site 
also exhibited a similar pattern of highly variable concentrations (Table D-1). The overall 
pattern of 137Cs in f sh  from the WOC system agreed with findings of earlier investigations 
(Spalding and Ceding 1979), which showed that the main ORNL complex is the major 
source of 137Cs to WOC and tributaries, and the Melton Valley facilities and SWSAs are 
of secondary importance. 

86.1 Radionuclicks in the White Oak Lake Frjosystem 

The task of estimating the quantity of radionuclides in the various wmpartments of 
the WOL ecosystem is near completion. Still to be completed are measurements of the 
biomass and concentrations of 13'Cs, and %Sr in the periphyton, zooplankton, and 
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Table tL23. Levels of (measured in bequerels per kilogram dry weight) in sunfisha from the 
White Oak Creek system, December 1986 

Site Mean * 1 s.d. Range N 

WCK 3.5 

WCK 2.9 

WCK 2.3 

WOL 

WCK 0.9 

MEK 0.2 

NTK 0.2 

21600 f 2200 

29800 i 9100 

13600 i 8400 

3011 f 1200 

1500 f: 600 

2900i600 

w * 11400 

18000-25000 8 

21000-45000 8 

7 0 0 0 - 3 m  8 

21006000 9 

560-2700 8 

2300-4000 5 

140-25OOo 8 

"Includes bluegill (Lxpmk mocrochin*) and redbreast sunfish (f. aurim). 
Note: WCK = White Oak Creek kilometer, WOL = White Oak Lake; MEK = Melton Branch 

kilometer; NTK = Northwest Tributary lulometer. 

phytoplankton compartments. Additional samples of invertebrates will be collected and 
analyzed to obtain a better estimate of the invertebrate biomass with depth in sediment, 
and an attempt will be made to estimate the clam, snail, and crayfish populations in WOL. 

A reliable estimate of the quantity of radionuclides in WOL ecosystem will not be 
available until a comprehensive core sampling program is completed and better estimates 
of the volume and concentration of radionuclides in the sediments are obtained. (Core 
sampling of the lake sediments is not included in the present task because it will be 
conducted as part of the Remedial Investigation on WOC and WOL under the corrective 
action requirements of the Resource Conservation and Recovery Act [Sect. 3004 (u)].) In 
addition, a complete inventory of the radionuclides in the WOL ecosystem requires 
estimates of the quantity of radioactivity in the surrounding floodplain of the lake and 
estimates of the biomass and the concentration of radionuclides in flora and fauna on the 
floodplain. 

86.2 Wakrfwl Populations Associated With ORNL Lakes and Ponds 

The census of waterfowl that frequent impoundments near ORNL will continue for 
the purpose of estimating the numbers of resident and migratory populations inhabiting 
these areas. Additional waterfowl will be collected and analyzed for radionuclides and 
other environmental contaminants. Emphasis will be placed on sampling waterfowl from 
the resident populations and obtaining birds from other areas for a comparison with ORR 
sites. 



A study will be initiated to determine whcther WOL serves as a refuge for migratory 
waterfowl or whether most of the birds that inhabit the lake are local residents. The study 
will compare population patterns for WOL with migratory patterns observed by the 
Tennessee Wildlife Resource Agency’s waterfowl aerial census of East Tennessee 
reservoirs, ponds, and streams, especially Watts Bar and Melton Hill reservoirs and the 
Clinch River. 

Another study will be initiated to establish whether the resident populations that 
inhabit waste disposal ponds, which serve as nesting areas primarily for wood ducks and 
Canada geese, produce offspring that join the local flocks of waterfowl, which can be 
harvested by hunters. The approach in this study will be to tag nesting geese and their 
offspring from these areas and determine their movement patterns. Nesting boxes will be 
used to facilitate the collection of wood ducks and their offspring for sampling and 
tagging. The local Audubon Society will be asked to participate in reporting the sightings 
of tagged waterfowl. 

863 Preliminary Screening of Contaminants in White Oak Lake 

The screening analysis for radionuclides and other contaminants in the entire WOL 
ecosystem is near completion. These analyses have pointed out the areas where additional 
environmental measurements are needed. When more reliable data, based on additional 
sampling, become available, the various food-chain pathways should again be screened and 
the results incorporated into a single report. 

86.4 Role of Aquatic Macroflora in the Radioecology of White Oak Lake 

Macrophytes are a potential important biological pool for radionuclides in aquatic 
ecosystems and can intluence the fate and food-chain entry of these contaminants. 
Therefore, investigations will be conducted during 1988 to evaluate the processes of 
sediment remobilization and fate of 137Cs, 3 r ,  and 
macrophytes in WOL. The seasonal dynamics of the aquatic macroflora in WOL, WOC, 
and Melton Branch will be characterized to assess the role of macrophyte beds as sources 
or sinks for suspended contaminants and to determine the ability of these beds to 
intercept, retain, and enhance the deposition of radionuclides. The functional role of 
macrophytes in the remobilization of 137Cs, ?3r, and @Co from the sediments and 
subsequent fate of macrophyte-associated radionuclides will be determined, emphasizing 
entry into the aquatic food-chain and downstream transport. Field studies will primarily 
be used to achieve these objectives; and, where applicable, laboratory studies will be 
employed to provide better resolution of specific processes. 

as influenced by aquatic 

The results of these investigations will elucidate the functional role of aquatic 
macrophytes in the accumulation, persistence, and dynamics of radionuclides within the 
WOL ecosystem and the extent to which changes in system parameters (e.g., plant 
biomass, production, turnover and distribution, sediment and water quality, and 
environmental conditions) influence their fate. These data will be used in conjunction 
with data on the biomass and radionuclide concentrations of the WOL biota to build a 
linear, donor-controlled, mass balance model of the dynamics of these contaminants based 
on the functional role of sediments and macrophytes in food web interactions. 
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8.65 Radionuclides in Fsh born White Oak Creek 

Weirs constructed on WOC for environmental monitoring purposes have created 
habitats for populations of sunfish that did not exist previously. As a result, limited 
populations of sunfish have developed that have much higher concentrations of 137Cs in 
their tissues than in those found in WOL fsh. In Task 2 of B W ,  these fish are being 
monitored for metals and organic pollutants. Samples collected as part of Task 2 of 
BMAP will continue to be analyzed for '37Cs and 
correlate concentrations of these contaminants in fish with changes in waste treatment 
systems (e.g., planned modifications in PWTP). In addition, consideration will be given to 
determining the size of the sunfish population that now exists in W o e .  

An effort will be made to 



9. CONTAMINANT TRANSPORT, DISTRIBUTION, AND FATE 
IN THE CLINCH RIVER-WATI?S BAR RESERVOIR SYSTEM 

9.1 INTRODUCTION 

Waste disposal activities on ORR have introduced contaminants into local streams 
that ultimately drain into the Clinch River-Watts Bar Reservoir system. The focus of this 
BMAP task is on (1) scoping the extent of contamination within the sediments of Watts 
Bar Reservoir; (2) quantifylng the physical, chemical, and biological processes that affect 
the transport, distribution, and fate of contaminants in the river-reservoir system; and 
(3) establishing a baseline of information for assessing the effectiveness of remedial 
actions undcrtaken at the DOE facilities on the ORR. To accomplish these objectives, 
four subtasks are being addressed that involve an interdisciplinary combination of 
literature review, simulation modeling, field sampling, and laboratory analysis (Fig. 9-1). 

92 LITERATuREREvIEwANDsyNTHEs1s 

Available data on the fate of contaminants discharged from ORR to the Clinch River 
are being reviewed, integrated, and synthesized. To date, existing data on releases of 
137Cs, other radionuclides, and mercury, along with available information on the 
concentrations of these contaminants in the sediments of the Clinch River and reservoirs 
downstream have been examined. This data review indicated that most of the previous 
sampling was focused on the Clinch River and that a need existed for a thorough sampling 
of Watts Bar Reservoir sediments. Additionally, long-term water quality data sets are 
being identified that can be used to calibrate and verify the river-reservoir contaminant 
transport model (Sect. 9.3). 

93 CONTAMINANT TRANSPORT AND FATE SMUIATION MODEL 

A working version of a branched, two-dimensional (longitudinal and vertical) 
simulation model of the Clinch River-Watts Bar Reservoir system was developed. This 
river-reservoir model is complementary to the Clinch River Dispersion Model and 
supplementary to ongoing Emergency Response System modeling efforts. Flood control 
operations and hydroelectric power generation at Norris and Melton Hill dams on the 
Clinch River, Fort Loudoun Dam on the Tennessee River, and at Watts Bar Dam result 
in a complex hydrodynamic regime in Watts Bar Reservoir. Therefore, a two-dimensional 
transport model is necessary for short-term and long-term forecasting of contaminant 
transport, distribution, fate, and effects in this river-reservoir system. 

In the working model, the reservoir is divided into 52 segments, with up to 10 vertical 
layers per segment (Fig. 9-2), through which water is routed based on inflow and outflow 
rates, segment morphometry, and temperature-density relationships. The Tennessee and 
Emory Rivers are divided into 3- to 5-mile segments. The Clinch River is divided into 
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Fig. 92 Basii structure of the clinch River-Watts Bar Reservoir antaminant transport 
simulation model. The river-reservoir system is divided into 52 segments longitudinally (a), with 
up to 10 vertical layers per segments (b). Water and waterborne contaminants are routed through 
the model segments as dictated by inflow and outflow rates, segment morphometry, and water 
temperature-density relationships. 
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1-mile segments to allow a more detailed simulation of the flow and mixing patterns 
immediately downstream of WOC and Poplar Creek. The working model includes the 
effects of wedge storage created on the Clinch River during peaking-power releases from 
Melton Hill Dam and of the flushing of the WOC and Poplar Creek embayments as river 
elevation fluctuates during peaking-power cycles. 

Inflow and outflow data reported in the 1961-62 Clinch River Study were used to 
parameterize the working model and to conduct model runs to assess the effects of 
different hydropower operating conditions on the hydrodynamic transport of water-borne 
material (e.g., a contaminant release or “dye” in the model output, see Fig. 9-3). Results 
of these initial model runs indicated that the ability to integrate the effects of rapidly 
varying flow regimes, as provided by the transport model, was essential €or interpreting 
contarninant transport and distribution patterns and for predicting contaminant 
concentrations downstream. Additional existing data sets and the results of ongoing field 
monitoring (see Sect. 9.4) will be used to further calibrate the model and to validate its 
predictive capability. 

9.4 BI0GEOCHENICA.L PROCESSES GOVERNING CONTAMINANT 
TRANSPORT AND FATE 

Some contaminants and radionuclides, such as 3H, ?3r,  and 13’1, are relatively soluble 
in freshwater systems; consequently their transport and biogeochemical fate are mediated 
by water m a s  movements and biological uptake Erom the water phase. However, most 
contaminants (e.g., PCBs, Hg, 137Cs, and 239,2”opu) are chemically and biologically 
reactive and rapidly become associated with particles in freshwater systems. Consequently, 
the transport and biogeochemical fate of these contaminants are primarily governed by 
particle dynamics. 

Limnological monitoring was conducted at stations located along a longitudinal 
transect from Melton Hill Dam to Watts Bar Dam to quantify the flow regime, thermal 
stratification, relative water column stability, suspended particle concentrations, and 
phytoplankton biomass. These measurements are being employed to determine 
specifically the conditions affecting contaminant transport, distribution, and fate in the 
Clinch River-Watts Bar Reservoir system and to provide the field data necessary for the 
calibration and validation of the contaminant transport model described in Sect. 9.3. 

Surface water temperatures fluctuate little between CRK 35, located immediately 
below Melton Hill Dam, and CRK 7.5, located just upstream from the mouth of the 
Emory River, regardless of the s e w n  of the year (Fig. 9-4a). However, inflows from the 
Emory River and the effluent from the Kingston Steam Plant (CRK 4.2) significantly 
increase water temperatures. Clinch River water velocities showed the opposite tendency, 
as expected; highest velocities occurred at CRK 35 with velocities decreasing with distance 
downstream. Large changes in flow rates occur daily. For example, surface water 
velocities, measured July 14, 1987, increased from 15 cm/s to 140 cm/s at CRK 33.5 as a 
result of peaking-power releases from Melton Hill Dam (Table 9-1). 
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Table 9-1. Surface water velocities (measured in centimeters per second) in the lower Clinch 
River, 198'7 

Site Date Time Velocity 

CRK 2.4 
CRK 7.2 
CRK 14.2 
CRK 19.2 
CRK 22.7 
CRK 33.4 

CRK 19.2 
CRK 22.7 
CRK 31.8 
CRK 33.4 
CRK 33.4 

07 July 1987 
07 July 1987 
07 July 1987 
07 July 1987 
07 July 1987 
07 July 1987 

14 July 1987 
14 July 1987 
14 July 1987 
14 July 1987 
14 July 1987 

10:15 
11:oo 
11% 
12:Oo 
12:40 
13:17 

11:20 
10:48 
12:15 
1O:lO 
12:43 

8.2 
14.9 
4.9 

19.0 
30.0 
45.0 

13.9 
12.1 
80.2 
15.7 

140.1 

Phytoplankton biomass (as reflected by chlorophyll-a concentrations in @) 
increased with distance downstream, although there was little change in the chlorophyll-u 
concentration within riverine portions of the Clinch River. Total suspended particle 
(TSP) concentrations (expressed in milligrams per liter) were low between CRK 35 and 
CRK 22 but increased markedly in association with input from Poplar Creek (CRK 19) 
and the Emory River (CRK 7.2) (Fig. 9-4b). Concentrations of TSP decreased in the 
upper portion of Watts Bar Reservoir as a result of particle sedimentation and dilution 
from the Tennessee River. 

The relative importance of TSP versus phytoplankton for contaminant sorption is 
distinctly seasonal, especially from CRK 33.5 to CRK 4. Particle production by algae in 
riverine portions of the Clinch River provides a small quantity of the suspended particles 
available for sorption during most of the year. However, suspended sediments from storm 
runoff (occurring primarily from November through March) enter this section of the 
Clinch River from several sources, primarily WOC and Poplar Creek, and supply the 
majority of suspended particles available for sorption interactions in the river. Particle 
sedimentation removes most of the suspended sediment load from the water column in the 
upper portion of Watts Bar Reservoir, and phytoplankton-produced particles then become 
important for contaminant sorption and removal by sedimentation. 

To quantify contaminant sorption rates onto suspended matter and contaminant 
removal rates from the water column by settling particles, the partitioning of 
particle-reactive contaminants between aqueous and particulate phases was investigated by 
conducting field experiments with naturally occurring 7Be (53.3-d half-life). Beryllium-7 
enters aquatic systems as a dissolved constituent of rain water and, consequently, each 
rainstorm acts as a natural spiking event to the river-reservoir system. Rates of 7Be 
sorption were determined by measuring changes in the amount of dissolved and particle- 
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bound 7Be after major precipitation (input) events. About 800 L of water was collected 
from 1 m below the water surface. Suspended particulate matter was removed by 
continuous-flow centrifugation. Dissolved 7Be was concentrated and removed from the 
water phase by coprecipitation with Fe(OH),. Radionuclide concentrations in the 
suspended matter and in the water phase [Fe(OH), precipitate] were analyzed by gamma 
spectrometry. 

Results indicate that the rate of 7Be sorption onto suspended matter is -10 to 20% 
per day (Fig. 9 4 ,  and that the average article-to-water distribution coefficient for 733e is 
about 1 x Id. The length of time that Be remained in the water column before removal 
by settling particles ranged from -5 to 15 days. Because the particle-to-water distribution 
coefficient for 7Be is similar to values determined €or other particle-reactive contaminants, 
such as 137cS, 6oCo, 239,2402)u, Hg, and PCBs in freshwater reservoir systems, these results 
indicate that most of the particle-reactive contaminants discharged into the Clinch 
River-Watts Bar Reservoir system are already sorbed or will sorb onto suspended 
particles, settle from the water column, and accumulate in the reservoir sediments. 

P 

9.5 (XINTAMINANT ACCUMULATION IN BO?TOM SEDIMENTS 

It is well established that resewoirs trap riverborne particles, nutrients, and 
contaminants, and that they are sites of rapid sediment and contaminant accumulation 
(Olsen et  al. 1981, Turner e t  al. 1985). The objective of this subtask is to estimate the 
total inventoay of 137Cs that has accumulated in the sediments of Watts Bar Reservoir. 
Radiocesium was chosen because (1) its primary source is ORNL; (2) its history of release 
from WOL is reasonably well documented; (3) it is rapidly sorbed to riverborne suspended 
matter and consequently serves as a tracer for the transport and accumulation patterns of 
a wide variety of other particle-reactive contarninants, such as Hg, Pu, and PCBs; and (4) 
it is easy to measure by gamma spectrometry. 

The distribution of 137Cs was determined in 187 surface sediment samples and 61 
sediment cores collected within the Clinch River-Watts Bar Reservoir System. Two types 
of coring devices were used to obtain sediment profiles: a gravity corer and a vibracorer. 
The free-fall gravity corer (Wildco €33) was equipped with a plastic liner which is 120 cm 
in length and 4.7 cm in diameter. The corer was attached to a cable on a reel and allowed 
to free-fall during descent. This coring device was primarily used in water that was >5-m 
deep. Upon retrieval, the plastic liner containing the sediment was capped and then 
removed from the core barrel. The core was extruded from the liner and sectioned into 
either 2- or 4-cm depth increments. These sections were then sealed into labeled 
aluminum cans and returned to the laboratory for radionuclide analysis.. 

The vibracore wnsisted of a vibrating head attached to an aluminum irrigation pipe, 
typically 7.2 cm in diameter. The mirating head allowed for greater penetration of the 
core pipe by thixotropic action. Sediment penetration by vibracoring is usually much 
greater than that achieved by gravity coring. %cause pipe lengths greater than the depth 
of water column were required in this operation, vibracores were only collected in areas 
where the water was c5 m deep. After penetration into the sediment, the top of the core 
was plugged and the entire core pipe was brought to the surface. The bottom was then 
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Fig. 9-5. Dissohred %e wnrnntrations measured in Melton Hill Reservoir samples colleded 
in a time Series after a major rainstorm (%input) event These results indicate that the sorption 
rate for panicle-reactive contaminants is about 15%/d. 
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plugged and the excess core pipe was removed for easier handling and sediment extrusion. 
After extrusion, the sediment core was sectioned into either 2- or 4-cm depth increments 
and sealed into a labeled aluminum can as described previously. 

The surface-sediment samples were used to develop a map of the sedimentary 
characteristics (Fig. 9-6) and to identify sites best suited for sediment coring. The 
sediment coring sites are identified in Fig. 9-7. The vertical distribution of 137Cs in Watts 
Bar Reservoir sediment cores is strongly correlated with the historical record of 137Cs 
discharges from WOL, exhibiting a large subsurface peak coincident with the draining of 
WOL in the mid 1950s (Fig. 9-8). The depth of this subsurface peak and the thickness oE 
'37Cs-contaminated sediment vary with the rate of sediment accumulation. In areas of 
rapid sediment accumulation, such as in the upper portion of the reservoir and along the 
old river channel, the highest 137Cs concentrations occur at sediment depths as great as 
1.5 m. In areas of slower sediment accumulation, maximum levels of 137Cs occur very near 
the sediment surface. 

The total burden of 137Cs in Watts Bar Reservoir sediments was estimated by 
measuring the inventory of 137Cs in each sediment core (Table 9-2) and integrating these 
data over the entire reservoir using a Geographic Information System (GIS) and 
ARC:INFO software package. Logistically, the reservoir surface area (from the City of 
Kingston to Watts Bar Dam) was subdivided into polygons on the basis of (1) proximity 
to the mouth of the Clinch River, (2) sedimentary characteristics, and (3) the '37Cs 
concentration in surface-sediment samples (Fig. 9-9). A 137Cs inventory was then 
calculated for each polygonal area. In areas where no sediment cores were collected, the 

collected within the same vicinity and with the same sedimentary characteristics. 
Preliminary results from this GIs integration indicate that about 1.07 x l O I 3  Bq (290 Ci) 
of 137Cs reside in the sediments of Watts Bar Reservoir (Fig. 9-9). A decay-corrected total 
of 1.24 x l O I 3  l3q (335 Ci) of 137cS are estimated to have been released from WOL into 
the Clinch River since 1949, which indicates that about 85% of the 137Cs released from 
White Oak Dam has been trapped within the sediments of Watts Bar Reservoir. The 
remaining 15% may reflect error in the estimate, uncertainty in the 137Cs release history, 
or may indicate the amount of 137Cs that has either been trapped within floodplain areas 
of the Clinch River and WOC embayment or  transported downstream past Watts Bar 
Dam. 

A variety of other contaminants, such as Hg, Pu, and PCB, also associate with 
particles when discharged into river-reservoir systems; therefore, the measured 137Cs 
distributions serve as a cost-effective indicator of the accumulation patterns of other 
contaminants. Additional sampling and analyses will be required in the future to 
document the inventories of other contaminants (metals, organics, and radionuclides) in 
the reservoir sediments, but the number and resultant costs will be greatly reduced by 
using '37Cs to screen samples prior to other, more costly, contaminant analyses. 

Cs inventory was estimated as an average calculated from the inventories of cores 137 
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( i t O M E T E F i S  

Fig. 9-6. A map illustrating the sedimentary cbaraderistics in Watts Bar Rescmir. Total 
surface area = 119.4 km2. 
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Table 9-2 Cesium-137 h n t o r i e s  in Watts Bar Reservoir sediment 

Total ‘37Cs 

Location Collection date Bq/cm* pCi/cm2 

Core KCP-A 
Core TN 567.5 
G COURSE SLEW 
7th GREEN SLEW 
Core 5-4-5 
Core 5-4-2 
Core 6-16 
Core 6-2-1 
GCore 6-2-2 
GCore 6-24 
CANEY CR #1 
CANEY CR #3 
Core 6-3-1 
GCore 6-3-2 
Core 6-3-3 
Core 6-4-4 
GCore 6-4-M 
GCore 6-4-9 
Core 7-1-1 
GCore 7-1-5 
ROCKWOOD LAND 
NEW HOPE 
GCore 7-2-2 
GCore 7-2-5 
GCore 7-2-7 
GCore 7-3-4 
Core 7-3-5 
GCore 8-1-2 
GCore 8-1-4 
GCore 8-1-5 
GCore 8-1-7 
GCore 8-2-3 
GCore 8-2-4 
GCore 7A-1-10 
GCore 7A-2-2 
GCore 8-3-1 
GCore 8-3-3 
GCore 9-1-1 
GCore 9-1-2 
GCore 9-1-3A 
GCore 9-2-4 
C a r e  9-2-6 

April 29, 1987 
August 22, 1986 
August 22, 1986 
August 22,1986 
August 27, 1986 
August 27,1986 
September 9, 1986 
September 9, 1986 
September 9, 1986 
September 17, 1986 
September 17, 1986 
September 19, 1986 
September 24, 1986 
October 3, 1986 
September 17, 1986 
September 29, 1986 
September 29, 1986 
September 29, 1986 
October 3,1986 
October 10, 1986 
July 22, 19% 
July 22, 1986 
October 10, 1986 
October 10, 1986 
October 10, 1986 
October 10, 1986 
October 15,1986 
October 17, 1986 
October 17, 1986 
October 17, 19% 
October 17, 1986 
October 17, 1986 
October 17,1986 
January 15, 1987 
January 15, 2387 
January 15, 1987 
January 15, 1987 
February 12, 1987 
February 12, 1987 
February 12, 1987 
September 10, 1987 
September 10, 1987 

58.7 
36.5 
2.2 
5.5 

30.5 
0.6 

15.1 
26.5 
>6.9 
>8.1 

3.4 
4.1 

11.6 
> 17.5 

20.1 
20.1 

> 14.9 
3.8 

11.5 
>11.5 

3.1 
0.1 

> 16.1 
> 18.8 
> 7.6 

>23.5 
16.3 
5.8 

>23.2 
6.0 
6.7 

12.7 
0.4 
4.6 

>5.7 
> 10.0 

5.0 
9.8 

> 18.7 
0.2 
0.04 

> 15.9 

1587 
986 
59 

148 
825 

15 
407 
716 

> 186 
>218 

91 
111 
314 

>474 
542 
544 

>404 
104 
3 10 

>311 
85 
4 

>436 
> 508 
> 205 
>634 
440 
158 

>627 
163 
180 
343 
12 

124 
> 153 
>271 

134 
266 

>505 
6 
1 

>431 
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Table 9 2  (Conlinued) 

Location Collection date 

Total 13’Cs 

Bq/cm2 pCi/cm2 

G&re 9-2-7 
GCore 9-2-8 
GCore 9-2-11 
GCore 9-3-4 
GCore 9-3-7 
GCore 9-4-3 
GCore 9-4-5 
GCore 10-1-2 
GCore 10-2-A 
GChe 10-3-2 
GCore 10-5-3 
GCore 11-1-3 
GCore 11-1-9 
GCore 11-2-1 
GCore 11-2-5 

September 10, 1987 
September 10, 1987 
September 10, 1987 
July 9, 1987 
July 9, 1987 
July 23, 1987 
July 23, 1987 
June 4, 1987 
June 18, 1987 
June 4, 1987 
June 18, 1987 
June 25, 1987 
June 25, 1987 
July 29, 1987 
July 29, 1987 

FALLOUT 13’Cs INVENTORY 
( 1950- 1987) 0.4 

11.0 
8.9 
0.2 

12.6 
12.5 
20.6 
B4.5 

4.0 
0.8 
0.3 
0.8 
9.3 

10.7 
14.7 
11.3 

10 

298 
240 

5 
>341 

339 
556 

> 122 
108 
21 
9 

22 
250 
289 
397 
306 

9.6 FUTURE STUDIES 

The ORNL Remedial Action Program support for this task will be terminated upon 
initiation of the RCRA facility investigation (RFI) that specifically addresses offsite 
contamination of surface waters. Although contingent upon approval of the RFI 
Workplan by the EPA and TDHE, the offsite RFI is scheduled to begin early in N 1989. 
At that time, the future work described here will be integrated into the larger scope of the 
RFI effort. 

Future studies will be conducted in five areas: (1) the use of a two-dimensional flow 
model to  integrate data on flow, particle dynamics, and contarninant concentrations and to  
predict contaminant transport, distribution, bioavailability, and retention in various 
portions of the Clinch River-Watts Bar Resetvoir system; (2) additional collection and 
analysis of samples in other areas of concern (such as ernbayments along the Clinch River, 
including WOC and Poplar Creek); (3) continued use of the GIS system to delineate 
contaminant distributions and to identify offsite areas that have the greatest potential for 
exposing biota to contaminated sediments; (4) application of geochemical-diffusion and 
biophysical-mixing models to  quantify the chemical, biological, and physical processes 
resulting in the release of contaminants from the sediments back into the water column; 
and (5) additional sampling and analyses in reservoirs that are linked to Watts Bar (Norris, 
Melton Hill, Ft. Loudoun, and Chickamauga) to document all contaminant sources and 
background levels. 
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delineated on the basis or (1) proltimity to the mouth of the Clinch River, (2) sedimentary 
characteristics, and (3) 13'Cs concentration in the surface sediment samples. 



10. ABATEMENTPROGRAM 

In several areas, efforts to abate aquatic toxicity have been and will continue to  be 
focused on management initiatives. These areas include the following: (1) minimization 
of chlorine and ethylene glycol concentrations in surface streams; (2) implementation of 
monitoring plans that are designed to locate sources that contribute PCBs and mercury to 
surface streams, to characterize the sources, and to develop remedial measures; 
(3) improvements to existing underground wastewater piping systems, including relining 
and rerouting pipelines, to enhance control of ORNL wastewater streams; (4) secondary 
containment and/or diking of tanks containing hazardous or toxic substances, and of 
transformer oils; and (5) enhanced interface activity between ORNL DEMC personnel 
and operational and construction personnel in the field, on an individual, site-specific 
basis. 

10.1 CHLORINE REDUCTION 

Large cooling towers at ORNL continue to receive special attention through NPDES 
sampling. Although not indicative of a problem, the use of chlorine during warm months 
warrants sampling of blowdown before release to the receiving stream. Although the 
NPDES permit requires only quarterly sampling, chlorine is always checked, and if levels 
are not below 0.2 ppm, the blowdown is not discharged. The DEMC has providcd 
guidance on several projects involving maintenance of existing cooling towers and 
installation of new cooling systems to ensurc that chlorine discharges to ORNL streams 
are either preventcd or are kept at levels that are as low as are reasonably achievable 
(m-). 

It has become evident that chlorine is or has the potential to  be the principal source 
of toxicity to  aquatic life in ORNL streams. A study is being considered to install a system 
of instream chlorine monitors. The accumulation of real time data could be related to 
stream conditions and correlated to possible episodic events. The value of such a system 
will be assessed. 

Because the potable water system at ORNL has a chlorine content of approximately 
1.8 ppm, there is always the potential for toxic levels in the stream. Water pipeline leaks 
and breaks have been the source of problems in the past and most likely will continue to 
be a potential problem. In order to deal with this problem, two aerators have been 
purchased. The intent is to be prepared to place an aerator anywhere in the stream 
where chlorine levels are high and, through dissipation, reduce the chlorine level. This 
equipment provides for quick abatement of a problem. 

102 -GLYCOL 

There have been numerous leaks and breaks in the ethylene glycol cooling system at 
ORNL, particularly in the 4500 area, during the past year. The ethylene glycol chilling 
system is approximately 40 years old, and the problem can be attributed to the age of the 
system. The presence of ethylene glycol in the streams enhances microbial growth and 
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reduces the oxygen level in the stream. A contract has been given to the Chemistry 
Division to find a substitute for ethylene glycol through the combined efforts of the Plant 
and Equipment, Environmental Compliance and Health Protection, Engineering, and 
Environmental Sciences divisions. The study is in the preliminary phase. The purchase 
and use of the aforementioned aerators will also help reduce the effect of ethylene glycol 
in the streams. 

10.3 TANKDIKING 

In the past there have been occasions when storage tanks have leaked, and the 
potential exists for the contents of the tank to reach ORNL receiving streams. A11 
aboveground tanks storing hazardous or toxic chemicals in volumes greater than 208 L 
(55 gal), including transformers, have been evaluated. A list is being developed to 
determine a schedule for the diking or diking improvements for each tank. The first 
phase of the project will include a prioritization of tanks, based on the toxicity o€ the 
contents, to assure secondary containment. 

10.4 pcB/NERcuRY MONITORING 

Efforts are continuing on the PCB and mercury monitoring plans. Areas of ORNL 
that contribute higher concentrations of mercury have been tentatively identified. A 
preliminary study of ORNL contributions of PCBs to surface streams is underway. 
Reporting schedules €or progress on the plans have been established, and regular 
reporting of results has been initiated. 

105 WA!TIEWATEiR PIPING 

Projects to reroute wastewater piping from the 1500 and 2000 areas of ORNL to the 
3518 Acid Neutralization Facility are underway and scheduled for completion in 
November 1988. This will provide monitoring plus neutralization capability for these 
waste streams. 

10.6 FLEIl) INTERFACEA- 

In the past, the potential existed €or contaminants to reach ORNL streams because 
of construction activities or for the streams to be adversely affected by sedimentation due 
to surface runoff associated with construction activities. Recently, efforts to control and 
inspect construction activities have greatly increased. The Field Interface Staff (NS) of 
DEMC conducts a field assessment of construction activities conducted by ORNL and 
ORNL contractors to detect and prevent potential environmental problems and to 
determine compliance with environmental laws and regulations. This activity includes on- 
site monitoring of construction activities as well as interfacing with a wide range of people 
involved with these projects. Each activity is monitored to determine potential 
environmental problems. If problems are identified, members of the FIS work with those 
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involved to address the environmental concern. This activity is also closely associated with 
emergency response at ORNL and has been a primary factor in preventing spills from 
reaching the receiving streams. 
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APPENDIX A 

MEAN CONCENTRATIONS OF SELE- WATER QUiXLJTY 
PARAMETERS MEASURED AT THE PERIPHYTON 

SAMPLING SITES, AUGUST-DECEMBER 1986 





Table A-1. Water quality parameters determined from disaete water samples mlltxted monthly at the periphyton sampling sites h m  
August through Dmmber 1986 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 1.8 MEK 0.6 NTK 1.0 FCK 1.0 FFK 1.1 

PH 
mean 
s.d. 
range 

Alkalinity (meqL) 
mean 
s.d. 
range 

Hardness (mgiL as CaC03) 
mean 
s.d. 
range 

Conductivity @mho&rcm) 
mean 
s.d. 
range 

Total phosphorus (fig PL) 
mean 
s.d. 
range 

8.15 
0.0% 

8.02-8.27 

2.61 
0.56 

1.54-3.04 

147 
17 

122-126 

233 
41 

161-273 

25.6 
12.0 

9.4-41.9 

Total soluble phosphoms (fig PA) 
mean 15.7 
s.d. 10.5 
range 4.0-30.7 

Soluble reactive phosphorus (fig P/L) 
m a n  3.12 
s.d. 2.49 
range 0.3-6.3 

8.08 
0.06 

7.97-8.16 

2.31 
0.16 

2.08-25 

162 
20 

124-180 

287 
49 

206-361 

387 
143 

192-479 

364 
135 

176-526 

89.6 
28.6 

50.2-127 

8.00 
0.07 

7.90-8.06 

2.27 
0.07 

216-2.36 

165 
14 

138-178 

316 
22 

279-344 

526 
160 

293-742 

468 
148 

256-633 

226 
63.4 

129-303 

8.06 
0.06 

7.97-8.14 

2.23 
0.12 

2.06-2.36 

159 
8.9 

142-166 

317 
35 

248-342 

508 
161 

273.4-712.4 

449 
138 

237-590 

221 
69.5 

109-293 

7.95 
0.24 

7.48-8.15 

2.22 
0.10 

2.04-2.33 

181 
19 

154-208 

363 
36 

322-4 17 

535 
190 

262-804 

477 
177 

233-717 

259 
81.2 

127-350 

7.9,7.73 

2.24,1.38 

138,102 

226,189 

37.8,35.3 

9.7J5.7 

7.3,2.9 

7.87 
0.075 

7.75-7.98 7.89,7.85 

1.46 
0.47 

0.99-226 4.56.3.38 

306 
129 

124660 19opHl 

592 
274 

216-878 , 390,356 

852 
578 

68.6-1637 19.9 

375 
521 

55.6-1469 4.1,7.0 

483 
304 

28-868 1.9J.4 

8.13 
0.05 

8.07-8.23 

2.85 
0.44 

2.03-3.14 

156 
15 

134-180 

256 
67 

180-375 

28.5 
16.8 

14.4-17.8 

18.3 
13.1 

8.3-44 

6.22 
1.86 

6.0-9.3 

7.97 
0.23 

7.57-8.17 

2.68 
0.33 

20s-2.96 

144 
17 

118-168 g 
cn 

221 
35 

168-269 

23.6 
14.5 

9.1-49.5 

15.4 
7.8 

7.3-27.6 

7.78 
3.09 

27-12.3 



Table A-1 (continued) 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 1.8 MEK 0.6 NTK 1.0 FCK 1.0 FFK 1.1 

NH4 + UNA) 
mean 16.7 
s.d. 13.1 
range 2.7-33.5 

N02- + N03' (mg NL) 
mean 0.08 
s.d. 0.022 
range 0.05-0.09 

Total organic carbon (mg Cn) 
mean 1.67 
r.d. 0.415 
range 1.26-1.52 

Total suspended solids (mg dry wtA) 
mean 3.24 
s.d. 1.26 
range 1.24-5.23 

25.6 
14.9 

10.5-55.9 

0.45 
0.181 

0.21-0.68 

3.32 
0.51 

2.62-3.81 

3.01 
1.58 

1.57-5.5 

27.7 
8.8 

11.5-40.9 

1.39 
0.340 

1.1-2.07 

3.09 
0.37 

256-3.36 

4.48 
1.48 

2.86-5.56 

22.6 
8.9 

7.2-36.7 

1.42 
0.369 

1.05-2.16 

2.96 
0.41 

2.29-3.36 

4.52 
2.04 

2.514.2 

24.3 
10.2 

6.241 4.0 

1.347 
0.450 

0.76-2.1 7 0.01 

3.01 
0.21 

2.71-3.2 3.21.3.15 

5.48 
1.89 

3.21-8.06 5.5,11 

17.1 
12.21 

2.5-31.5 

0.715 
0.617 

0.04-1.54 

3.42 
0.44 

2.84-3.92 

5.79 
3.29 

1.24-5.72 

2.5 

0.02 

2.24.2.39 

5.66,8.26 

7.96 
8.57 

1.7-24.4 

0.044 
0.023 

0.03-0.09 

1.26,0.96 

1.72 
0.60 

1.23-2.82 

9.43 
7.45 

2.4-20.1 

0.144 
0.029 

0.1-0.19 

0.92 
0.18 

0.16-1.18 

2.07 
234 

0.25-6.07 

Nore: Values are  mean, 1 s.d., and range. N = 5 for all sites except MEK 1.8 and NTK 1.0, where N = 2 due to zero discharge in several months; in these cases, the actual 
values are presenied as the range. WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; FCK = First Creek kilometer, 
FFK = Fifth Creek kilometer. 



Table A-2 Concentmtlon of dissolved elements (parts per million) at eight periphyton study sites, based on ICP amlyses of discrete water 
sampies mllected from September through kcember 1% 

ICP METALS DETECTION LIMITS (ppm dry weight) 

& A  As 13 Ba Be cc CO Cr Cu Fe Ga Li Mn MO Ni 
0.05 0.02 0.10 0.80 0.020 0.002 0.005 0.01 0.04 0.02 0.03 0.30 0.20 0.005 0.040 0.06 

P Pb Sb Se Sn Ti V Zn Zr 
0.03 0.u) 0.20 0.20 0.05 0.02 0.02 0.02 0.02 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 0.6 FCK 1.0 FFK 1.1 

Ba 
mean 
s.d. 
range 

ca 
mean 
s.d. 
range 

Mg 
mean 
s.d. 
range 

Mn 
mean 
s.4. 
range 

Na 
mean 
s.d. 
range 

0.0022 
0.003 

o.m-0.028 

0.775 
2.926 
7.9-15 

15.5 
2.3 
12-18 

0.005-0.006 

0.63,0.69 

0.037 
0.004 

0.002-0.043 

37.75 
5.31 
32-44 

11.65 
1.81 
8.6-13 

0.012 
0.005 

0.005-0.019 

8.6 
2.4 

7.4-12 

0.034 
0.010 

0.028-0.051 

35.0 
4.6 
29-40 

9.98 
1.78 
6.9-1 1 

0.013 
0.005 

0.005-0.018 

14.5 
1.7 
12-16 

0.043 
0.026 

0.025-0.089 

36.75 
4.87 
31 -44 

9.0 
2.2 

5.6-1 1 

0.011 
0.004 

0.006-0.015 

13.5 
1.1 
12-15 

0.046 
0.014 

0.07-0.042 

45.5 
6.8 
35-54 

125 
1.1 

11 -14 

0.018 
0.006 

0.01 14.025 

19.8 
2.9 
15-22 

0.040 
0.003 

0.035-0.043 

104.25 
37.19 
54-140 

23.75 
8.93 
13-34 

0.039 
0.016 

0.0120.054 

22.8 
3.9 
19-28 

0.022 
0.003 

0.02-0.027 

13.17 
4.70 
7.5-19 

12.4 
5.1 

5.2-16 

<O.OOS 

0.98J.3 

0.022 
0.003 

0.02-0.027 

13.5 
4.0 

95-19 

16.0 
0.0 

e0.005 

1.6,l.S 



Table A-2 (continued) 

WCK 6.8 WCK 3.9 WCK 3.4 WCK 2.9 WCK 2.4 MEK 0.6 FCK 1.0 FFK 1.1 

P 
mean 0.35 0.42 0.37 0.45 0.61 
s.d. 0.05 0.06 0.07 0.08 0.25 
range <0.03 0.30-0.43 0.33-0.42 0.34.46 0.35-0.57 0.03-0.59 < 0.03 <0.03 

Si 
mean 3.48 2.7 2.45 2.4 2.7 5.42 3.73 3.3 
s.d. 0.63 0.2 0.21 0.4 0.2 1 .a 0.38 0.4 
range 2.4-3.9 2.5-2.7 2.1-2.6 1.8-2.7 2.4-2.9 3.7-7.1 3.2-4.0 2.7-3.7 

Sr 
mean 0.02 0.1 1 0.10 0.10 0.12 0.25 0.03 0.03 
s.d. 0.004 0.01 0.01 0.02 0.01 0.08 0.01 0.01 
range 0.016-0.026 0.09-0.12 0.08-0.11 0.07-0.12 0.11-0.13 0.15-0.34 0.01-0.04 0.02-0.03 

Nore: Values arc the mean, 1 s.d.. and range of concentrations for each element (N = 4). Values below the ICP detection limit an either presented as such or used 85 

that concentration to calculate mean concentrations. When less than three values above the detection limit were available for a given e lement4 te  combination, only the range is 
given. WCK = White Oak Creek kilometer, MEK = Melton Branch kilometer, FCK = First Creek kilometer, FFK = Fifth Creek kilometer. 



APPENDIX B 

MOI"HLY ESTIMATES OF PERIPHYTON BIOMASS ANJI 
CARBON INCORPORATION RATES 

APRIL 1986-DECEMBER 1987 





Table Bl. Monthly periphyton chlorophyil u mmentraths (miaogrsms per cubic centimeter) at ten sites in White Oak Creek watershed 
and Ish h k ,  J~UNY-DCXXXII~~X 1987 

01-26 02-25 03-16 04-21 05-26 06-23 

mean s.d. mean s.d. mean S.d. mean s.d. mean s.d. mean s.d 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 
WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

FFK 1.1 
NTK 1.0 
ISK 

7.80 

12.73 

12.87 

7.61 

2.04 

0.94 

1.25 

3.87 

3.52 

3.38 

NS 

2.45 

4.44 

2.36 

2.87 

0.88 

0.88 

0.85 

2.40 

3.49 

1.90 

5.00 

10.73 

7.85 

9.29 

5.61 

2.90 

5.36 

3.75 

13.98 

4.59 

1.20 

4.19 

2.04 

5.04 

3.02 

2.03 

1.02 

0.6Q 

1.49 

5.84 

1.11 

0.77 

3.05 1.00 

10.62 7.63 

8.09 6.93 

15.81 7.01 

15.46 6.57 

1.63 1.00 

7.95 3.41 

9.73 4.38 

22.05 6.02 

1.70 0.70 

2.60 0.32 

1.51 0.74 

10.90 0.61 

7.91 2.% 

13.37 1.30 

13.52 3.84 

4.32 2.2s 

5.53 5.74 

1.74 1.38 

1.22 0.92 

3.13 1.44 

3.13 1.11 

5.08 1.3 1 

26.92 6.75 

8.41 1.60 

6.48 O.% 

4.78 1.20 

2.65 0.72 

6.72 1.21 

8.32 7.99 

10.53 2.65 

11.45 2.74 

8.99 5.51 

3.70 

26.29 

16.22 

11.77 

6.59 

Dry 
8.42 

7.02 

11.86 

6.13 

10.15 

0.79 

5.95 

1.56 

3.13 

3.16 * 3 

3.40 

2.66 

2.08 

2.78 

9.08 



Table Et-1 (continued) 

07-27 08-25 09-23 10-21 11-19 12-15 

mean s.d. mean s.d. mean s.d. mean s.d. mean s.d. mean s.d 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 

WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

FFK 1.1 

NTK 1.0 
ISK 

7.44 4.13 

68.74 15.60 

29.05 6.59 

33.16 10.40 

26.50 19.53 

Dry 
9.32 3.50 

16.74 11.69 

16.33 14.07 

Dry 

Dry 

7.00 

59.53 

14.60 

21.93 

10.10 

Dry 
8.72 

5.33 

8.49 

Dry 

Dry 

2.06 5.88 2.32 4.36 

20.28 34.14 11.87 21.28 

3.53 7.72 3.53 21.98 

8.15 4.2s 1.92 32.46 

7.52 7.81 5.39 11.65 

0.91 0.46 Dry 

3.23 3.41 0.70 1.83 

1.57 4.27 2.13 8.93 

3.47 4.99 2.87 10.92 

Dry Dry 
3.39 0.74 3.47 

0.81 4.17 0.94 

6.46 18.25 2.87 

4.98 16.12 2.5 1 

7.95 23.54 7.28 

2.75 9.61 1.11 

Dry 

1.87 18.69 7.05 

3.68 2.37 1.29 

2.36 5.01 3.90 

Dry 

1.00 2.18 0.72 

4.44 

38.48 

26.74 

12.24 

16.94 

0.50 

13.94 

2.5 1 

8.72 

NS 
1.22 

2.14 

13.44 

13.07 

8 
1.90 

6.12 

0.09 

6.00 

0.3 1 

1.76 

0.63 

Note: Values are the mean and standard deviation (s.d.), N = 4, NS = not sampled. WCK = White Oak Creek kilometer; MEK = Melton Branch 
kilometer; FCK = Rrs! Creek kilometer; FFK = Fifth Creek kilometer; NTK = Northwest Tributary kilometer; ISK = Ish Creek. 



Table B-2 Monthly periphyton carbon lnoorporation rates (mU&rams of carbon per sqnare meter per hour) at ten sites fn White Oak 
Creek watershed and Ish Creek, January-Wmber 1989 

01-22 02-18 03- 16 04-2 1 05-26 06-23 

mean s.d. mean s.d. mean S.d. mean sed. mean s.d. mean s.d 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 

WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

EFK 1.1 

NTK 1.0 

ISK 

5.3 1 

16.28 

15.19 

14.17 

13.56 

1.81 

3.36 

12.63 

25 .os 
11.45 

NS 

2.13 8.09 

3.47 15.87 

3.33 7.81 

5.06 18.00 

5.04 30.92 

0.56 7.29 

2.4 1 36.84 

8.86 12.05 

25.21 36.23 

4.05 14.60 

5.80 

1.54 12.54 

4.76 30.57 

4.23 38.66 

4.97 36.79 

9.28 122.65 

1.04 7.33 

13.58 60.44 

3.74 11.64 

11.67 32.20 

3.48 8.66 

4.47 9.30 

4.87 

3.99 

18.30 

597 

28.84 

2.91 

13.02 

5.34 

2.89 

2.04 

2.13 

10.25 

33.82 

34.35 

34.26 

43.63 

8.40 

34.11 

16.67 

48.22 

19.41 

18.78 

2.86 

4.30 

5.28 

5.20 

11.48 

4.37 

6.98 

2.45 

13.89 

2.05 

10.01 

18.83 

69.92 

25.83 

24.26 

17.00 

15.24 

34.60 

28.20 

42.01 

42.61 

26.12 

5.53 24.57 

14.62 100.60 

5.50 54.98 

4.46 46.15 

4.82 20.23 

1.59 Dry 

18.35 40.57 

11.28 36.82 

10.61 58.54 

11.44 27.50 

5.02 28.57 

6.3 

29.2 

15.1 

11.9 M w 
10.6 

10.9 

10.5 

8.1 

14.4 

15.4 



Table B-2 (oontinued) 

07-27 08-25 09-23 10-21 11-19 12-15 

mean s.d. mean s.d. mean s.d. mean s.d. mean s.d. mean s.d 

WCK 6.8 

WCK 3.9 

WCK 3.4 

WCK 2.9 

WCK 2.3 

MEK 1.8 

MEK 0.6 

FCK 1.0 

FFK 1.1 

NTK 11.0 

ISK 

30.12 12.31 29.29 7.30 

155.88 44.34 102.74 38.49 

64.22 6.48 64.98 12.68 

82.59 23.19 80.11 30.83 

59.40 30.00 43.% 35.35 

Dry Dry 
50.45 21.31 28.40 12.44 

48.53 7.18 29.76 5.48 

61.12 22.10 48.48 13.15 

Dry Dry 

Dry Dry 

22.68 

124.97 

63.99 

52.60 

70.33 

6.80 

30.31 

26.48 

33.17 

Dry 

23.48 

9.00 

53.07 

40.69 

10.09 

27.82 

3.90 

7.35 

16.85 

9.29 

3.34 

11.50 

45.28 

44.54 

59.46 

59.77 

Dry 
26.39 

26.81 

41.49 

Dry 
25.w 

1.89 

8.89 

1.25 

7.24 

14.03 

6.86 

6.43 

18.93 

15.65 

11.49 

44.39 

37.91 

44.33 

49.09 

Dry 
58.44 

10.47 

42.5 1 

Dry 
3.85 

1.89 

6.27 

6.63 

7.41 

13.00 

21.31 

2.35 

7.01 

1.06 

9.08 3.7 

41.71 13.3 

34.16 17.3 

22.88 4.9 

34.38 13.0 

0.83 0.8 E 
42.62 10.7 

9.55 1.9 

35.32 5.8 

NS 
2.40 1.3 

Note: Values are the mean and standard deviation (s.d.), N = 4, NS = not sampled. WCK = White Oak Creek kilometer; MEK = Melton Branch 
kilometer; FCK = First Creek kilometer; FFK = Fifth Creek kilometer; NTK = Northwest Tributary kilometer; ISK = Ish Creek. 
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APPENDIX c 
RESULTS OF QA/QC ANALYSES OF MEXCURY, 

P0LYCHU)RINATED BIPHENYLS, AND 
ORGANICS IN FISH SAMPLES 

Cl MERCURY 

Eight pairs of blind duplicate samples were analyzed for mercury and showed a 
relatively low degree of variation; the mean coefficient of variation (CV) between sample 
pairs was 6% with a mean standard deviation (s.d.) of 0.02 ppm. The mean difference 
between duplicate samples was 0.01 ppm- The multiple analyses of mercury in 
Environmental Protection Agency (EPA) reference fish (n = 4) agreed well with the 
expected value, averaging 2.46 i 0.17 ppm (mean i s.d.) compared with an expected value 
of 2.52 ppm; the average recovery was 97 * 7%. Split duplicate fish samples analyzed for 
mercury by the ORNL Analytical Chemistry Division (ACD) and the US. EPA 
Environmental Services Laboratory in Athens, Georgia, were in good agreement. Fish 
analyzed by Oak Ridge National Laboratory (ORNL) averaged 1.10 ppm mercury, while 
those anal@ by the EPA lab averaged 1.17 ppm. The mean difference between 
individual samples analyzed by EPA and ORNL (0.06 ppm) did not differ significantly 
from zero (p = >0.05), and a CV = 10% and s.d. = 0.11 ppm were similar to values 
observed for duplicate analyses within the O W  lab. Mercury levels in sunfish from the 
uncontaminated reference site (Hinds Creek) were typical of background levels in stream 
fish, averaging 0.09 * 0.03 ppm (n = 11). 

Four pairs of blind duplicate samples were analyzed for metals, and relatively low 
variation was observed for those metals exceeding detection limits. Mean CVs for CD, 
Pb, Se, and Zn were 44, 34, 46, and 10% respectively; mean s,d.s were 0.02, 0.01, 8.11, and 
0.65 ppm respectively. The relatively high C V s  are due in large part to the very low 
concentrations of metals in these samples. Results of analyses of reference tissues 
indicated good recoveries and quantitation of the metals (Table C-1). 

c3 PCBS 

The results of polychlorinated biphenyl (PCB) analyses of ten pairs of blind duplicate 
catfish samples were somewhat more variable than the results of mercury analyses, as is 
generally the case. The mean difference and s.d. between duplicates was 0.01 i 0.28 ppm, 
with a mean CV of 15%. The variabilities in the measurement of PCX-1254 and 
PCB-1260 were similar. With mean differences between duplicates of 0.12 and 0.1 1 ppm 
respectively, s.d.s were 0.19 and 0.18 pprn and the mean CVs were 25 and 37% 
respectively. Samples of uncontaminated catfsh were spiked at 1 ppm each of PCB-1254 
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Tabk C-1. Analps of ref- tissoe for metals (units are txpressxl 
in parts per million, dry weight) 

Metal Found Expected Sample Mean % recovery * s.d. Range 

0.86 
0.82 
0.84 
0.88 
0.06 
0.06 

0.89 Oyster 97 f 3 92-100 

0.06 Bovine liver 

8 6 * 4  

95 * 3 

81-89 

91-100 

11.9 
10.9 
11.8 

13.4 Oyster 

3.2 
3.3 
3.3 
3.5 
0.15 
2.3 

177 
62 
63 
57 
61 

3.5 Oyster 

0.16 
2.2 

193 
63 

Fish 
Fish 
Bovine liver 
Oyster 

90-105 9 7 * 5  

0.49 
0.76 
0.68 
0.53 

0.58 
0.69 

Fish 
Oyster 

92 f 15 77-1 10 

2.30 
2.60 
2.61 
2.3 1 

2.52 Fish 97 f 7 92-104 

Ni 1 .o Oyster 106 f 26 70-140 1 .o 
1.0 
0.7 
1.2 
1.4 

Pb 0.46 
0.45 
0.54 
0.3 1 
0.33 
0.36 

0.48 

0.34 

Oyster 

Bovine liver 

9918 91-113 
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Table C1 (continued) 

Metal Found Expected Sample Mean % recovery i s.d. Range 

se 2.1 2.1 Oyster 107 i 9 100-119 
2.1 
2.5 
23 

Zn 43 44 Fish 
854 852 Oyster 
848 
127 130 Bovine liver 

! B * 1  

Note: Sample types were as follows: Oyster, freeze-dried oyster tissue (National Bureau of Standards 
#1566); Fih, freeze-dried fish tissue (EPA trace metals in fish, U S  EPA, Cincinnati); Bavine liver, freeze- 
dried bovine liver (National Bureau of Standards #1577). 

and PCB-1260 and analyzed along with fish samples. Mean recoveries averaged 106 * 
16% for total PCBs, and 107 f 13% and 106 i 21% (n = 7) for PCB-1254 and FCB-1260 
respectively. Samples of PCB-contaminated carp and channel catfKh were homogenized 
and split for analysis by the ACD/ORNL laboratory and the EPA Environmental Services 
Laboratory, Athens, Geargia. Mean levels of total PCBs, PCB-1254, and PCB-1260 did 
not differ significantly in the five samples analyzed by the two laboratories (p >0.05), but 
the results obtained by the ORNL lab were somewhat higher, averaging 1.35 * 0.88 vs 
0.94 * 0.34, 0.52 * 0.55 vs 0.40 f 0.19, and 0.83 * 0.66 vs 0.51 * 0.28 pprn for total PCBs, 
PCB-1254, and PCB-1260 respectively. The variability between duplicate samples anaiyzed 
by O W L  and EPA was similar to the variability between duplicates analyzed at ORNL, 
with a mean s.d. between duplicates of 0.39,0.21, and 0.24 ppm and a mean CV of 30%, 
61%, and 28% for total PCBs, PCB-1254, and PCB-1260 respectively. Samples of catfuh 
from an uncontaminated site (commercial fsh farm) were used as analytical contrlools; these 
exhibited very low levels of total PCBs, averaging 0.04 * 0.02 ppm (n = 8 samples from 
four fish). 

Because these data were to be compared with data collected in 19% to ascertain the 
presence of any year-to-year changes, archived samples of catfsh collected and analyzed in 
1986 were reanalyzed along with the fish collected in 1987. Results of the re-analysis of 
these samples differed little, averaging 1.40 * 0.75 and 1.25 f 0.53 ppm (n = 8) in 1986 
and 1987 respectively. The mean difference in PCBs between sample pairs was 0.15 * 
0.33 ppm (CV = 27%). Variabilities in the measurement of PCB-1254 and PCB-1260 
were similar; mean differences between sample pairs were 0.06 i 0.22 and 0.09 * 0.13 
pprn respectively; C V s  were 29% and 27% respectively. The t-test comparisons of mean 
PCBs, PCB-1254, and PCB-1260 between samples analyzed in 1986 and 1987 indicated no 
significant difference (p >0.05). 



C 4  ORGANICS SCREEM[NG ANALYSES 

Uncontaminated f sh  and clam samples were spiked with a mixture of six priority 
pollutants [PCB-1254, PCB-1260, di-n-butylphthalate, 2-ethylhexylphthalate, pyrene, and 
benzo(a)pyrene] and analyzed to ensure that these contaminants would be recovered and 
quantified in the extraction, clean-up, and gas chromatographic analysis. Recoveries of 
PCB-1254 and PCB-1260 averaged 79 * 17% (n = 5), while recoveries of the phthalates 
and polycyclic aromatic hydrocarbons (PAHs) were lower. The recovery of 
di-n-butylphthalate and 2-ethylhexylphthalate averaged 50 * 10% and 46 * 16%, 
respectively, and that of pyrene and benzo(a)pyrene averaged 30 * 2% and 34 * 6%, 
respectively (n = 3 for each substance). The split samples analyzed for PCBS by ORNL 
and EPA by packed column gas chromatography with electron capture detectors 
(GCECD) were also analyzed by the capillary column procedure used in the screening of 
organics. The capillary column results compared poorly with the packed column analyses, 
averaging only 0.20 * 0.05 pprn PCBs as compared with 0.94 f 0.34 and 1.35 f 0.88 pprn 
PCBs in the same samples analyzed by EPA and ORNL respectively. The reasons for this 
large difference are not known; it is unlikely, however, that such poor recoveries occurred 
in the sunfsh analyses reported in Sect. 4.1.3.2, since the levels of PCBs reported in those 
samples by capillary column analyses were similar to the levels found at those sites in 1987 
when fish samples were analyzed by packed column GCECD. 

The organics screening analyses did not detect any of the sought-for compounds 
(except PCBs) in f sh  or clam samples from the reference streams. One clam sample at a 
reference site was reported to contain 1.9 pprn PCBs, but its companion sample (a second 
sample from the same group of clams) reported PCBs below detection limits. Two 
samples from this same group of clams were also analyzed by packed column GCECD 
and were found to contain PCB levels typical of uncontaminated sites. 
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APPENDIX D 

CONCENTRA~ONS OF CONTAMINANTS IN AQUATIC BIOTA 
FROM WHITE OAK CREEICI AND TRJBlJTARIES, 

W€€ITEOAKLAKE,ANDTHEcwNcHRIVER 
NOWMBER 1986-AUGUST 1987 
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Tabk D-1. Metats in sunfish from White Oak craelr and triiutaries and White Oak Lake 

Metal content expressed as parts per million (micrograms per gram) wet weight 

Site" Date Sp" Sex" N Weigh@ Length' Hg Cd CV Pb Se Zn 

WCK 35 
WCK 35 
WCK 35 
WCK 3 5  
WCK 3.5 
WCK 3 5  
WCK 3 5  
WCK 35 

11/25/86 
1 1/25/86 
11/25/86 
11/25/86 
11125/86 
11/25/86 
11/25/86 
11125/86 

WCK29 12/11/86 
WCK29 12/11/86 
WCK29 12111/86 
WCK29 12/11/86 
WCK29 12/11/86 
WCK29 12/11/86 
WCK29 1YllW 
WCK2.9 12/11/86 

WCK 2.3 
WCK 2.3 
WCK 2 3  
WCK 2.3 
WCK 2 3  
WCK 2 3  
WCK 2.3 
WCK 23 
WCK 2.3 

WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 

WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 

021113/87 
02/03/87 
Om387 
m3/87  
02P3/87 
02103/87 
02/03/87 
02/03/87 
02/03/87 

m i 8 7  
m / 8 7  
02/23/87 
02/23/87 
02/23/87 
02l2.387 
m r 8 7  
02123/87 

Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 

Bluegill 
Redbreast 
Redbreast 
Redbreast 
Redbreast 
Bluegll 
Bluegill 
Bluegill 

Bluegill 
Redbreast 
Redbreast 
Bluegill 
Bluegill 
Redbreast 
Bluegill 
Redbreast 
Redbreast 

Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Redbreast 
Redbreast 
Redbreast 

Bluegill 
Bluegill 
Bluegill 
Redbreast 
Redbreast 
Bluegill 
Bluegill 
Bluegill 

M 
M 
M 
M 
F 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
F 
M 
F 
F 
F 
F 

7119 
7159 
7275 
7175 
7197 
7595 
7597 
8128 

75 19 
9023 
9024 
9025 
9029 
7538 
7539 
7554 

oO08 
0015 
0016 
0067 
0077 
OWJ1 
0088 
0104 
0106 

6904 
6933 
6950 
6!W 
6997 
9037 
9042 
9043 
9045 

00 10 
0027 
0033 
0037 
0046 
0074 
0079 
0105 

143.8 
123.8 
253.4 
119.0 
161.1 
47.7 
67.6 

125.2 

49.9 
139.2 
167.7 
157.9 
853 
93.0 
93.9 

137.1 

58.0 
78.9 
54.0 
49.8 

1625 
55.5 
68.6 
42.6 
68.9 

55.6 
65.7 

113.1 
61.4 
563 

101.8 
60.6 
68.7 
85.0 

55.6 
76.2 
33.1 
40.4 
595 
49.4 
41.1 
323 

185 
18.0 
23.0 
18.0 
18.7 
13.4 
14.8 
18.3 

14.2 
19.6 
203 
20.0 
16.6 
16.6 
16.7 
193 

15.1 
17.1 
15.1 
14.4 
215 
15.5 
15.4 
135 
16.6 

14.3 
15.3 
17.7 
14.5 
14.7 
173 
15.0 
15.3 
17.0 

13.9 
16.0 
12.4 
13.3 
15.0 
14.2 
129 
12.2 

0.16 
0.26 
052 
0.22 
0.14 
0.20 
0.21 
0.26 

0.38 
0.46 
0.48 
037 
058 
0.30 
0.40 
052 

0.40 
0.66 
N.D. 
0.20 
0.73 
050 
0.43 
0.38 
0.64 

N.D. 
0.09 
0.09 
0.09 
0.11 
0.07 
0.35 
0.18 
0.27 

0.07 
0.06 
0.05 
0.09 
0.08 
0.08 
0.08 
0.07 

0.021 co.46 
0.006 c0.42 
0.010 < o s  
0.007 cO.46 
0.009 eo.46 
0.060 eo.46 
0.002 eo.44 
0.079 e0.44 

0.010 co.38 
0.016 0.40 
0.006 CO.40 
0.006 eo.40 
0.008 co.40 
0.006 053 
0.004 0.65 
0.006 K0.40 

0.029 0.70 
0.009 <0.36 
0.036 g0.42 
0.019 c0.42 
0.010 ~ 0 3 2  
0.006 CO.40 
0.005 co-34 
0.030 0.34 
N.D. N.D. 

0.044 cO.40 
0.013 cO.20 
0.020 K0.u) 

0.010 <o.m 
0.015 co.20 
0.048 co.40 
0.054 <0.20 
N.D. N.D. 
0.044 eo.40 

0.007 cO.36 
0.007 ~0.36 
0.009 co.36 
0.006 co.40 
0.016 0.62 
0.021 <0.38 
0.051 <0.38 
0.034 co36 

co.02 
co.02 
<O.M 
cO.02 

0.03 
e0.02 

0.13 
<0.02 

c0.02 
e0.02 
<0.02 
co.02 

0.05 
0.03 

c0.02 
0.07 

0.05 
c0.02 

0.05 
0.04 
0.02 

c0.02 
<0.02 

0.05 
N.D. 

c 0.04 
c 0.04 
< O B 4  
CO.04 
< O B 4  

0.21 
<0.04 
N.D. 
< O M  

<0.02 
< 0.02 
co.02 

0.05 
0.03 

cO.02 
KO.02 

< O B 2  

0.48 5.1 
0.30 6.5 
0.27 55 
0.53 5.8 
0.35 9.0 
0.30 7.1 
0.24 6.4 
0.40 5.5 

0.38 8.4 
0.44 5.8 
0.75 4.2 
0.32 6.4 
052 7.6 
0.75 5.9 
0.50 6.5 
038 6.0 

0.23 9.4 
0.18 5.9 
0.16 55 
0.14 6.3 

~ 0 . 0 8  123 
0.20 7.0 
0.17 63  
0.26 5.2 
N.D. N.D. 

0.25 4.8 
0.32 5.9 
034 42 
0.13 4.9 
0.32 4.6 
0.36 4.6 
0.40 6.2 
N.D. N.D. 
0.25 4.8 

0.16 6.6 
0.18 5.2 
0.29 5.2 
0.28 6.6 
0.28 6 2  
0.23 5.7 
0.10 5.9 
0.16 4.7 
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Table D-1 (continued) 

Site' Date Spb !kf N Weighr' Length' H g  Cd Cu Pb Se Zn 

MEK0.2 1W/86 Bluegill M 9034 
MEK0.2 12/04/86 Bluegill M 9035 
MEK 0.2 12/04/86 Bluegill M 9036 
MEK0.2 12/04/86 Bluegill M 9038 
MEK0.2 12104/86 Bluegill M 7469 

MEK0.2 02/05/37 Blueal I 0017 
MEK0.2 Wp5/37 Redbreast M 0051 
MEK0.2 Wp5/37 Bluegill M 0071 
MEK0.2 02/05/87 Redbreast I 0075 
MEK 0.2 02/05/87 Bluegill I 0085 

NTKo.2 12/11/86 
NTK 0.2 12/11/86 
NTKo.2 12/11/86 
NTK0.2 12/11/86 
NTK 0.2 12/11/86 
NTKo.2 12/11/86 
NTK0.2 12/11/86 
NTKo.2 12/11/86 

Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 

M 
M 
F 
M 
M 
F 
M 
M 

6905 
6927 
6985 
7576 
7577 
7579 
7592 
7598 

42.2 135 N.D. 
30.0 12.0 0.11 
822 16.1 0.08 
24.0 11.2 0.11 
27.1 11.7 0.11 

120 9.4 0.14 
51.0 14.4 0.20 
28.7 120 0.10 
120 9.6 0.13 
9.5 8.5 0.14 

111.2 17.6 0.19 
93.8 18.0 0.27 

106.2 17.8 0.30 
117.3 19.0 0.32 
67.1 15.4 0.19 
67.0 15.4 0.29 
38.3 13.4 0.29 

108.4 17.4 0.26 

0.016 <0.40 ~0.04 0.40 6.7 
0.024 <0.40 <0.04 0.42 7.6 
0.051 032 <0.04 0.34 6.1 
0.049 <0.40 <0.04 0.25 5.9 
0.034 <0.40 <0.04 0.29 5.7 

N.D. N.D. N.D. N.D. N.D. 
N.D. N.D. N.D. N.D. N.D. 
N.D. N.D. N.D. N.D. N.D. 
N.D. N.D. N.D. N.D. N.D. 
N.D. N.D. N.D. N.D. N.D. 

0.023 
0.039 
0.022 
0.013 
0.023 
0.006 
0.068 
0.017 

0.29 <o.m 
0.24 0.03 

<0.20 <0.04 
<0.20 <0.04 
<o.m <0.04 
< o m  < o m  

0.22 0.07 
<o.m co.04 

0.61 6.1 
0.41 5.1 
0.31 5.1 
0.36 4.7 
032 4.2 
0.38 4.2 
0.40 7.4 
0.48 4.4 

"WCK = White Oak Creek kilometer; WOL = White Oak Lake; MEK = Melton Branch kilometer; NTK = 

' S p e s  include bluegill sunfish (Lepmk macrochirus) and redbreast sunfish (Lem muinrS). 
'M = male; F = female; I = immature. 
dFish weight, measured in grams. 
Tota l  fish length, measured in centimeters. 

Northwest Tributary kilometer; N.D. = no data available. 

Note: The following metals were below the detection limit (ppm) in all samples: 
Sb - <0.12 
As - <om 
Be - <0.04 
Cr - ~ 0 . 1  
Li - <0.4 
Ni - ~ 1 . 0  
Ag - <0.6 
Ill - <0.1 

Cr was detected in three samples (No. 9038 = 0.10 ppm; No. 7469 = 0.14 ppm; No. 6950 = 0.14 ppm). 
Ni was detected in one sample (No. 7592 = 1.3 ppm). 
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Site" Date Spb Sex N Weight' Lengthd 1254' 1266 PcBd Othe? 

WCK 35 
WCK 35 
WCK 35 
WCK 3.5 
WCK 35 
WCK 35 
WCK 3.5 
WCK 35 

WCK 2 9  
WCK 29 
WCK 2.9 
WCK 29 
WCK 2.9 
WCK 2.9 
WCK 2 9  
WCK 2.9 

WCK 2.3 
WCK 2 3  
WCK 23 
WCK 23 
WCK 23 
WCK 2.3 
WCK 2.3 
WCK 2.3 

WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 

WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 
WCK 0.9 

MEK 0.2 
MEK 0.2 
MEK 0.2 

11/25/86 
1 1/25/86 
11/25/86 
11/25/86 
11/25/86 
llns/Ss 
11mM 
1 1/25/86 

1u11/86 
12/11/86 
12/11/86 
12/11/86 
1v11/86 
1Y11/86 
1m 1/86 
12/11/86 

02/93/87 
02P3B7 
02/(03/87 
02/03/87 
02/03/87 
m 3 B 7  
02/03/87 
m3/87 

1m5/86 
1uM/86 
12105/86 
12/05/86 
12&5/86 
12105/86 
12P5t84 
12/05/86 

O W B 7  
W B 7  
02123/87 
m m 7  
02/27/87 
w231137 
O W B 7  
02/23/87 

12/04/86 
12/04/86 
12/04/8(i 

Bluegill M 
Bluegill 
Bluegill M 
Bluegill F 
Bluegill 
Bluegill 
Bluegill M 
Bluegill 

Redbreast M 
Redbreast M 
Bluegill M 
Bluegill M 
Redbreast M 
Redbreast M 
Bluegill M 
Bluegill M 

Redbreast M 
Bluegill F 
Redbreast M 
Bluegill 
Bluegill F 
Bluegill M 
Redbreast M 
Redbreast F 

Bluegill M 
Bluegill M 
Bluegill M 
Bluegill M 
Bluegill M 
Redbreast M 
Redbreast M 
Redbreast M 

Bluegill M 
Bluegill M 
Redbreast M 
Redbreast F 
Bluegl F 
Blue@ F 
Bluegill F 
Bluegill M 

Bluegill M 
Bluegill M 
Bluegill M 

7117 
71 19 
7157 
7173 
7175 
7197 
7593 
8128 

7537 
7538 
7554 
7557 
7558 
7559 
9023 
9025 

0007 
0012 
0016 
m 
0073 
0077 
0106 
0107 

6904 
6922 
6950 
9037 
9039 
9042 
9043 
9045 

0010 
0021 
0037 
0057 
0074 
oo90 
0101 
01 13 

9033 
9034 
9036 

94.7 
143.8 
241.7 
81.9 

119.0 
161.1 
64.0 

125.2 

52.8 
93.0 

137.1 
1624 

73.6 
139.2 
157.9 

40.6 
43.1 
54.0 
42.7 
55.0 

1625 
68.9 
49.5 

55.6 
65.7 

113.1 
101s 
71.7 
60.6 
68.7 

113.1 

55.6 
38.2 
40.4 
68.1 
49.4 
34.3 
71.4 
55.3 

22.9 
42.2 
82.2 

201.9 

16.4 
18.5 
22.6 
16.3 
18.0 
18.7 
14.5 
183 

14.0 
16.6 
19.3 
20.4 
212 
16.5 
19.6 
20.0 

13.3 
13.6 
15.1 
13.5 
14.8 
21.5 
16.6 
13.9 

14.3 
155 
17.7 
17.3 
15.8 
15.0 
15.3 
17.7 

13.9 
125 
13.3 
15.0 
14.2 
12.1 
15.2 
14.6 

11.0 
13.5 
16.1 

co.1 
eo. 1 
eo. 1 
eo.l 
co. 1 
eo.1 

4.0 
2.7 

<0.2 
co.1 

3.4 
1.1 
1.9 
1.6 
0 3  
1.9 

4.7 
1.3 
0.8 
2.7 
20 
2 5  
0.2 
1.3 

co.1 
co.1 
co.1 
c0.1 
40.1 
e0.2 

1.5 
1.4 

1 .o 
0.49 

co.2 
0 3  
1.1 
0.81 
0.65 
0.73 

1.1 
23 

co.1 
eo.l 
eo. 1 
eo.1 
co.1 
eo.1 

0.8 
0.5 

c0.2 
eo.1 
05 
0.2 

co.1 
4 1  
eo.l 
co.1 

c0.2 
c0.2 
0.3 

c0.2 
02 
3.3 

c0.2 
€0.2 

co.1 
co.1 
co.1 
40.1 
40.1 
<0.2 
c0.2 
CO.2 

€0.2 
co.1 
<0.2 
co.1 
<0.2 
e0.1 
eo. 1 
co.1 

0.2 
0.5 

<0.1 e0.1 

a0.2 
a0.2 
c0.2 
(0.2 
e0.2 
K0.2 

4.8 
3.2 

e0.4 
c0.2 

3.9 
1.3 
1.9 
1.6 
0.3 
1.9 

4.7 
13 
1.1 
2.7 
2.0 
5 8  
0.2 
1.3 

c0.2 

x0.2 
e0.2 
90.2 
~ 0 . 4  

1 5  
1.4 

1.0 
0.49 

4 . 4  
0.3 
1.1 
0.81 
0.65 
0.73 

1.1 
28 

<0.2 

60.2 

BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 

BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 

BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 

BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
B I B  
BLD 

BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 
BLD 

BLD 
BLD 
BLD 



306 

Table 0-2 (continued) 

Site" Date Sp" Sex N Weighf Lengthd 1254' 1266 PClbJ Othef' 

NTK 0.2 12/11/86 Bluegill M 6927 93.8 18.0 <0.1 <0.1 ~ 0 . 2  BLD 

NTK 0.2 12/11/86 Bluegill F 6939 106.2 17.8 <0.1 <0.1 <0.2 BLD 

NTK 0.2 12/11/86 Bluegill F 7575 75.7 16.5 <0.1 <0.1 <0.2 BLD 

NTK0.2 12/11/86 Bluegill M 7576 117.3 19.0 <0.1 <0.1 <0.2 BLD 

NTK 0.2 12/11/86 Bluegill F 7594 526 14.3 c0.2 <0.2 e0.4 BLD 

NTK 0.2 12/11/86 Bluegill M 7598 108.4 17.4 eO.1  <0.1 <0.2 BLD 

NTK 0.2 12/11/86 Bluegill M 7599 30.5 12.5 cO.1. <0.1 <0.2 BLD 

"WCK = White Oak Creek kilometer; WOL = White Oak Lake; MEK = Melton Branch kilometer; NTK = 
Northwest Tributary kilometer. Numerical value is the distance from the reference point to the mouth of the stream. 

bSpexies include bluegill sunfish (kpmh mucrochirus) and redbreast sunfish (Lepmk &). 
'Fish weight, measured in grams. 
dTotal fish length, measured in centimeters. 
'1254 = PCB-1254 (Arochlor-1254) in fish axial muscle, parts per million (micrograms per gram) wet weight. 
'1260 = PCB-1260 (Arochlor-1260) in fish axial muscle, parts per million (microgram per gram) wet weight. 
"PCB = Total PCB (sum of PCB-1254 and PCB-1260) in fish axial muscle, parts per million (micrograms per 

'Fish analyzed for pesticides and PCBs at all sites; high-performance liquid chromatography (HPLC) for 
gram) wet weight. 

polycyclic aromatic hydrocarbons (PAHs) at WCK 35, WCK 2.9, NTK 0.2, WOL, and MEK 0.2; and gas 
chromatographic/mass spectrometric (GC/MS) at WCK 2.3 and WCK 0.9. 

Nore: BLD = Below limit of detection. 
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k Polydhihted Biphenyls (Ppcaf) by Packed Column Gas Chromatography @pm wet wt) 

Sample Site" Exposure PCB-1254* PCB-126@ PCBd 

MS23 WCK 3.5 7/15-8/17/87 0.18 < 0.0 1 0.18 
MS24 WCK 3.5 711 5 4 1  7/87 0.15 co.01 0.15 

MS33 WCK 2.6 7/15-8/17/87 1.5 co.01 1.5 
MS34 WCK 2.6 7115-811 7/87 1.5 co.01 15 

MS43 MEK 0.2 7/15-8/17/87 0.06 0.02 0.08 
MS44 MEK 0.2 7/15-8117/87 0.13 0.01 0.14 

woL3 WOL 
W O U  WOL 

7/15-8/17/87 1.3 0.02 1.3 
7/15-8/17/87 1.4 0.02 1.4 

BR3 Bull Run 7/15-3/17/87 0.05 0.01 0.06 
BR4 Bull Run 7/15-8/17/87 0.02 0.02 0.04 

Sample Site" 
Other 

Exposure PCB-1254* PCB-1260" PCBd organics' 

MS21 WCK 3.5 7/15-8/17/87 Sample lost in extractionlclean-up 
MS22 WCK 3.5 7/15-8/17/87 Sample lost in extractiodclean-up 

MS31 WCK 2.6 7/15-8/17/87 2.0 0.8 2.8 BLD 
MS32 WCK 26 7/15-8117/87 ~ 0 . 2  (0.2 ~ 0 . 4  BLD 

MS41 MEK 0.2 7/15-8/17187 1.7 c0.2 1.9 BLD 
MS42 MEK 0.2 7/15-8/17/87 1.5 40.2 1.5 BLD 

WOLl WOL 7/15-8/17/87 40.2 e0.2 e 0.4 BLD 
woL2 WOL 711 5-811 7/87 0.77 < 0.2 0.77 BLD 

BR1 Bull Run 711 5-811 7187 1.7 c 0.2 1.7 BLD 
BR2 Bull Run 7115-8117187 ~ 0 . 2  c0.2 ~0.4 BLD 

"WCK = White Oak Creek kilometer, MEK = Melton Branch kilometer; WOL = White Oak Lake. 
*1254 = PCK-1254 (ArocNor-1254) in soft tissue, parts per million (micrograms per gram). 
=1260 = PCK-1260 (Arochlor-1260) in soft tissue, parts per million (micrograms per gram). 
"oh1 PCBs (sum of PCB-1254 and PCB-1260) in soft tissue, parts per million (micrograms per gram) wet 

"Pesticides and halogenated compounds, GQMS organics. 
weight. 

Note: BLD = Below limit of detection. 
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Table. Da. Detection limits of organic cmmpounds (given in parts per million wet weight) 

Measured by capillary column GC/MS, capillary column GC/ECD, and HPLC with 
fluorescence detection 

Detection limit" Compound 

Phenol 
Bis(2-chloroethyl)ether 
2-Chlorop henol 
1,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
Bis(2-chlorodisopropyl)ether 
4-Methylphenol 
N-Nitrosodi-N-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
Bis(2-chloroethoxy)rnethane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutradiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclapen tadiene 
2,4,6-Trichlorop henol 
2,4,5-Trichlorop hen01 
2-Chloronapht halene 
2-Nitroaniline 
Dimet hylpht halate 
Acenaphthalene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylph thala te 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 2.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
<2.0 
< 1.0 
< 2.0 
< 1.0 
< 1.0 
< 2.0 
< 1.0 
< 2.0 
<2.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
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Table D4 (continued) 

Compound Detection limit'' 

4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dini tro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromo pheny l-pheny lether 
Hexachloroknzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-butylphthalate 
Fluoran t hene 
Pyrene 
Butylbenzylphthalate 
3,3-Dichlorobenzidene 
Benz[a]anthracene 
Bis(2ethylhexyl)phthalate 
Chrysene 
Di-N-octylphthalate 
Benm[b] fluoran t hene 
Benzo[k]fluoranthene 
Benm[a]pyrene 
IndenoI 1,2,3cd]pyrene 
Dibenz[a,h]an thracene 
Benmbh,q perylene 

Alpha-BHC 
Beta-BHC 
Delta-BHC 
Gamma-BHC 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan sulfate 

Endrin ketone 
Methoxychlor 
Alpha chlordane 

4,4'-DDE 

4,4'-DDD 

4,4'-DDT 

< 1.0 
< 1.0 
< 2.0 
<2.0 
< 1.0 
< 1.0 
< 1.C) 
< 2.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.01 
c 2.0 
< 1.0 
< 3.0 
c 1.0 
< 1.0 
< 1.0 
c 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 

<0.005 
<0b05 
e0.005 
<0.05  
~ 0 . 0 5  
~ 0 . 0 0 5  
< 0.005 
< 0.005 
<0.01 
t0.01 
<0.01 
< 0.0 1 
< 0.0 1 
<a01 
<0.01 
<0.01 
e 0.05 
c 0.05 



310 

Table D4 (continued) 

Compound Detection limit? 

Gamma chlordane 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

HPLC‘ with fluorescence detection 

Naphthalene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz[a]anthracene 
Benzo[b] fluoranthene 
Benzo[k] fluoranthene 
Benzo[o]pyrene 
Dibenz[u,h]anthracene 
Benzo~h,i]perylene 
Indeno[ 1,2,3-~d] pyrene 

< 0.05 
<0.1 
< 0.05 
~0.05 
< 0.05 
< 0.05 
< 0.05 
<0.1 
<0.1 

< 0.2 
c0.05 
< 0.2 
c0.05 
< 0.2 
<0.02 
<0.03 
c0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
<0.02 
< 0.04 

“Detection limit in 10-g tissue sample. Sample weights ~ r i e d  between 5 and 10 g; mean * s.d. was 8.5 i 

bGC/MS = gas chromatographyhass spectrometry. 
‘GCECD = gas chromatography with electron capture detectors. 
dIIPLC = high-performance liquid chromatography. 

1.7 g. 
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ample 
Sit6 TYP$ Date Sp' number Wgt' Lgtd PCW lU4* 1260' %+ 

WOL R 
WOL R 
WOL R 
WOL R 
WOL R 

WCKO3 R 
WCK 0.3 R 
WCK0.3 R 
WCK03 R 
WCK0.3 R 
WCK03 R 
WCK 0.3 R 
WCK 0.3 R 

CRK34.8 R 
CRK34.8 R 
CRK34.8 R 

CRK32.2 R 
CRK322 R 
CRK32.2 R 
CRK 32.2 R 
CRK322 R 
CRK 32.2 R 
CRK322 R 
CRK32.2 R 

CEC C 
CEC C 
CEC C 
CEC C 

MHL R 
MHL R 
M H L R  
hQHL R 
MHL R 
MHL R 
MHL R 

FLD R 
FLD R 
FLD R 
n D  R 
FLD R 
FLD R 

7/16/87 Y. Bull 
7/17/87 Y. Bull 
7/17/87 Y. Bull 
7/21/87 Y. Bull 
7 U 7  Y. Bull 

7/14/87 Ch. Cat 
7/15/87 Ch. Cat 
7/15/87 Ch. Cat 
7/16/87 Ch. Cat 
7/24/87 Ch.Cat 
7/27/87 Ch.Cat 
7/29/87 Ch.Cat 
8/03/87 Ch.Cat 

8/07/87 Ch.Cat 
8/14/87 Ch. Cat 
8/20/87 Ch.Cat 

7/21/87 Ch.Cat 
7r24/87 Ch.Cat 
7/24/87 Ch.Cat 
7/24/87 Ch.Cat 
7/24/87 Ch.Cat 
8p4/87 Ch.Cat 
8/105/87 Ch.Cat 
8/05/87 Ch.Cat 

7/15W7 Ch. Cat 
7/15/87 Ch. Cat 
7/15/87 Ch. Cat 
7/15/87 Ch. Cat 

8m/87 Ch.Cat 
8/14/87 Ch. Cat 

8/18/87 Ch. Cat 
8/18/87 Ch. Cat 
8/18/87 Ch. Cat 
8/19/87 Ch. Cat 

8/18/87 Ch. Cat 

8m/87 BI.Cat 
8/12,&37 Ch.Cat 
8/12/87 Ch. Cat 
8/12/87 Ch.Cat 
8/12/87 Ch. Cat 
8/12/87 Ch. Cat 

F 
F 
M 
F 
F 

M 
M 
M 
M 
F 
M 
F 
M 

M 
F 
M 

F 
F 
M 
F 
F 
M 
M 
F 

M 
F 
M 
M 

M 

F 
M 
M 
M 
F 

F 
M 
F 
F 
M 

WOL-1 
WOL-2 
WOL-3 
WOL-4 
WOL-5 

w a - 1  
WCK-2 
WCK-3 
WCK-4 

WCK6 

WCK-8 

WCK-5 

WCK-7 

CRU-1 
CRU-2 
CRU-3 

CRD-1 
CRD-2 
CRD-3 
CRD-4 
CRD-5 
CRD-6 

CRDS 
CRD-7 

CEC-1 
CEC-2 
CEC-3 
CECA 

MHL- 1 
MHL-2 
MHL-3 
MHL-4 
MHLJ 
MHL-6 
MHL7 

FLD- 1 
m - 2  
FLD-3 
FLD-4 
FLD-5 

328 
460 
306 
223 
463 

545 
2160 
1010 
1315 
2450 
690 
821 
242 

Mu) 
1640 
615 

2260 
2735 
820 
830 
540 
1170 
S O  
810 

780 
607 
1245 
1500 

3160 
305d' 
1840 
loo0 
590 
290 
1110 

4990 
450 
1090 
870 
1670 

28.8 
32.7 
31.0 
26.4 
31.4 

39.4 
60.0 
48.2 
54.5 
61.5 
46.1 
45.7 
33.2 

58.8 
56.5 
41.2 

573 
625 
46.2 
455 
41.5 
51.5 
45.8 
45.7 

44.5 
38.7 
49.5 
55.1 

635 

56.4 
48.3 
413 
32.8 
50.8 

76.0 
40.0 
48.1 
44.8 
56.5 

M n D - 6  800 47.2 

0.46 
0.79 
0.84 
0.41 
2.50 

057 
1.83 
1.28 
1.61 
2.13 
1.40 
3.28 
0.61 

3.00 
1.23 
0.83 

0.81 
4.70 
0.85 
0.76 
3.41 
0.92 
0.5 1 
0.90 

0.03 
0.03 
0.04 
0.03 

1.05 
0.80 
0.87 
0.26 
0.43 
0.23 
20 

0.42 
5 .oo 
205 
1.23 
0.92 

0.11 
0.28 
0.23 
0.06 
0.80 

0.14 
0.03 
0.68 
0.99 
1 .a 
0.10 
0.68 
0.14 

1.10 
0.13 
0.60 

0.29 
1.90 
0.21 
0.18 
0.0 1 
0.57 
0.25 
0.24 

0.02 
0.02 
0.03 
0.03 

0.60 
0.43 
032 
0.07 
0.19 

< 0.0 1 
1 .oo 

0.04 
2.10 
0.45 
0.13 
057 

035 
0,514 
0.6 1 
035 
1.70 

0.43 
1.80 
0.60 
0.62 
0.73 
1.30 
2.60 
0.47 

1 .90 
1.10 
0.23 

0.52 
2.80 
0.64 
0.58 
3.40 
035 
0% 
0.66 

0.01 
0.01 
0.01 

e0.01 

0.45 
0.37 
055 
0.19 
0.24 
0.23 
1 .oo 

0.38 
290 
1.60 
1.10 
0.35 

4400 
300 

6600 
3700 
5000 

240 
210 

1100 
250 
24 

410 
390 
180 

260 
47 

770 

34 
800 
250 

13 
52 
57 
44 
16 

8 
0 
20 
9 

0 

10 
27 
8 

16 
0 
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Table D-5 (continued) 

Sample 
Site" Type' Date Spc sexd number Wgf Lgth' PCW 1254h 1260' %ri 

FLD R 8/12/87 Ch. Cat M FLD-7 1160 50.0 333 0.53 280 
FLD R 8/12/87 Ch.Cat F FLD-8 380 36.2 1.09 0.44 0.65 
FTD R 8/12&7 Cb. Cat M FLD-9 727 45.2 1.13 032  0.8 1 

MHL F 8/2@87 Gzshad C MHL-A 
MIIL F 8/20/87 &had C MHL-B 
MHL F 8/20/87 Gzshad C MHL-C 

CKK32.2 F 8/2€)/87 Gzshad C CRD-A 
CRK32.2 F 8120/87 -had C CRD-B 
CRK32.2 F 8/20/87 Gzshad C CRD-C 

W C K 0 3  F 8no/s7 Gzshad C WCK-A 
W C K 0 3  F 8/20/87 Gzshad C WCK-B 
W C K 0 3  F 8/20/87 Gzshad C WCK-C 

0.66 0.4 1 0.25 14 
0.33 0.10 0.23 10 
0.33 0.14 0.19 0 

0.71 0.15 056 220 
0.64 0.49 0.15 22 
0.60 0.38 0.22 31 

1.81 1.10 0.71 350 
25 1.4 1.1 520 
4.8 3.2 1.6 320 

"WOL = White Oak Lake; WCK = White Oak Creek kilometer; CRK = Clinch River kilometer; CEC refers 
to a commercial catfish farm; MHL = Melton Hill Lake; FLD = Fort Loudon Dam (Fort Loudon Reservoir). See 
also Fig. 4.1 for site identification. 

'Sample types classed as R (regular), C (control), and F (food organisms). 
'Species include yellow bullhead (Y. Bull) ( I c r d m  natalis), channel catfish (Ch. Cat) ( Z c r a l m  puncratus), 

dM = male; F = female; C = composite sample (both sexes). 
T i h  weight, measured in grams. 
fTotal fish length, measured in centimeters. 
Total PCBs (sum of PCB-1254 and PCB-1260) in fish axial muscle, parts per million (micrograms per gram) 

'PCB-1254 (Arochlor-1254) in fish axial muscle, parts per million (micrograms per gram) wet weight. 
'PCB-1260 (Arochlor-1260) in fish axial muscle, parts per million (micrograms per gram) wet weight. 
'Strontium-90 in catfish vertebrae, bequerels per kilogram dry weight. 
?ail missing; fish partially eaten by turtles. 

and gizard shad (Gzshad) (OOTosoma cepedkmm). 

wet weight. 
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APPENDIX E 

CXlEKXUST OF BENTHIC MACROINVERTEBpiATE TAXA 
FROM WHITE OAK CREEK WATERSHED 

MAY 1986-APm 1987 





Tabie El. CheMist of benthic: maminvertebrate taw collected from White Oak Creek watershed, May 1986-April19W 

Taxon 

Siteb 
FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Turbeliaria 
Planariidae x x  X 

Nematoda X 

x x x  
x x x  X 

X X 

x x x x x x  
Oligochaeta x x x x x x x x x x x x x x x x  

X Branchiura X X Q X X  
SOWtTbyi 

Crustacea 
Isopoda 

Asellus 
Lirceus 

Crangonyx 
Gammarus 

Cambarus 

Parasitengona 

Amphipoda 

Decapoda 

Hydracarina 

X X Q  

x x x x x x x x x x  
X x x  X X 

x x  X x x  
x x  X Q X X  

X X 

X 
x x  

Insecta 
Collembola X 
Entomobryomorpha X 
Imtomidae 

x x x x x  
X X 

X 

x x x x  
X 

X 
x x x  

X 

x x  
x x  

X 
X 

w 
t;, 



Table El (continued) 

Taxon 

Siteb 
FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Ephemeroptera 
Baetidae 

Baetis 
Centroptilum 
Pseudoclueon 

Caenidae 
Caenis 

Hep tageniidae 
Cinygmula 
Stenacron 
Stenonema 

Oligoneuriidae 
lsonychia 

Siphlonuridae 
Ameletus 

Leptophlebiidae 
Habrophlebiodes X 
Paraleptophlebia 

Ephemera 

Ephemerella 
Eurylophella 

Ep hemeridae 

Ep hemerellidae 

X 
X 

Q 

X 

X 
Q 

X 
X 

X 
x x  

X 

X 

x x  
x x  
X 

X 
X 

X 

Q 

X 

X 

X 
Q 

X 

X 
X 
X 
X 

X 

X 

X 

X 

Q 

X 

X 

X 

X 
Q 
X 

X 

x x  

X 

X 

X 

Q 

X 
X 

X 

Q 
X 
X 

X 

x x  
x x  
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Table El (mntinued) 

Siteb 
FCK FCK FFK FFX. MEK MEK MEK NTK Nax WCK WCK WCK WCK WCK WCK WCK 

Taxon 0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Plecoptera (cont.) 
Chloroperiidae 

Alloperla 
Haploperla 
Sweltsa 

Leuctridae 
Leuctra 

Nemouridae 
Amphinemura 
Amphinemura 
delosa 

Peltoperla 
Taltaperla 

Eccoptura 
xanthenes 
Perlesra 

fsoperla 
Isoperla 
similis 

Taeniopterygidae 
Taenioptety 

Pettoperlidae 

Perlidae 

Perlodidae 

X 

X 

X 

X 

X 
X 

x x  
X 

X 
X 

x x  X x x  X 
X 

X Q X  

X X 

X 

x x x x x x x x  

x x  X 

x x  X 
x x  

Q 
X Q  X 

X 

X 

x x  
X 
X 
X 
X 

X 

Q 
X 

X 
X 
X 

X 

X 
Q 

X 

X 



Table El (continued) 

Taxon 

Siteb 
FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Hemiptera 
Corixidae 
G e rr i d a e 
Veliidae 

Rhagovelia 

Megaloptera 
Corydalidae 

Nigronia 
Nigronia 
fasciatus 
Nigronia 
semkomis 

Sialis 
Sialidae 

Neuroptera 
Sisyridae 

Trichoptera 
Glossosoma tidae 

Glossosoma 

X 

X 

X 

X 

X 

Q X  
X 

X 

x x  
x x  
X 

X 

x x x  

x x x  

x x  
X 

X 

X 

X 

X 

x x  

X 

Q 



Table El (continued) 

Taxon 

Siteb 
FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.8 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Trichoptera (cont.) 
Hydrops ychidae 

Cheumatopsyche 
D@!ecPona 
modesta 

Hydroptilidae 
W r O P V h e  

HMmptila 
Ochrotrichia 

Lepidostomatidae 
Lepidostoma 

Leptoceridae 
Triaendes 

Limnephilidae 
Goera 
H#utophylm 
fronuquia 
Neophym 
PycnoPVhe 

Phiiopotamidae 
Chimama 
Dolophilodes 
distinctus 
Wormaldia 

~ _ _ _ _ _ _  

x x x x x x x x x x x x x x x  

X X X X x x  
x x  x x x  x x x x  x x  

x x  x x x  
x x  x x x  
X 

X X 
X 

X X 
Q X Q  

Q Q X Q  
X x x  x x x  

X Q  Q Q X  

X 

X X x x x x  

X 

X 
Q 

X 
X 
X 
X 

X 
X 



Table E-1 (continued) 

Taxon 

Siteb 

FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 

0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Trichoptera (cont.) 
Phryganeidae 

Rilostomis 
Polycen tropodidae 

c)tmelIus 
fratmus 
PoEycentropus 

Psychomyiidae 
Lype diversa 

Rhyacophilidae 
Rhyocophila X 

Coleoptera 
Dryopidae 

Dytiscidae 

Elmidae 

Helichus 

H#ropomuS Q 

Du biraphia X 
optioservus x x x  
Stenelmis x x  
Ectoprio x x x  

Eubriidae 

Hydrophilidae 
Berosus 

X 
X 

X 

X 

X 

X 
X 

x x x x x  

X 
X 

X 

X 

Q Q 
x x  

X 

x x  Q X  x x  
x x x x x x x x x x x x  

x x  x x x x x x x x  
x x x x  x x x x  

x x x  Q 

X 
X 



323 

CY 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

CY 

X
 

x
x

 

X
 

X
 

X
 

x
x

 

X
 

X
X

 

X
 

X
 

X
 

X
 

X
C

Y
 

X
O

 X
 

X
 

x
c

u
 

X
 

X
 

X
 

X
 

X
 

XCY 

O
X

 
X

 

X
X

 

X
 

X
 

x
x

 
C

Y
X

X
X

 

x
x

 

O
X

 

X
 



Table El (mntinued) 

Siteb 
FCK FCK FFK FFK MEK MEK MEK Mx NTK WCK WCK WCK WCK WCK WCK WCK 

Taxon 0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Chironomidae (cont.) 
Natarsia X X x x x x  X 
Natarsia 
baltimoreus X 

NiIatanypus X x x x x  X X X 
Paramerina X 
Pentaneura X 
Frocladius x x  X X X X X Q  X 
Frocladius ? Q 

ThienemannimyiagpX X X X X X X X X X X X X X X 

Trirsopelopia 

W 
h) Tanypus x x  X P 

Trirsopelopia X Q X  X X X 

ogemawi x x  
Tksopelopia ? X X 
Zavrehyia X x x x x x  Q 
Zavrelimyia ? x x  Q 

Diamesinae 
Diamesa X X X X Q  X x x  
Diamesa? X 

Orthocladiinae x x  x x x  x x x x x x  
Cardiocladius X X X x x x x  
Chaetocladius X X 
Corynoneura x x  x x x x x x  X X 
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Table El (continued) 

Taxon 

Siteb 
FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Gastropoda (cont.) 
Planorbidae 

Gyraulus 
Planorbula 
Planorbula 
m'volis 

Elimia 
Pleuroceridae 

Peleeypoda 
Corbiculidae 

Corbicula 
flumineu 

Pisidhm 
Sphaerium 

Sphaeriidae 
X 
X 
X 
X 

X 

X 
X 

Q 

X 

X Q X 

x x  
X X 

x x  X X X X X X Q X  
x x  X Q x x x  

"An "X" indicates that the taxon was collected at least once in quantitative samples, and a "Q" indicates the taxon was collected in qualitative ssrnples only. 
bFCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilomelet; NTK = Northwest Tributary kilometer; WCK = White Oak 

'This group was comprised of at least five taxa including Crkotpu bicinctus gp, C. sylvesniS gp, C. tremulur gp, C. r@scia gp, and Orthocladius, but because 
Creek kilometer. 

of the difficulty in reliably separating them, they were grouped together into the Cricotopct/chthocladius gp. 
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APPENDIX F 

FTSH POPULATION AND BIOMASS ESTIMATES OF 
WHITEOAKLAKE 
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FISH POPULATION AND BIOMASS EsTiMATEs 
OFWHITEOAKLAKE 

INTRODUCTION 

WOL has functioned as a settling basin for ORNL radioactive effluents for over four 
decades. As a result, radionuclides and other contaminants have accumulated in the 
sediment and biota. Fish inhabiting WOL are exposed to environmental irradiation not 
only from external sources, such as water and radioactive sediment, but also from internal 
sources as a result of consuming food that has accumulated radionuclides (Krumholz 
1956). The quantity of fish and quantity of radioactivity they contain would be an 
essential component in the assessment of alternatives for remedial actions. 

In May 1987, a standing crop estimate of the prevalent fish populations in WOL was 
conducted to (1) determine the distribution, biomass, and species composition of the f sh  
community of WOL; (2) provide baseline fish population data in order to be able to 
evaluate any future actions affecting WOL; (3) provide supporting data for determining 
the radionuclide concentrations in the various fish species; and (4) evaluate methods for 
assessing fish populations in shallow lentic systems such as WOL. 

A mark and recapture, Petersen ratio was employed to estimate fsh populations 
(Everhart et al. 1975). This was augmented by a Schnabel procedure that allows for 
multiple marking and recapture periods (Seber 1973). The two methods produce similar 
estimates and both rely on the same principle. A sample of fish is collected, marked, and 
released. At a later time a second “recapture” sample is taken that includes both marked 
and unmarked fish. It is assumed that the proportion of marked fsh recovered (R) to the 
total number of fish in the recapture sample (C) is the same as the proportion of the total 
number of marked fish released (M) is to the total population (R), 

M = R  or IQ = MC/R. A c  

The Schnabel method provides for multiple marking and recapture periods using all 
accumulated data for one estimate. This method assumes that no mortality occurs during 
the series of releases and recaptures. During the course of the WOL population estimate, 
however, mortality occurred and was carefuily adjusted for. At the end of each of the 5 d 
in which fish were marked and released, and for 2 d thereafter, the entire shoreline of the 
WOL was examined for dead fsh. Fish were marked by clipping a specific fin to 
correspond to a specific collection date. Dead fsh with a clipped fin could thus be 
identified and subtracted from the number of fish marked on that day. These 
mortality-adjusted daily values were summed to provide the total number of marked fsh 
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available for recapture (M). The mortality adjustments could be readily applied to the 
Petersen ratio estimates, but not to the Schnabel method. 

All mortality did not occur quickly but was spread over a period of several days. This 
made it difficult to adjust the number of marked fish available in WOL for each set of 
releases and recaptures that took place during the time period the ffih were dying. The 
Petersen method allows time for marked and unmarked fish to mix before a recapture. In 
this study, 4 d elapsed before a singleday recapture effort was initiated, thus allowing 
sufficient time for decomposing fish to float to the surface where they were collected, 
examined for marks, and used to make appropriate adjustments in the pool of available 
marked fish. Beeause the Schnabel method assumes no mortality, and corrections for 
mortality could only be made for the Petersen estimate, the most reliable method in this 
case was the Petersen ratio. The Schnabel method was used because a population 
estimate could be calculated at the end of each successive marking run in which previously 
marked fBh were recovered. In this way, an approximation of the total number of fish in 
the population could be obtained and used to determine whether an adequate number of 
fish had been marked to yield a reliable estimate of the population by the Petersen 
method. 

Sampling was conducted with a Smith-Root type W ,  boat-mounted electroffiher with 
pulsed DC current and one or two booms. Prior to sampling, WOL was divided into 
quadrants, and each quadrant was sampled thoroughly for 30 to 60 min. Daily fish 
collections started in the northeast quadrant and proceeded in a clockwise direction until 
each quadrant had been sampled twice. For processing, two boats containing personnel 
and processing equipment were towed from quadrant to quadrant. A single electrofishing 
boat was used during the marking runs, and an additional electrofishing boat was used 
during the singleday recapture period. 

Fish were identified to species, weighed, measured, marked with a fin-clip, and 
rcleased in the same quadrant in which they had been collected. In order to facilitate 
rapid processing of many fish, fish were no longer weighed after 20 individuals of a species 
within a 2-cm-length class had been weighed. Weights for the remaining individuals were 
estimated from a length-weight regression developed from the WOL data. The five 
collection days represented the multiple marking and recapture periods that constituted 
the data base for the Schnabel population estimates. After a 4-d hiatus, an intensive ld 
recapture effort was made with the goal of capturing 1500 ffih. Fish collected during the 
recapture run were not weighed or measured, but were identified by species, examined for 
fin-clips, and then placed in one of two large floating cages. Large carp and predators, 
such as largemouth bass (Micropem salmoides) and spotted gar (Lepisosteus osseus), were 
held in one cage and the remaining species in the other. In this manner, processed fish 
were separated from the remainder of the fish in the lake and were not included in any 
following collections, thus meeting a condition required for the application of the Petersen 
ratio or "point census" method. 

The area of WOL was determined by use of a planimeter and an aerial photograph 
taken in July 1987, less than two months after completion of the population survey. The 
scale of the photograph (1:400) was determined by measuring between known points on 
the map. A small portion of WOL that included the mouth of WOC and the water at the 
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upper end of the lake was too shallow for the electrofishing boat. Therefore, this area 
was partitioned off by use of a block net. Thus, the total area of WOL is slightly greater 
than the area (5.26 ha) sampled for the calculation of fsh  biomass. 

F.2 REsuLls AND DfscuSSION 

During the marking runs, significant numbers (in decreasing order of abundance) of 
bluegill, gizzard shad, largemouth bass, redear sunfish, common carp, redbreast sunhh, 
and warmouth sunfsh were collected. Much smaller numbers of an additional 11 species 
were also collected (Table F-1). The list of the most abundant species changes when the 
estimated population size (iQ) is used to rank the species (in descending order of 
abundance): bluegill sunfish, gizzard shad, redear sunfish, largemouth bass, carp, golden 
shiner, and redbreast sunfish. When (A) is used to calculate biomass (R x mean weight 
per individual), the relative ranking based on decreasing biomass is carp, gizzard shad, 
bluegill sunfsh, largemouth bass, redear sunfsh, warmouth, redbreast sunfsh, and golden 
shiners. Golden shiners, redear sunfish, and warmouth sunfish had a very broad (95%) 
confidence interval about the population estimate. 

Based on the biomass of the above eight species, a reasonable trophic level pyramid 
can be constructed by assigning the largemouth bass the role of top predator, the 
remaining centrarchids to an intermediate level, and the common carp, gizzard shad, and 
golden shiner to the lowest level. The biomass of these three trophic levels are 233, 810, 
and 1778 kg respectively. From a bioenergetic point of view, these numbers are 
reasonable, thus lending support to the validity of the estimated population values. The 
Schnabel and Petersen ratio estimates produced similar results. The total f sh  community 
estimates (* 1 s.d., all species combined) were 20,426 * 2,820 and 23,345 i 2,745 for the 
Schnabel and Petersen ratios respectively. 

Estimates of fish standing crops were determined from biomass estimates and the 
area of the lake (5.26 ha). The estimated total biomass for all species was 536.6 k o a .  
Standing crop estimates for individual species are given in Table F-1. 

The f i h  populations of WOL will certainly change through time. Most small 
impoundments become increasingly eutrophic over time, with a shallow profile and greater 
primary productivity. These trends may enhance production and diversity for a time. In 
May 1987, WOL had an estimated standing crop of 198 kgha for largemouth bass and 
other centrarchids. This is within the range of production (37-339 k o a )  observed by 
Swingle (1952) for a series of fertilized ponds in Alabama that had been stocked with 
largemouth bass and various combinations of other centrarchids. The standing crop of 
largemouth bass and bluegill in WOL in 1953 was estimated by Krumhslz (1956) to be 
259 kea. If siltation continues and littoral vegetation and plankton populations become 
more abundant, the resulting heavy organic content of the lake may change habitat 
conditions and alter fish production and species composition. The 1987 f i h  population 
estimates will provide a basis for comparison with any future changes in the fsh 
populations of WOL In combination with information on the concentrations of 
radionuclides in fishes from WOL, the standing crop estimates obtained in this study were 
used to calculate the total radionuclide content of the fsh community component of the 
WOL ecosystem (Sect. 8.1). 



Table F-1. Ckcklist of benthic maaoinVertebrate taxa mllected from White Oak Creek watershed, May through October 1Rs6 

Taxon" 
FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 1.0 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Turbellaria 
Planariidae 

Nematoda 
Oligochaeta 

Crustacea 
Isopoda 

Branchiura sowerbyi 

Asellus 
Lirceus 

Amphipoda 
Crangonyx 
Ganimarus 

Cambants 
Decapoda 

Insecta 
Collembola 

Isotomidae 
Ephemeroptera 

Bae t idae 
Baetis 
Centroptilum 

Heptageniidae 
Stenacron 
Stenonema 

x x  X X 

x x x x x x x x x x x x x x x x x  
X 

x x  x x x  

X X 
X 

x x  x x x x  X x x  
X X 

x x  X 
x x  X x x  
x x  X x x  
X x x x x  X 

X 

X 
X 

x x  X X X 
X 

X 

X 
x 

x x  
X 

X 

X 
X 

w w 
Q\ 



Taxon" 

Siteb 
FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 1.0 0.2 1.8 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Oligoneuriidae 
Isortychia 

Siphlonuridae 
Ameleats 

Leptophlebiidae 
Habrophlebiodes 
Paraleptophlebia 

Ephemeridae 
Ephemera 

Ephemerellidae 
Ephemerella 
Eurylophella 

Odonata 
Anisoptera 

Aeshnidae 
Boyeria vinosa 

Gomphidae 
Gomphus 
Stylogomphus albisfylus 

Cord ulegas tridae 

Macromiidae 
Macromia 

Coniulegasrer 

X 
X 

X X 

X 
X 

X 

X 

X 

X 

X 

X 

x x  
X 

X 
x x x x x  

x x x  

X 

X 

X 

X 
X 
X 

X 

X 

X 

w w 
4 



Table F-1 (continued) 

Siteb 
FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 

Taxon" 0.1 0.8 1.0 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Zygoptera 
Calopterygidae 

Calopteryx 
Heraerha 

Coenagrionidae 

Ischnura 

Nemouridae 

A@ 

Plecoptera 

Amphinemura 
Amphhemura delosa 

Leuctridae 
Leuctra 

Pel toperlidae 
Peltoperla 

Perlodidae 
Isoperla 

Chloroperlidae 
Atloperla 
Haploperla 

Eccoptura xanthenes 
Perlesta 

Perlidae 

x x  
x x  

X 
X 

X 
X 

X 

X 

X 
X 

x x  

X 

X 

X 
X X 

x x  

x x x  

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
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Table F-1 (mntinued) 

Taxon" 

Siteb 
FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 1.0 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Psychomyiidae 
Lype divma 

Glossosomatidae 
Glossosoma 

Rhyacophilidae 

Lepidostomatidae 
Lepziiostoma 

Limnephilidae 
Goera 

Neophylar 

Phryganeidae 

Leptoceridae 

Rhyacophila 

Ironcrquia 

+nopsyche 

Ptilostomis 

TTiaenodes 

Hydroptiiidae 
Berosus 

Psephenidae 
Ectopria 
Psephenus herrick 

P tilodactylidae 
Anchytarm bicolor 

Coleoptera 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x x  

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

X X 
X 

X 

x x  
X 

X 
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Table F-1 (continued) 

Taxon" 

Siteb 

FCK FCK FCK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK WCK 
0.1 0.8 1.0 0.2 1.0 0.6 1.2 2.1 0.2 1.0 2.3 2.9 3.4 3.9 5.1 6.8 1.1 

Pleuroceridae 
Elimia x x  

Bivalvia 
Corbiculidae 

Corbicula manilemh 

Pisidium 
Sphaerium 

Sphaeriidae X 
X 
X 

X 
X 

x x  

X 

X 
X 

w 

"Luwercase gp denotes group. 

P 
tn 

- -  
bFCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak 

Creek kilometer. An X indicates that the taxon was collected at least once. 
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APPENDIX G 

FISH DENSITY, BIOMASS, AND CONDITION FACTOR DATA 
COUr,ErrEn IN WHITE OAK CREEK WATERSHED, 

JANUARY-DECEMBER 1987 





'hble C3-l. Fish densities (number of fish per sqwm meter) for JmsBary.-Ezebruary !!X7 in White Oak OmA, Fbst Creek, Fifth Creek, Metton 
Branch, and Northwest "Xibutary 

~ ~ ~~ _ _  

Species FCK FCK FFK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 21 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

Cen trarch idae 
Bluegill 
Redbreast sunfish 
Rock bass 
Spotted bass 
Warmouth 

Cot tidae 
Banded sculpin 

Cyprinidae 
Blacknose dace 
Central stoneroller 
Creek chub 
Fathead minnow 

Ictaluridae 
Yellow bullhead 

Poeciliidae 
Mosquito fish 

0.05 - NJ?' - - 0.11 0.02 0.10 0.01 0.10 - - <0.01 - - 0.13 0.42 0.50 - - - <0.01 - 
- 0-04 - - 0.06 - - 

- - 0.53 1.75 - - 0.18 

2.50 2.47 - 9.70 1.21 0.13 - 0.06 0.10 0.27 - 0.01 0.10 0.02 6.48 1.40 - qo.01 - - 5.54 * 

0.06 0.10 - - 0.02 0.02 - - - 0.01 <0.01 0.61 0.14 
0.91 - - 0.09 0.07 ~ 0 . 0 1  0.58 0.07 0.28 0.03 - 

- - 

- - 0.01 - - 

0.43 - - - 0.01 - 0.01 0.13 0.01 - 

Number of species (N) 5 3 0 2 2  3 1 1 4 3 8 5 6 3  4 3 
Total density 3.95 2.63 0 10.23 2.96 0.16 0.02 0.06 0.31 0.36 0.31 1.15 0.79 0.31 12.66 1.72 

"FCK = Rrst Creek kilometer, FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK t White Oak 

bNF = no fish taken in sample. 
Creek kilometer. 
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Site" 

Species FCK FCK FIX FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 21 0.3 1.0 23 29 3.4 3.9 5.1 6.8 

Centrarchidae 
Bluegill 0.03 - N P  - - NF NF 0.03 NF 0.42 - 0.06 CO.01 - 
Redbreast sunfish - 2.64 - - 0.13 0.37 0.77 - 
Rock bass - <0.01 - 0.02 - 
Largemouth bass 0.03 - - 0.01 - 0.01 - 
Warmouth - 0.06 - 

Cottidae 
Banded sculpin - 0.82 1.66 - - 0.15 

Cyprinidae 
Blacknose dace 0.59 1.90 - 8.14 1.28 0.46 - - 0.14 - CO.01 0.01 0.03 cO.01 0.13 1.82 
Centrai stoneroller - 0.01 - 0.02 - 0.02 - 0.29 0.03 
Creek chub - 0.04 - - 2.69 - - 0.01 - - 0.01 - - 0.16 0.03 
Fathead minnow - <0.01 - - 0.03 - 

Ictaluridae 
Yellow bullhead 

Poeciliidae 
Mosquitofish 

- 0.01 - 

0.56 - - 0.65 - 0.13 0.19 0.52 eO.01 - 
~~ 

Number of species (N) 4 2 0 2 2 3 0 0 6 0 9 6 6 3 4 4 
Total density 1.21 1.94 0 8.% 294 5.79 0 0 0.85 0 0.79 059 1-42 0.01 0.61 203 

OFCK = First Creek kilometer; FFK e Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak 

*NF = no fish taken in sample. 
Creek kilometer. 



n b l e  G4. Fsh bb- (eq~ressed fa grams per square meter) for Jannary-February 1987 in white Oak Creek, Fmt Creek, Fifth Creek, 
Melton Branch, and Northwest Tnautaxy 

Site" 

Species 
~ ~ ~~~ ~- 

FCK FCK FFK FFX FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 2.1 0.3 1.0 2.3 2.9 3.4 3.9 5.1 6.8 

Centrarchidae 
Bluegill 
Redbreast sunfish 
Rock bass 
Spotted bass 
Warmouth 

Cottidae 
Banded sculpin 

Cyprinidae 
Blacknose dace 
Central stoneroller 
Creek chub 
Fathead minnow 

Ictaluridae 
Yellow bullhead 

Poeciliidae 
Mosquito fish 

0.40 - NFb - - 0.24 0.15 0.80 0.55 7.19 - 
- 0.03 - - 2.80 3.47 2.66 - 

- 0.14 - 
- 0.48 - 

- 0.28 - 

- 4.23 5.60 - - 0.97 

4.00 4.44 - 14.55 1.94 0.03 - 0.06 0.28 0.65 - 0.04 0.49 0.08 3.89 0.98 
- 0.22 - - 13.84 - 

1.48 2.27 - - 0.49 1.06 - - 0.68 0.06 1.47 0.35 
0.91 - - 0.14 0.09 ~0.01 0.29 0.39 0.06 0.08 - 

- 0.57 - 

0.21 - - 0.02 - <0.01 0.03 0.01 - 

Number of species (N) 5 3 0 2 2 3 1 1 4 3 8 5 5 3 4  3 
Total biomass 7.00 5.99 0 18.78 7.54 0.54 1.06 0.06 0.68 0.89 5.02 4.38 11.42 0.20 19.28 2.30 

w ul 
h) 

"FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; 

bNF = no fish taken in sample. 
WCK = White Oak Creek kilometer. 



n b l e  G-5. Fish biomass (qreaed in grams per square meter) for Marc4-ApriIlW in White Oak Creek, Fifth Creek, Melton Braacb, and 
Northwestawbuaary 

Site" 

Species FCK FCK FFK FFK FFK MEK MEK MEK NTK NTK WCK WCK WCK WCK WCK WCK 
0.1 0.8 0.2 0.4 1.0 0.6 1.4 2.1 0.3 1.0 2.3 29 3.4 3.9 5.1 6.8 

Cen trarchidae 
Bluegill 
Redbreast sunfish 

Warmouth 
Spotted bass 

- NF" 
0.19 - 

- 0.48 - 
0.09 0.19 3.31 1.27 30.39 - 

- 3.65 2.83 7.16 - 
- 0.25 - 

Cottidae 
Banded sculpin - 3.62 12.32 - 0.17 0.34 

Cyprinidae 
Common carp 
Blacknose dace 
Central stoneroller 
Creek chub 
Fathead minnow 

* 13.92 - 
0.47 - - 0.67 0.02 - 0.19 - - 0.01 
0.06 - - 1.64 0.01 
0.06 0.01 0.78 0.22 0.02 

6.04 5.80 - 16.70 1.90 0.05 0.14 0.04 

- 1.16 - - 0.04 
0.77 - 

0.41 

0.07 

5.66 1.06 
10.73 - 
5.20 0.48 
0.11 - 

Gasterosteidae 
Brook stickleback - 0.02 - 

Ictalutidae 
Yellow bullhead - 0.01 - 

Poeciliidae 
Mosquitofish 0.02 - 0.09 - 0.01 0.32 0.02 - 

Number of species (N) 
Total biomass 

~ -~ ~~ ~ ~~ 

3 3 0 2 2 2 1 2 4 4 9 4 6 4 5 3 
6.83 7.44 0 20.32 14.22 0.24 0.14 0.08 0.66 0.78 21.37 5.20 40.10 0.06 21.87 1.88 

"FCK = First Creek kilometer; FEX = Fifth Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer, WCK = White Oak 

'NF = no fish taken in sample. 
Creek kilometer. 
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TaMe G-7. Cumparison between sampling periods for sites on White Uak Fmt Caw&, 
Fa Cmek, MeluM Branch, ami Northwest 'Ributary of mean mndition Edaors (K) of 

fish species coIleaed in Januay-lkcernWr 1987 

Site" Bluegill Redbreast sunfish 

FCK 0.1 Wint Fall 
n = 3 '  n = l l  
(1.46) (1.45) 

MEK 0.6 

NTK 0.3 

WCK 2.3 

S P W  Wint Fall 
n = 4  n = 1 4  n = S  
(1.54) (1.16) (1.16) 

Fall Sprng Wint 
n = 102 n = 50 n = 49 
(1.77) (1.72) (1.38) 

WCK 2.9 SPmg Wint 
n = 3  n = 4  
(2.29) (1.73) 

WCK 3.4 SPmg Wint Fall 
n = 6 2  n = 2 0  n = l O  
(1.9) (1.71) (1.57) 

Sprng Wine Fall 
n = 3  n = = 2  n = 6 8  
(1.96) (1.62) (1.57) 

SPmg 
n = 108 
(1.93) 

SPmg 
n = 112 

(1.95) 

Wint Fall 
n = 1 0 7  n = l l l  

(1.69) (1.64) 

Wint Fall 
n = 81 
(1.65) (1.55) 

n = 119 

'FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; 

bNumber (n) of fish measured and weighed. 
Values connected by the Same line are not significantly different (p > 0.05>, based on Tukey's studentized 

dWint = fsh collected in January-February; Sprng = fish collected in March-April; Fall = fish collected 

WCK = White Oak Creek kilometer. 

range test. 

in November-December. 



Table G8. Camparison between sampling periods fbr sites on White Oak (xeeb, First Creek, Fiftb Creek, Melton Bran&, and Northwest 
Triiutary of mean condition fa~%ors (K) of f i s h  species mlleded in January-December 1987 

Site" 

~~~ ~~ 

Blacknose dace Creek chub Fathead minnow 

FCK 0.1 

FCK 0.8 

FFK 0.4 

FFK 1.0 

MEK 0.6 

NTK 0.3 

S P W  
n = xb 
(1.13) 

C 

S P W  
n = 118 
(0.97) 

Wint Fall 
n = %  n = 8 6  
(0.w) (0.85) 

Fall Wint 
n =  167 n = l M  

(O.%) (0.91) 

Wint Fall 
n = 3 3  n = 3 6  
(0.83) (0.78) 

Wint Sprng 

(0.99) (0 .W 
n = 6 8  n = 54 

Sprng Wint Fall 
n = 2  n = 4  n = l  
(1.35) (1.01) (0.80) 

Fall Wint 
n = 5 1  n = 2 0  
(0.9% (0.87) 

Wint 
n = 2  
(1.37) 

Fall 
n = 117 
(0.85) 

Wint Fall 
n = 1 3  n = 2 3  
(0.95) (O.!?I 

Wint sprng 

(1.07) (0.97) 
n = 11 n = 8  



%able 044 (crontinued) 

Site" Blacknose dace Creek chub Fathead minnow 

NTK 1.0 Sprng Wint 
n = 1 9  n = 2 6  
(1.22) (1.11) 

WCK 2.3 

WCK 2.9 

WCK 3.4 

WCK 3.9 

WCK 5.1 

Wint Sprng 
n = 5  n = 6  
(1.02) (1.00) 

Wint Sprng 
n=2 n=3 

(O.%) (0.95) 

Wint Fall 
n = 3  n = 2  
(1.11) (0.98) 

Sprng Fall Wint 
n = 1 1 8  n = l  n = 9 2  
(1.14) (0.97) (0.73) 

Sprng Wint 
n = 1 7  n = 1 9  
(1.16) (1.07) 

Fall 
n = 4  
(0.95) 

Sprng Wint 
n = 2  n = l  
(1.25) (1.17) 

Sprng Wint 
n = 2 2  n = 1 4  
(1.11) (1.06) 

SPmg Wint 
n = 2  n = 7  
(1.W (1.03) 

Fall 
n = 2  
(1.01) 

Sprng Wint 
n = 6  n = 5 9  
(1.17) (0.76) 

Spmg Fall Wint SPmg Fall Wint 
n = 142 n = 8  n = 1 2 7  n = 4 7  n = l O  n = 4 6  
( 1.24) (1.01) (0.92) (1.22) (1.83) (0.50) - - - - 



Table G 4  (continued) 

Site" Blacknose dace Creek chub Fathead minnow 

WCK 6.8 S P W  Fall Wint S P W  Fall Wint 
n = 91 n = 134 n = 110 n = 9  n = 4  n = 16 
(0.99) (0.84) (0.82) (1*@9 (0.92) (0.76) 

"FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek 

'Number (n) of fished measured and weighed. 
'Values connected by the same line are not significantly different (p > 0.05)' based on Tukey's studentized range test. 
dWint = fish collected in January-February. Sprng = fish collected in March-April. Fall = fish collected in November-December. 

kilometer. 



Site" Mosquito fish Stoneroller Sculpin 

FCK 0.1 Fall Sprng Wint 
n = 296 n - 3  n = 3 4  
(1.43) (1.09) (0.99) 

FFK 0.4 SPW Wint Fa11 
n = 2 1  n = 2 9  n = 18 

(1.37) (1.32) ( 1.24) 

FFK 1.0 

WCK 2.3 S P W  Fall Wint Fall SPW Wint 
n = 8  n = 5 3  n = 6  n = 6  n = 5  n = 2  
(1.12) (1.03) (0.89) (1.27) (1.26) (1.25) 

NTK 0.3 wine Sprng Fall 
n = l  n=26 n = 79 
(1.13) (1.07) (0.89) 

WCK 2.9 SPW Fall Wint 
n = 5 3  n = 7 3  n = 35 
(1.17) (1.Q5) (0.79) 



Table G-9 (continued) 

Site" Mosqui tofish S toneroller Sculpin 

WCK 3.4 Sprng Wint Fall 
n = 5  n = l  n = 67 
(1.23) (1.18) (0.98) 

WCK 5.1 SPW Fall Wint 
n = 124 n = 19 n = 142 
(1.21) ( O W  (O.%) 

WCK 6.8 Sprng Wint Fall 
n = l O  n=21 n = 1 8  
(1.18) (1.15) (1.09) 

E 
"FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek 

'Number (n) of fished measured and weighed. 
'Values connected by the same line are not significantly different (p > 0.05), based on Tukey's studentized range lest. 
dWint = fish collected in January-February. Sprng = fish collected in March-April. Fall = fish collected in November-December. 

kilometer. 



Table 0-10. Comparison betwlleen sampling sites on W t e  8ab: Creek, Fit Creek, Fifth Creek, Melton Brancb, and Northwest mbntary of mean 
mndition fauoxs (K) of fish specks collected in Januq-Fkbmuy 191n 

Sites" 
Species 

Bluegill NTK 1.0 WCK 2.9 WCK 3.4 FCK 0.1 WCK 2 3  NTK 0.3 
n = lb n = 4  n = 20 n = 3  n = 49 n = 14 
(1.73) (1.73) (1.71) (1-46) (1.38) C (1.15) 

Blacknose WCK 2.9 NTK 1.0 WCK 3.4 WCK 3.9 FCK 0.1 MEK 2.1 NTK 0.3 WCK 5.1 FFK 0.4 FCK 0.8 MEK 0.6 
dace n = 3  n = 2 6  n = 1 9  n = 7  n = l W  n = 4  n = 1 3  n=127 n = l M  n = %  n = 2 0  

(1.11) (1.11) (1.07) ( 1.03) (1.00) (0.97) (0.95) (0 .m (0.91) (0.W (0.87) 

~ 

w 
QI FFK 1.0 WCK 6.8 c.. 

n = 33 
(0.83) (0.82) 

n = 110 

Creek chub MEK 0.6 MEK 1.4 WCK 3.4 WCK 3.9 FCK 0.1 FCK 0.8 WCK 5.1 WCK 6.8 
n t 2  n = 2  n = l  n = l  n = 4  n - 4  n = 4 6  n=16 
( 1.37) (1.22) (1.17) (1.06) (1.03) (1.01) (0-90) (0.76) 

Fathead 
minnow 

NTK 0.3 WCK 3.4 NTK 1.0 FCK 0.1 WCK 23 WCK 5.1 WCK 3.9 WCK 29 
n = l l  n = 1 4  n = 6  n = 6 8  n t 2  n r l  n = 5 9  n = 9 2  
( 1.07) (1.06) (1.00) (0.99) ( O W  (0.90) (0.76) (0.73) 



Table G-10 (continued) 

Sites" 
-r---- 

Mosquito WCK 3.4 NTK 0.3 FCK 0.1 WCK 2.3 WCK 2.9 
fish n = l  n = 1  n = 34 n = 6  n = 35 

(1.18) (1.13) (0.99) (0.89) (0.79) 

Redbreast 
sunfish 

WCK 2.9 WCK 2.3 WCK 3.4 MEK 0.6 
n = 107 n = 55 n = 81 n = 2  
( 1.69) (1.66) (1.65) ( 1.62) 

Stoneroller 

Sculpin 

WCK 2.3 WCK 5.1 
n = 2  n = 142 
(1.25) (0.W 

FFK 0.4 WCK 6.8 FFK 1.0 
n = 2 1  n = 2 1  n = 4 4  
( 1.32) (1.15) (1.04) 

"FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Ttibutar). kilometer; WCK = White Oak Creek kilometer; FFK = Fifth 

'Number (n) of fished measured and weighed. 
Values connected by the same line are not significantly different (p > 0.05), based on Tukey's studentized range test. 

Creek kilometer. 

w m 
N 



Table G-11. Comparison betwen satnphg sites on White Oak Creek, First Creek, Ftfth Creek, Melton Branch, and Northwest "butruy of mean 
mndition factom (K) of fish species collected in March-April 1987 

Sites" 
S@tX 

Bluegill WCK 2.9 WCK 3.4 NTK 1.0 WCK 2.3 NTK 0.3 
n = 3b n = 62 n = l  n = 50 n = 4  
(2.29) ( 1.97) (1.81) C (1.72) (1.54) 

Blacknose 
dace 

WCK 5.1 NTK 1.0 WCK 3.4 NTK 0.3 MEK 1.4 FTK 0.4 FCK 0.1 MEK 0.6 WCK 3.9 MEK 2.1 FCK 0.8 
n = 142 n = 19 17 n = 1 3  n = 2 2  n=135 n = %  n = 1 5  n = 2  n = l  n = 1 1 8  
(1-24) (1.22) (1.16) (1.15) (1.15) (1.13) (1.13) (1.09) (1.06) (1.03) (1.02) 

WCK 6.8 FFK 1.0 
n = 18 n = 18 

(0.97) (0.97) 

w 
8 

Creek chub FCK 0.8 WCK 3.9 WCK 3.4 WCK 5.1 WCK 6.8 MEK 2.1 NTK 1.0 
n = 2  n = l  n = 2  n = 4 7  n = 9  n = 2  n = 3  
(135) (1.27) (1 .W (1.22) ( 1 . W  ( 1.05) (1.01) 

Fathead 
minnow 

WCK 3.9 WCK 2.9 WCK 3.4 NTK 1.0 WCK 5.1 FCK 0.1 NTK 0.3 WCK 2 3  
n = 6  n = 118 n = 22 n = 5  n = l  n = 54 n = 8  n = 3  
(1.17) (1.14) (1.11) ( 1.02) (1.01) (0.W (0.971 (0.95) 



Table G-11 (mnthlsed) 

Sites" 
Species 

Mosquito WCK 3.4 WCK 2.9 WCK 2.3 FCK 0.1 NTK 0.3 
fish n = 1s n = 53 n = 58 n = 3  n = 2 6  

(1.3) (1.17) (1.12) (1.09) ( 1.07) 

Redbreast MEK 0.6 WCK 2.3 WCK 3.4 WCK 2.9 
sunfish n = 3  n = 49 n = 112 n = 108 

(1.W ( 1 W  (1.95) ( 1.93) 

Stoneroller WCK 2.3 WCK 5.1 WCK 3.9 
n = s  n = 124 n = l  
(1.261 (1.21) (1 .M)  

Sculpin WCK 5.1 FFK 0.4 rn 1.0 WCK 6.8 
n = l  n = 18 n = 53 n = IO 
(1.77) (1.37) (1.27) (1.18) 

"FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer; FFK = Fifth 

'Number (n) of fished measured and weighed. 
Values  connected by the same line are not significantly different @ > 0.05), based on Tukey's studentized range test. 

Creek kilometer. 



Table G-12 ckmprkon between sampling sites on White oair Creek, pirst Creek, Fifth Creek, Melton Branch, and Northwest 'Ri'butary of mean 
condition Won of fish species cullected in November-December 1987 

Sites" 
SpeCieS 

Bluegill WCK 3.9 WCK 2.3 WCK 3.4 FCK 0.1 NTK 03 
n = lb n = 102 n = 10 n = l  n - 5  
(1.93) (1.77) (1.58) (1.45) (1.16) c 

Blacknose 
dace 

WCK 2.3 WCK 5.1 WCK 3.9 FCK 0.1 WCK 2.9 FEK 0.4 WCK 3.4 MEK 0.6 NTK 0.3 FFK 0.8 WCK6.8 
n = l  n = 8  n = 2  n = 30 n = 2  n = 1 6 7  n = 4  n = 5 1  n = 2 3  n = 8 6  n = 4  
(1.23) (1.01) (1.01) (1.W (0.98) (0-%) (0.95) (0.93) (0.91) (0.85) (0.W 

FFK 1.0 
n = 36 
(0.78) 

Creek chub WCK 2.9 WCK 5.1 WCK 6.8 MEK 0.6 FCK 0.8 NTK 0.3 
n = 2  n = l O  n = 4  n = 1 1 7  n = l  n = l  
(1.03) ( 1.03) ( O W  (0.85) (0-80) (0.79) 

Largemouth 
bass 

NTK0.3 WCK 2.9 WCK3.4 WCK.23 FCKO.1 
n = l  n = 4  n = 3  n = 3  n = l  
(1.W (1.13) (1.09) (1.06) (1.W 



Table G-12 (continued) 

Sites" 
Species 

Mosquito FCK 0.1 WCK 3.9 WCK 2.9 WCK 2.3 WCK 3.4 NTK0.3 
fish n = 29 n = l  n = 7 3  n = 5 3  n = 6 7  n = 79 

( 1.43) ( 1.07) (1.05) ( 1.03) (0.98) (0.89) 

Redbreast WCK 2.3 WCK 2.9 MEK 0.6 WCK 3.4 
sunfish n = S 6  n = l l l  n = 6 8  n = 1 1 9  

( 1.67) (1.64) (1.57) (1.55) 

Stoneroller WCK 2.3 WCK 3.4 WCK 5.1 NTK 0.3 WCK 6.8 
n = 6  n = 2  n = 19 n = l  n = 3  
(1.27) (1.14) (0.W (0.84) (0.63) 

Sculpin 

"FCK = First Creek kilometer; MEK = Melton Branch kilometer; NTK = Northwest Tributary kilometer; WCK = White Oak Creek kilometer; FI;x = Fifth 

bNumber (n) of fished measured and weighed. 
'Values connected by the same line are not significantly different fp > O.OS), based on Tukey's studentized range test. 

Creek kilometer. 
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APPENDIXH 

FISH COlllEcIlED IN SURVEYS OF WMITE OAK LAKE 

1987 
DURING A WINTER DE-OFF OF GIZZARD SHAD, 





Table H. Total numbers of dead fish found in suneys of White Oak Lake as part of duat ion  of winter shad die-off in 
February-April1987 

~ ~~ 

Date Gizzard Threadfin Common Largemouth Bluegill Yellow Total Total Cumulative 
shad shad carp bass bullhead shad fish total 

2-7-87 
2-8-87 
2-9-87 
2-10-87 
2-11-87 
2- 12-87 
2-13-87 

2-1687 
2-17-87 
2-18-87 
2- 19-87 
2-20-87 

2-23-87 
2-25-87 
2-27-87 

3-2-87 
3-4-87 
3-6-87 

130 (est) 

100 
84 
92 
12ob 
109 

192 
175 
71 

NSd 
100 

127 
51 
54 

48 
52 
23 

77 (est) 23” 

1 

I 

1 

1 

- 
1 

1 

130 
100 
100 
84 
92 
120 
109 

64‘ 
175 
71 
NS 
50 

42.3’ 
25.5 
27 

16 
26 
11.5 

134 
100 
100 
84 
92 
122 
109 

64.3’ 
1175 
72 
NS 
50 

43 
26 
27.5 

17.3 
26.5 
12.5 

134 
234 
334 
418 
5 10 
632 
741 

833 
1008 
1080 
1080 
1180 

1309 
1361 
1416 

1468 
1521 
1546 



Table H (continued) 

Date Gizzard Threadfin Common Largemouth Bluegill Yellow Total Total Cumulative 
shad shad bass buf lhead shad fish total 

3-9-87 18 4 1 4 d 9 1573 
3-13-87 5 2 1 1.3 2 1581 

3-16-87 13 2 3 4.3 6 1599 
8 5 1 2.7 4.7 1613 3-19-87 

3-24-87 7 20 3 1.4 6 1643 
3-27-87 2 2 1 4 0.7 3 1652 

4-6-87 6 0 0.6 1658 

“Identification made on decaying specimens; later surveys indicate these might be gizzard shad. 
*Counts from this point on reflect use of more thorough survey of lake areas. 
‘Totals reflect weekend break in collecting; values are adjusted by numbers of days between samples. 
dNS = not sampled. 
Totals reflect shift to surveys only three times per week. 
*otals reflect shift to surveys only twice per week. 
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APPENDIX I 

MERCURY CONCENTRATIONS IN KIDNEYS 
OF SMAz;L MANMALS 
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Small mammal data 
WCK 2.1 

WCK 3.4 

WCK 2 7  

SWSA 4 

Peromyscus Ieucopus 
Perovnyscus leucopus 
PfTomysm leucopus 
Peromysm leucopus 
PmOmySCUS kUCOpUS 
Peromyscus leucopus 
Peromyscus leucopus 
Pemmyscus Ieucopus 
Peromysm leucopus 

(7-16A) 
(7-16C) 
(7-16E) 
(7-161) 
(7-165) 
(7-2 1D) 
(7-22H) 
(7-221) 
(7-23B) 

Sigmodon hispkius (7-21 B) 
Reithrodmtomys humuiis (7-21A) 
P m q s c u s  leucoplls (7-2 1 D) 
Sigmodon hispidus (7-22B) 
Sigmadon hispidus (7-22A) 

Pmmyscur Ieucopus 
Peromysnts leucopus 
Peromyscus leucopus 
Peromyscus leucopus 
Peroqsws leucopus 

Perornyscus Iatcopus 

Peromyscus Ieucopus 

PtTomJvsms Ieucopus 
Peromyscus Ieucopur 

Pero7nyscus leucopus 

Microtus pinetonun 

Pemmyscus Ieucopus 

Peromyscus leucopus 
Reithrudontomys humulis 
BlarinO brevkauda 
Mus musculus 
Tam& sttiatus 
Tamias striants 
Peromyscus leucopus 

(7-21A) 
(7-21C) 
(7-21F) 
(7-22A) 
(7-22F) 

(S$-27S,O,S~-28Q 
s5-290) 
(S$-29P,S46-4V,I,T) 
(SJ-Z9E,S& 10J) 
(S47-14U) 
(S47-12W) 
(S47-17R) 
(s47-17u) 
(S47- 16V) 
(S,7-22D,H) 
( s47-22F) 
(S47-2 1K) 

(S47-29s) 
(S47-21BB) 

(S47-287-9 

0.38 
0.15 
0.27 
0.25 
0.17 
0.18 
0.13 
0.08 
0.26 

0.63 
0.42 
0.27 
0.10 
0.74 

0.35 
0.62 
0.20 
0.26 
0.41 

0.39 
1.33 
0.06 
0.60 
0.22 
0.48 
0.15 
0.24 
0.32 
0.36 
0.04 
0.36 
0.05 
0.55 
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Tabk I (oontinued) 

Site” SpeCieS Specimen Hg 
wet 

Sigmadon hispidus (S47-22BB) 
Reithrodontomys humulis (S49-23E) 
Blarina brevicaudn (S49-23F) 
S ipdon  hispidus ( S49-24K) 
B l a h  brevicauda ( S49-24N) 

EFF’C floodplain 
Peromysw leucopus 

Peromysclls leucopus 
Peromyscus leucopus 

Peromyscus leucopus 
Peronyscus leucopus 
B l a h  brevicauda 
Peromyscus leucopus 

Biarina brevicauda 

S i p d o n  hivpidus 
Peromyscus leucopus 
Peror?lyscus leucopus 
Peromyscus leucopus 
Peromyscus leucopus 
Peromyscus leucopus 
Blarina brevicauda 
BIarina brevicauda 
Blarina brevicauda 

(E8 3-41 
(E8-3B) 
(E84A) 
(E8-4B) 
(E8-5B) 
(E8-5A) 

E&6A,ES-SB) 
(E8-15A,E8-15C, 

(E%- 15B) 

(E&14A,E&5A, 

7/24/86,DOA,10/16/85) 

(B-6X77r3) 
(E8-7( 11),ES-13(6) 
(E8-13(2),E8-13(27) 
(E9-27( 2 1A),(27)) 
(E9-26(6),(E- 10- 15) 
(E9-14) 
(E9-15A) 
(E9- 14B) 

Soil ooncentratiom (top 3 cm) 

WCK 2.1 
Trap A (iron stake) 
Trap E (well) 
Trap I 

WCK 3.4 
Trap A 
Trap B 

WCK 2.7 
Trap A 
Trap B 
Trap C 

0.36 
0.27 
O.% 
0.10 
1.52 

0.60 
0.5 1 
5.6 
3.1 
0.62 

57. 

0.78 

21. 
1.9 
1.94 
1 .a 
0.97 
0.70 
0.82 

73. 
42. 
43. 

w! 
(/rg/g dry 

3.5 
2.3 
2.0 

6.6 
7.3 

0.34 
0.89 
1.3 
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Table I (continued) 

Site" Species Specimen 

Solid Radioactive Waste DisposalBtorage Area 4 
Trap 8 
Trap H 
Trap Q 
Trap V 
Trap V (red stake) 
Trap U 

EFPC 
1-20 cm (2) 
3-40 (2) 

0.32 
0.28 
0.15 
0.17 
0.09 
0.24 

348. 
1665. 

"WCK = White Oak Creek kilometer, SWSA = Solid Radioactive Waste DisposaVStorage Area; 
EFPC = Easa Fork Poplar Creek; EFK = East Fork Poplar Creek kilometer. 
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STRONTIUM-90 CONCENTRATIONS IN BONE OF 
SMALLMAMMALS 





379 

Tabk J. Strontium-90 amcenttations in bone of individual animals trapped at Solid Radba&e 
Waste Storage/Disposal Area 4, White Oak creek, and the East Fork Poplar Creek 

noodplain near EFK 17.4 

Site" SpeCieS 

Laboratory Control mouse (5  samples) 

SWSA-4 (bathtub seeps) 
Peromysclr~ I~UCOPUS (S.,5-270) 

Peromysclr~ ~ U C O P U S  (SS-BQ) 
Peromyscus leucopus (S4S-27S) 

Tantias striarus (S45-28T) 
Microtus pinetorurn (S45-29E) 
Peromysnrs leucopus (Sa-290) 
Tamias srriohzs (S.,5-2%) 

Reithrodmtomys humulir (Sfi-4D) 
Peromyscus leucopus (SWV) 

PWVSCUS I~UCOPUS (S,5-29?) 

PerOmySCUS kUCOpUS (S46-41) 
Permyscus leucopus (Sb4T) 
Reithrodontornys humulis (S46-10B) 
Microtus pinetorum (S46-10J) 
P ~ ~ O ~ ~ S C U S  leuCOpUS (S47-14U) 
PeMHnySnrS kUCOpUS (s47-14w) 
P~TO~YSCUS I~UCOPUS (S47-16V) 
P ~ ~ O ~ ~ S C U S  I~UCOPUS (S47-17R) 
P~OTPIYSCUS I~UCOPUS (S47-17U) 

P W ~ S C U S  leUCOpuS (S47-21BB) 
Mus musculus (S47-21K) 

Reuhrodontomys humulk (S47-22D) 
Marina brevicauda (S47-22F) 
Reithradontomys humulis (S47-22H) 
Sigmixlun hispidus (S47-22BB) 
Reithrodontomys humulk (S,9-DE) 
Blarim brevicauda (S49-23F) 
Sigmcrdon hispidus (s49-24K) 
Bl~rina brevicmda (S49-24N) 

WCK 21 
P@~~?IYSCUS lacopus (7-16A) 
P ~ ~ O ~ ~ S C U S  I~UCOPUS (7-16C) 

P ~ ~ O ~ ~ S C U S  leUCOpUS (7-161) 

P ~ ~ o ~ ~ c u s  I ~ U C O ~ U S  (7-21D) 
P e r o m y s c ~ ~  leucopus (7-22H) 

Petomyscu~ I~UCOPUS (7-23%) 

Peromyscus leucopus (7-16E) 

Peromyscus leucopus (7-161) 

Peromyscus leucopus (7-221) 

n.d. 

5.67 x Id 
1.64 x ld 
3.97 x Id 
8.91 x I d  
1.45 x ld 
3.81 x ld 
0.95 >: Id 
4.29 x I d  

10.43 x lo' 
0.85 x ld 
1.56 x l@ 
2.34 x lo' 
40,04 x ld 
31.81 x l@ 
3.85 x lo' 
3.40 x I d  
1.20 x lo' 

48.76 x lo' 
9.88 x lo' 
1.29 x Id 

86.11 x I d  
16.00 x lo' 
3.90 x Id 

10.17 x ld 
1.33 x lo' 

280.76 x I d  
4.99 x 103 

51.64 x ld 
61.72 x lo' 

0.19 x Id 
1.60 x lo' 
1.0s x 10' 
2.49 x ld 
4.69 x le 
215 x I@ 
0.14 x Id 
0.75 x ld 
1.22 x Id 

. . . . . . . . 
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Table J (continued) 

90Sr 
Site" species BqM dly wt 

WCK 3.4 
Reifhrodontomys humulis (7-21A) 
Sigmodon hispidus (7-21B) 

Sigmodon hispidus (7-22A) 
Sigmadon hispidus (7-22B) 

Peromysc~~ I~UCOPW (7-21D) 

WCK 27 
Peromyscus leucopus (7-21A) 
Peromyscus leucopus (7-21C) 
Peromyscus leucopus (7-21F) 

Peromyscus leucopus (7-22J3) 
P ~ ~ O ~ ~ S C U S  leucopus (7-22A) 

EFPC 
Peromyscus leucopus [E&6(x)] 
Peromyscus leucopus [W( 1 l)] 
Peromyscus leucopus (EB-3A) 

Peromyscus leucopus (E8-4A) 
Peromyscus leucopus (E8-4B) 
Blarina brevicauda (E8-5A) 
Peromyscus leucopus (E8-5B) 
Blarina brevicauda (E9-14A) 
Blarina brevicauda (E9-15A) 
Blarina brevicauda (E9-15B) 

P ~ T O ~ ~ S C U S  leucopus (EX-3B) 

0.93 x Id 
14.46 x Id 
0.62 x I d  
3.58 x Id 

44.06 x Id 

1.36 x Id 

1.43 x I d  
0.32 x Id 

1.36 x Id 

3.66 x Id 

n.d. 

0.02 x Id 
0.05 x Id 
n.d. 
n.d, 
n.d. 
n.d. 
n.d. 

n.d. 
0.44 x Id 

"SWSA = Solid Radioactive Waste Storage/Dispasal Area; WCK = White Oak Creek kilometer 
(WCK 21 is at the junction of White Oak Creek and White Oak Lake); EFPC = East Fork Poplar Creek 
EFK = East Fork Poplar Creek kilometer. 

Note: n.d. = not detectable. 
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APPENDIX K 

FOOD HABITS, CONTAMINANT CONCENTRATIONS (@COBALT, 
mCESIUM, AND MERCURY), AND PERCENTAGE OF 

BEIIW[EJ) SLIDER TURTLES (Pseudevs 
scripta) FROM WHITE OAK LAKE AND 

BEARDENCREEKEMBAYMENT 

DOUBIE-STRANDED DNA LEVELS IN YELLOW- 
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Table K-1. Food habits of yeiiow-be4kd slider tprtks (- scripta) cdleaed from White 
WLate 

Diet composition 
Capture (%I 

Code date Sex Fish Insects Vegetation DeMtus Mud and rocks 

WP-1 

wp-2 

WP-3 

wP-4 

WP-5 

WP-6 

WP-7 

WP-8 

WP-9 

WP-lo" 
WP-11 

WP-12 

7/27/87 

7/27/87 

7/27/87 
811 1/87 

8/12/87 

811 7/87 

8/27/87 

9/3/87 

9/3/87 

9/3/87 

9/10/87 

9/ 16/87 

AI1 individuals 

Males only 

Females only 

M 
F 

F 

M 
F 
F 

M 
M 
M 
M 

F 

F 

0.0 

< 0.5 

0.0 

< 0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

2 5  

0.0 

0.0 

0.0 

< 0.5 

0.0 

<os 
< o s  
1.0 

0.0 

0.0 

0.0 

Mean 

0.5 

0.9 

0.1 

90.0 

92.0 

95.0 

95.0 

94.5 

94.5 

84.5 

97.0 

93.0 

100.0 

95.0 

100.0 

93.7 

92.0 

95.2 

7.5 
7.5 

5.0 
4.5 

5.0 
5.0 

15.0 

2.5 
5.0 

0.0 

0.0 

0.0 

5.6 
7.0 

4.5 

0.0 

0.0 

0.0 

0.0 

0.5 

O S  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0. I 

'Empty GI tract not included in calculations 



Table K-2 Food habits ofyelbw-bellkd slider turtles (Aardan)a saiptn) 
oolleaedfromBear&nCreeP:embayuwmt 

Diet composition 
Capture (%I 

Code date Sex Fish Insects Vegetation Detritus Mud and rocks Crayfish 

BP-2 8/31/87 

BP-3 9/1/87 

BP-4 9/1/87 

BP-5 9/1/87 

BP-6 9/14/87 

BP-7 9/14/87 

BP-8 9/14/87 

BP-9 9/15/87 

BP-10 9/15/87 

BP-11 9/16/87 

BP-12 9/17/87 

BP-13 9/18/87 

All individuals 

Males only 

Females only 

M 0.0 0.5 97.5 

M 0.0 75.0 24.0 

F 0.0 0.0 100.0 

F 0.0 0.5 97.0 

M 0.0 1.0 98.0 

M 0.0 0.0 98.0 

M 0.0 20.0 79.5 

M 0.0 0.0 99.0 

F 2.5 0.0 87.5 

F 14.0 0.0 85.5 

F 0.0 5.0 94.5 

F 20.0 0.5 77.0 

Mean 

3.0 8.5 86.5 

0.0 16.1 82.7 

6.1 1.0 90.3 

2.0 

1.0 

0.0 

2.0 

1.0 

2.0 

< O S  

< 0.5 

10.0 

0.5 

0.5 

2.5 

2.0 

1.2 

2.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

< o s  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

< 0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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wp-1 

wp-2 

wp-3 

WP-4 

wp-5 

WP6 

wp-7 

Wp-8 

wp-9 

wp-10 

wp- 11 

wp-12 

7/27/87 

7 m m  

7n7/87 

8/11/87 

811 2/87 

811 7/87 

8/27/87 

91 3/87 

91 3/87 

9f 3/87 

9110187 

9/16/87 

989 

1865 

619 

932 

1820 

1687 

419 

369 

35 1 

834 

2750 

1437 

Male 

Female 

Female 

Male 

Female 

Female 

Male 

Male 

Male 

Male 

Female 

Female 

4.88 x 104 
(1320)" 

4.4 x loz 
(11.9) 

5.4 x I d  
(14.6) 

8.22 x I d  
(22,rn) 

(5.84) 

4.48 x Id 
(12.1) 

2.16 x l@ 

6.22 x Id 
(16.8) 

5.18 x I@ 
(14.0) 

8.03 x I d  
(21.7) 

6.11 x le 
(16.5) 

6.70 x I d  
(18.1) 

4.48 x loz 
(12.1) 

n.d. 
n.d. 

n.d. 
n.d. 

n.d. 
n.d. 

5.66 x Id 
(15.3) 

n.d. 
ad .  

n.d. 
n.d. 

n.d. 
n.d. 

41.1 
(1.11) 

n.d. 
n.d. 

n.d. 
a d .  

n.d. 
n.d. 

n.d. 
n.d. 

"values in parenthesis reported as pCUg wet weight. 
Note: a d .  = nondetectable. 
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Table K4. and amcentrations in muscle tissue of yellow-bellied slider (psardemys 
e) coLleasd h m  Bearden Creek embayment 

Turtle Date Whole body Sex 1 3 7 ~  6oco 
wet wt (Bqm (BqN.9 
(8 

Bp-2 

Bp-3 

BP-4 

Bp-5 

BP-6 

Bp-7 

Bp-8 

Bp-9 

Bp-10 

Bp-11 

Bp-12 

Bp-13 

8/3 1/87 

91 1/87 

91 1/87 

9/ 1/87 

9/14/87 

9/14/87 

9/14/87 

911 5/87 

9/15/87 

9/16/87 

911 7/87 

9/18/87 

435 

412 

2865 

834 

1079 

477 

1162 

746 

1312 

1350 

1101 

642 

Male 

Male 

Female 

Female 

Male 

Male 

Male 

Male 

Female 

Female 

Female 

Female 

17.4 
(0.47) 

5.55 
(0.15) 

5.55 
(0.15) 

n.d. 
n.d. 

n.d. 
n.d. 

12.9 
(0.35) 

12.2 
(0.33) 

20.7 
(0.56) 

8.89 
(0.24) 

6.66 
(0.18) 

6.29 
(0.17) 

56.2 
(1.52) 

2.22 
( O W  

n.d. 
n.d. 

2.% 
(0.08) 

n.d. 
n.d. 

0.42 
(0.01 1) 

n.d. 
n.d. 

n.d. 
n.d. 

n.d. 
n.d. 

1.48 

( 0 . 9  

11.8 
(0.32) 

n.d. 
n.d. 

n.d. 
n.d. 

“Values in parenthesis reported as pCi/g wet weight. 
Note: n.d. = nondetectable. 
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Table K-5. Total meruuy concentrations m tissues of yellow-bellied slider turtles (hcuihp 
slripta) adleded from White Oak Lake 

Capture Whole body Total Hg 
date Sex wet weight Tissue wet 

(g) 

7/27/87 

7/27/87 

7/27/87 

811 1/87 

811 2/87 

8/17/87 

8/27/87 

9/3/87 

9/3/87 

9/3/87 

9110P7 

9/16/87 

M 

F 

F 

M 

F 

F 

M 

M 

M 

M 

F 

F 

989 

1865 

619 

932 

1820 

1687 

419 

369 

35 1 

834 

2750 

1487 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscie 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

4.80 
0.48 

0.15 
0.14 

0.14 
0.04 

1.81 
0.23 

0.18 
0.05 

0.17 
0.03 

0.15 
0.04 

0.24 
0.07 

0.27 
0.05 

0.19 
0.02 

0.18 
0.04 

0.23 
0.04 
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Table K-6. Total mercary OoncentTations in tissues of yellow-bellied slider tlutles (Asrdsnys 
.rCriptn) mueded from Bearden Oeek embayment 

Capture Whole body Total Hg 
date Sex wet weight Tissue W g  wet w 

(g) 

8/31/87 

9/1/87 

9/1/87 

9/1/87 

9/14/87 

911 4/87 

9/14/87 

9/15/87 

9/15/87 

9/16/87 

9/17/87 

9/18/87 

M 

M 

F 

F 

M 

M 

M 

M 

F 

F 

F 

F 

435 

412 

2865 

834 

1079 

477 

1162 

743 

1312 

1350 

1101 

642 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Muscle 

Kidney 
Musde 

Kidney 
Muscle 

Kidney 
Muscle 

0.16 
0.02 

0.11 
0.04 

0.36 
0.10 

0.04 
0.0 1 

0.40 
0.06 

0.05 
0.01 

0.15 
0.02 

0.05 
0.02 

0.08 
0.02 

0.04 
0.01 

0.03 
0.01 

0.01 
0.002 
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Table K-7. Pementage doublestranded (ds) DNA in liver samples obtained from yellaw-bellied 

Bearden Creek embapnt  
slider turtles (- .s@Wu) mlleded from white oalr Lake and 

Specimen Collection Date Sex ds DNA 
code site" (%I 

WP-1 
wp-2 
WP-3 
wP-4 
WP-5 
WP-6 
WP-7 
WP-8 
WP-9 
WP-10 
W P - 1 1  
WP-12 

BP-2 
BP-3 
BP-4 
BP-5 
BP-6 
BP-7 
BP-8 
BP-9 
BP-10 
BP-11 
BP-12 
BP-13 

WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 
WOL 

BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 
BCE 

7/27/87 
7/27/87 
7/27/87 
811 1/87 
8/12/87 
811 7/87 
8/27/87 
9/3/87 
9/3/87 
9/3B7 
9/10/87 
9/16/87 

8/31/87 
9/1/87 
9/1/87 
9/1/87 
9/14/87 
9/14/87 
9/14/87 
9/15/87 
9/15/87 
9/16/87 
9/17/87 
9/18/87 

M 
F 
F 
M 
F 
F 
M 
M 
M 
M 
F 
F 

M 
M 
F 
F 
M 
M 
M 
M 
F 
F 
F 
F 

56.4 
84.8 
27.7 
56.5 
43.7 
56.4 
56.4 
39.9 
46.6 
48.8 
40.3 
327 

100 
100 
96.0 
98.6 
93.6 
91.2 
88.8 
78.0 
81.7 
67.7 
79.7 
77.4 

"WOL = White Oak Lake; BCE = Rearden Creek Embaymmt. 
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