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PREFACE 

The proposed Biological Monitoring and Abatement Program (BMAP) for 

Mitchell Branch, as outlined in this document, will be conducted for the 

duration of the modified National Pollutant Discharge Elimination System 

(NPDES) permit issued for the Oak Ridge Gaseous Diffusion Plant (ORGDP; 

currently the Oak Ridge K-25 Site) on September 11, 1986. The basic 

approach to biological monitoring used in this program was developed by 

staff in the Environmental Sciences Division at Oak Ridge National 

Laboratory (ORNL) at the request of ORGDP. The proposed BMAP is based 

on preliminary discussions held on October 14-15, 1986, between staff of 

Martin Marietta Energy Systems, Inc. (ORNL and ORGDP), the U.S. 

Environmental Protection Agency (EPA), and the State of Tennessee 

Department of Health and Environment (TDHE), currently the Department of 

Environment and Conservation. 

streams entering Mitchell Branch, a small stream that drains the 

northeast portion of the ORGDP site, will be altered shortly after the 

modified NPDES permit is issued, so baseline (preoperational) conditions 

in Mitchell Branch may exist only for the next few months. 

Consequently, preliminary sampling of the benthic invertebrate and fish 

populations, as required by Task 4 (see Sect. 2.4), was initiated in 

August and September 1986 respectively. 

The composition of existing effluent 

Although details are provided of the specific procedures to be used 

in the initial stages of BMAP, experimental designs associated with 

studies that will be implemented after the first year are described in 

less detail. 

initial characterization studies to define the scope of future 

monitoring efforts. 

than initially proposed in some areas (e.g., additional toxicity testing 

if initial results indicate poor survival or growth) and a reduction in 

sampling intensity in others (e.g., reduction in benthic invertebrate 

sampling frequency from monthly to bimonthly or quarterly after the 

first year). 

define the needs and short-term goals of future studies, an effective, 

integrated monitoring program can be developed to assess the impacts of 

ORGDP operations on the ecological integrity of Mitchell Branch. 

The overall strategy is to use the results obtained in the 

Such efforts may require more-intensive sampling 

By using the results of previous monitoring efforts to 

V 



As noted,  a BFIAP w a s  prepared and submitted t o  TDHE and EPA i n  l a t e  

1986. 

r e l a t i v e l y  minor e d i t o r i a l  changes, the  BMAP presented i n  t h i s  r epor t  is 

the  s a m e  as t h a t  described i n  the previous d r a f t  r epor t  t h a t  w a s  

submitted t o  the regulatory agencies f o r  review. To preserve h i s t o r i c a l  

accuracye any changes t h a t  occurred a f t e r  1986, whether they be 

s u b s t a n t i a l  modifications i n  p l an t  operat ions o r  even changes i n  the 

name of a f a c i l i t y  o r  agency, are not  included i n  the  body of t h i s  

r epor t .  However, the f i n a l  vers ion  described here  does c i t e  recent ly  

published r epor t s  ( i - e . ,  a f te r  1986) i f  they were l i s t e d  as d r a f t  

documents i n  the  o r ig ina l  vers ion .  Also, some add i t iona l  information 

( e . g . ,  Appendix A) w a s  provided in the  f i n a l  vers ion  i n  response t o  

wr i t t en  comments submitted by TDHE i n  March 1987. 

Except where addi t iona l  c l a r i f f c a t i o n  could be provided by 

v i  
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ABSTRACT 

A proposed Biological Monitoring and Abatement Program (BMAP) for 

the Oak Ridge Gaseous Diffusion Plant (ORGDP; currently the Oak Ridge 

K-25 Site) was prepared in December 1986, as required by the modified 

National Pollutant Discharge Elimination System (NPDES) permit that was 

issued on September 11, 1986. The proposed BMAP described in this 

report is based on preliminary discussions held on October 14-15, 1986,  

between staff of Martin Marietta Energy Systems, Inc. [at Oak Ridge 

National Laboratory and ORGDP], the U.S. Environmental Protection 

Agency, and the State of Tennessee Department of Health and Environment 

(currently the Department of Environment and Conservation). Because the 

composition of some effluents discharged to Mitchell Branch was expected 

to be altered shortly after the modified NPDES permlt was issued, 

preliminary sampling of the benthic invertebrate and fish communities 

was initiated in August and September 1986, respectively, to take 

advantage of the potentially brief baseline or preoperational period. 

The proposed BMAP consists of four tasks that reflect different but 

complementary approaches to evaluating the effects of ORGDP effluents on 

the ecological integrity of Mitchell Branch. These tasks include 

(1) ambient toxicity testing, (2) bioaccumulation studies, 

( 3 )  biological indicator studies, and ( 4 )  ecological surveys of the 

benthic invertebrate and fish communities. This overall plan combines 

established protocols with state-of-the-art biological monitoring 

techniques to assess compliance and monitor ecological recovery. 

specifically, BMAP will determine whether the effluent limits 

established for ORGDP protect the designated use of the receiving stream 

(Mitchell Branch) for growth and propagation of fish and aquatic life. 

Another objective of the program is to document the ecological effects 

resulting from various pollution abatement projects, such as the Central 

Neutralization Facility. 

More 
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1. INTRODUCTION 

Qn September 11, 1986, a modified National Pollutant Discharge 

Elimination System (NPDES) permit was issued for the Oak Ridge Gaseous 

Diffusion Plant (ORGDP), an enriched-uranium production facility 

operated by Martin Marietta Energy Systems, Inc., for the U.S. 

Department of Energy (DOE), As specified in Part I11 (L) of the permit, 

a plan for the biological monitoring of Mitchell Branch (IC-1700 stream) 

shall be submitted to the U.S. Environmental Protection Agency (EPA) and 

the Tennessee Department of Health and Environment within 90 days of the 

effective date of the permit modifications. 

and Abatement Program (BMAP), as outlined in Sect. 2,  has been developed 

to meet this requirement. 

The Biological Monitoring 

1.1 OBJECTIVES 

The proposed BHAP was developed to meet two major objectives. 

First, studies were designed to provide sufficient data to determine 

whether the effluent limitations established for ORGDP protect and 

maintain the use of Mitchell Branch for growth and propagation of fish 

and aquatic life. 

that will be conducted on Mitchell Branch is to document the effects on 

stream biota resulting from operation of major new pollution abatement 

facilities, including the Central Neutralization Facility (CNF) and the 

Toxic Substances Control Act (TSCA) incinerator (Sect. 1.2). Unlike the 

first objective, in which biological monitoring is used to determine 

campliance, this objective employs biological criteria to evaluate the 

effects of specific pollution control measures. 

A second major objective of the biological monitoring 

1.2 DESCRIPTION OF STUDY AREA 

Mitchell Branch, a small second-order tributary of Poplar Creek, is 

located near the northeast boundary of ORGDP (Fig. 1). With a drainage 

area of 1.78 km2, Mitchell Branch is similar in s i ze  to the 2.59-km2 
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Fig. 1. Map of Hftchell Branch and the northeast f - e g i ~ n  of the 
Oak Ridge Gaseous Diffusion Plant, showing Biological. Monitoring and 
Abatement Program sampling s i t e s  in slelatfsn to  selected storm drains 
(SDs). 
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watershed of Grassy Creek at the reference site (Grassy Creek 

kilometer 2.4) used in studies conducted on Bear Creek (Southworth 

1992). The mouth of Mitchell Branch is located near Poplar Creek 

kilometer 4.5, -150 in downstream of the Blair Road bridge and 1000 m 

downstream of the mouth of East Fork Poplar Creek. 

Effluent discharges to Mitchell Branch 

Liquid effluents are discharged to Mitchell Branch at several 

locations (Fig. 1). The major effluent stream is the discharge from the 

K-1407-B holding pond, a 0.54-ha retention basin constructed primarily 

for solids settling and pH control. The pond receives (1) uranium 

compounds and acidic/caustic wastes discharged from the decontamination 

and recovery facility (Building K-14201, (2) neutralized wastes from the 

metals preparation facility (K-14011, ( 3 )  blowdown from the recircula- 

ting water system of the barrier manufacturing facility (K-1037), 

(4) caustic wastes from the steam plant; water treatment process, and 

(5) coal yard runoff, 

pond also receives once-through cooling water prior to entering 

Mitchell Branch. Some coal yard runoff and boiler blowdown are 

discharged via storm drain (SD) 170 to Mitchell Branch just upstream of 

the K-1407-B pond (Fig. 1). Finally, several storm drains contribute 

suspended particulates to the stream during rainfall events. 

The overflow discharge from the K-1407-B holding 

Leachate from waste disposal sites (i.e,, area-source discharges) 

may also enter the stream. The old classified burial ground, a 1.50-ha 

site located 120 m west of  the K-1407-B pond, was formed by filling in a 

large swampy area that drained into Mitchell Branch. It contains both 

radioactive and nonradioactive wastes; classified wastes are currently 

disposed of at a site just south of the K-1501 steam plant (Fig. 1). An 

ephemeral stream drains this site, which is located within the 

Mitchell Branch watershed. The K-1407-C retention basin has an area of 

0.80 ha and is located -120 m north of the K-1407-B pond. 

constructed in 1973 and received dredged material from other holding 

ponds, including K-1407-B. The basin contains dewatered sludge with low 

It was 
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levels of radioactivity, primarily uranium. Although the basin has no 

surface effluent, a groundwater plume extending from the pond toward the 

stream has been detected (Ashwood et al. 1986). 

Several significant projects will be implemented in the near future 

The CNF, that will alter the existing water quality of Mitchell Branch. 

which is scheduled to be on-line in 1987, will treat the effluent from 

the decontamination and recovery facility, the metals preparation 

facility, and the TSCA incinerator (Building K-l435), which will be 

operational in July 1987 for disposal of hazardous and polychlorinated 

biphenyl (PCB) wastes, A second major waste streant to the CNF consists 

of  coal yard runoff arid boiler blowdown from the K-1501 steam plant. 

Modifications will be made to the CNF in 1988 that will permit 

replacement of the K-1407-B holding pond. 

under the Resource Conservation and Recovery A c t  is scheduled for 

November 1988. 

Closure of the K-1407-B pond 

Sediment contamination 

The sediments of Mitchell Branch (K-1700 stream) contain metals, 

organic cantami.nants, and radionuclides discharged over many years of 

operation. Elevated levels of uaraniun isotopes, A s ,  Cd, Cr, Ni, Pb,  Se, 

Ag, and Zn were observed in 1985 by Ashwood et al. (1986). Polycyclic 

aromatic hydrocarbons (PAHs) were detected in the sediments at t w o  of 

five sampling sites and are probably derived from coal yard runoff. 

Elevated levels of contaminants were detected both upstream and 

downstream of the discharge from the K-1407-B pond. 

Sampling sites 

Seven permanent sampling sites were selected on Mitchell Branch 

(Fig. 1 and Table 1). These si-tes are above and below three discharge 

locations (SD 170, SD 180, and SD 190 in Fig. 1): a small stream that 

receives boi l er  blowdown and coal. yard runof1 (SD 170), the effluent 

discharges from the K-1407-B holding pond (SD 1803, and the stream that 

receives storm runoff in the vicinity of the old classified burial 

ground (SD 190). The sampling sites for the toxicity monitoring and 

instream monitoring tasks (Tasks 1 and 4 ,  respectively) overlap; each 

task includes sampling at six of the seven sites. 



Table 1. Location and description of the seven biological 
monitoring sites on Mitchell Branch 

Si t ea  Descr i p  t ionb BMAP taskC 

MTK 0.12 A t  NPDES monitoring s t a t i o n  l a ,  2 ,  3 

M I K  0.45 45 m below SD 190 l a ,  4 a ,  4b 

M I K  0 . 5 4  90 111 below SD 180 l a ,  4a,  4b 

PaIK 0 .71 50 m below SD 170 l a ,  4a, 4b 

MIK 0.78 20 m above SD 170 4a, 4b 

M I K  Q.86 100 m above SD 170 la, 4a 

MIK 1 . 4 3  Reference (control)  s i t e  above l a ,  4a,  4b 
ORGDP; 650 m above SD 170 

aMitchell Branch kilometer (MIK)  nomenclature f o r  s i t e s  refers t o  
the distance i n  kilometers above the confluence o f  Mitchell Branch with 
Poplar Creek. 

Oak Ridge Gaseous Diffusion Plant; SD - storm dra in .  

Program t asks  and subtasks descrlbed in  t h i s  report. 

bNPDES = National Pol lutxnt  Discharge Ellmination System; ORGDP *-: 

cBMAF task numbers refer to the  Biological Monitoring and Abatement 
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2. BIOLOGICAL MONITORING TASKS 

The effluent discharges to Mitchell Branch are complex, consisting 

of trace elements, organic chemicals, and radionuclides in addition to 

various conventional pollutants. Moreover, the composition of these 

effluent streams will be changing over time as various pollution 

abatement measures are implemented over the next several years. 

Although contaminant inputs to the stream originate primarily as point 

sources from existing plant operations, area sources, such as the 

classified burial grounds and the K-1407-C holding pond (Sect. l.?), can 

not be eliminated as potential sources of contaminants. 

Such environmental complexities require a multitiered, yet 

integrated approach to biological monitoring. Consequently, the BMAP 

f o r  Mitchell Branch consists of four major tasks: Toxiclty Monitoring 

(Sect. 2.1), Bioaccwnulation Studies (Sect. 2 . 2 ) ,  Biological Indicator 

Studies (Sect. 2.3), and Instream Monitoring (Sect. 2 . 4 ) .  These tasks 

combine well-established monitoring methods with more-innovative state- 

of-the-art techniques to evaluate regulatory compliance. 

2.1 TOXICITY MONITORING (TASX 1) 

2.161 Introduction 

Toxicity testing has become an integral component of the NPDES 

compliance on the Oak Ridge Reservation (Loar et al. 1989, 1991). EPA 

supports the use of test organisms to determine the acute or chronic 

toxicity of a test water (EPA 1985). 

effluents or ambient stream sites. The toxicity tests have several 

advantages over chemical analyses. They (1) are rapid and economical; 

(2) can predict the toxicity of complex mixtures; ( 3 )  can detect toxic 

materials that may not be typically monitored; and ( 4 )  are useful in 

determining the toxicity of test waters to instream biota. 

Test waters may include specific 

The purpose of this task is to monitor the toxicity of 

Mitchell Branch water and selected point-source discharges to aquatic 

organisms. 



2.1.2 Study Deslga 

The toxicity monttoring task consists of three subtasks: 

(la) ambLent toxicity tests (lb) effluent toxicity tests and 

(IC) point-source evaluation. Subtasks la and 1’0 will utilize the 

fathead minnow (Piraepkales promelas) survival and growth t e s t  and the 

C e r i o d a p h i a  survival and reproduction test, as deslgmed by EPA (Horning 

and Weber 1 9 8 5 ) .  The two tests run concurrently, last f o r  7 d, and ars 

designed t o  predict the chronic: toxicity of a test water, Subtask IC 

w i . 1 1  utilize either tl:te 7 -d  chronic toxicity tests or acute (48-h) 

toxicity t e s t s  with fathead minnows and Ceriodaphnia (Peltier and 

Weber 1985). 

Each test with ambient water or effluents will include n dilution 

ser ies  unless full-strength samples are demonstratxd to be nontoxic. 

The lowe~~-observe$-effect concentration and the no-observed-effect 

concentration wi.11 be cal.culated far each test with a dilution series. 

These calculations w i . l l  be based on data for survival, growth, and ( f o r  

Ceriodaphnia) reproduction in test samples, c o n t r o l  water, and/or 

samples from reference streams (Horning and Veber 1985). When only 

full-strength samples are tested, results wi.l.1 be reported AS mortality, 

growth, and (for Cerisdaphnia) reproduction values i n  samples, control 

water,  and reference streams. 

One site upstream o f  ORGDB operations on Mitchell Branch will serve 

as a reference site. However, dire to the variability of the f l o w  in 

upper Mitchell. Branch, the reference site will not serve as a source of 

dilution water or as a control. Dechlorinated tap water will be used a s  

a contirol and as dilution water for fathead minnows but will not be used 

with Ceriodaphnia because of the difficulty in obtaining satisfactory 

reproduction. Instead, hard reconstituted water will be used f o r  the 

Cerisdaphnia tests. 

Cadmium chloride or potassium di.chromate b r i l l  be used as a 

reference toxicant. A 24-h static test will be conducted monthly with 

fathead minnow larvae and Ceriodaphnia from stock cultures t:o determine 

the health of the organisms. 

determine if the response o f  the test organisms falls outside of the 

acceptable range (Horning and Weber 1985). If the results are 

Control charts will be maintained to 



unacceptable, the biomonitoring tests w i l l  be considered inva l id  and 

w i l l  be repeated. 

2.1.3 Description of Subtasks 

Ambient t o x i c i t y  t e s t s  (Subtask la) 

Subtask Ira w i l l  monitor ambient water t ox ic i ty  o f  Mitehell  Branch 

using the 4-d fathead minnow and Cerisdaphiia t o x i c i t y  t e s t s  described 

i n  Sec t .  2 . 1 . 2 .  Six si tes along the creek whheh c lose ly  correspond to 

those u t i l i z e d  i n  the  instream monitoring task  ( S e c t ,  2.4) w i l l  be 

sampled (Table 1 and F ig .  1 ) .  The s i t e s  w i l l  be located a t  the NPDES 

weir above the confluence with P o p l a r  Creek [ s i te  Mitchell  Branch 

kilometer (NIK) 0.121 and a t  kilometers (upstream from Poplar Creek) 

0.45, 0.54 ,  0.71, 0.86, and 1.43 (above ORGDP opera t ions) .  The s i t e  a t  

kilometer 1 .43  w i l l  serve as  a reference.  e r e s u l t s  obtained during 

the  first year w i l l  be evaluated to determine i f  sampling frequency o r  

the number o f  s i t e s  can be reduced. 

Effluent: t o x i c i t y  tests (Subtask Pb) 

Subtask l b  w i l l  measure the  tox ic i ty  ~f se lec ted  e f f l u e n t s  t o  

fathead minnows and Ceriodaphnia using the 7 - 6  chronPc t o x i c i t y  t e s t s .  

As s t a t e d  i n  the NPDES permit,  the e f f luen t  from pond K-1407-B w i l l  be 

t e s t ed  every other  month. 

d i r e c t l y  i n t o  Mitchell  Branch, they w i l l  also be monitored every other  

month. I n  the inter im,  ponds E: and F w l l l  be monttored quar t e r ly ,  I n  

addi t lon ,  as new f a c i l i t i e s  go on - l ine  ( e . g . 9  the CNF and the 'TSCA 

i nc ine ra to r ) ,  t h e i r  spec i f i c  e f f luen t  streams w i l l  be monitored. 

Once ponds K-1407-E and K-1407-F discharge 

Point-source evaluation (Subtask IC) 

As t o x i c l t y  information accumulates from the ambient t o x i c i t y  

t e s t i n g  (see Subtask la> s i t e s  on Mitchell  Branch, acute  o r  chronic 

t o x i c l t y  t e s t s  w i l l  be conducted t o  determine point  sources o f  t o x i c i t y .  

We w i l l  a l so  per iodfca l ly  monitor t w o  e f f luen t s  not  covered i n  the  NPDES 

permit: (1) once-through cooling water that  is  cur ren t ly  discharged t o  

the K-1407-B e f f luen t  stream below the pond o u t f a l l  and ( 2 )  the  stream 

(SD 190) draining the old c l a s s i f i e d  burlial grounds (F ig .  1). 
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2.1.4 Sampling 

Samples w i l l  be co l l ec t ed  d a i l y  during the 7 d of the  t e s t  from 

Mitchel l  Branch and e f f l u e n t  sources and t ransported t o  the Toxici ty  

Test ing X&oratory a t  Oak Ridge National Laboratory (OWL) for t e s t i n g .  

Refr igerated 24-h camposi te  samples w i l l  be used for Subtasks l b  and 1c. 

Grab samples w i l l  be used f o r  Subtask l a  except a t  the NPDES s i t e  

(MIK 0.12), where a 24-h composite sample w i l l  be used. 

2 " 1" 5 Facilities 

water suppBHes 

Dechlorinated process ( tap)  water w i l l  be used f o r  cu l tu r ing  

fathead minnows and as d i  l u t i o n  water f o r  tests with fathead minnows . 
This water source has been used s ince  1980 In  the  Toxici ty  Testing 

Laboratory and has been found acceptable f o r  growth and reproduction of 

fa thead ~ W T I O W S  (Loar e t  a:. 1989). Reconsti tuted water prepared from 

deionized d i s t i l l e d  water will be used f o r  cu l tu r ing  Ceriodaphnia and 

f o r  tes ts  w i t h  Cexiodaphnia (Horning and Weber 1985). Deviations from 

the method described by Horning and Weber (1985) which have been found 

to improve the  q u a l i t y  of the  recons t i tu ted  water are (1) ae ra t ion  f o r  

48-h and (2) spiking the water with food a f t e r  24-h of ae ra t ion .  

Temperature controls 

Water baths  w i l l  be used to con t ro l  the  temperature of f i s h  and 

Ceriodaphnia stocks and of t e s t s  with both spec ies .  

maintained a t  25 -9- 2 ° C .  

Temperature w i l l  be 

Instruments t h a t  w i l l  be used during t h i s  study include (1) Digi-  

Sense t h e ~ m ~ m e t e r ~  (Cole Palmer), (2) microprocessor pH/millivol.t meter 

(Orion Research Model Sll), ( 3 )  conductance meter (YSI  Model. 3 2 ) ,  

(4) microbalance ( @ a h  Model C-301, (5)  a n a l y t i c a l  balance ( K e e t l e r  

Model AE163), (6) dissolved oxygen meter (VWR S c i e n t i f i c ) ,  and ( 7 )  zoom 

stereomicroscope (Wild Model M 8 ) .  All instruments except Eor the 

microscopes w i l l  be ca l ib ra t ed  before da i ly  use.  
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Chemical analyses performed daily in conjunction with the tests are 

alkalinity, pH, conductivity, hardness, and dissolved oxygen. Methods 

will follow those described in Standard Methods for the Examhnation of 

Water and Wastewater (APHA et al. 1981). 

Computer/statistics 

IISM 3033 (currently 3W0> and DEC mainframes will be used to 

analyze and archive data. A Hewlett Packard (Model HI?-4lC/4lCV) 

programmable calculator will be used in some data analyses. 

personal computer will be used for data entry and report preparation. 

An IBM-PG 

Fathead minnow survival and growth will be analyzed using SAS-GLfrl 

(general linear models) procedure and Dunnett’s test (Steel and 

Torrie 1960). Ceriodaphnia test results will be analyzed using Fisher’s 

Exact Test (for survival) (Horning and Weber 1985) and the SAS-GLM 

procedure. 

Sediments from Mitchell Branch contain elevated levels of metals, 

organics, and radionuclides (Ashwood et al, 1986). The objectives of 

this task are to determine which, if any, of these substances accumulate 

to unacceptable levels in biota inhabithe; the stream and to document 

any changes in elevated contaminant levels that result from changes in 

waste management practices. 

Preliminary sampling indicates the presence of low numbers of small 

fish in Mitchell Branch, including species such as redbreast sunfish 

(Sect. 2.4.31, that are used in bioaccumulation monitoring near the Oak 

Ridge Y-12 Plant and QRNL (Loar et al. 1989, 1991). If adequate numbers 

o f  larger (>40-g) sunfish can be collected from Mitchell Branch, these 

will be monitored once yearly for a broad spectrum of organic and 

inorganic contaminants and radionuclides. Levels of contaminants found 

in these fish will be compared with levels in fish from reference 

streams and background levels measured in other studies and will also be 

compared with maximum permissible concentrations derived in risk 

assessment screening protocols (Hoffman et al. 1984). 
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S i n c e  adequate numbers of fish of suitable size for analyses may 

not.. be found in NLtchell Branch, it: may be necessary to introduce fish 

to the stream. In such a case, identiffable fish (tagged, fin-clipped, 

or sterile hybrids) will be introduced to the pool above the NPDES 

moni~:oring weir (site MPK 0.121, After they have spent 4 - 6  months in 

the stream, the fish will be sampled and analyzed for contaminants. If 

stacked f i s h  will not remain in the stream, it may be necessary to 

construct exlosures to maintain fish in MitxlleI.1 Branch for this task 

and for the biological. indicator studies (Sect. 2.3). 

Mhile fish axe sf primary interest in bioaccmula9:ion studies due 

to their goteretial. conswpt ion  by the public, other organisms have 

advantages for mowieoring spec1Si.c compounds. The Asiatic clam 

(Corbicula f l m i n e n )  rapidly takes up miag taJ s  and organics from water and 

accemulates organics, such as P M s ,  that are rapidly met-abolized and 

excreted (and therefcre not  accumulated) by fish. Mhile Corbicula arb 

common i n  most waters 05 East Tennessee, t h y  do n o t  appear to inhabtt  

Mitchell Branch. Therefore, clams will be Tntroduced in cages and 

mainta2ned for 30-40 d before being sampled and analyzed for organic 

priority pollutants, Although Physa was considered f o r  this study, 

several factors made introduced Corbicula a loglcal choice for 

bioaccumdation studies in Mitchell Branch: the larger size of 

Corbicula species; the ease sf collecting, transporting, and removing 

tissue from the clams; and their use in other bioaccumulation studies. 

Further  information concerni xig Corbicula sampling is found in 

Appendix A .  The Corbicula used in biaaccwulation studies at QRGDP, L h e  

Oak Ridge Y-12 P l a n t ,  and OWL a m  obtained from a s i t e  OIL Beaver Creek 

near Karns, Tennessee (Fig. A - I . ) .  Results of analyses for PCBs,  PAlIs ,  

and other o~ga~~ics i n  clams from this site are presented in Tables A - 1  

and A - 2 .  

clams (Table A-1). 

baseline €or the use of these clams as introduced organisms in 

bioacctunulation studies in Mitchell Branch. Naphthalene and anthracene 

w e r e  reporeed at concentrations >1 fig w e t  wt in one sample analyzed by 

high-performance liquid chrsmatzography using fluorescence detection 

(Table A - I ) ,  a sensitive but noncnnfirmatory procedure. Subsequent 

Very low levels of P@Bs and several PMs were detected in the 

Such levels were Pow enough to provide a good 
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analyses by gas chromatographic mass spectrometry did not indicate the 

presence of these compounds at 21 pg/g (Table A - 2 ) .  Each time that 

clams are introduced into Mitchell Branch, a control group of Corbicula 

from Beaver Creek will be Collected for anafysis along with the test 

organisms. This procedure establishes a baseline with which the test 

results can be compared. 

If any contaminants are found to be elevated in the broad-spectrum 

screening analyses, those substances will be monitored in fish or clams 

(whichever is more appropriate) every 6 months for th@ duration of ISMAP. 

This will provide an opportunity to assess the effectiveness of remedial 

actions in eliminating the sources of those contaminants. 

2.3 BIOEOGICAL INDICATORS OF ~ ~ ~ ~ I N ~ - ~ ~ T ~ ~  STRESS (TASK 3 )  

2-3.1 Introduction 

This task will involve the selection and application of various 

biological indicators to evaluate the effects of water quality on fish 

populations in Mitchell. Branch. Within the context of t h i s  study, 

biological indicators (or bioindicators) are defined as selected 

components or variables of organisms, populations, or communities that 

respond in biologically meaningful ways to changes in the environment. 

Bioindicators will be used in this task to address two major objectives: 

(1) identification and characterization of impacts on aquatic biota and 

(2) collection of baseline data that can be used to evaluate the 

effectiveness of remedial actions. 

bioindicators, in conjunction with the toxicity monitoring and instream 

monitoring tasks (Sects. 2.1 and 2.4, respectively), can be used to 

address these objectives in a timely and cost-effective manner. 

"he application of selected 

In biomonitoring programs designed t o  evaluate compliance with 

established water quality standards and to asses5 potential 

environmental effects, short-term laboratory toxicity tests (e.g., LC,, 

tests) are commonly used to determine the time required to elicit 

various levels of mortality in standard t e s t  organisms. This approach 

is generally acceptable for screening toxicant effects on a short-term 

basis ( i . e . ,  hours or days), but in most cases these criteria may be 
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less appropriate for predicting or evaluating the longer-term, chronic 

effects of: pollutants on biological populations and comxunities (i.e., 

growth, reproductive potential trophlc level. status, abundance, and 

diversity) (NRC: 1981). Capabilities are needed, therefore, to identify 

and quantify responses of aquatic organisms and biological communities 

to sublethal chronic exposures before adverse, irreversible, or 

obviously undesirable effects en popuBation5 are realized (Adam and 

McLean 1985). In this regard, bioindieatoss not only can serve as early 

warning signals o f  impending ecosyste change, thus allowing time for 

remedial. actions to be initiated, but also can provide early detection 

of the effectiveness of these remedial actions. 

The principal advantages of using bioindicators, rather than other 

methsds for quantifying ecal.ogica1 responses to stress, are as follows: 

(1) they can provide ear ly warning signals of potential ecological 

effects because o f  their semi-tivity to environmental change; (2) they 

can be used to identify causal mechanisms underlying rabseaved effect-s at 

higher levels of biological organizakton, such as changes in population 

growth, reproductive success, and age structure; and ( 3 )  they are 

relatively easy to measure and cost-effective for long-term monitoring. 

These three advantages are discussed in detail in the Eollowing 

paragraphs, 

Early W 2 % ~ f X l $  ?iPignalS O f  pot6?Tlthl t?!nVf.KOI?.IIMXItal StbeSS. O f  

particular concern to environmental scientists and regulators are the 

long-term respo~lses of  organisms to environmental change (e.g. ,  

contaminant loading). The more important of  ehese long-term responses 

( e . g . ,  growth and reproductive capacity) respond relatively slowly to 

environmental change (Fig. 2); therefore, by the time these responses 

are observed in an aquatic ecosystem, undesirable effects (including 

decreases in biological productivity and diversity) may already have 

occurred. 

years or biological generations (Fig. 2 ) ,  and, within these extended 

t i m e  periods, a variety of natural and man-induced environmental factors 

can influence the integrity of biological communities. However, because 

Such long-term responses may occur over periods of several 
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Fig. 2. bvels of biological responses in fish to changes in 
contaminant levels in surface waters, illustrating the continuum of 
these responses along gradients of time and ecological relevance. 



many environmental Sactors can contribute to and influence an ecological 

response, the major causes of a long-terffi ecological. change may not  be 

readily identified or quantified by measuring only long-t:erm response 

variables, such as flsh species abundance or diversity. 

The htochemical and physiological indicators used in this study 

respond within the same t h e  Erame as the environmental changes o f  

concern (primarily water quality), and, because they immediately reflect 

those changes, they serve as early warnings of potential exwirsnmenkal 

effects" Jdfth bioindicators changes &served i n  the biological 

integrity of Mitchell Branch (either beneficial or adverse) can he 

directly related to specific changes in eaviromenta1 quality. For 

example, bioindicators can be used to evaluate (1) the effectiveness of 

remedial actions and (2) the biological effects of short-term, 

inadvertent contaminant discharges. 

parameters normally measured L a  compliance manit-oring programs (e.g., 

abundance and diversity of organisms) change relatively slowly, their 

usefulness as early warning signals of potential environmental change f s  

limited, U A ~ ~ S S  both short- and intermediate-term response indicators 

are measured eonc~~rentPy. 

Because many of  the biological 

%dentificstfon of wechanisms underlytng long-te e f f e c t s .  In 

recent years, several methods hm7e been developed to assess sublethal 

toxicity; most have focused on tihe suborganisrnal level (Ruikema et 

al. 1 9 8 2 ) .  Many of  these biochemical and physiological measurements of 

toxicity have plot proven usefml because of insufflcient information to 

establish causal relationships between these measurementx and responses 

at the level of the whole organism, the population, and the community 

(Sprague 1976, Mehrle and Mayer 1980). In addition, the wcasure 

only suborganismal responses wichout concomitant organism- and 

populati~n- level responses makes it difficult to determine whether 

biochemfcal or physiological responses to toxicants are del-eter' ious o r  

are in the normal range of ad.apta t ion  o f  the organism (Mount and 

Stephan  1967). 

The bioindicators that w i l l  be used in Task 3 represent a. gradient 

of biological response times from relatively short-term a ; - ~  long-term 

(Fig. 2 ) .  Measurements of biological co ponents over this gradient of 
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response times will permit long-term changes in ecological systems to be 

identified and correlated with the principal factors responsible EOK 
those changes. For example, a suite of short-term indicators will be 

measured in fish, Pncludin rapid-response biochemical variables and 

more intermedlate-term responses, such as liver condition, h i s to logy  of 

selected organs, and lipid storage. With this approach, the shorter- 

term btologl.cal responses can be linked to the ecologically relevant 

long-term responses, such as growth, reproduction, and community 

abundance and diversity. 

between environmental change, short-term bioindicators, and long-term 

bioindicators, mechanisms primarily responsible for population- and 

community-level changes can be identified and quantified. 

By establishing cause-and-effect relationships 

Cost effeetlveness and ea91 sf use. One of the major criteria f o r  

selecting the suite of bioindicators to be used in Task 3 is that the 

amount of e f f o r t  ( e . g . ,  cost and the) allocated to the measurement of 

each indicator must be justified by the quality and quantity o€ 

information provided by that indicator. Egch bioindfcator should be 

relatively easy to measure and should be cost-effective for application 

and use in long-term biological monltoring programs, such as the BMAP 

for Mitchell Branch. Once the relationship between short-term 

indicators (e.g., liver condition) and long-term responses ( e . g . ,  growth 

and abundance) is developed and its biological significance is 

established, these short-term indices will provide reliable 

documentation of the ecological. status of Mitchell Branch and of the 

effectiveness of future remedial. actions. 

2.3.3 Sampling Approach and Design 

Although resident adult sunfish (Lepomis a u r f t u s )  are not currently 

found i n  sufficient numbers to support bioindicator studies, their 

collection from an uncontaminated reference site and introduction into 

Mitchell Branch is considered to be an appropriate and necessary 

procedure for evaluating responses of fish to contaminant-related stress 

i n  Task 3 of BMAP. Ymung-of-the-year redbreast sunfish were collected 

in the middle reaches of Mitchell Branch on September 30,  1986 

(Table 2). However, no sunfish were collected in two electrofishing 



Table 2 .  Fish density (nmber yea square meter) and biomass (grams per square meter, 
indica ted  in parentheses) in MizcheSI Branch, September-October 1986 

Site 

Length of 

sampled (m) s % z e  (E) dace 
stream P0pula.t i on  Biackrio se Creek Redbreast 

Chub sunfish 

MIK 0.45 29 48 0 .04  ( 0 . 0 8 )  0.37 (0.16) 0 . 5 3  ( 0 . 0 9 )  

MIK 0 .54  43 31 0.07 ( 0 . 0 5 )  0 . 3 3  ( 0 . 0 8 )  0.11 ( 0 . 0 9 )  

M I K  0 . 7 1  35 0 0 0 0 

3.81 (0.13) M I K  0 .78  2 5  141 0 .74  (0.02) 3.40 (0.10) 

MIK 1.43 32 1 8  0.47 (0.06) 0 . 2 3  (0.18) 0 
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surveys conducted in the portion of lower Mitchell Branch immediately 

upstream from the NPDES monitoring weir, a s i t e  containing -100 m of 

habitat (-1 rn deep with overhanging cover) that appears suitable for 

maintaining a population of adult sunfishes large enough t o  support 

these studies. 

The absence of redbreast sunfish from lower Mitchell Branch may 

result from runoff containing leachate Erorn the old classified burial 

ground that enters the stream through SD 190 at MIK 0.50. 

tests conducted October 38-November 6 ,  1986, indicated that effluent 

from this outfall was highly toxic t5 two other species: 

minnows (Pimephales pramelas) and Ceriodaphnia, a microcrustacean. Both 

species had 0% survival in 100% effluent [L. M. Adams (currently 

L. A. Kszos), personal communication to W. J. Scheib, ORGDP, 

December 8 ,  19861; the mean total chlorine concentration of the effluent 

was more than an order of magnitude greater than the "safe criterion" 

value of 0.03-0.005 ppm (De Graeve et al. 1979). In ambient toxicity 

tests Conducted January 29-February 5, 1987 (Table l), stream water 

collected at MIK 0.45 had a mean chlorine concentration (0 .08 pym 5 

0.05) that was significantly hlgher than the safe level. At that site 

Ceriodaphnia and fathead minnow survival were only 20% and 658, 

respectively, and reproduction and growth of both species were lower 

than at any of the other sites tested [ L .  M. Adams (currently 

L. A .  Kszos), personal communication to W. J. Scheib, ORGDP, 

February 25, 19871. 

Toxicity 

fathead 

Introduced redbreast sunfish will be used for the bioindicator 

studies according to the following procedure. At various intervals 

after release, a subsample of the introduced fish will be collected for 

the bioindicator studies. The bioindicators to be measured will be 

chosen from the list in Table 3 and will represent selected response 

indicators at each major level of biological organization. 

study will be conducted at least annually; however, if natural 

populations of sunfish occur i n  sufficient densities and sizes, then 

more-frequent monitoring or sampling will be conducted. Both the 

biological indicator and bioaccumulation tasks (Sect. 2.2) will utilize 

the same fish for analysis to minimize sampling and processing costs. 

This type of 



Besponse level 
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Iadicator to be measured 
Response 0s condition 
reflected by indicator Key reference < s 1' 

Biochemical/mlecuIgr level 
Blond chemistry 
Electrolytes 
Lipids 
=arbohyxydsates 
PXXJtk3ifIB 

Lipids 
total body 

MaJos classes 

ProLeinr 
Enz-patic induction 
Mstallothionlne 

Eaucleie acids 
Modified. DNA 
DNA damage 

Physiological level 
Total organism metabolism 
ae,spiration 

Total metabolic 

Immunological coglpetence 
(Defense systenr1 

Tissue Wstoiogy] l eve l  

Sodim and potassium 
Trlglycerides and cholsstarol 
Glucose and lactate 
Plasma proteins and sanm 

glutmate oxyaloacr;ate 
trans aminas e 

T o L d  body reserves 

Sterola ,  phospholipids, 
triglycebides, choiestesol 

Elixea function oxldases 
Estailothionine 

DNA adduct formation 
DNA bzaelrs, cross-linkinB 

Oxygen uptake 
Scope far activity 
hlsivar:ate Daochemica~ 
evaluation 

White blood cells: 
Isucocy t e  s , 
granulocyses. and 
t;7somSocyte.3 

FXectsolyte homeos5aais Eddy as81 
Lipid m e t a $ o l i a m  Adam et al. 1985a 
Carbohydsate metabolism Sakbesgsld 1976 
P X J % Q ~ X  and m i n o  acid metabolism Freosan and Idler 1993 

Bopkina e t  al. 1384, 
Shuxlcm 1994 

Yettar st al. 1953 

Metabolism of zoxic cumpamde Lech et erl. 1882 
%etaholism of heavy metals Earxison and Lam Ib55 

Total metabolic resgonse 

T o t a l  metabolic response 
MetaboLic psriowance 

Uiaeaaa,  uxposuse to palhoBens 
and fbrslgn mater ia l s ,  
vubnesaol1it.y to infect ions  

Liver dysbmction EPA 1871, 1978 
Respksacmy dysfunction Plonksl and Neff 1869 
EXCKQSO~ and endoczine eysfunction Hiidge a t  al. l Y 7 7  
Effects o f  aquati:: pollutants Yevich 1Y81, 

Binton et, ;mi. 1973, 
Hinton and Couch 1905 
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Response level Indicator to be measured 
Response or cendition 
reflected by indicator 

Organ level 
Condition indices 

Individual growth 

Consumption 

Reproductive success 
Fecundity 

Physio logy 

Nutritional aspects 
Food analysis 

Population 

Comrmnity 

Liver-somatic index 

Visceral-somatic indwx 

Condition-factor index 

Gonadal-somatic index 

Tissue elaboration 

GanaraP organism health, energy Adam and McLem 1985 

General organism health, energy Heidinger and Crawford 

ReSi6tttnCe to disease &&ran 1951, 

availability, nutritional statu5 

availability. nutritiomal status 1977 

Anderlson and GutreuSer 
1983 

Reproductive condition arid succeas Bagenal 1578 

General overall condition, integrator Waters 1977, 
of all. factors acting on an organism Larkin 1878, 

Food ingestion Food or energy availability Kitchell et al. 1977 

GarnadaK.-scmatic index 
N d e r  of eggsIfemale 
Egg size and condition 

General reproductive health 
Clutch s i z e  
Energy availability in eggs, 
hatching success 

Dslehunty and deVlming 1980 
Bagenal 1578 
McFsslme and Frmrin 1978 w 

r 4  

Vitellogenfn production Ability to produce healthy eggs Branage et al, 1982 

foad types and PlmOmts 

Carhm:nitrogen ratio 

Jenssn 1980. 

h d a h l  1984 

Diversity of diet, availability of 

Nutritional quality of diet 
food Windsll and Bowen 497% 

Abundance 

Size-age distribution 

Interspecific and intraspecific Sale 1979 
competition for food end habitat 

growth a b i l i t y  1983 
Reproductivefrecruf~ent SUCCBSS, hdQK6On and GutrsUter 

Index of biorogkcal integrity Food and habitat availability, Bausch et at. 1984, 
nutrition, competitive Karr 1981, Schlassar 1982 
abilities 

%ompleto citations to sefersnces are included in Sect. 3 of this report. 
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2.4 INSTmm MONITORING (TASK 4 )  

2.4.1 InmaductIan 

The instream monitoring task w i l l  involve f i e l d  sampling of the  

benthic invertebrate and fish populations i n  Mitchell BrancEt I Ths 

object ives  of  these s tud ies  a re  (1) t o  character ize  s p a t i a l  and temporal 

pa t te rns  i n  the d i s t r i b u t i o n  and abundance of these populations and 

( 2 )  t o  document the e f f e c t s  of new pollut ion abatement f a c i l i t i e s  o n  

comnunity strnilture and function. Intensive sampling t o  charactcr l  ze 

the benthic invertebrate  and f i s h  communi t i e s  w i l l  be conducted during 

the f i r s t  year .  

Sects .  2 . 1  and 2 . 3 ) ,  sampling frequencies and locat ions may be modified, 

as appropriate ,  during the monitoring phase of  thc program, 

Based on the r e s u l t s  o f  these and other  s tud ies  ( s e e  

Analysis oE the s t ruet i i re  and function of benthic inver tebra te  

cornuni t ies  provides a useful  t o o l  for evaluating the ecological  e f f e c t s  

of e f f luen t  discharges t o  streams (Sasson 1981). Because of  t h e i r  low 

m o t i l i t y  and r e l a t i v e l y  long l i f e  cycles ( severa l  months to more than a 

year) , benthic invertelrrates in tegra te  changes i n  the physleschernical 

cnvironment oT streams. 

port ion of  t h e f r  cycle on ox i n  s t r e a m  sediments, r e su l t i ng  i n  long-term 

exposure eo contaminants t h a t  accumulate i n  the sediments. Likewise 

f i s h  cornuni t ies  which comprise species  representing severa l  t rophic  

l e v e l s ,  in tegra te  the e f f e c t s  05 water quality and h a b i t a t  degradation 

on lower t rophic  l eve l s  ( e . g . ,  benthic inver tebra tes )  which are u t i l i z e d  

for food. Because 0 5  these trophic in t e r r e l a t ionsh ips ,  the well-being 

of fish populations is of ten  used as an index t o  water qua l i t y  ( e . g . ,  

Weber 1 9 7 3 ,  Greenson e t  a l .  1 9 7 7 ,  Karr 1981). Moreover, statements 

about tlie condition o f  the f i s h  cornunity a re  b e t t e r  understood by the 

general pub1 ic (Karr 1981) I 

Many benthie species  spend a considerable 

Benthic macroinvertebrates w i l l  be sampled monthly from designated 

r i f f l e  areas a t  s ix  locations on Mieche11 Branch (Table B and Fig .  I); 

the  s t a t i o n  farthest upstream will be used as a cont ro l  s i t e .  

r e s u l t s  obtained durLng the first  year w i l l  be used t o  evaluate the 

p o s s i b i l i t y  of reducing sampling frequency and the number of  sampling 

The 
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locations, In addition to the upstream control site, several unimpacted 

reference streams, which are located both within and outside of the DOE 

Oak Ridge Reservation, will be sampled quarterly; the results will be 

compared with those for both the upstream control and all downstream 

sites. Use of additional reference streams with less-frequent sampling 

will provide a good comparison of natural seasonal variability occurring 

in unimpacted streams of this area. To accuratxly estimate species 

richness, a variety of microhabitats (e.geP leaf packs, undercut banks, 

pools, and riffles outside the study riffles) will be qualitatively 

sampled at each site in Mitchell Branch and the reference streams in 

Narch-April 1987. 

Three randomly selected quantitative benthic invertebrate samples 

will be taken at each site with a Surber sampler ( 0 , 0 9  in2 or 1 €t2) 

fitted with a 363-pm-mesh collection net. The samples will be preserved 

in 80% ethanol, which will be replaced with fresh 80% ethanol within 

1 week after collection of the samples ~ In the laboratory, benthic 

organisms will be separated from the debris in white enamel pans and 

identified to the lowest practical taxonomic level; oligochaetes will be 

identified to family when possible. 

will be obtained to the nearest 0.1 mg. 

A blotted wet weight of each taxon 

Species richness, density (total number o€ individuals per 

0.09 i n 2 ) ,  biomass (milligrams per 0.09 m2) 

Pielou 1977) of each site and the reference streams will be compared 

statistically with appropriate nonparametrle or parametric procedures. 

Estimates of secondary production for each site will be obtained 

indirectly with production/biomass ratios (P/B) obtained either from 

(1) a theoretical value of 5 and corrected for length of larval life 

(Waters 1977, Waters 1979, Benke 1979) or (2) published P/B ratios for 

and species diversity ( H '  ; 

specific taxa ( e , g . ,  Waters 1977, Kruger and Waters 1983, Benke et al. 

1984). Where appropriate, water quality and ambient toxicity data will 

be used in data interpretations. 



2 . 4 . 3  Fishes (Subtask 4 b )  

Five si tes were chosen on Mi.tchell Branch for i n i t i a l  evaluation of  

t i le  f i s h  cornunities (Table 2 and Fig. 1). Cri te r la  used i n  the 

se l ec t ion  of these s i t e s  Included both point-source discharge loca t ions  

and area  SOIIKC~?S w5th possible  seepage t:o surface waters (Sect. 1 . 2 ) .  

These same sites were a l s o  selected far use in the hen:hic i.nveartelsrate 

s tud ie s  and i n  the ambierat: t o x i e i q  tes t tng program (Sect 2.1. I 3 )  . 
Fish sarripling was conducted at these s i t e s  on Scptzember 30 and 

October 1, 1986, using one Smith-Root Model 1.58 backpack e lec t rnf i - sher .  

Block-nets w e r e  used at the upper and lower ends o f  t.he 25-  t o  50-112 

reaches t o  i s o l a t e  the populations. F i sh  were snes the t ized  vit;h KS-222 

( t r i c a n e  net:hanesulfonate) , i d e n t i f i e d ,  measured t o  the nearest 0 . 1  cm 

(tmtal l eng th ) ,  weighed t o  the neares t  0 . 1  g ( f o r  fish less than 100 g> 

o r  gram ( f o r  i-ndivlduals l a rge r  t:han 100 g ) ,  and re turned to the  stream. 

Densi t ies  o f  each species  were ca lcu la ted  from populat ion estimalre; 

based on the renmoval method (Carle and Strub 1978) w i t h  three 

consecutive passes a t  each s i t e  

This sampling i n  Mitehell1 Branch (Table 2 )  indicated f i s h  

populations were present at most o f  the sites selected t o  eva1.uate 

e f f l u e n t  effects. The f i s h  comumit i f?s  consis ted o f  a t  most three 

species:  blacknose dace (Rhinichthys atrakulus), creek chub (Sernotilus 

atromaculstus) and iimature redbreast  simfis2.i ( L e p o m i s  a u r i  tus)  . The 

former two species  are typ ica l ly  found i n  small first- and second-order 

screams i n  the  a rea  (Loar et a l .  unpublished data); redbreast sunfish,  

on the other  hand, a r e  generally found i n  large second-order and higher 

st:reams (Loar et al. 1991). Ffsh densities at the s i t e s  var ied  f rom C 

t o  3.4-  indi-viduals per  square meter, with creek chubs being the most 

abundant species  ( T a b l e  2 ) .  ~iornass  varied from O IN 0.18 g/d, with 

the creek chub and redbreast sunfish a l t e r n a t i n g  i n  dominance. 

c o n t r o l  s i t e  in the upper reaches o f  Mitchell  B r a ~ z c h  (MIK 1.43)  lacked 

the redbreast  sunfish, which probably reflects a separation f r o m  a 

breeding adult pogulaf:i.on and lack of su i t ab le  water  depth. 

of fish at. MIM 0 . 7 1  may ind ica te  an TmpacS. of  coal yard runoff/boiler 

The absence 
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blowdown effluents that enter Mitchell Branch at the top of the site. 

Observations during routlne benthic sampling also detected no fish at 

this site. Other sites below known discharge points (MIK 0.45 and 

MTK 0.54) also showed lower densities than at M I K  0.78, a site of 

similar size and habitat located above SD 170, SD 180, and SD 190 

(Fig.. 1). These preliminary estimates indicate little difference 

between MIK 0,45 and MIK 0.54; therefore, one of these sites may be 
eliminated unless discrete effluent impacts are noted. Because 

M'IK 1.43, the reference site, does not parallel the habitat structure of 

lower Mitchell Branch, another reference site will be added ( e . g . ,  

Grassy Creek, a tributary of the Clinch Rivew), 

Proposed studies 

Through the use of  the procedures described in this report, fish 

communities will be sampled three times (January, April, and September) 

during the ffrst year to estimate (by species) both population size 

(densities in numbers and biomass per unit area) and production. Annual 

production will be calculated using the method of Garman and Waters 

(1983). In addition, qualitative sampling in Power Mitchell Branch wi-11 

be conducted, with an emphasis on determining the existence and size of 

adult redbreast populations. 

The data generated in the population surveys will be used to 

estimate parameters at the community level (diversity, production, and 

abundance) and at the population level (length-weight relationship, 

production, and abundance). However, fnformation is not  available on 

parameters at the level of individuals within the population. To 

address this deficiency and strengthen the correlation between the 

instream monitoring task with its focus on communities and populations 

and the bioindicator studies (Task 3) with its focus on the individual, 

several additional parameters of a target species (either blacknose dace 

or redbreast sunfish) will be measured in the field during the second 

year of BMAP. 

One parameter of Individuals in a population is fecundity, or the 

number of ripening eggs in the female j u s t  prior to spawning (Bagenal 

1978), which provides a measure of potential reproductive success. 
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Fecundity o f  e i t h e r  blacknose dace QP redbreast  sunfish w i l l  be 

escimaztea by gravi  e t r I c  subsaapling (Bagenal and Brararn 19783 .  The 

number of  eggs per  female wtll be expressed as  a funct ion of  f i sh  

length.  This approach would be conducted f o r  each s i t e  i f  blacknssr 

dace are used, but  would be l imi ted  to the  lower reaches i f  an adult 

redbreast  populati~n is found. 

Also, an evaluatfan of feeding preferences w i l l  be conducted on the 

same species  used i n  the fecundity stilmdies by obtaining data on die2 

composition, including v a r i a b i l i t y  i n  composition as a function of  

sampling loca t ion  and season. I f  redbreast sunfish are shosen, stomachs 

w i l l  be flushed by inserting a s m a l l  p l a s t i c  tube (0 .5  cm O . D . )  i n t o  the 

g u l l e t  and repeatedly i n j e c t i n g  water i n t o  the stomach using a rubber 

bulb w i t h  one-way valves. T h i s  nondestructive sampling techniqixc is the 

same as that used by Loar ek-. al. (1985) and I s  s imi la r  t o  the procedure 

described by Seaburg (1956). If the blacknose dace is chosen, then 

stomachs will be preserved from individuals  taken for fecundity studies. 

Taxonomic identification of stomach contents wP3 1 be made to die  lowest 

practical taxan (genus, if poss ib le ) .  The studies on food hab i t s  o f  

f ishes  i n  M i t . c h e h l  Branch w i l l  provide general information on t.rophic 

interrelatfonships t h a t  @an be used to construct  camuni ty  food webs o r  

to compare biotic i n t e g r i t y  ( e . g . ,  Karr 1981) with that  of  other  streams 

of  s imi la r  size and habitat, 
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APPENDIX A 

WCATION OF CORBICULA COLLECTION SITE AND 

RESULTS OF CHEMICAL ANALYSES 





OANL-DWG 86-12467 

LENOIR CITY 
0 
4 

F i g .  A-1.  Collection site for Corbicula fluminea used in bioaccumulation studies. 
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Table A-l. Concentrations (in rnfcrogrhams per gram wet weight) 
of polycyclic aromatic hydrocarbons and polychlorinated 

biphenyls in 10-8 composite samples of clams 
(Corbicula fluminea) from Beaver Creek, a 

reference site for the Biological 
Monitoring and Abatement Program 

bioaccwnulation studies 

Sample number 

Compound 1 2 3 

Naphthalene 

Acenaph t h e m  

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

Ideno(l,2,3,-c,d)pyrene 

PCB 1254 

PCB 1260 

T o t a l  PCB 

1.0 

<o. 12 

0.19 

1.7 

<O. 05 

<O .07 

<o. 02 

<o. 02 

<o. 01 

0.011 

<o. 02 

<o. 0 2  

<o. 09 

0.06 

0.02 

0.08 

<O. 45 

<o. 12 

<0 12 

4 . 4 5  

0.15 

<O. 07 

0.06 

0.08 

0.04  

0.045 

<o "02 

0.07 

<o. 09 

0.03 

0.02 

0.05 

<O .45 

<o. 1 2  

<o. 12 

<O .45 

<O 05 

<O. 07 

<o .02 

<o .02 

<o. 01 

0.017 

<o .02 

<o. 02 

<o. 09 

0.08 

0.02 

0.10 
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Table A-2. Results (in micrograms per gram wet weight) 
of gas chromatographic mass spectrometry analysis 
of 10-g composite samples of clams (Corbicula 
fluminea) from Beaver Creek, a reference site 
for the Biological Monitoring and Abatement 

Program bioaccumulation studies 

Sample number 

Compound 1 2 3 

Phenol 

Bis(2-chloroethy1)ether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

Benzyl alcohol 

1,2-Dichlorobenzene 

Bis(2-chloroisopropy1)ether 

N-nitrosodipropylamine 

Hexachloroethane 

Nitrobenzene 

Isophorone 

2-Nitrophenol 

2,4-Dimethylphenol 

Bis(2-ch1orornethoxy)rnethane 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

2-Methylnaphthalene 

2,4,6-Trichlorophenol 

2-Chloronaphthalene 

Dimethylphthalate 

Acenaphthylene 

Acenaph thene 

2,4-Dinitrophenol 

4-Nitrophenol 

€1 

€1 

<1 

<1 

<1 

<1 

<I 

<1 

<1 

€1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 
<1 

<1 

<1 

<1 

<1 

<1 

<5 

<5 

<I 
<1 

<1 

<1 

€1 

<1 

<1 

<1 

<1 

€1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<l 

<5 

<5 

<1 

<l 

<1 

<1 

<1 

<l 

<1 

<1 

<1 

<1 

<1 

<1 

41 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

41 

<1 

<5 

<5 
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Sample number 

Compound 1 2 3 

D ibenzo f uran 

2,4-Dinitrotoluene 

2,6-Dhitrotoluene 

Diethylphthalate 

4 - Chlorophenyl - phenylether 

Fluorene 

4 , b  - B i n 1  tro - 2 -me thy lphenol 

N-nitrosodiphenylamine 

4-Br-phenyl-phenylether 

Mexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Pyrene 

Butylbenzylphthalate 

3,3-Dichlorobenzidine 

Benzo(a)anthraeene 

Ris(2-ethylhexy1)phthalate 

Chrysene 

Di-n-octylphthalats 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno (1,2 3 - cd) pyrene 
Dibenz (a ,h) anthracene 

Benzo(g,h,i)perylene 

<1 

<1 

<I 
<1 

<l 

<1 

< S  

<1 

<I 
<1 

<5 

<I 

<1 

<1 

<1 

<I 

<I. 

<2 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<I 

<I 

<1 

<1 

<1 

<1 

<5 

<1 

<1 

<1 

<5 

<I 

<l 

<1 

<I 
<1 

<1 

<2 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<I 
<1 

<1 

<1 

<I 

<1 

<1 

<1 

<5 

<1 

<1 

<1 

<5 

<1 

<1 

<I. 

<1 

<1 

<1 

<2 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 
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Table A-2. (continued) 

Compound 

Sample number 

1 2 3 

o-Cresol 

p-Cresol 

Benzoic acid 

4-Chloroaniline 

Hexachlorocyclobutadiene 

p-Chloro-m-cresol 

Hexachlorocyclopentadiene 

2,4,5-Chlorophenol 

2-Nitroaniline 

3-Nitroaniline 

4-Nitroaniline 

Benzidine 

1,2-Diphenylhydrazine 

N-nitrosodimethylamine 

<1 

<1 

<5 

<1 

<1 

<1 

€1 

<5 

<5 

<5 

<5 

<5 

<2 

<5 

<1 

<1 

<5 

<1 
<1 

<1 

<1 

<5 

<5 

<5 

<5 

<5 

<2 

<5 

<1 

<1 

<5 

<I 
<1 

<1 

<1 

<5 

<5 

<5 

<5 

<5 

<2 

<5 





41 

INTERNAL DISTRIBUTION 

ORNL/TM- 11965 

1. S .  M. Adams 
2 .  L. J. Allison 
3 .  A. G .  Arp 
4 .  T. L. Ashwood 
5. W. D. Bostick 
6 .  T. A. Bowers 
7. G. F. Cada 
8 .  S. W. Christensen 
9 .  B. F. Clark 
10. A. C. Coroneos 
11. R. L. Fellows 

1 2 - 1 4 .  J. M. Forstrom 
15. R. E. Frounfelker 
16. C. T. Garten, Jr. 
17. C. W. Gehrs 
18. J. L. Haymore 
19. S .  G. Hildebrand 
2 0 .  R. L. Hinzman 
21. M. A .  Huston 
22. 3. L .  Kimmel 
2 3 .  L. A. Kszos 

3 4 .  J. B. Murphy 
35. P. E. Osborne 

3 8 .  M. J. Peterson 
3 9 .  G .  E. Rymer 

2 4 - 3 3 .  J. M. Loar 

3 6 - 3 7 .  P. T. Owen 

40. 
41.  
4 2 .  
43 .  

4 4 - 4 8 .  
4 9 .  
5 0 .  
5 1 .  
5 2 .  
5 3 .  
54. 
5 5 .  
5 6 .  
5 7 .  
5 8 ,  
5 9 .  
6 0 .  
6 1 .  

6 2 - 7 6 .  
7 7 .  

7 8 - 7 9 .  
8 0 .  
8 1 .  
8 2 .  
8 3 .  

M. G. Ryon 
M. K. Savage 
E. M. Schilling 
J. A. Shaakir-Ali 
B. A .  Shoemaker 
L. R .  Shugart 
J. G. Smith 
G. R. Southworth 
A. J. Stewart 
G. W. Suter 
D. W. Swindle 
W. Van Winkle 
L. I). Voorhees 
B .  T. Walton 
S. H. Welch 
H. D. Whitehead, JK. 
Central Research Library 
EMD Document Center 
ESD Library 
ER Document Management 
Center 
Laboratory Records Dept . 
Laboratory Records, ORNL-RC 
ORNL Patent Office 
OWL Y-12 Technical Library 
Y - 1 2  Plant Central Files-RC 

EXTERNAL DISTRIBUTION 

8 4 .  S .  Ahlstedt, Division of Water Resources, Tennessee Valley 

8 5 .  D. L. Buhaley, Environmental Operation Branch, Environmental 
Authority, Norris, TN 37828 

Protection Division, SE-311, Department of  Energy Oak Ridge 
Field Office, P . O .  2001, Oak Ridge, TN 3 7 8 3 1  

8 6 .  D. S .  Day, Environmental Division, U.S, Department of Energy, 
Savannah River Operations Office, Box A, Aiken, SC 29802 

8 7 .  P. H. Edmonds, Radian Corporation, 120 South Jefferson Circle, 
Oak Ridge, TN 37830 

88. J. F. Franklin, Bloedel Professor of Ecosystem Analysis, 
College of Forest Resources, University of Washington, 
Anderson Hall (AR-lo), Seattle, WA 98195 

Department of Energy Oak Ridge Field Office, P.O. Box 2001, 
Oak Ridge, TN 37831 

8 9 .  C .  S .  Gist, Environmental Protection Division, S E - 3 1 ,  



42 

90. 

91. 

92. 

93. 

9 4 .  

95 , 
9 6 .  

97. 

98. 

99. 

100. 

101. 

102 I 

103. 

104. 

105. 

106.  

107. 

108 - 117. 

H. bJ. Hibbitts, Deputy Assistant Manager, Department of  
Environment, Safety, and Quality, SE-30, Department of Energy 
Oak Ridge Field Office, P.O. Box 2 0 0 1 ,  Oak Ridge, TN 37831 
D. R. Hopkins, U . S ,  Enviro ental Protection Agency 345 
Courtland Street, N . E . ,  Atlanta, GA 30365 
G .  M. Hornberger, Professor, Department of Environmeneal 
Sciences, University of Virginia, Charlotkesville, VA 22903 
G .  Y. Jordy, Director, Office of Program Analysis, Office of 
Energy Research, ER-30, G-226, U.S. Department of Energy, 
Washington, DC 20545 
T. Joseph, Environmental Remediation Branch, Environmental 
Protection Division, SE-312, Department of Energy Oak Ridge 
Field Office, P.O. 2001, Oak Ridge, TN 37832 
W. A. Kocher, 1219 Riverbend Drive, Kingston, TN 37763 
E. C. Leming, Director, DOE Oversite Division, 7 6 1  Emory 
Valley Road, Oak Ridge, TN 37830-7972 
G .  J. Marciante, Environmental Protection Division, SE-31, 
Department of Energy Oak Ridge Field Office, P.O. Box 2001, 
Oak Ridge, TN 37831 
A. D. McKinney, Chief, Environmental Services, P.O. Box 40747, 
Ellington Agricultural Center, Nashville, TN 37204 
C .  R .  Olsen, Environmental Sciences Division, Office of Health 
and Environmental Research, ER-74, U.S. Department of Energy, 
Washington, DC 20585 
R. H .  Olsen, Vice President for Research, University o f  
Michigan, Medical Science Building 11, #5605, 1301 East 
Catherine Street, Ann Arbor, MI 48109-0620 
A .  Patrinos, Acting Director, Environmental Sciences Division, 
OSfice Q €  Health and Environmental Research, ER-74, U.S. 
Department of Energy, Washington, DC 20585 
S. S .  Perkins, c/o Labat-Anderson, Inc., Information Resource 
Center, Administrative Record File, 105 Broadway, Oak Ridge, 
TN 37830 
S .  P. Riddle, Environmental Restoration Division, EW-91, 
Department of Energy Oak Ridge Field Office, P.O. WSX 2001, 
Oak Ridge, TN 37831-8541 
W. Schacher, Aquatic Habitat Protection Biologist, Tennessee 
Wildlife Resources Agency, 6032 W. Andrew Johnson Highway, 
T a l b o t ,  TN 37877 
R .  C .  Sleeman, Environmental Restoration Division, EW-91, 
Department of Energy Oak Ridge Field Office, P.O. Box 2001, 
Oak Ridge, TN 37831-8541 
F. J. Wobber, Environmental Sciences Division, Office of 
Health and Environmental Research, ER-74, U . S .  Department of 
Energy, Washington, DC 20585 
Office of Assistant Manager for Energy Research and 
Development, Department o f  Energy Oak Ridge Field Office, 
P.O. Box 7001, Oak Ridge, TN 37831-8600 
Office of  Scientific and Technical Information, P.O. Box 62, 
Oak Ridge, TN 37831 




