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On September 24, 1987, the 
Commonwealth of Kentucky Natural 
Resources and Environmcntal Protection 
Cabinet issued an Agreed Order that 
required the development of a Biological 
Monitoring Program (BMP) for thc 
Paducah Gaseous Diffusion Plant (PGDP). 
The PGDP BMP was implemented in 1987 
by the University of Kentucky. Research 
staff of the Environmcntal Sciences 
Division (ESD) at Oak Ridge National 
Laboratory (ORNL) served as reviewers 
and advisers to thc University ol Kentucky. 
Beginning in fall 11991, ESD/ORNL added 
data collection and report preparation to 
its responsibilities €or the PGDP BMP. 
The goals of BMP are to (1) demonstrate 
that the eftluent limitations established for 
PGDP protect and maintain the use of 
Little Bayou and Big Bayou crceks for 
grawth and propagation af fish and other 
aquatic life, (2) characterize potential 
health and environmental impacts, (3) 
document the effects on stream biota 
rcsulting from operation of pollution 
abalement Eaciiities, and (4) make 
recommendations on any necessary 
improvements for effluent treatability. In 
September 1992, a renewed Kentucky 
Pollutant Discharge Elimination System 
(KPDES) permit was issued to  PGDP. As 
a€ this writing, a new Agrecd Order is in 
draft form. The renewed permit requires 
toxicity monitoring ol continuous and 
intermittent outfalls on a quarterly basis. A 
BMP is not requircd in either the draft 
Agreed Order or the renewed permit; 
howcver, biological monitoring of the DOE 
facilities at PGDP is required under draft 
DOE Order 5400.1. Data collected under 
BMP will also be used to support three 

studies proposed in the draft Agreed 
Order. 

major tasks: (1) eftluent and ambient 
toxicity monitoring, (2) bioaccumulation 
studies, and ( 3 )  ecological surveys of 
stream communities (i.e., benthic 
macroinvertebrates and fish). ri%is report 
includes ESD/ORNL activities occurring 
from December 1990 to Novembcr 1992. 

The BMP for PGDP consists of three 

study Area 

PGDP is located in thc wcstcrn part 
of the Ohio River basin. Surface drainage 
from PGDP enters Big Bayou Crcck and 
Littlc Bayou Creek which are two small 
tributaries to the Ohio River. Big Bayou 
Crcek is a perennial stream with a 
drainage basin c;utending from - 4  km 
south of PGDP to the Ohio Rivcr-. Part of 
its 14.5-km course flows along the western 
boundary of the plant. Little Bayou Creek 
originatcs in the Western Kentucky 
Wildlife Management Area and flows for 
10.5 km north toward the Ohio River; its 
course includes part of  the eastcrii 
boundary of PGDP. Four continuously 
flowing outfalls (01, 006, OOS, and 009) 
discharge to Big Bayou Crcek. QuLfalls 
002, 010, 011, and 012 are combined at the 
C617 pond and discharged via Ouifall 01 t 
to Little Bayou Creek, Eflluent fi-om 
Outfalls 013, 015, 016, 017, and 018 
regularly discharge to Big Bayou and Little 
Bayou creeks during rainfall evcnls. 

Prior to ORNL’s initiation of the 
instrcam monitoring task, a site sclection 
study was conductcd in early December 
1990. This study included visits to 24 
potential refercnct: stream sites located 



outside the boundaries of the YGDP and 5 
stream sites adjacent to the PGDP. Bascd 
on the site visits, biota SLII-VVC~S, and 
previous wm k conducted by the University 
of Kentucky, five stream sites were 
included in the Ambient Toxicity 
monitoring and Instream Monitoring tasks. 

Three sites on Big Bayou Creek-Big 
Bayou Creek kilometer (BBM) 12.5, BBK 
10.0, and BBK 9.1-0ne site a n  Little 
Bayou Crcek, Little Bayou Creek 
kilometer (LUK) 7.2; and onc off-site 
refeerencc station on Massac Creek, Massac 
Creek kilometer (MAK) 13.8 were 
routinely sampled to assess the ecological 
health of the stream and to evaluate 
ambient toxicity. Three additional sites 
(BBK 2.8, ILK 9.0, and LUK 4.3) were 
sampled as part of the bisaccumulation 
monitoring task. Toxicity monitoring and 
benthic macroinvertebrate sampling 
were conducted quarterly, and fisk 
communniiy and bioaccumulation sampling 
were conducted twice annually in the 
spring arid fall. mDES effluents evaluated 
for toxicity included 001, 004, 006, 008, 
009, 041, 013, 015, 016, 017, and 018. 

Ceiiodaphin and fathead minnow 
toxicity tests of effluech from the 
continunusly flowing outfalls (001, 084, 
006, 008, 089 and Oll), the intermittently 
flowhg outfalls (013, 815, 016, 017, and 
O l Q  and ambient si!es (BBM 12.5, BBK 
10.0, BBK 9.1, LUX 7.2, and MAK 13.8) 
were conducted quarterly beginning in 
October 1991. All 3 f  the ambient sites and 
outfalls except 016 were evaluated five 
timcs; outfall 016 was evaluated four times. 
Tests with Ceriodnphrnia and fathead 
minnows wzrc typically conducted 

concentrations (NOEC; that conccntration 
ConcurTently. No-obsewcd-effect 

causing no r c d ~ ~ t i n n  in suwkal or giowth 
of fathead milmows or SUl-Uivdl or 
reproductioil of Ceiiodnphnin) and the 
25% inhibition cnncentrations (I(12.5; that 
corieewtration causing a 25% reduction in 
fathcad minnow growth or Cenobnphnin 
survival cnmpaied to a control) were 
determined for each test. The NOEC was 
used as a compliance endpoht for tests 
conducted under the draft Agreed Order 
(prior to September 1992). 'Lhc !nwer the 
NOEC, thc more toxic an effluent. The 
chronic toxicity unit (TU,= 10011G25) is 
required as a compliance endpoint in  the 
renewed permit (Scpternber 1992 to 
present). Because Little Bayou and Big 
Bayou creeks have been detcrmincd to 
have a low flow of zcro, an NOEC < 
100% effluent or a TU, of > 1.2 would be 
considered a noricornpliance and an 
indicator of potential instream toxicity. 

Effluent samples from tlic continuous 
outfalls were rarely toxic (NOEC c 100% 
01 TUc > 1.2) to Cerm'sdaphnin, and 
effluent from the intermittent outcalls was 
nevcr toxic to Ceriodaphnia. Whcn toxicity 
was obsewed in the sutfalls, IIO toxicity 
was observed in the ambient sites. Elfluent 
samplcs from the continuous and 
ii-itcimittent outfalls w a c  occasionally toxic 
(NOEC c 100% or TU, > 1.2) to Fathead 
minnows. Efhluents from all of the 
continuous outfalls except 001 wcrc toxic 
in k e b r u a q  1992. However, during this 
same test prriod, fathead minilow survival 
was reduced only at BBK 12.5 (skive 
PGDP) and LUM 7.2. It is hypolhcsiecd 
that a pathogenic organism(s) is t h e  caiisc 
of low fathead riiinnow survival a t  thesc 
sites because treatment with ullraviolct 
light clirninated the toxicity. Likcwisc it 
was hypothcsized that a natural p tkogcn  
was thc  cause of "toxicity" to fathead 
minnows at all sites during thi: October 
1991 test. "Toxicity obsewed in thc cfllucnt 
samples from outfalls 004, 006, 008 and 



009 was not present at the ambient sites. 
Effluent from Butfall 
fathcad minnows in 0 
instream toxicity was observed 
Toxicity of the interrnittcnt outfalls may be. 
due to high levels of suspended solids. 
Ambient toxicity tcsts were not conducted 
concurrently with the intermittent outfails. 
Tests with. filtered and nonfiltercd effluent 
during 1993-94 will provide additional 
insight into the toxicity of t 
outfalls. 

Bioacczlmulation 

The objectives of the bioaccumulation 
monitoring were (1) to continue 
polychlorinated biphenyl (PCB) tracking 
studies in fish from Big Bayou Creek and 
Little Bayou Creek; (2) to confirm 
elevated mercury concentrations in fish in 
Big Bayou Creek and establish appropriate 
reference site concentrations; and (3) to 
conduct screening analyses to detect other 
contaminants that might be of concern to 
consumers of fish from these streams. 

PCB and mercury analysis from Big Bayou 

Creek during April 1B2. Hinds Crwk 
(Anderson County, Tennesscc) served as a 
source of uncontaminated reference €ish. 
PCB contamination was evident in tongear 
sunfish collcctcd from both Big Bayou and 
Littlc Bayou creeks. Mean PCB 
concentrations in sunfish from sitcs 
downstream of  PGDP discharges exceeded 

reference sitcs. The highest 
centration occurred in fish 

downstream from o u t M  01 1. 
u Creek, the highest mean 

tion was found in fish from 

Longcar sunfish were collected for 

ayou Creek, and Massac 

te in Little Bayou Crcck 

BBK 9.1, below outfall W1, but fish from 
BBK 110.0 also contained PCB 

contamination. For both creeks, there was 
a strong dowmtrcam gradient in PCB 
~ ~ n t a r n j ~ a ~ ~ ~ n  in sunfish. Along with a 
closc association bctwcen degree of 
c o n t a ~ ~ ~ a ~ ~ ~ ~ n  and proximity to outfalls 
demonstrated to  be PCB sources in the 

c o ~ t a ~ i n a t ~ ~ ~ n  is sustained by continuing 
low level ~ ~ t a m ~ n a t i o n  o€ waters 
discharged to the c reeh ,  rather than a 
r a u l t  of residual CB CQntaEIiPlation ill 
sediments of the eeks tbemselvcs. 
Continued regular monitoring of PCB 
concentrations in Iish are needed to detect 
any . erit trend over time, 

redbreast sunfish from the Tennessce 
reference site (Hinds Crcek) weie less 
than 50% of those observed at any local 
referencc site (Big Bayou Creek or  Massac 
Creek). Mercury concentrations in fish 
from sites in Big Bayou Creek below 
YGDP werc similar and exceedcd that in 
local reference site fish. The slightly 
elcvatcd concentrations of mercuiy in fish 
from Big Bayou Creek below PGDP may 
bc a resull of mercury in PGDP effluents, 
but they may also be a consequence of 
differences in the biogeochemical 
processing of mercury downstream from 
the plant. 

filcts of longear sunfish from Rig Bayou 
Creek and Little Baynu Creek arc typical 
oE those obscrved in previous monitoring 
and generally differ little (with scveral 
exceptions) from concentrations observed 
in t'ish from the Tennessec rcfcreiw site. 
e'onccntrations of As, Cd, Cu, Pb, Se, and 
Zn were similar to or lower than ihe 
national geometric mean concentrations 
observed for whole body analyscs of fish in 
the USEWS National Contaminant 
Biornonitoring Program. Conwntrations of 
Sb, Cd, Cr, Ni, Se, and Ag were well below 
scrccning Icvels used in the Environmental 

is suggests that the pattern of  

concentrations of mercuiy in 

Concentraiions of metals mcasurcd in 
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Protcction Agency (EPA) Intcgrated Risk 
Informatiorn Systcm (IRIS). Beryllium and 
arsenic wcre not detcctcd in FGDP fish 
(beij4liu~ti detection limit was at thc IRIS 
screening Ieve1; arsenic detection limit was 
10 x screening level). Tht9su.: metals for 
which IMdS screening levels are not 
published (Cu, Pb, TI, U, and Zn) were 
found at concentrations similar to or lower 
than typically occur in food siicln as marine 
flsrsh or mammalian nusclc: (Bowen 1979)- 
Detection of elevzted concefitrations of 
uranium in fish fnom Little Bayou Creek is 
consistent with the observed elevated 
conccntrations of uranium in this creek. 

Beginning in September 1991, benthic 
macroinvertebrate samples W F ~ C  collected 
at quarterly intctvals from five stream sites. 
The services of a subcontractor will be 
retained durirng summer 1993 to process 
invertebrate samples. Saniplcs are currently 
being stored and maintained at a benthic 
invertebrate sample chain-of-custody 
facility at ORNL in Oak Ridge. Tennessee. 
Processing will involve (1) sorting the 
invertebrates from the debris in each 
sample, (2) identifying taxa to the: lowest 
practical level (germus in most cases), and 
(3) entiarerating the ifidividuals within each 
taxon. 

studies can be used to assess the ecological 
effects of changes in water quality and 
hd i t a t .  The initial objectives of the 
instream fish monitoring task were (1) to 
characteriEe spatia! and temporal patterns 
in the distribution and ahrndance of fishes 
in Little Rayosi Creek 2119 Big Bayou 
Creek and (2) to document the effccts of 
PGDP operations o n  kish community 
structure and function. Quantitative 
sampling of the fIsh populations at four 

Fish population and community 

sitcs in the Bayou watershed (BBX 12.5, 
BBK 10.0, BRR 9.1, and LUK 7.2) and at 
onc site i i i  a reference stream, MRSWC 
Creek ( M M  13.8>, was conductcd by 
c1ec:rofishinig from S e p t e d ~  22 to 25, 
1991 and from March 15 to 17, 1992. Data 
from these samples were used to cse’ c l  ma t e 
spccies richness, population s i x  (nurnbexs 
and biomass per unit area), length 
frequency, and condition factors. 
Qualitativc fish sampling waq conducted by 
elcctroffshing 011 March 17 and June 9, 
1992. Data from these saiiiples werc used 
to determine the species richncss and 
number of specimens (relative ahundance) 
based on sampling a known length of 
stream. 

Data on the fish corninunities of Big 
Bayou Creek and Little Bayou Creek 
downstream of the PGDP were compared 
to data from refereace sitcs located on Big 
Bayou above PGDP and on Massac Crcck. 
These cornparisnws indicated a slight but 
noticeable degradation in ths: communities 
downstream of P6DP. The  fish 
communities at BBK 10.0 and BBK 9.1 
showed signs of impact. The tisk 
community at BBK 10.0 had a low mean 
and total species richness coniparcd t o  the 
reference site (MAK 13.8). At both sitcs, 
there were few sefisitive spccics at low 
densities and tolerant spccics were moie 
common and abundant than at t he  
reference. ‘The presenec of hybrid sunfish 
at both site? indicates that the communitics 
were under saxe  reproductive stncss. 
Flildy, condition factors at cach site wcrc 
higher than at MAK 13.8. Thc high 
condition factor combined with a large 
population of central stoneroller? at 
HBK 10.0 indicates that thcre  is somc 
nutrient enriclimenl; at this site 

generally in poor condition comparcd with 
thc BBK 12 5 rcferewce. The mcan and 
total spccies richness values were low and 

The fish community at LUK 7.2 was 
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the community lacked any catostomid 
species. Sensitive species were absent and 
several. tolerant species were present at 
considerable densities. Because the site is 
on a smaller stream, some of these 
deficiencies might be expected; however, 
overall the ~ o m r n u ~ i l ~  was poorer than at  
BBK 9.1 but not as aEected as BBK 10.0. 
The downstream qualitative sile, LUK 4.3, 
did not appear to continue the poor 
conditions frdund at LWK 7.2. Species 
richness was cornpasable to MAK 13.8, 
particularly in terms of scnsitive species. 
The community was well represented in all 
families, except perhaps catmtornids, and 
significant absences in leeding guilds were 
not demonstrated. The relative abundance 

and catch per effort data were siinilar to 
quantitative data at MAK 13.8 and 

K 9.1.Thc Cih  mi^^^^^^^ associated 

conditions. The greatest impacts occurred 
at sites closest to the plant, which suggests 
that PGDP efguents may bc thc cause. 
The low species richness and lew sensitivc 
species can be caused by poor water 
quality (e.g., high Lernpcraturcs or chlorinc 
Levels) or reflect degraded habitat 
conditions. Biomass and density respond 
quickly tcr improvements in degraded 
conditions and it will bc important to 
follow changes in thesc parameters, 
particularly at the most stresscd sites. 

P streams indicate depressed 
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id~gi~il Monitoring Program - 1-1 

I. 

On September 24, 1987, the 
Cammonwealth of Kentucky Natural 
Resources and E n ~ r o ~ ~ e n t ~ ~  Protection 
Cabinet issued an Agreed Order that 
required the development of a Biological 
Monitoring Program (BMP) for the 
Paducah Gaseous Diffusion Plant (PGDP). 
A plan for the biological. monitoring of the 
receiving streams (Little ayou Creek and 

ayou Creek) was prepared by the 
University of Kentucky (Birge ct  a]. 1987), 
reviewcd by star[ at PGDP and Oak Ridge 
National Laboratory (ORNL), and 
submitted by the US. Department of 
Energy (DOE) to the Kentucky Division of 
Water for approval. Tlhe PGDP BMP was 
implemented in 11987 and consisted of 
ecological surveys, toxicity monitoring of 
effluents and receiving streams, 
bioaccumdation of trace contaminants in 
biota and supplemental chemical 
characterization of effluents. The goals of 
BMP are to (1) evaluate the acceptability 
of PGDP effluents under the Kentucky 
Pollutant Discharge. Elimination System 
(KPDES) regulatory program, (2) 
characterize thcir potential health and 
environmental impacts, and (3) make 
recomrncndations on any ncccssary 
improvements for effluent treariabili ty. The 
PGDP BMP was patterned aftcr plans that 

e implemented in 1985 for the Oak 
ge Y-12 Plant ( b a r  et  al. 1989) and in 

1986 for ORNL (Esar et  al. 2991) and the 

k Ridge K-25 Site; Kszos 
use research staff From 
I Sciences Division 

(ESD) at ORNL were expcriciiced in 
biological monitoring, they scived as 
reviewers and advisers throughout thc 
planning and ~ ~ p ~ e ~ e n t ~ t ~ o n  of  the PGDP 

ata resulting from the BMP 
conduetcd by the University QE Kentucky 

ous Diffusion Plant 

were presentcd in a 3-year draft report 
issued in December 19%) (Birge et  al. 
1990) and an annual report issued in 
December 1W1 (Birge e t  al. 4992). 

added data collection and report 
preparation to its 
PCDP BMP. The 
continued becaus 
extremely valuable in ~ ~ e n t i f ~ ~ n ~  those 
effluents with the potential for adversely 
affecting instream fauna, assessing the 
ecological health cd receiving streams, 
guiding plans for remediation, and 
protecting human hcalth. For example, 
BMP revealed the accumulation of 
polychlorinated biphenyls (PCBs) in fish 
from selectcd reaches of the Bayou 
watcrshcd, a finding that prompted 
issuance of a fish consumption advisnry for 
Little Bayou Creek by the Kentucky 
Department for Environmental Protection. 
Continuation of BMP will also providc a 
data base that can be used to dctcrmine 
the adequacy and efficacy of remedial 
actions that are implemcntcd and tu d c t e ~ t  
any new or unsuspected toxicants that are 
rcleased in effluents. 

In Scptcmber 1992, a rencwcd 
KPDES permit was issued to P)GDP. As of 
this writing, a new Agrced Order is in draft 
form. Thc rcncwed pcrrnit rcquires taxicity 
monitoring of continuous and intermittent 

uartcrly basis. A BMP is not 
required in cllher thc draft Agreed Order 
or thc renewed permit. However, biological 
monitoring of the DOE facilities at PGDP, 
at Oak Ridge, Tennessee, and at 
Portsmouth, Ohio, is rcquircd undcl- DOE 
Order 5400.6. Data colleetcd uirdcr EM? 
will also bc uscd to support thrce studics 
proposcd in the: draft Agreed Ordcr: (1) 
tcrnperature variability and instream effccts 
of  elcvated tcinperature from oukfalls 001 

Beginning in fall 1991, ESDiORNL 

sibilitics for the 



and 011; (2) influence of effluent pW on 
instream pM; arid (3) development of site- 
specific rnetai. limits for outfalls. 

The BMP for PGDP consists of three 
major tasks: (1) effluent and ambient 
toxicity monitoring, (2) bioaccumulation 

studies, and (3) ecological suivcys of 
stream communities (c.g., benthic 
macroinvertebrates and fish). This report 
includes ESD/ORNL activities occurring 
from December 1990 to November 1992. 



21 s m e  ON 
R. L. Himniun arod T. G. Jetf 

The PGDP is managed by Martin 
Marietta Energy Systems, he.  for DOE. 
The plant was csmtructed in 5951 and is 
an active uranium enrichment facility 
consisting of a diffusion cascadc and 
extensive support facilities (Kornegay et al. 
1992a). The uranium enrichment gaseous 
diffusion process involves more than 1800 
stages with operations housed in 5 
buildings covering - 3 
support facilities, the plant has - 30 
permanent buildings located on a 1385-ha 
site (Qakes et al. 1987). Support facilities 
include a stcam plant, four electrical 
switchyards, four sets of cooling towers, a 
chemical cleaning and decontamination 
facility, water and wastcwatcr treatment 
plants, a chromium reduction facility, 
maintenance and laboratory facilities, and 
two active landfills. Several inactive 
facilities arc also located on the site. 
Currently, the Paducah cascade processes 
are being used for thc enrichment of 
uranium up to 2% asU. This product is 
transferred to the Portsmouth (Ohio) 
Gaseous Diffusion Plant for further 
enricbmcnt (Oakes ct  al. 1987). Most of 
the uranium produced is used for national 
defense and commercial reactors in thc 
United States and abroad. 

21.1 h d  Use 

The area surrounding PDGP is mostly 
rural, with rcsidences and farms 
surrounding thc plant. Immediately 
adjacent to PGDP is the West Kentucky 
Wildlife Managemcnt Area ~ W K W ~ ~ ) ,  a 
2821-ha facility made up s f  natural habitat, 

s ~ ~ t e - m a ~ ~ t a ~ n e ~  forage crops, and ponds, 
which is used by hunters and fish- Lrltlen. 
About 20 d t b e  35 ponds support fishing, 

eer are hamated  annually. 
dation within the 8O-krn 

radius of the plant is about 3 people. 
The unincorporated communities of 
Grahamville and Heath are within 2-3 km 
cast of the facility. e largest cities in the 
region are Paduc-ah, Kentucky, and Capc 
Girardeau, Missouri, located about I6 and 
64 air km away respectively (U.S. 
Department of Commerce 1991). 

PGDP is located in the Jackson 
Purchase region of western Kentucky, It 
lies in the northern margin of the 
Mississippi Embayment portion of the CulC 
Coastal Plain Province. The Mississippi 
Embaymcnt was a large scdimentary 
trough, oriented roughly north-stjutb, 

during the Cretaccous and 
Tertiary pcriods. The sedimcntary 
sequence overlying the Mississippian age 
bcdrock in the vicinity of PG 
mainly ob fine- to rncdiurn-grnincd cjastic 
materials, including (from youngest to 
oldest) a basal g r a d  (Le.? Tuscaloosa 
Formation) or  rubble zone, the McNary 
Formation, the Porters Crcck Clay, and 
undi€ferentiated Eocene sands. 

embaymerat sedirncnts, thc ernhaymcnt was 
eithcr uptiftted and/or sea Icvcl lowered, 
resulting in the development o f  an 
erosional surface that truricatcd t h e  
sediments. Subsequently, during the latc 
'I'ertiary and Quaternary 
designated as thc  Continental Dcposits was 

Following dcpositim of the 

laid in t h e  region. ~hic ~ 4 n c T 1 t a i  



Deposits have been interpreted as 
originally bei-iig deposited in an alluvial fan 
that covered most of the Jackson Purchase 
region (Olive 1980). The Continental 
Deposits have been iiifoimally divided into 
a lower gravel region and an uppcr silt or 
clay unit, each unit varies in thickness from 
0 to 32 m. The clay facies are believed to 
consist of discontinuoaas fine sand lenses 
enclosed by clay, hawse r ,  this 
interpretation is based on limited data and 
the degree of interconnectedness of the 
intcrbedded sand lenses cannct be verified 
at this time (Kornegzy et ral. 199%). 
Immacdiately overlying the Continental 
Dcposits, Pleistocene locss (originating as 
windblown material generated by glacial 
activity) was deposited in a layer of 
variable thickness ( 3  .- 10 m). Recent Ohio 
River alluvial deposits occur at lower 
e!evations along the river's floodplain. 

Currcnt urndeistanding of local 
groundwater hydrology in the vicinity of 
PGDP i s  dominated by the recognized 
impm Lance of the Continental Dcposits. 
T h i s  unit is termed the regional gravel 
aquifer (RGA) and is the uppermost 
aquifer ufidedying most of PGDP and the 
cc~ntiguous area north. This groundwater 
flow system i s  prirrmarily developed irr 
Pleistocene sands and gravels of the lower 
member of thc Contincntal Deposits, - 13 
to 33 m beneath PGDP. The Continental 
Deposits rest upon terraces cut by the 
ancestral Tennessee and Tennessee-Ohio 
Rivcss. Terrace cscarpanernts occurring 
under the south cad of PSDP form the 
southern limit of the WGA. 

Groundwater flow in the loess and thc 
upper mcmber of the Continental Deposits 
is prirnardy oriented dcwnward bccause of 
the interbedded sand and gravel lenses and 
the significantly lower potentiometric 
surfacs of the RGA. Within the RGA, 
flow is directed aorth, discharging into the 
Ohio River. The hydrology of the RGA 
was €irst investigated Sy the 17. S. 
Geological Service (USGS) in the mid 

1968s. Results of these studies indicated 
that the gravel is saturated over most of its 
areal extent in the region of the plant, and 
wells completed within it are reported to 
be capable of producing yields of up to 
3790 Wmin. For a more detailed 
description of the geohydrology of the 
area, see Kornegay et al. 1992a; CH2M 
Hill 1981; D'Appolonia 1983; TERRAN 
1998; GeoTrans 1990. 

2.1.3 surface water 

PGDP is located in the western part 
of the Ohio River basin. The confluence of 
the ioliio River with the 'Tennessee River 
is -- 24 km upstream of the site, and the 
confluence of the Ohio River with the 
Mississippi River is - 90 km downstream 
of the site (Fig. Zl). Surface drainage from 
PGDP is two small tributaries of thc Ohio 
River, Big Bayou Creek and Little Bayou 
Creek. 'Ihese crecks meet - 4.8 km north 
of the site and dischargc to the Ohio River 
at kilometer 1521, - 56 kin upstream of 
the confluence oC the Ohio and Mississippi 
Rivers (Fig. 2.2). PGDP is located on a 
local drainage divide; surface flow is east- 
northcast toward Little Bayou Creek and 
wcst-northwest towards Big Bayou Crcck 
Dig Bayou Creek is a perennial stream with 
a drainage basin extending from - 4 k m  
south of PGDP to thc Ohio Kivcr. Part o f  
its l4.5-krn course flows along the westcrn 
boundmy of the plant. Little Bayou Crcck 
originates in the WKWMA and flows for 
10.5-krn north toward tile Ohio River; its 
course includcs part of the eastcrn 
boundary of the plant. The walershcd arcas 
for Big Bayou Creek and Little Bayou 
Creek are about 4819 and 2428 ha 
respcctively. Thesc creeks exhibit widely 
fluctuating discharge characteristics that 
are closely tied to local precipitation and 
facility effluent dischargc rates. Natural 
runoff nakcs up a small portion of the 
flow; and, during dry weather, effluents 
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Fig. 2.1. Map showing the location of Paducah Gaseous Diffusion Plant (PGDP) in 
relation to  the geographic region. The reference site for PGDP biological monitoring 
activities is located on Massac Creek kilometer (MAK) 13.8, 





from PGDP operations can constitute 
about 85% of the normal flow in Big 
Bayou Creek and 1 

wing the dry season in sumnicr to 
nu-flow conditions may occur in 

n of Little Bayou Creek 
2). ~ r e c i p ~ ~ a t i o ~  in the 

region averages about 120 cm per year. 
The lower Bayou drainagc has low to 
moderatc gradient, and the lower rcaches 
are within the flood plain of the Ohio 
River. The drainage basin is included in 
ecoregion 72 (Interior River Lowland) o f  
the contiguous United States (Omernik 
1987). Vegetation is a mosaic of forest, 
woodland, pasture, and cropland. 

The majority of liquid effluents at 
PGDP consist of once-through cooling 
water, although a variety of liquid effluents 
(uranium-contaminated as wcll as 
noncontamina red) result from activities 
associated with uranium precipitation and 
facility-cleaning opcrations. Conventional 
liquid discharges such as domestic sewage, 
steam plant wastewaters and coal-pile 
runoff also occur. Routine monitoring 
activitics provide data to quantify total 
discharges to  surlace water in order to 
demonstrate compliance with federal, stale, 
and DOE requirements. Monitoring also 
assists with evaluating thc effectiveness of 
effluent treatmcnt and control programs. 

The Clean Water Act is currently 
administered for PGDP by thc Kentucky 
Division of Water (KDOW) through the 
KPDES Wastewater Dischargc Permitting 
Program. A National Pollutant Discharge 
Elimination System (NPDES) permit 
~ K ~ ~ ~ 4 ~ 4 ~ ) ,  issued by Region IV of thc 
W. S. En-vironmcntal Protection Agemy 
(EPA), became effective Fcbruary 15, 
1975. Thc NPDES pcrmit was revised 

February 4, 1977, and expired in 1980. 

operated under the original 1975 NBDES 
permit until the state of Kentucky issued 

S permit ~ K ~ ~ ~ 4 o 4 ~ ) .  O n  
5, 1986, the state permit was 

adjudicated because the permit limits were 
not achievable. As part of the negotiations 
assoeiatcd with the a dication process, an 
Agreed Order was p osed that includcd 

study was conducted at PGDP. The 
KPDES permit expired in October 1951; 
howevcr, monitoring continua under the 
KPDES Agreed Order. By submitting 
permit renewal documents in May 1991, 
PGDP complied with regulations that allow 
the continued discharge o f  wastcwater 
under the auspices O C  thc expired permit. 

Monitoring of 17 individual outfalls is 
conductcd in accordance with thc KPDES 
Agreed Order. Table 2.1 lists all toutfalls 
and their contributing processes; Fig. 2.2 
shows the location of the outfalls. Eight of 
the 17 outfalls discharge continuously to 
thc receiving streams. Outfalls W1, 006, 
808, and 009 discharg 
Bayou Creek; outfall 
012 are combined at the C-617 pond and 
discharge continuously to Little Bayou 
Creek. Thesc combined 
averagcd - 15 IO6 X&y and 1.8 x 
lo6 L per day t ig Bayou Creek and 
Littlc Bayou Creek rcspcchivcly. 

and minimum), the number o f  
observations, and the interim limits for 
KPDES chemical paranietcrs observed at 
each outfall arc given in Appendix A 
(Tablcs A.1 to A I S ) .  Water quality in the  
outfalls was affected by occasional 
incrcases in Concentrations o f  SOMC metals 
(most outEalls), iricrcased concentrations oT 
residual chlorine (~utfaalls 001, 002, 008, 
009, 010, Oll), and high p1-J levels. Mcan 

interim limits while logical monitoring 

Summary statistics (mcian, maximum, 



001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

011 

012 

013 

014 

015 

016 

017 

C-616, C-680, '2-400, C-410, C-635, 
C-335, C-337, C-535, C-537, C-746-A 
C-747-4 C-635-6 

C-360, C-637, C-337-A 

North edge of plant 

C-415 savage treatment plant, C-710, 
C - 7 3 ,  C-750, C-100, C-620, C-4W 

C-611 primary sludge lagoon 

C-611 secondary lagoon 

Outfall eliminatzd 

C-743, C-742, C-741, C-723, C-721, 
C-728, C-729, C-400, C-420, C-410, 
C-727, C-411, C-331, C-310, C-724, 
C-744, C-SW, C-405, C-409, C-631, 
C-720 

C-810, C-811, C-331, C-333, '2-310, 
c-100, c-102, c-iOl,  c-212, c-200, 
(2-300, C-320, C-302, C-750, C-710, 
C-720 

C-531. C-331 

C-340, C-533, C-532, C-315, C-333, 
C-331 

C-633, C-533, C-333-A 

Southeast corner of the plant 

C-611 U-shaped sludgc lagoon 

West central plant areas 

Southwest comrr of the plant 

Extrcmc south area of the plant 

6.2k4.3 

0.4+0.6 

2.8 

1.5 k0.2 

NMC 

2.7k1.1 

NMC 

4.5k3.2 

1.7k4.6 

0.3k0.3 

0.5 f O . 5  

0.6f1,2 

5.3 + 8.1 

NMC 

1.5+3.7 

4.7k6.3 

0.8 t 1.8 

Recirculating cooling water blowdown treatment 
effluent, coal-pile runoff. once-through cooling 
water, surface runoff, roof and floor drains, 
treated uranium solutions, sink drains 

Once through cooling watcr, roof and floor 
drains, sink drains, extended aeration sewage 
treatment system 

Storm oveztlovi of norlh/south diveision ditch 
discharges 

Domestic sewage, laboratory sink draiils, motor 
cleaning, garage drains, laundry, machine coolant 
treatment filtrate, condensate blowdown, once- 
through cooling water 

Water treatment plant sludge, sand filter 
backwash, laboratory sink drains 

Water treatment plant sludge, sand filter 
backwash, laboratory sink drains from outfall 005 

Surface drainagc, roof and floor drains, once- 
through cooling water, paint shop discharge, 
condensate, instrument shop cleaning area, metnl- 
cleaning rinse water, sink drains 

Surface drainage, roof and floor drains. 
condensate, once-through cooling water, sink 
drains 

Switchyard runoff, roof and floor drains, 
condensate, sink drains 

Once-through cooling watcr, roof and floor 
drains, switchyard runoff, condenqate, sink drains 

Roof, floor and sink drains, Condensate. surface 
runoff, extended aeration sewage tr- d t m e n t  
system 

Surface runoft 

Sand filter baclcwash, sanitary water 

Sui lace runoff 

Surface runoff 

Surface runoff - -._-_ 
"Numeral indicates outfall designation. Locations also identified in  Fig. 2.2 of this report. 
'Mean discharge in millions of liners per day f 1 standard deviation. 
'3iM = Not monitored 
Note: This table was taken from Korncgay et al. 1992 (Paducah Gaseous Diffusion Plant Environmental Report for 

1991. ES/ES€1-22/%'3. Oak Ridge National laboratory, Oak Ridge, Tcnnessee) and Rirgr et al. 1992 (Biological 
Monitoring Prograin for the Paducah Gaseous Diffusion Plant. Annual Report for Study Period October 1990 through 
March 31, 1992. University of Kentucky, Lexington, Kcntuckyy). 



hardness values at outfal 
twice as high in 1592 tha 
years (Table 5.3 in irgc et  al. 1992). A 
discussion of current water quality 
monitoring occurs in Sect. 3 of this report. 
Discussions of previous water quality 
monitoring cfforts cats be found in Birge el 
al. 19!XL 

ditch is normally channeled through outfall 
001 by a lift station that pumps the 
effluent through the @-616 full-flow 
lagoon. However, during rainfalls with 
flows that have maximum daily averages 
greater than a 10-year occurrencc interval, 
thc lift station overflows to outfall OM3. 
This is the only time that outfall 003 is 
monitorcd. No tlow occurrcd at outfall 003 
in 1991; therefore, no monitoring data 
were collected. Outfall 005 is not 
monitored regularly because its elfluent 
flows into the C-64 1 secondary lagoon. 
Outfall 006, the C-611 secondary lagoon, is 
monitored €or the same parameters as 
those required for outfall 005. Outfall 007, 
a septic field for the C-611 water treatment 
plant, is not permitted to expcrience any 
discharge. QutFdlOl4 was not monitored 
in 1991. Monitoring of this U-shaped 
lagoon occurs only when the C-611 sludge 
lagoon is dredged (Le., cvery 2 or  3 years), 
and tbe filter backwash is discharged to  
outfall 014. 

noncompliances at PCDP under the 
Agreed Order has steadily declined over 
the last 3 years; there were 33, 24 and 16 
noncompliances in 1998, 1991 and 1992 
respectively. Qnc residual chlorine 
noncompliancc occurred in 1991 
(compared with 12 in 1990) due to 
inadequate sodium thiosuliatc feed at 
outfall 010. There was also one 
uncxplained residual chlorine 
noncompliance at outfall 081 in 1992; the 
KPDES limit was exceeded by 0.001 ppm. 
There were four suspended-solids 
noncompliances in 1991 and twu in 1992; 

Flow from the norttrisouth diversion 

ne number or KDPES 

all were tht: results of hcavy rain 
suspending sediment in eftluent waters. 

holding time for a turbidity sample 
cxcccded in 1592, rt:sulting in a 

noncompliance. One  iron and o n e  
chromium ~ ~ n c ~ ~ p ~ i a ~ c e  occurred in 1991 
due to soil disturbanch: during construction 

ere were 16 tcmpcrature 
noncompliances and one 
~ ~ m ~ ~ r a t ~ r e - ~ ~ ~  issolvtd oxygen 
~ o i ~ c ~ f ~ ~ ~ ~ i ~ n c e  1. The tcrnperature 
~ ~ ) n c ~ ~ ~ l ~ a n c c s  were relate 
once-through cooling water 
condensate discharges. Four p 
exceedances occurred in 19 
rcsult of a malfunction in the water 
trealmcnt facility, and the others were 
attributed to algal blooms in holding 
lagoons. I'hrec trichloroethylenc 
noncornpliances occurred in. 1992 when 
samples were discarded bcforc thc rcsults 
were received from the laboratory. One 
sccirculating cooling water spill and one 
chilled water spill occurred in 1992 and 
were attributed t n  mechanical failures. 
'I'hrce unpermitted discharge violations 
occurred in 1992. 

to reduce the number of KPDES 
noncompliances at PGDP. Emphasis has 
bccri placed on erosion control at 
construction sites, effiucnt ditchcs, and 
landfills. A best management practices plaii 
for the coimi.rol o C  suspcndd solids, 
prepared in 1991, details measurer, takcn to 
prcven t erosion and investigates erosion- 
related problems and correctivc measures. 

by Lhe KIDOW. Plant EfiIuenL 
Chlorine and Temperature Control Project 
became operational in Octohcr 1991. 'The 
project provided a common lagoon (C-617) 

lagoon, designed to  contain eifiuent from 
thc outfall except during heavy rainfall, 
provides sodium thiosulfate feed for 
chlorine removal and increased holding 
timc loor temperature reduclion. Sodium 

Correctivc measures have bcen taken 

The plan was su led to  and approved 

for outfalls 002, 01 0, 01 1, and 012. This 



tkiosdfate feed stations were installed 
perinancntly at outfalls 089 and 004. Once- 
through imcling water that originally 
fl~owcd through outfall 
through the C-615 full-flow lagoon to allnw 
for chlorine dissipation. In rcsponse to 
tempcrature noncompliances, leaking 
steam traps in several buildings were 
repaired or replaced and ternpcraturc 
noncompliances ceased. 

1 is now routed 

' f iree sites on Big Bayou Creek (Fig. 
2-21> Big Bayou Creek kilometer (BBK) 
12.5, BlRK 10.0, and RBM 9.1; one site 011 

Little Bayou Creek (Fig. 2 4 ,  Little Bayou 
Creek kilometer (EUK) 7.2; and one off- 
sit@ reference station 011 Massac Creek 
(Fig. L l ) ,  Massac Creek kilometer (MAK) 
13.8, were routinely samplcd to assess the 
ecological health of the stream and to 
evaluate ambient toxicity. A summary of 
the site locations is given in Table 2.2. 
Three additional sites ( S B X  2.8, LUK 9.0, 
and LUK 4.3; Fig 2-2) were sampled as 
part of the bioaccumulation monitoring 
task. Hinds Creek in East Tennessez also 
sewed as a reference site for the 
bioaccunaulation monitoring task. A 
description of the sampling locations for 
the bioaccumdation monitoring is provided 
in Scct. 4. Site selection and sampling 
locations for the ecolngical monitoring 
studies are described below. Ambient 
toxicity monitoring sitcs were chosen to 
corrcspond with those, used for ecological 
monitoring. Biological monitoring activities 
coiadu~tcd through Dccember 1992 are 
outlined in Table 2.3. Toxicity monitoring 
and benthia: macroinvertebrate sampling 
were conducted quarterly, and fish 
community and bioaccumulation sampling 
werc conducted twice atmually (in the 
spring and fall). KPDES ~ ~ i l B l l s  whose 

effluents were evaluated for toxicity 
included 081, 004, 006, 008, 009, 011, 013, 
015, 016, 017, and 018. 

Prior to ORNL's initiation of the 
instream monitoring task for the PGDP 
BMP, a site selection study was conducted 
in early December 1990. This study 
included visits to 24 potential refercnce 
stream sites located outside the boundaries 
of PGDP (Table 2.4), and 5 stream sitcs 
adjacent to PGDP: LUK 7.2, LUK 4.3, 
BBM 125, BRK 9.1, and the tributary 
draining Outfall 003. The site selection 
study also involved the collection of 
qualitative benthic macroinvertebrate and 
fish samples at some of the sites to  aid in 
final site selecti~n. 

Checklists of invertebrates and fishes 
collected from selected sites during the sitc 
selection suwey are presented in Tables 2.5 
and 2.6 rcspectively. Because these samples 
were qualitative, the results sewc primarily 
to document that these taxa were present 
at these sites at the time of the survey. 
However, these qualitative data did provide 
some minimal information on the relative 
health oC each stream sampled and, thus, 
hclped in making final site selections. 

Based on the site visits, biota s~w'eys, 
and previous work conducted by the 
University of Kentucky (IKirge et al. 1990), 
five stream sites were included in the 
instream monitoring task of the BMP. A 
list of the selected sites and a surninary of 
their locations are given in Table 2.2; their 
locations in relation tn the FCDP arc 
shown in Fig. 2.1 and Fig. 2.2. Final 
sampling locations within each selected site 
were made in June 1991 during a habitat 
characterization study. 'l'his study includcd 
rncasureiiierits of vegetativc cover, bank 
structure, channel morpholqgy, substrate 
and cover variablcs, and f l ~ w  conditions. 
Pcr Linent results of this study for each site 
are presented in the sections following. 
Available water quality data, obtained 
duririg the. routine collection of benthic 



Table 2.2. b t i o n s  and names of sampling sites included in Paducah Gaseous Diffursion 
Plant Biological Monitoring Program for the lnstrcam ~ o ~ ~ ~ o ~ ~ g  Task 

University of Kentucky Permanent 
Stream name/site site nameb 

Location" 

Rig ]Hayou Creek 

nu I 

BE34 

BB7 

Massac: Creek 

Not sampled 

-200 ni downstream of bridge on South Acid 
Road 

-SO m upstream of Outfall 006 

-25 m upstream of flume at gaging station at 
Bobo Road 

- 110 m downstream of bridge on Route 358 

-40 m upstream of bridge on Route 62, 10 km SC 
of PGDP 

WBK 12.5 

13BK 10.0 

RRK 9.1 

LUK 7.2 

MAK 13.8 

"Locations are based on approximale dislances from a major landmark (e.g., bridge or outfall) 
to the bottom of the reach. 

bSite names are based on stream name and distance of the sile from the mouth of the stream. 
For example, UB7 is designated as Big Bayou Creck Kilometer (BBK) 9.1 and is located 9.1 kin 
upstream Qf the moulh; LUK = Little Rayou Creek kilnmeter; and MAK = Massac Creek kilometer. 

Tdble 2.3. Sampling schedule for the four componcnts of the Biological Monitoring Proprn 
at Paducah Gascow DWion  Plant for Scptembcr 1991 through b r n b e r  1932, 

Month 
Toxicity Benthic 

Fishes Bioaccumulatlpn 
monitoring n2acroinvertebratcs 

1991 

Sept. 

OCt. 

Nov. 

X 
X X 

x 

19m 

.Tan. 
Feb. 

Mar. 

Apr. 

June 

July 

Aug. 
Sept. 

OCL. 

Nov. 

May 

X 

X 

X 

X 

X 

X 

X 

X 

Uec. X 



General location Specific location 

Drainage Direction County Stream Location‘ USGSb 

I_.I___ .-._..I _I. 

from PGDP quadrangle 

Clinton Creek W Ballard Clinton Creck 3 k m S O f  Bandana 
(N of Route 60) Monkey’s Eyebrow 

1 kni S of Bandana on 
Route 358 

llanley Creek Baa d a n a 

IIanley Creek 1 km Pd of Bandana on Bandana 
Route 358 

Humphrey Creek SW Ballard Humphrey Creek 1 km E of Hinkelville La Ccntcr 
( S  of Route 60)“ 

Humphrey Creek Route 40 E of La Center La Ccntcr 

Humphrey Creek Route 358 N of La Center La Centcr 

Humphrcy Creek 3 km SE of La Centcr La Ccntcr 

Little Humphrey Route 358 N of la Center In Center 
Creek 

Champion Creek SE McCracken Champion Creek Route 994 Paducah West 

Massac Creek E McCracken Massac Creek 0.2 krn E of Maxun on Paducah West 
Route 786i305 

Massac Creek 4 km SW of 1-25 on  Paducah West 
Route 60 

Massac Creck Route 62 at USGS gaging Paducah Wcst 
station 

Massac Creek Route 1322 Paducah Wcst 

Middle Fork Route 62  Paducah Wcst 

hlasrac Creek E McCracken Middle Fork Route 1322 Paducah Wcst 

West Fork Biggs Road and Route 996 €Ieath 

West Fork Routes 996 and 726 I Icath 

West Fork 0.5 kin B of Future City Heath 
on Route 60 

Wcst Fork 1.3 krii B of Health on I Icath 
Route 724 

0.5 km E of Lamont on 
Route 996 

Little M3ssac Creek I Icath 

Black Branch Route 60 Padncah West 

Newton’s Creek NW McCrackcn Newtoii’s Creck Grief Road Joppa 

Nasty Crcek Grief Road JoPPa 

Rig Bayou Creek NW McCrackcn Briishy Creek Bethel Church Road Joppa 
1.4 krn S of Route 358 

“All sites were located at road crossings (bridges) except the Iwo sites on Koute 358, north of La Center 
bUSGS = LIS. Geological Service. 



Table 25. Resulls of qualitative survey of benthic macroinvertebrates in Little Bayou Creek, 
Big Bayou Creek, outfall 003, and potential reference sites, including Hmphrey Creck 

and Masac creelr, December 3-6,1990 
“X” = taxon was collected ~ _ _  

Sit@ 

LUK I,UK BBK HHK Outfall MhF; 
7.2 4.3 12.5 9.1 003 TIC 13.8 

Taxon 

Turbellaria 
I - Planariidae X X I - 

Crustacea 
- Cladocera X X X 

Copepoda X - - - 
Ostracoda X 
Isopods 

I - 
- - - 

- - I I - 

Asellidae 
Caecidotea X 

X I,irtus 

Cmmmaridae 

Taiitridae 

Amphipda 

Crangonyx 

Iljulella azteca 
Decapoda 

Cambaridae 
Procambarns 

Hydracarina 

Ephemeroptera 
Insecta 

Baetidae 
Haelis 
CIoeon 

Caenidae 
Caenk 

Epherneridae 
ffexagenia 

IIeptageniidae 
Stenncron 
Stenonemu 

L,eptoptle bia ? 
Leptophlebiidae 

Odonata 
Anisoptera 
Corduliidae 

Gomphidae 
Tetragoneuria 

Cornphiis 
hogornphr is 

X 
- 

X 
I 

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 





Table 25 (oontinued) 

Site" 

ISJK LUK RRK 13BK Outfall MAK 
7.2 4.3 12.5 , 9.1 003 HC 13.8 

T&XOII 

Elrnidae 
Ancyronyx 
van'egatus 

Uubiruphin 
Stenelmis 

Gyrinidae 
Gyrinin 

Haliplidae 
Peltodytes 

Hydrophilidae 
Rerosus 

Diptera 
Chironomidae 
Simuhidae 

Simulium 
Tabanidae 

Tabanus 
Tipulidac 

Pseiidolimnophilu 
Tipula 

Mollusca 
Gastropoda 

P hysidae 
Physzlla 

Pelecypoda 
Sphaeriidac 

Mimiilium 

- 
X 
X 

- 

X 

X 

X 

X 

- 
X 

X 

X 

"LUK = Little Bayou Creek kilometer; HHM = 13ig Bayou Creck kilometer; HC = Humphry Creek; MAK = 
Massac Creek kilometer. 



Species' 

Clupeidae 
Gizzard shad (ihr0sorr.a cepedianum) 

Cyprinidae 
Stoneroller (Campostam an,omalum) 
Ked shincr (Cypindla lutremk) 

Spotfin shiner (Cyprinellu spiloptua) 
Steelcolor shiner (Cyprinelfa wh@plei) 
Carp (Cyprims carpio) 
Silvcpy minnow (ffybognathrrs nuchalk) 
Ribbon shiner (Lyhrunrs fimacs) 
Redfin shiner (Lythnirus uinbrutilis) 
Golden shiner (Nofmigonus crysnlmcus) 

Suckennouth minnow (Phenacobius mirabilk) 
Rluntnosc minnow ( P i h e p h ~ l e ~  nofatas) 
Creek chub (Semoiilus atromaculancs) 

Catostomidae 
White sucker (Cntosromus commersoni) 
Creek chubsucker (Erimyzon oblongm) 
Spotted sucker (Minyrrona melanops) 
Golden redhorse (Momsioolna erydmmmrn) 

Ictaluridae 
Black bullhead (A9neium.5 mrlns) 

Yellow bullhead (Arneiuiurus nafalis) 

Esocidae 
Grass pickcrcl ( I h x  amwicmtus vemiculatus) 

Aphredoderidae 
Pirate perch (Aphredodems sqanus)  

Cyprinodontidae 
Blackspotted topminnow (Fundulus oliveceus) 

Poecillidae 
Western mosquitofish (Gnmhusia ofink) 

Samoline site 

LUK LUK BBK BBK Outfall MAK 
7.2 4.3 12.5 9.1 003 HC 13.8 

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 X 

X X X X X X X 

X X x 

Atherinidae 
Brook silverside (Labidesrhes sicrulus) X 



Sampling sitea 

LIJK LUK BHK ALIK Outfall. XlAK 
7.2 4.3 12.5 9.1 003 13.8 

Speciesb 

Centrarchidae 
Green sunfish ( L e p n k  cyanellrrs) X X X 
Warmouth (Lepomis gdusiu) X X 
Bluegill (Lepomis mnacrochirur) X X X 
Iangear sunfish (Lepornis rnegulotis) X X X 
Redear sunfish (Lepomk microluphrrs) X 
Iiybird sunfish (bZuegi6l Y longear?) 
Spotted bass (h4iuoptem.s gunciulutus) X X X 
Largemouth bass (Micropterm sufmoides) X X X 
White crappie (Pomoxis u m l u n k )  X 

X 

Percidae 
Slough darter (Etheosroma gracile) X X 

X X X 

x X X X 
X x X x 
X 

x X X X 
X X 
X 

X 

X 

x 

Total species 19 27 16 20 6 21 21 

%ttk Bayou Creek kilometer (LUK) 7.2 is located at the Route 358 bridge; I,UK 4.3 i s  located at the 
Anderson Road bridge: Rig Bayou Creek kilometer (RRK) 12.5 is located above Paducah Gaseous Diffusion Plant 
(PDGP) at South Acid Road bridge; BBK 9.1 i s  Ilwited at an unnamed road crossing about 0.4 kni NE of BM 371 
(Heath quadrangle); 003 is an unnamed tributary to Little Bayou Creek downstream from outfall 003 at PGDP; 
Humphrey Creek (I-lC) is Route 60 bridge on Humphrey Creek; Mas.wc C ~ e k  kilometer ( M a )  13.8 is located at 
Route 62 bridge on Massac Creek. 

and scientific names of fihesflomn the Uniicd Siutes und Cunudn, 5th ed., American Fisheries Society Special 
Publication 20, Bethesda, MI]., 1991. 

4WJ-m reach of stream at each site except 003 (7.5 m of stream was sampled with a single unit). Species 
identifications were performed in the field and confirmed in the laboratory on preserved specimens collected 
during the surveys. 

'Common and scientific names according to the American Fisheries Society (C. R. Robins et 31. Common 

Note: All suivcys were conducted using lwo Smith-Root backpack clectrofishen (Model 15A) to sample a 200- to 

macroinvertcbratc and fish samples, from 
September 1991 through June 1992 are 
also presented below. 

23.1 Big Bayou Creek 

Big Bayou Creek originates south- 
southwest of the PGDP and flows 
northerly, passing thc facility along its 
western boundary (Fig. 2.2). As thc stream 
flows adjacent to PGDP, it rcceives 
effluents from eight separate outfalls. The 
stream then continues in a northerly 

direction before draining into the Ohio 
River just west of the Shawncc Stcam 
Plant. 

Threc monitoring sitcs were 
ig Bayou Creek including 

BBK 12.5, BBK 10.0, and BBK 9.1. All 
thrcc sites were characterized by relatively 
steep banks (10-12 ft high), and the strcam 
channcl exhibited considerable variability in 
width and depth over the entire rcach of 
cach silc. Overall, BBK 9.1 was the 
deepest and widcst site on Big Bayou 
Creek, whercas BBK 10.0 was gencrally 
tbc shallowest and narrowest site 



(Table 2.7). Dissolved oxygcn and pN 
levels were relatively similar among these 
sites, but conductivity doubled from BBK 
12.5 to DBK 9.1 (Table 2.7). Not 
surprisingly, discharge increased with 
distance downstream (Table 2.7), probably 
due in large part to flow augmentation 
from effluent discharges. Current velocity 
within the riffles from which benthic 
macroinvcrtebrates were collected similarly 
increased with distance downstream 
(Table 2.7). 

Bayou Creek was dominated by gravel that 
was mixed with some samdtfine sediment. 
Clay was found at all sites but was usually 
restricted to thc steeper edges of pools. 
BBK 12.5 was the only site in Rig Bayou 
Creck that also contained a considerable 

The substrate at all three sites in Big 

proportion of rubble-sized rocks (i.e., rocks 
ranging in size from 64 to 250 mm) in the 
riffle €rani which benthos samples were 
collected. 

sides by a narrow band of mature trees, 
cornposed predominately of species typical 
of a bottomland forest. This band of trees 
provided canopy coverage of about 63% 
over the stream. Agricultural and early 
successional fields surrounded the narrow 
band of trees; thus, the forest’s ground 

surrounding disturbance. A variety of 
lowland tree species were evident along 
the stream bank, including rivcs birch 
(&?tuh nigra >, walnut (Juglans nigra), 
sycamore ( H a  ntanus occiden fa lis), 
cottonwood (Popuhs deltoirles), slippery 

BBK 9.1 was surrom 

eavily influenced by the 

Values are means & 1 SD in parentheses 

Physical Characteristics“ Water Quality Datab 

Conductivity D.O.‘ 
PI-I 

Site‘ Depth Width ve,ocityd Current Discharge 

(cm) (m) (rn/sec) (m’/sec) ( m m )  (ma) 

BBK 9.1 20.4 1.0 0.25 0.086 345 10.0 7.9 
(28.4) (2.2) (0.25) (0.027) (188) (2.0) (0.8) 

BUK 10.0 8.9 5.6 0.16 0.03 248 9.9 8.0 
(10.7) (2.1) (0.23) (0.016) (139) (1.8) (0.7) 

BHK 12.5 13.5 6.2 0.02 0.01 170 10.0 7.5 
(19.4) (2.5) (0.02) (0.012) (43) (1.8) (0.6) 

LUK 7.2 1.9 4.0 0.08 0.014 141 9.5 7.5 
(7.6) (0.4) (0.09) (0.013) (75) (1.5) (0.5) 

(3.1) (0.7) (16.8) (1.7) (0.13) (0.011) (8) 
MAK 13.8 14.0 3.6 0.14 0.022 98 10.1 7.1 

“Menns for physical data are based on measurcmcnts obtained in June 1991. 
Weans for water quality data are based on measurements collected quarterly along with fish and/or 

‘UBM == Big Bayou Creek kilometer; LUK = Little Bayou Creek kilometer; MAK = Massac Creek 

n@urrent velocities are only for riffles from which benthic macroinvertebrate samplcs were collectcd. 
‘U.0. :I: Dissolved oxygen. 

invertebrates samples from September 1991 to June 1992. 

kilometer. 



elm (Uimus rubra), and pin oak (Quercus 
palustris). Common disturbance-adapted 
understory species Cound in this zone wcrc 
poison ivy ~ ~ ~ x i ~ ~ ~ d e n ~ r ~ n  mdicansj, 
honeysuckle (Loniceru japonica), multiflora 
rose (Rosa r n u ~ t i ~ ~ r ~ ) ,  grape (Vitus p), 
black raspberry (Rubus ~ c i ~ e n t a l i s ) ,  and a 
number of grasscs (including Panicum, 
Elymus, and Fesluca spp.). 

10.0 exhibited thc grcatest evidence of 
disturbance of all study sites. The lcft side 
(Le., facing upstrcam) of this site was 
dominated by a young bottomland forest 
indicative of fairly recent disturbance. 
Briars and weedy vines were c ~ m m o n  in 
the understory, including multitlora rosc, 
trumpet creeper (Cumpsis vndicans), 
poison ivy, common blackberry (Rubus 
allegheniensis), and honeysuckle, The most 
commonly observed tree species were 
sycamore, river birch, pin oak, willow (Salk 
rzigra), and cottonwood. An agricultural 
field tightly bordered much ol  the top of 
the right bank, with only a narrow band of 
a few small shrubs and trees lining the 
upper fourth of the reach. Common plants 
found on the right bank wcrc common 
ragweed (Ambrosia artemiss;Suiiu), 
milkweed (Asclepias syriucu), ryc (Elymus 
sp.), fescue (Festuca sp.), false nettle 
(Boeh meria cylitrdr5x), water horehound 
(Lyeopus americunus), Aster (rlsttrr sp.), 
and smartweed (Po&gonum sp.). The lack 
of mature vcgetation at  this site 
contributed to the low amount of canopy 
coverage ( - 24% coverage). The 
preponderance of alicn and native 
disturbance-adapted vcgetation along tnuch 
of this reach was probably due, in part, to 
the encroachment o f  t he  agricultural field 
and the presence of a p5wcr line corridor 
near thc head of the reac 

BBK 12.5 was the upstream most silc 
cm Big Bayou Geek, and was locatcd 
upstream of all eMuent discharges that 
originate from PCDP. Because o f  this 
site's location above PGDP, it  seivcd as a 

Vegctation along the banks of BBK 

refcrcnce site not only for BBK 10.0 and 
BBK 9.1, but also for I,UK 7.2 on Littie 
Bayou Creek, which had no suitable 
upstream rcference area (see explanation 
following). 

was characteristic o1 a relatively 
undisturbed, maturc bottomland forest, 
which provided canopy coverage over - 
74% oC the stream at this site. Tbe most 
common tree species wcre river birch, red 
maple (Acer n h m ) ,  sycamore, and pin 
oak. Small tree and shrub species 
comprised the mid canopy, including 
winged elm (Ulmus data),  swami? holly 
(Iia decidua), black willow (,%dix nigra), 
swcct gum (Liquidurnbur ,styvacij7ilu), arid 
black cherry (Prunus serotinn). Typical 
herbs found near the top of the stream 
banks and in thc surrounding forest were 
Virginia creeper (Puflherzocissus 
yuinquejiilia), poison ivy, grape, rye, and 
panic grass (Panicum sp.). Iierbac eous 
vcgetation was patchy on thc steep 
slreambanks, where spccies such as 
cutgrass (Leersia sp.), manna grass 
(Glyceria striata), touch-me-not (Inzpnhms 
bz'jlora), false nettle (Boehmeritr cylindiica), 
day tlower (Commelitza sp.), violet (Viola 
sp.), and smartweed were found. 

The vcgetation surrounding BBK 12.5 

2.3.2 T A C  Bayou Creek 

Little Bayou Creek originates south- 
southeast of PGDP and flows northerly, 
passing PGDP along its eastern boundary 
(Fig. 2.2). l'hc stream continucs to [low 
northerly until just south of the Slnawnee 
Steam Plant, where it  turns west and 
eventually drains into Big Bayou Creek. As 
the stream tlows past PGDP, it receives 
the effluents from four effluent dischargc 
points (Fig, 2.2). 

One monitoring site, LUK 7.2, was 
cstablishcd on Little Bayou Creek for the 
inslream monitoring task (Fig. 2.2). Like 
the Big Bayou Creek sites, LUK 7.2 was 



characiesized by steep banks ah- at were 
10-12 ft high. This site was gencraiiy 
shallower and narrower than the othcr 
monitoring sites (Table 2.7). Discharge at 
this site was similar to that at MBK 12.5, 
although mean current velocity in the 
benthic macroinvertebrate collcction riffle 
was greater (Table 2.7). Conductivity, 
dissolved oxygcn, and p1-1 readings at LUK 
4.2 were similar to those obtained at BBK 
12.5 and MAK 13.8 (Table 2.7). The 
substrate at this site, including the benthos 
riffle, consisted primarily of extensive areas 
of clay that were overlain with a shallow 
layer of gravel. A fine layer of silt was also 
evidcni over much of the larger substrate 
particlcs. 

The vcgctation surrounding LUK 7.2 
consisted of a mature bottomland forest on 
the right side of the stream (Le., facing 
upstream), and a narrow band of forest 
with an encroaching field on thc left side. 
The tree species prcscnt were similar to 
those found in the bottondand 
communities of other sites. The most 
common species were river birch, red 
maple (Acer ~ u b ~ u m ) ,  Iiackberiy (Ceitis 
Iaeviata), and pin oak. Less aburidant 
were sycamore, willow, slippery elm, 
walnut, cottonwood, and a number of oaks 
( Q U ~ X S  spp.). Hesbaceoiis vegetation was 
sparse on the gerierally steep and muddy 
strcam banaks. Ilie most commonly 
observed tlndeisto17 species found on the 
stream banks were smartweed, violet, 
chrisimas fern (Polystichurn ncros~ichoicies), 
false nettle, poison ivy, manna grass, and 
honeysuckle. 

reconnaissance of the upper reaches of 
Little Bayou Creek was made to dctcrminc 
if a suitablc reference area for LUK 7.2 
existed for the  instream monitoring task of 
BMP (Fig. 2.2). Approximately 1.5 2.16 km 
of the stream was included in the 
reconnaissance that covered the stlearn 
from Outfall 011 upstream to the first 
bridge crossing the stream channel (Fig. 

On September 16, 1992, a 

2.2). The first 1 krn of the stream 
downstream of this bridge was composed of 
a decpI dry channel. Wnen water was first 
erxountered, it was in a large, deep pool 
because of the presence of a beaver darn 
located further downstream. From this 
point downstream past Outfall 011, the 
stream flow was restricted by a series of 
deep pools created by additional beaver 
darns. Becausc of the extent of dry stream 
bed in the upper reaches, and the 
occurrence of existing water in large pools 
only, it was decide that upper Little 
Bayou Crcck would not sewe as a suitable 
reference site, 

A single site in Massac Creek, MAK 
13.8 (Fig. 21)> was selected to sen-vc as an 
offsite refercncc site for both Big Bayou 
and Little Bayou crecks. This site was 
sclected from a total of 24 stream sites 
locatcd near the PGDP, which were visited 
during the selection of permanent sites in 
December 1990. Selection of MAX 13-8 
was based on the following reasons: (1) it 
appeared to be one of the least impacted 
of the potential reference sites visited; (2) 
it was similar in size to portions of Big 
Bayou Creek arid Little Bayou Creek; and 
(3) the fish community was relatively rich 
and diverse. 

Massac Creck originates southcast of 
PGDP in McCracken County, Kentucky, 
-2.5 miles northeast of Melber (Fig. 2.1). 
‘l’he stream then gcnerally flows north 
before draining into the Ohio P‘ ivcr 
approximateiy halfway betwecn PGBP and 
the city of Paducah. The site sclcctcd for 
monitoring, MAK 13.8, was locatcd just 
upstream of a USGS gage that is just 
upstream of a bridge on State Mwy 62, 
southwest of Paducah. 

sites, MAK 13.8 was characterized by steep 
banks ( -  19-12 ft high). The stream 

As were the other BMP monitoring 



channel was rclatively narrow and, 
compared to thc other sites, rnodcrateljr 
deep (Table 2.7). ischargc and current 
velocity within the benthic invertebrate 
sampling riffle were comparable to  those: 
for BBK 10.8 (Table 2.7). Mean valucs for 
dissolved oxygen and pH were similar to 
those for the other four monitoring sites, 
while conductivity was lower and less 
variable (Table 2.7). The substrate 
throughout the entirc sitc was dominatcd 
by gravel that was a k n  mked with 
considerable quantitics of si1 t/sand. Clay 
and large woody debris were also fairly 
common at this site. 

was very similar lo that at RBK 9.1, 
The riparian vcgctation at MAK 13.8 

consisting of a narrow band of ihcittomland 
forest on either side or hhe strcann, with 
agricultural fields encroaching upon thc 
periphery of the forest. The young to 
occasionally mature forcst was dominatcd 
by river birch, slippery elm, sycamore, 
hackberry, and black cherry (Pruners 
serolinu), which provided canopy covcrage 
of > 62% over the stream. A number of 
alien and native, disturbance-adapted plant 
spccies werc evidcnt in the riparian zone, 
particularly near the top of the stream 
banks. Included in this latter group wcre 
poison ivy, honeysuckle. Virginia crccpcr, 
and rabweeds (Ambrosia u ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  and 
Am brosiu trifzda ) . 





The toxicity monitoring task for RMP 
consists of two subtasks. The  first subtask 
measures thc toxicity of effjucnts as 
required by the KPDES pcrmit. The 
second subtask monitors ambient water 
toxicity of three sites in Big Bayou Crcck, 
one site in Little Bayou Creek, and one 
reference site in Massac Creek. The 
effluent toxicity data are presented in Sect. 
3.1; the ambient toxicity data are presented 
in Sect. 3.2. 

3.31 EFFL TOXICITY 

The EPA supports the use of aquatic 
test organisms to determine the chronic 
toxicity of a test watcr (Weber e t  al. 1989). 
Toxicity monitoring at PGDP uses the 
Cladoceran (Ceriodaphnin dubia) Survival 
and Reproduction Test (hereinafter 
rcfcrrcd to as the Ceriodaphnin test) and 
the Fathead Minnow (Pimephales 
promelus) Lama1 Survival and Growth Test 
(hereinafter referred to as the fathead 
minnow test; Weber e t  al. 1989) 
concurrently to characterize the toxicity of 
the continuous and intermittent efflucn ts 
from outfalls that discharge to  Big Bayou 
and Little Bayou creeks. These two t a t s  
are EPA-approved for use in the KPDES 
program to estimate (1) the chronic toxicity 
of efflucnts colleckd at the end of  thc 
discharge pipe and tested with a standard 
dilution water; (2) the toxicity of receiving 
watcr downstream from or within thc 
influence of the outfall; and ( 3 )  the cffects 
of multiple discharges on the quality of the 
receiving water (Weber et al. 1989). These 
tests are also part of thc Biological 
Monitoring and Abatement Programs at 

ORNL, the Oak Ridge K-25 Site, and the 
Oak Ridge Y-12 Plant. 

The Toxicology 1,aboratory of  ESD at 
QRNL began evaluating the toxicity of 
ccmtinuous and intermittcnt outfalls at 
PCDP in Qctober 1991. As required by a 
draft Agreed Order, Cenodaphnin and 
fathead minnow tests were conducted 
quarterly. Xn September 1992, a renewed 
KPDES permit was issued LO PCJ1)P. 
Under the requirements of this pcrmit, 
Ceriodaphniu and fathead minnow tests 
were continued on a quarterly basis. 

3.1.2 Materials and Methods 

Toxicity tests of effluents from the 
continuously flowing outfalls (001, 004, 
006,00S,009, and 011) and the 
intermittently flowing outfalls (013, 015, 
016, 017, and 018) were conductcd 
according to the schedulc shown in Table 
3.1. This report includes a11 tcsts cmducted 
during 1991 and 1992 by ESD. All of the 
outfalls except 016 were evaluated five 
times; outfail 016 was evaluated four times. 

continuously flowing outralls were 
conducted using seven consecutive daily 
grab samplcs collected at the KPDES 
discharge points. Ilndcr the renewcd 
permit, samples must bc cornposited ovcr 
24 hours. Thus, the test conducted during 
October 1992 used sevcn 24-41 compositc 
samples. Samples from the continuously 
flowing outfalls wcie collected by 
personnel from ESD and transported to an 
ofEsite laboratory. Tbe intermittently 
flowing outfalls are rainfall dcpendant; 
thus, tests were conducted using one grab 
sample. Samples from the intermittently 
flowing outfalls were collccted by 

Prior to Scptembcr 1992, tests of thc 



Test Date 
Oiitfall 

Fatliead Minnow Ceriodaphnin 

001,004,006,008,009,011 October 24-31, 1991 

February 13-20, 1992 

May 22-28, 1992 

August 13-20, 1992 

October 22-29, 1992 

December 27, 1991 
- January 3, 1992 

March 20-27, 1992 

June 26-9111y 3, 199T 

September 22-29, 1992 

November 13--20, 1992 

013, 015, 016,017, 018 

Octohcr 24-31, 1991 

February 13-20, 1992 

May 21-28, 1992 

August 13-20, 1992 

October 22-29, 1992 

Deccmber 27, 1991 
.-January 3, 1992 

March 20-27, 1992 

June 26-July 2, 1992 

September 29-October 6, 1992 

November 13-20, 1992 

‘“Outfall 016 was not tested due to lack of flow. 

personnel from PGDP, refrigerated, and 
shipped to ESD using 24-h delivery. All 
samples were collected and delivered 
according to established chain-of-custody 
procedures (Kszos et al. 1989). Time of 
collection, water temperature, arid arrival 
time in the lab were recorded. 

Tests with L‘wiottnphnia and fathead 
minnows were typically conducted 
concurrently following procedures outlined 
in Wcber e t  al. (1989) and Kszos e t  al. 
(1989). These tests arc static, rcncwal tests, 
meaning that tcst water is rcplaced daily 
for 6 or 7 consecutive days. The fathead 
minnow test consists of four replicates per 
test concentration with ten animals per 
rcplicate, Each day before the water was 
replaced, the number of surviving larvae 
was recorded. At the end of ‘7 d, the larvae 
were dried arid weighed to obtain an 
estimate of growth. The Cer-m’odaphnia test 
consists of ten replicates per test 
concentration with one animal per 
replicate. Each day, the animals were 

transferred from a beaker containing old 
test solution and placed in a beaker 
containing fresh test solution. ,4t this time, 
survival and the number of offspring 
produced were recorded. A control 
consisting of dilute mineral water 
augmentcd with trace metals was included 
with each test. On each day of a test, 
subsamples of each effluent were routinely 
analyzed for ~ $ 3 ,  conductivity, alkalinity, 
water hardness, and total residual and free 
chlorine (Kszos et al. 1989). A subsamplc 
of each sample was also acidified and saved 
for metal analyscs by Inductively Coupled 
Plasma spectroscopy (ICP). 

No-abscwcd-effect concentrations 
(NOEC, that concentration causing no 
reduction in suwival or growth of fathead 
minimows or survival or reproduction of 
Ceriodaphnin) were dctermincd using SAS 
statistical software (Statistical Analysis 
System for personal computers, rclcase 
6.03) and the EPA Dunnctt’s progiarn 
(Weber et al. 1983). Flow charts of the 



statistical analyses of the fathead minnow 
and Ceriodwphniu data are provided in 
Figs. 3.1 and 3.2, A linear ~ ~ t ~ ~ p ~ ~ ~ t ~ ~ ~ ~  

eber et al. 1989) was used to 
determine the 25% inhibition 
concentration (IC25, that concentration 
causing a 25% reduction in Fathead 
minnow growth or Cetidaphniu survival 

pared to a control). A computer 
program ( I Q  Calculation Program, rclease 
1.0) ~ ~ ~ ~ ~ i ~ ~ t c ~  by the EPA 
~ ~ ~ v ~ r ~ ~ i ~ ~ ~ t ~ ~  Research Laboratory, 
Duluth, Minncsota) and providcd by 
KDQW was used for the calculation. T I C  
NOEC was used as a compliancc cndpoint 
for tests conducted under the draft Agreed 

STATISTICAL ANALYSIS OF FATHEAD MINNOW LARVAL 
SUAVIVAL AND GROWTH TEST 

SUAY I VAL 

I SURVIVAL DATA I PROPORTION SURVIVING 

ANALYSIS F 
RMAL DISTRIBUTION ENDPOINT ESTIMATE 

LC1. LC5. LCIO, LCSO 

NORMU. OISfRIEUTION 

HETEROGMEOUS 
VARIANCE 

Fig. 3.1. Flow chart for statistical analysis of fathead minnow larval survival data. (From C, 
1. Weber et ai. 1989, Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms, 2nd ed. EPA/600/4-89/001. US. Environmental 
Protection Agency, Cincinnati, Ohio.) 
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. 3.2. Flow chart for statistical anajysis of ~~.~~~~~~~~~~~~ reprsdtes.tion data. (From C. I. 
Weber et al. 1989, Stion-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms, 2nd ed. EPA/6~0/4-89/001. US. Environmental 
Protection Agency, Cincinnati, Ohio.) 

Order (prior to September 1992). The 
lower the NOEC, thc more toxic an 
effluent. The chronic toxicity unit 
(TUc=100/PC25) is required as a 
compliaiice endpoint in the renewed 
permit (September 1992 to present). The 
higher the TU,, the more toxic an effluent. 
Becausc Little Bayou and Big Bayou 

creeks have been determined to have a low 
flow of zero, an NQEC < 100% or a TIJ, 
of > 1.2 would be cor~siderzd a significant 
ilon-coi~ipliance and an indicator of 
potential instrcxm toxicity. Survival per- 
centages for fathead minnow larvae were 
transformed (arcsine square root; Weber 
et a1. 1989) before being analyzed statistically. 



3-13 Results 

A summary of the NOECs and 1Vcs 
for all toxicity tests conducted during 
1991-92 are provided in Tablc 3.2. 
Summaries of fathead minnow and 
Ceriodaphnia test endpoints are provided 
in Appendix €3. Low fathead minnow 
growth during the October 1991 (Table 
B.1) and Nay 1992 (Table 8.9) test periods 
prccludcd a determination of W c s  €or 
fathead minnows. An NOEC was 
determined based on survival. The 
~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ u  test outctumcs were the same 
for each outfall using either the NOEC or 
TUc approach. Effluent samples from 
Outfalls 008, 009, and 011 were never toxic 
to Cerioduphnia. Efflucnt samples from 
Outfaus 0 1 ,  0 4 ,  and (06  were toxic (TU, 
> 1.2, as defined by the KDOW or NOEC 
< 100%) to Ceriduphnia during one of 
five tests. The TUc and NOEG approaches 
did not agree as well €or the Eathead 
minnow tests. Effluent samples from 
Outfalls 004, 006, and 008 were toxic 
during the February 1992 test period using 
the TU, approach but were not toxic using 
the NOEG approach. Two test periods 
werc in agreement: effluent from OutEall 

during October 1992 and water €rem 
Outfall 01 1 during February 1992 were 
toxic to fathead minnows using either 
approach. 

A summary of watcr quality 
parameters for each outfall is provided in 
Table 3.3. Watcr quality summaries for 
each tcst are provided in appendix B. The 
pH of the effluent ranged Crom a minimum 
of 7.1 (Outfall OraS) to a maximum of  9.7 
(outfall 006). Effluent from OulEall 006 
had the highcst meail pR (9.1). Mean 
alkalinity rangcd from 3 .4 (Outfall 001) L O  
50.4 QOutEall Q09). Mean hardncss and 
conductivity were higbcst in effluent from 

Outfall 001 (428 
respectively). Me 
remaining outfalls rangcd from '90 to 85 
m a  and mean c o ~ ~ u c t ~ ~ j ~ y  rangcd from 
222 to 292 pSfcm. 

test are prescnted in Tables 3.4 to 3.9. For 
any of the metals, conentrations were 

bebw the detection limit of the ICP. Only 
those metals that werc above the detection 
limits are presented. 
data is provided in Appendix A ICP 
analyses showed that effluent from Outfall 

concentrations of e a  (88-120 m&>, K (7- 
17 ng/L), Mg 17-15 rng/L), Na (75- 
159 rngh.), and Si (3-5 mg/L). Potassium 
was also detected in effluent from outfall 
004 during two test periods, but was not 
detected in any other outfall. 
Conccntrations in efflucnt from out€alls 
004, 006, Otl8, 009, and 01 1 were lower 
than in Outfall 001 and wcrc similar: Ca, 
12-26 mg/L; Mg, 1-6 mg/L; Na, 14- 
40 mgL; and Si, 1.0-2.9 m g L  Nickel and 
Zinc were occasionally dctected. KPDES 
data arc available Cor additional rnctals that 
wcre not detected by TCP analyscs. Mean 
aluminum concentrations in 99512 range 
from 0.69-0.74 rng/L; mean concentrations 
of Cd, Cr, Cr-6, Cu, Ni, I%, and Zn were 
below detection for all outlalls 
(Appendix A). 

1 contained the highest mean 

18 

A summary of the NOECs and  TU^ 
for all toxicity tests conducted during 
15391-92 is provided in Table 3.10. 
Sumrnalrics of fathead minnow and 
Ce&dcryhnia test endpoints are provided 
in Appendix B. Water from the 
intermittently flowing outfianlls was not toxic 
to ~ ~ ~ ~ ~ ~ ~ ~ h r i ~ ~ i .  ecause 50% was the 



004 

006 

008 

009 

01 1 

001 October 1991 

February 1992 

May 1992 

i?ugusr 1992 

October 1992 

October 1991 

Fcbruary 1992 

May 1992 

Augl.ist 1892 

October 1992 

October 1391 

kebruary 1992 

May 1992 

August 1992 

October 1992 

October 1891 

February 1992 

May 1992 

August 1892 

October 1992 

Octobcr 1391 

February 1992 

May 1992 

A u g ~ s t  1932 

October 1992 

Octobei 1991 

Febiuary I932 

May 1992 

August 1992 

October 1392 

100 

100 

100 

100 

100 

so 
100 

100 

100 

100 

100 

100 

so 
100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

< 2s 

100 

100 

100 

NUC 

< 1  

NDC 

< 1  

<1 

NDC 

4 26 

N IIC 

< 1  

< 1  

NDC 

1.39 

NUc 

< 1  

< 1  

N L>c 

9.7'1 

N i l C  

< 1  

< I  

NDC 

7.87 

< I  

< 1  

2 16 

lu I)= 

7.63 

NDC 

< 1  

< 1  

100 

100 

25 

100 

100 

100 

100 

100 

25 

100 

100 

so 
100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

I00 

100 

100 

< 1  

< 1  

4.5 
<1 

<1 

< 1  

1.03 

<1 

3.15 

< 1  

< 1  

1.56 

< 1  

<1 

< 1  

< 1  

< 1  

< 1  

< 1  

<1 

< 1  

< 1  

<1 

<1 

1 .os 

< 1  

< 1  

< 1  

<1 

< I  

'NOEC = no observed-effect concentration; the concentration causing no reduction in Lithead lmiiiow 

bTU, = chronic toxicity unit (1OO/IC?5); IC25 = the conccntration causing a 25% rcduction in fathead 

CND = not determrned. 

survival or grovth or fenodnphmn suivival or reproduction 

minnow growth or Cenndnphnio survival 



ELI-891 POI -zs O'Z9-0.EZ 

OSE-111 

(Gf) 9SZ 

18Z--S81 

(62) 9zz 



Test date 
Detection ~~ I__ .......... _- Metal 

10-21-9 1 02-13-92 05-21-92 08-13-92 limits 

'41 

Ba 

ca 

Pe 

K 

Mg 

Mn 

Na 

Ni 

P 

Si 

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.0 1 

0.05 

1 

0.1 

0.05 

1 

0.01 

0.05 

U1)" 

RD 

119.57 
104.0% 13 1.55 

0.17 
0.09-0.3? 

15.34 
14.73-16.63 

14.18 
11.21-17.48 

0.40 
0.40-0.40 

159.72 
13 1.86- 187.71P 

0.78 
0.78 -0.78 

B I) 

5.47 
5.31-5.82 

0.52 
0.50-0.55 

ED 

BD 

0.06 
0.05 --Q.07 

87.81 
64.93-113.08 

0.20 
0.10-0.2s 

7.62 
5.22,-9.62 

7.79 
6.14-11.43 

0.9 1 
0.91 --0.91 

75.59 
53.33-99.53 

13 13 

i3 14 

3.44 
3.02-4.22 

0.29 
0.22-0.33 

0.17 
0.17--O. 117 

BY) 

ED 

97.21 
48.17.- ns.12 

BD 

10.66 
5.72-14.26 

27.98 
15.74-37.64 

BD 

112 04 
6 1.5'7 .- 15 1.63 

B E  

BD 

3.32 
1.96-4.32 

0.35 
0.17-0.49 

131) 

BD 

BD 

100.58 
40.64-140.61 

BD 

12.6s 
5.99-1'7.63 

26.41 
12.12-35.44 

i3 I> 

103.26 
43.1 1-144.27 

BD 

0.08 
0.06.0.09 

3.72 
1.93-4.99 

0.40 
0.16 0.55 

13D 

_I- 

aBD = Bjclow detection l imit .  



S i o l o ~  Monitoring Program - 3-9 

Table 35. Mean and range (n = 7) of rata1 recmerdblc metal concentralions (in mdligrams per 
liter) in effluent h m  Outfall a04 determined by inductively coupled plasma spectmsmpy 

Test date 

10-27-9 1 02-13-92 05-21-32 08-13-92 

Detection 
limits Metal 

N 

Ba 

ca 

Fe 

K 

Mg 

Mn 

Na 

Ni 

P 

Si 

Sr 

%n 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.01 

0.05 

nnn 

BD 

23.61 
17.67-30.08 

0.M 
0.06-0.06 

5.56 
5.56-5.56 

4.45 
2.73-5.41 

1.20 
1.20- 1.20 

39.88 
36.88-42.54 

0.78 
0.78-0.78 

0.32 
0.24-0.37 

1.75 
1.22-2.17 

0.36 
0.12--0.57 

BI) 

BD 

RD 

21.77 
18.61-24.26 

0.13 
0.07-0.17 

BD 

2.94 
2.22-3.33 

0.9 1 
0.91-0.91 

26.80 
24.81-295 1 

B I) 

0.29 
0.13-0.49 

1.93 
1.61-2.23 

0.27 
0.18-0.42 

0.05 
0.05-0.0s 

BD 

RD 

16.05 
15.48- 16.40 

ED 

5.06 
5.06-5.06, 

6.96 
6.43-7.94 

RD 

28.45 
26.09-32.12 

BD 

0.29 
0.10-0.48 

1.04 
1.00-1.09 

0.08 
0.08-0.08 

BD 

BD 

I3D 

12.71 
11.98- 13.1 8 

130 

BD 

4 6 3  
4.16-5.31 

RD 

18.04 
16.13- 21.84 

1311 

0.42 
0.28-0.61 

1.42 
1.27-1.56 

0 06 
0.06-0.07 

Bn 

= Below detection limit. 



Test date 
~..........I _l__l_.l__ .... .. . ., . Detection - 

10-27-92 02-13-42 OS -2 1-92, 08- 13-92 limits 
Metal 

Al 

Ba 

Ca 

Fe 

K 

Mg 

Mn 

Na 

Ni 

P 

Si 

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.01 

0.05 

B 0" 

BD 

14.77 
13.98 -15.75 

0.11 
0.07 -0.16 

La9 

3.65 
2.73-4.58 

1.15 
1.15 1.15 

32.39 
30.89-34.47, 

0.78 
0.78-0.78 

I30 

1.38 
1.19-1.57 

0.09 
0.08-0.1 1 

BD 

BD 

BD 

13.5s 
12.69-14.63 

0.13 
0.10-0.15 

BD 

1.21 
0.56-2.50 

0.91 
0.91-0.91 

19.12 
18.53-28.07 

BD 

BD 

1.64 
1.55-1.73 

0.05 
0.05-0.06 

BD 

BD 

D E  

14.03 
13.59-14.25 

AD 

l 3 D  

7.37 
6.90--7.51 

BD 

22.17 
21-51 --23.01 

IPD 

nns 

1.03 
1 .oo- 1.05 

0.60 
0.06-0.06 

3 D  

RD 

1113 

12 85 
12 07- 13.93 

0.06 
0.05-0.08 

BD 

5 87 
5.14-6.86 

u Ll 

17.43 
13.76-?2.04 

RD 

RD 

1.43 
1.33- 152 

0.07 
0.06-0.05 

Rn 
%I) -5 &low detection limit. 



Monitoring Program - 3-11 

Table 3.7. Mean and range (rr = 7) of total reaverable metal concentrations (in ~ ~ ~ ~ ~ r a ~  per 
liter) in ednuent from Out-falllOO8 cietcrmind by inductive€y mupled p & m  spearoscopls 

Test date 

10-27-91 02-13-92 05-21-92 08- 13-92 

Detection 
limits Metal 

AI 

Ba 

Ca 

Fe 

K 

Mi? 

Mn 

Na 

Ni 

P 

Si 

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.0s 

1 

0.1 

0.05 

1 

0.01 

0.0s 

BD" 

HD 

17.98 
14.43-22.42 

RID 

BD 

4.02 
2.73-5.42 

1.15 
1.15-1.15 

35.93 
30.89-40.07 

0.78 
0.78-0.78 

BD 

1.49 
1.16- 1.30 

0.20 
0.1 1-0.28 

Bn 

0.34 
0.34-0.34 

RD 

20.25 
17.04-22.96 

0.16 
0.M-0.40 

I311 

2.41 
0.63-3.13 

BD 

21.31 
12.56-27.61 

BD 

BD 

2.13 
1.42-3.87 

0.18 
0.13-0.25 

13 D 

BD 

RD 

14.37 
13.60- 1s. 11 

RD 

UD 

6.63 
5.92-7.91 

R 13 

25.82 
23.74-29.20 

BI) 

0.12 
0.07-0.16 

1.06 
1 .o 1- 1.13 

0.07 
0.06-0.09 

BD 

13 I3 

13 I) 

11.96 
11.66-12.16 

RD 

nr, 

4.54 
4.08-5.25 

RD 

16.76 
14.97-20.29 

BD 

0.24 
0.16-0.31 

1.18 
1 .os- 1.3 1 

0.06 
0.06-0.07 

nn 
= Relow detection limit. 



I'esi date 

10-27-91 02- 13-92 05-2 1-92 08-13-93, 

.-----.-. ........... _-. I _ _ _ ~  ......... Detectloll 
limits 

Me*A 

Al 

Ba 

Ca 

Fe 

K 

M!?J 

Mn 

Na 

Ni 

P 

Si 

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.0 i 

0.05 

0.16 
0.104.22 

BD" 

18.01 
14.35-19.44 

0.23 
O.l6--0.30 

Be, 

2.21 
1.82-2.92 

0.38 
0.38-0.38 

14.30 
6.66- 20.14 

BD 

BD 

1.73 
1.12-2.01 

0.14 
0.11-0.18 

0.05 
0.05-0.05 

0.96 
0.96 -0.96 

u D 

26.49 
19.26-3 1.33 

0.3 1 
0.11-0.68 

731) 

1.60 
0.59-2.94 

0.77 
0.77 0.77 

14.37 
4.44-71 09 

3 11 

UD 

2.50 
1.67-4.57 

0.21 
0.18-0 25 

BD 

BD 

BD 

16.30 
15.26- 17.7'4 

0.723 
0.07.-0.64 

13D 

5.28 
4.64-6.07 

nr:, 

19.30 
16.39--21.69 

RD 

BD 

2.93 
1.60-453 

0.06 
0.06--0.07 

3374 

RI) 

14.44 
13.71- 15.19 

0.13 
0.0 7 - 0.3 3 

UD 

4.54 
4.20-4.97 

BD 

14.82 
12.23-18.32 

13 1) 

0.10 
0.10-0.10 

1.07 
1.02 1.!1 

0.07 
0.06-0.08 

131) 

aUL$ = Relow detcction liinrit 



Biological MDnitoring Program - 3-13 

Table 3.9. Mean and range (n = 7) of total recoverable metal concentrations (in tnilligrams per 
liter) in efnuent &om Outfall 011 determined by inductively caupled plasma s ~ r o s c ~ p y  

Test date 

10-27-91 02-13-92 05-21-92 08- 13-92 

Detection 
limits Metal 

AI 

Ba 

Ca 

Fe 

K 

Mg 

Mn 

Na 

Ni 

P 

Si 

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.0 1 

0.05 

BD= 

BD 

22.98 
20.93-26.27 

I3 11 

B I1 

3.08 
2.73-3.33 

1.20 
1.20-1.20 

23.58 
17.21-29.14 

0.78 
0.78-0.78 

BD 

1.68 
1.32-1.94 

0.22 
0.18-0.24 

RD 

BD 

HD 

22.80 
14.04-27.41 

0.07 
0.07-0.07 

H I1 

2.04 
0.50-2.94 

0.77 
0.77-0.77 

14.90 
8.87-18.46 

BD 

BD 

1.94 
1.48-2.37 

0.27 
0.11-0.22 

0.06 
0.06-0.06 

RD 

BD 

15.1s 
14.23- 16.20 

BD 

H 13 

6.21 
5.78-7.27 

BD 

22.02 
20.71-24.19 

BD 

BD 

1.15 
1.09-1.24 

0.03 
0.08-0.11 

BD 

BD 

BD 

12.09 
11.23-14.22 

R 1) 

)?rn 

4.53 
4.14-5.20 

B3D 

16.32 
14.43- 19.96 

BD 

0.11 
0.06-0.17 

1.21 
1.04-1.36 

0.0s 
0.07--0.08 

BD 

aBD = Helow detection limit. 



015 

016 

017 

018 

013 December 1991 

March 1992 

June 1992 

September 1992 

Novembcr 1992 

December 1991 

March 1992 

June 1992 

September 1992 

November 1992 

December 1991 

March 1992 

September 1992 

November 1992 

December 1 9 1  

March 1992 

June 1992 

September 1992 

November 1992 

December 1991 

March 1992 

June 1992 

SZptZlTlbCr 1992 

November 1992 

100 

25 

100 

100 

50 

100 

so 
100 

100 

100 

100 

50 

100 

100 

100 

25 

50 

50 

100 

100 

12 

100 

100 

50 

<1 

5.83, 

1.07. 

<1 

1.96 

<1 

7.91 

<1 

< 1  

<1 

<1 

1.74 

< 1  

1.32 

ND 

4.54 

<1 

5.01 

<1 

<1 

5.27 

<1 

<1 

1.43 

100 

100 

100 

100 

100 

100 

100 

100 

50’ 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1u: 
. . 

<1 

<1 

< I  

< 1  

<1 

<1 

<1 

<1 

N1’)” 

< 1  

< 1  

<1 

<1 

<1 

<1 

<1 

<1 

< 1  

<1 

<1 

<1 

<1 

< I  

<1 
._.........I _-.. - 

“PIOBC = n.n-observcd-effcci cornceimation; the concentration causing no reduction in fathead rniilnow 

*l’lJ, = chronic toxicity unit (100flC25); IC25 ::: the concentration causing a 25% rechiction in €athead 

‘Highest concentration tested. 
%ND ::c not determined. 

survival or growth or Ceri’odaphnin survival or reproduction. 

minnow growth or Cenodnphnia survival. 



highest concentration of effluent from 
Outfall 015 tested during September 1992, 
the NOEG = 50%. (See discussion.) Using 
the TUc approach, effluent from 
013, 016, 017, and 018 was toxic to fathead 
minnows in two of five tests. Effluent from 
Outfall 015 was toxic in one of fivc tests. 
Using the NOEC approach, the same 
results werc found for effluent Crom 
outfalls 013, 015, and 018. In one case 
(Outfall 017, June 19921, the NOEC 
approach indicated toxicity but the Tu, 
approach did not; and, in anothcr case 
(Outfall 016, November 1992), the NOEC 
approach did not indicate toxicity but the 
TU, approach did. 

parameters for cach outfall is provided in 
Table 3.11. Water quality summaries for 
each test are provided in Appendix B. In 
general, water from the intcrmittcnt 
outfalls had higher alkalinity and hardness 
than the continuous outfalls. Mean 
alkalinity ranged from 56 to 11 4 mg/L and 
mean hardness ranged from 112 to 176 
m&. Minimum pH ranged from 7.1 to 7.8 
and maximum p1-I ranged from 8.0 to 8.2. 
Mean conductivity rangcd from 217 to 342 

The ICP analyses of total recoverable 

A summary of watcr quality 

ps/cm. 

metals obtained during each day of each 
test are presented in Tables 3.12 to 3.16. 
For many of the metals, concentrations 
were below the detection limit of the ICP. 
Only those metals that were present at 
Concentrations above the detection limits 
are presented. KPDES monitoring data is 
provided in Appendix A. ICP analyses 
showed that effluent from the intcrmitlent 
outfalls had elevated concentrations of 
aluminum (0.67-4.3 mfi) and high 
suspended solids (maximum ranged Crom 
18 to 2980 mg/L) compared with 
continuous outfalls. Mean conccntrations 
of Cd, Cr, Cr-6, Cu, Ni, Pb, and Zn were 
below dctection for all outfalls 
(Appendix A)* 

3.1.4 Discussion 

Effluent from the continuously 
flowing outfalls was not consjstcn tly toxic 
to either Cenodaphnh or fathead minnows. 

u Creek 
was toxic to 

Ceridaphnk in only one of fivc tests. For 
the 2 valid C ~ ~ ~ ~ ~ ~ ~ ~ a  tests (control 
reproduction > 15 offspring femaile) 
conducted by Birge ct al. (1992) in 1991, 
only effluent from Outfall 
Effluent from Outfall 001 
concentration of 50% (TU, == 4.5). 
Because this oulfall contributes the highest 
flow (Appendix A) to Big Bayou Creek, 
this level of' toxicity indicates thcre was a 
potential for instream toxicity during this 
test period. IJowevcr, effluent from Outfall 
001 was not toxic to Fathead minnows or to 
Ceriodaphnia during any other test period. 
Thus, the toxicity observed was an isolated 
event. Effluent from outfall 004 was toxic 
to Ceriodayhnia during August 1992. It is 
unlikely that any instream toxicity occurred, 
however, because effluent from Outfall 008 
tested during the same time period &as not 
toxic; effluent from outfall 004 joins with 
effluent from outfall 888 before entering 
Big Bayou Creek. Effluent from OutFaall 
006 was toxk to Cen^odaphnia during 
February 1992. Howevcr, the NBEC 
(50%) and TIJ ,  (1.56) indicate that under 
conditions of normal base strcam !low this 
cffluent would probably not contribute to 
instream toxicity. Efflucnt from Outfall 01 1 
which enters into Little Bayou Creek was 
never found to  be toxic to Ceriodnphnin. 

sensitive than Cerindaphnia. Bi 
(1992) also found that fathead 
(embryo-larval survival and ter 
test) werc more sensitive than 
Ceriodaphnick. The TUc a poach  indicates 
that cflluent samples from outfalls 004, 

Fathead minnows were typically more 



Outfall $15 

Mean ( k  SD) 7.8 (0.3) 80.2 (18.3) 1% (34) 2S9 (65) 

Range 7.5-8.2 52.0-98.0 ’i6- 154 153-314 

Outfa!! 016” 

Mean (+ YD) 7.8 (0.2) 87.0 (24.7) 111 (33) 217 (59) 

Range 7.6-8.1 60.0-1 19.0 72- 146 138-288 

Mean (1 SD) 8.0 (0.1) 113.8 (26.1) 176 (53) 342 (107) 

Range 7.8-8.1 70.0-142.8 92-230 1’15-466 

CButhM 018 

Mean (-t SD) 7.8 (0.3) 58.7 (17.3) 112 (44) 219 (93) 

.__. 98-337 -_-- Range 7.2-8.1 36-79 52-162 

%=4 



Table 3.12 M a n  and range (n = 7) of total nx;averable metal ~ n ~ n t ~ ~ ~ ~ ~ ~  
(in milligrams per liter) in effluent h m  Outf~ll01 

inductively mupied plasma speczmxo 

Detection Test date 

12-27-91 03 -20-92 Oh-26-92 limits 
Metal 

Al 
Ba 

ca 
Fe 

K 

Mg 
Mn 
Na 

Ni 

P 

Si 

Sr 

0.05 

0.615 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.01 

2.85 

0.06 

30.10 

1.62 

BD 

2.50 

BD 

1.98 

BD 

BD 

9.55 

2.31 

0 . 6 7  

BD 

20.17 

0.63 

BD 

3.64 

BD 

1.43 

BD 

BD 

4.67 

1.29 

BD" 

BD 

100.81 

BD 

RD 

19.46 

RD 

7.71 

BD 

BD 

1.50 

8.70 

Zn 0.05 BD BD BD 
=BU = Below detection limit. 

Table 3.13. Mean and range (n = 7) of total recoverable metal concentrations 
(in milligrams per liter) in effluent from Outfall 015 determined by 

inductively coupled plasma sptrosoopy 

Detection Test Date 
Metal 

12-27-91 03-20-92 oii-26-92 Limits 

Al 
Ba 

ca 
Fe 

K 

Mg 
Mn 

Na 

Ni 

P 

Si 
Sr 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.01. 

0.67 

0.115 

38.57 

0.54 

BD 

2.50 

0.77 

4.33 

BD 

BD 

6.41 

0.35 

0. I4 

BD 

45.18 

0.06 

BD 

5.67 

RD 

4.93 

RD 

BD 

4.03 

0.44 

BD 

BD 

44.12 

BE> 

5.49 

5.68 

BD 

4.77 

BD 

BD 

2.11 

0.62 

zn 0.05 BD BD BD 
Note: BD = Below Detection. 



Tmt date 
Detectim -- _.. 

limits 12-27-98 03-213-92 06-26-92 
Metal 

A1 0.05 2.07 0.13 f.!'r 
Ba 0.05 BW BD NT 
Ch 0.05 34.19 37.98 N T  

Fe 0.05 1.31 0.20 N T  

K 5 B D SD NT 
0.01 0.63 4 51 N'T 

Mn 0.05 BT, BD NT 
Na 1 3.61 2 79 NT 

Ni 0.1 BD UD NT 

P 0.05 BD 0.32 N T  

Si 1 9.96 4.70 NT 

Sr 0.01 0.43 0.52 NT 

N T  Zn 0.05 RD I3D --- 
= Below detection limit. 

Test date Detection --- 
liinits 12-27-91 03-20-32. 06-26-92 

Metid 

PJ 0.05 RW BD IZD 

Wa 0.05 0.05 BD B 3  

ca 0.05 50.76 46.72 67.41 

Fe 0.05 0.17 RD 3 D  

K 5 BD BD BD 

M!? 0.01 z 50 6.4U 10.28 

Mn 0.05 0.77 RD BD 

N2 1 3.90 3.43 7.65 

Ni 0.1 UD RB) 33h3 
P 0.05 BD RD BD 

Si  1 3.41 2.58 2.86 

Sr 0.01 1.02 0.87 1.90 

z n  
"ED = Below detection limit 

BD RD BD 
l_l .. 0.05 .......... 



Test date Detection - 
12-27-91 03-20-92 M-26-92 limits Metal 

~- 

Al 0.05 4.30 0.80 RD“ 

Ba 0.05 0.06 BD B D 
ca 0.05 27.43 18.67 43.61 

Fe 0.05 2.38 0.66 BD 
K 5 BE? BD RD 

Mg 0.01 0.63 3.33 6.69 

Mn 0.05 0.77 BD BD 

Na 1 3.09 2.08 7.18 

Ni 0.1 BD 83’19 RD 

P 0.05 BD BD BD 

Si 1 12.74 4.29 2,51 
Sr 0.01 0.42 0.24 0.70 

Zn 0.05 BD BD BD 
‘BD = Below detection limit. 

006, 008, 009, and 011 tested in February 
and effluent from Outfall OOS, tested in 
October 1992 were toxic to fathead 
minnows. On the other hand, the NOEC 
approach indicates that none of the 
effluents (except for Qll) were toxic. This 
difFerence is due to the fact that the 
NOEC approach uses growth only for 
those minnows that survive the test, while 
thc TUc approach uscs growth for the 
number of fish that were used at the start 
of the test. In addition, if the mean growth 
for each concentration does not 
monotonically decrease (c.g., growth in the 
50% effluent is greater than growth in the 
100% effluent), the responscs are 
“smoothed” by averaging (pooling) 
adjacent means (Weber et al. 1989). Far 
example, in full-strength effluent from 
Outfall 0019, mean weight for i‘ish that 
survived the entire test was 0.38 mg/fish. 
Mean weight decreased to 0.29 mg/fish 
when calculated for 40 fish (the number of 

fish that were used to begin thc test) and 
decreased to 0.24 mg’fish when the means 
for all concentrations were pooled (growth 
in the 100% efflucrit was grcater than 
growth in the 50% effluent). The 
interpretation of results obtaiiied using the 
NOEC and TUc approaches probably lies 
somewhere in between the two. Full- 
strength effluent samples from cach of the 
outfalls decreased growth of fish t o  some 
extent, thus indicating toxicity. However, 
for outfalls 004, 006, and 008, the effluent 
samples wcre not as toxic as indiealcd by 
the TWcs, ranging from 4.26 to 9.77. 
EMuent samples from outfalls 
and 008 were not toxic to fathcad niinnows 
during August and Octobcr 1992. Thus, 
toxicity observed in February was an 
isolated event. Effluent from Outfall 01 1 
was toxic to minnows in Fcbruary using 
either the NOEC or the TUc apprciacch, 
indicating there was a potential Tor 
instream toxicity during this period. 



Effltilrscnt €TOT Outfall 011 was not toxic 
during August and Octobcr 1992, again 
indicating that toxicity during the February 
test was an isolated e~cni. 

Thc NOEC and 'I'CJ, apprmc"hes 
agreed well for the Ce&dqihniu test, 
indimring that eithei approach could be 
used as compliance endpoint. IIowmcr, 
thc two apprrmchcs did not agree for the 
fathead minnow test. Thc malysis siiggcsta 
that thf: TUc appro may overes t imatc 

Results of the fathead minnow test must 
be iriterprcted carefully when the TUc i s  
used as a compliance ci9dpoint 

the degree of toxicity to  the minnows,. 

Effluent samples from the 
intermitteatly flowing outfalls (013, 015, 
016, 01'7, and 018) were not consistently 
toxic to  either CeriodophrLia or fathead 
minnows. None of the effluent samplcs 
were toxic to Ceriodaphk  During the 
Scptcniber 22-29 test with Cei-iodaphnia, 
low survival in the control invalidated the 
t a t .  Therefore, a second test was 
conductcd dun ing September 29-October 6, 
1992? using thc same effluent. Oecausc 
f h e ~  was an insufficient amount of 
effluent remaining from Outfall 015 to 
condiact a full t a t ,  50% was the highcst 
cesiicentration tested During the first test 
period with effluent from Outfall 01 5,  
Ceri'odup;lhn!n sui-iiival was 100% and mezn 
reproduction was 28 offspr ing/fcmale aftcr 
6 d. This high survival and reproduction 
indicates that 100% effluent was not toxic 
to Ceriodophniu. For thc two valid t a t s  
condnctcd by Rirge et al. (1992) in 1991, 
none of the intermittelit outfall samples 
were toxic to Ce;+xkp'mia. 

than Ceriodup.'znia to  all of thc efflueats. 
As was the case with tests done at thc 
continuously flowing sutfalls, thcrc was 
seine disagreemcrit betwccn the N O K  

Fathead minnows were I ~ O K  sensitive 

and TUc approaches. Using thc TUc 
appioach, effluent samplzs from Outfalls 
013, 016, 017, aiid 018 wcrc toxic (TIJ, > 
1.2) during i w s  rrf five tests Effluezt from 
Outfall 015 was toxic during one tcst, The 
NBEC approach %7as in agzccment with 
tEi, 1 UC approach for effluent sampks 
from Outfalls 013, 015, a r d  018. Foi 
efflut~t Eiom C i ~ t f d l  016, thc 'l'Uc 

indicated toxicity during the 
November 1992 :est, while thc NOEC 
approach did net. For cfflueEt from Outfall 
017, thr  NOEC approacli indicated 
toxicity, while the TUc approach did not. 
l'he intcrmitteni outfalls do not have a 
complliescc endpoint in the draft '4grecd 
Order or the renewed permit.. Howcvcr, 
the l 'Uc i s  reportcd to  the KDUW and can 
bc used to identify those efflfeuents that are 
 tox xi^" and may need to be invcstipated. 

Birge et al. (1990, 1992) hypothesized 
that a remobilization of soil metals may 
produce measurablc toxicity Tor limited 
periods of time. A h i i n ~ m ,  in particularl 
was higher in the intermittent outkills than 
in the continmucus outfalls. Fer  the 
intermittent nutfalls. mimimuin aliminum 
concentrations for 1992 sangeJ from 1.3 to 

aluminaim biologically availablc 8s dissolved 
aluminam is not known, work by Mirgc ct 
al. (1992) shswcd that between 20 and 
50% of the aluminum in Big M a p u  Cieek 
was in tlie dissolved fraction (0.45 ,urn 
filterable fracticrn). Tile freshwater critcTia 
for chronic effects (EPA 1988) is 0.087 
m u J .  Thus, It Is possibic that 
ec?nccn;rations of aluminum En thc effliicnt 
were toxic. IIowcvee, Ceriuduphnia are 
mere seimsitive to aluminum than fathead 
minnows (SPA ISSS), and effluent from 
thc intcrmittcnt outfalls was nwer  foiind 
to bc toxic to Ceriodnphnzia. Suspended 
solids wcre h i g h  in the intermittent 
outfalls (.4ppendizi A, maximum in 1992 
raiigcd from 18 to 2980 mg&), than in the 
continuously flowing outhalls (Appendix A, 
irndxirniim in 1992 ranged from 22 to 'IS 

119 linsie, PIathoLlgh thc amount of 



suspended solids in the elfluents may 
therefore cause law growth of minnows in 
the test beakers. Additional studies are 
scheduled for 1993-94 which will provide 
insight into the toxicity of metals and 
suspended solids. Toxicity tests will be 
conducted using nontreated and filtered 
effluent to determine whether suspended 
solids (or cantaminants bound to 
suspended solids) are toxic to fathead 
minnows. In addition, the draft Agreed 
Order contains a requirement for 
determination of site-specific metal criteria 
tor Big Bayou and Little Bayou creeks. 
This study will include determination of the 
concentrations of dissolved and total metals 
in the effluents. 

3.2 AMBIENT TOXICITY 

3.21 Introduction 

Ambient toxicity monitoring at PGDP 
employed the Cehdaphnin and fathead 
minnow tests described in Sect. 3.1. 
Toxicity monitoring was incorporated into 
BMP in order to (1) evaluate area source 
contributions to stream toxicity, (2) 
characterize patterns of toxicity in Big 
Bayou and Little Bayou crceks, (3) 
document changes in water quality 
attributable to changes in operations at 
PGDP, and (4) provide data demonstrating 
that the effluent limitations established for 
PGDP protect and maintain the use of Big 
Bayou and Little Bayou creeks for growth 
and propagation of fish and aquatic Me. 
The sites chosen for testing on Big Bayou 
Creek were selected to bracket area and 
point source discharges into the creeks and 
to correspond closely to  those selected as 
instream monitoring study sites. The site 
chosen on Little Bayou Creek is  

downstream of all PG 
discharges. 

Ambient toxicity was evaluated using 
the Catbead minnow test ami the 
Cetidaphnia test as descri 
for continuously flowing outfalls with the 
following exceptions: (1') no diiiutirjns were 
tested, and (2) each test used seven 
consecutive, daily grab samples o f  stream 
water. For four tests, a subsamplc of each 
ambient water sample was exposed to 
ultraviolet (UV) light 
in a Lifeguardm m 
treatment device. 
25-W WV light source (254 nrn 
wavelength) shielded from direct contact 
with the water by a quartz tube. ??ne water 
samples were then evaluated for toxicity 
using fathead minnows. 

Three ambient sites on Big Bayou 
Creek (BBK 12.5, 8BK 10.0, and BBK 9.1; 
Fig. 2.2), one site OR kittie Bayou Creek 
(LUK 7.2, Fig. 2.21, and one site on 
Massac Creek (MAK €3.8, Fig. 2.1) were 
evaluated for toxicity. These sites are the 
same as those select 
monitoring c ~ m p o n  
Five tests were con 
basis from October 
Water sampling and water chcmistry 
analyses were conducted as described for 
continuously flowing outlalls in Scct. 3.1.2. 
All data analyses were accornplidicd as in 
Sect. 3.1.2 with the exception of those 
described in the following section. 
Significant differences in fathead minnow 
survival and growth and Cen'odaphniu 
survival among sites wcrc evaluated using 
the General Linear Models (GLM) 
procedure in SAS (SAS 1985a, 4985b). The 
GLM procedure proved to bc 
inappropriate for separating diflcrences 
among all sites for  ai?^^^^^ 



reproduction. YKI this cast, separate GLhl 
analyses were conducted for each test 
pmiod. TJnless othcnvke notcd, statements 
of significance (Drobability) are bascd oil p 
= 0.05. 

Mean survival and growth of fathead 
nsimnows for all tests are provided in ‘hble  
3. i 7. Mkac  survival aild gromth for each 
site and test are provided in Appendix B. 
Mean suwivvai of minnows for all tests and 
sites (n = 20) ranged from 8i.9% to 
91.8%; growth ranged €rom 0.36 to  0.44 
mg/fish. ‘I’here wzis no significmt difference 
in sirrival among sites (GLM;p = 0.99) or 
tests (GLM; p = 0.13). Likewise thesc was 
no differewe in growth among sites or 
tests. A comparison of minnow survival in 
noniieated water lis W-t rea ted  water (n 
== 16) showed that survival was significantly 
higher in the UV-treatcd water from I N K  
7.2 (GLM;p = 0.02) and X4K 13.8 
(G1,M;p = 0.03). There was no difference 
in survival or growth based on treatmcnt at 
the ~emaining sites. 

Mean survival and reproduction of 
Ceriodnphnin for all tests are provided in 
Table 3.17. Mean sumival and reproduction 
data for each site and test are provided in 
Appendix B. Mean surulva8 (n=5> of 
Cei.ioduphi.~il.ii was high at all sites (94.1 - 
99.5%). Reproductioii among tests (n  = 
50) was significantly different (GI,M; y 
0.0002); thus, thc presence of chronic 
toxicily (significant rcdxt ion in 
reproduction compared to the control) at 
each sitc was determined by separate 
GLMs conducted for cach test. 
Rcpoductiun at each site was ncvcr found 
to be sigiiilicantly b w e i  than the controt 
and in. many cases was higher than the 
control (Appee 

Conductkdy, haidfiess, and pI1 
increased with distance dcnwnstream in Rig 
Bayou (Srcek (Tablc 3.18). Mcm hardiiws 

incicascd from $5 mg/L aboar-e XXlP 
(RMK 12.5) to  197 mg/L r t  thc site furtbcst 
downstream (SBK 9.1). Mean condiaceivity 
increased from 225 pS/cm above W D P  
(BBK 12.5) to S O  mgD, at BBK 9.1. Mean 
pH iacreascd from 7 6 (maximurn = 8.0) at 
BBK 12.5 to 7.9 (maximum = 9.0) at MkIK 
9.1. Mean alkalinity dccrcased slightly (59.8 
to 34 5 mu,) with distance downstream in 
Big Baym Creek. All parameters measured 
in Little Bayou Cicck (LUK 7.2) were 
higher h a i l  in the refere~c- site (MAK 
13.8, Table 3.18). Rcsiilts of ICP analyses 

toxicity tests are summarixd in T a b l a  3.19 
to 3.23. In general, conccntrations of 
detected metals were similar bctween the 
reference site;, MAK 13.8, and BBK 125 
Concentrations of sodium wete highcr in 
B5K 12.5 Lhan in MAK 13.8 (7 30 mg/L 
and 5-13 m a  respectively). Metal 
concentrations decieased slightly or 
remaincd the same at BBK 10.0 then 
increased at BBK 9.1. Retweeii BRK 12.5 
and BBK 9.1, calcium increased 
approximately 3 fold, magnesium increased 
approximately 4 fold, and sodium increased 
approximately 2 fold. Metal concentrations 
in I,UK 13.8 were similar to BBR 12 5. 

obtained concurrently with some of t13C 

Over all tests conducted during 
October 1991 to October 1992, tberc was 
no reduction in €&cad rrninnow suiviva: or 
growth or Cerisduphaia survival or 
reproduction. No toxicity tu Ceriodaphnio 
was cbserved Eoi the Cet iodqh iu  tests 
conducted by Birgc et al. (1992) during 
1991. Comparisons with Birge et al. (1992) 
fathead minnow toxicity test data arc not 
provided bccause they used a differ- rnt test 
method (embryo-larval teratogenicity test). 
Fathead mirnnow survival was low at all 
sites ( i d u d i n g  MAK 13.8 and BEK 12.5) 
during h e  C k t ~ b e i  1991 test. At this time 
it is hypothesized that a natural pathogen 
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Table 3.17. ToxieirCy test results for ambient sites on Big Bayou, Baycay m d  M- cxecks 

Fathead minnow Cefil7duphiu 

Site Mean Sumival*,b Growthh Mean SurvivaFc Reproduction,' 
(%I (rrag/fiSlI) (%I (offspringfemale) 
(CV%) (SI)) (CV%) (SD) 

BBK 12.5 81.9 (33.9) 0.37 (0.18) 99.5 (2.7) 30.8 (8.6) 

BRK 12.5 IJV 93.5 (23.4) 0.40 (0.11) N P  wr 

BBK 10.0 UV 93.1 (21.1) 0.44 (0.15) NT NT 

BBK 9.1 91.8 (27.8) 0.44 (0.20) 94.1 (10.2) 31.9 (7.4) 
BBK 9.1 UV 99.2 (14.1) 052 (0.13) NT rn 
LUK 7.2 83.7 (45.7) 0.37 (0.17) 99.5 (27) 29.7 (5.9) 
LUK 7.2 UV 99-8 (12.4) 0.47 (0.13) NT NT 

MAK 13.8 83.7 (30.9) 0.36 (0.15) 98.3 (4.5) 30.7 (8.0) 
UAK 13.8 lJV 98.3 (12.2) 0.44 (0.14) NT NT 

BBK 10.0 87.2 (25.8) 0.39 (0.18) H.5 (2.7) 29.8 ('7.7) 

"Survival (CV%) values were amine transformed for calculation. 
%t=20. 
%=S. 
*n=50. 
"UV = sample was exposed to ultraviolet light for 1.5 min, n=16. 
?UT = not tested. 
Note: CV =: Coefficient of variation; SD = Standard deviation; BRK = Big Bayou Creek kilometer; LUK = 

Little Bayou Creek kilometer; NjzK = Massac Creek lulometer. 

Table 3.28 Summary (mean f SD, n = 35) of water chemistry anatysccs 
of water from ambient sits 

Alkalinity Hardness Conductivity 
(mu- as CaCO,) (mgL as eaC0,) (psicm) 

Sample 

BBK 1 2 5  
Mean (k SD> 7.6 (0.2) 59.8 (18.5) 65 (12) 225 (45j 
Range 7.0-8.0 20.0-84.0 50-98 112-281 

BBK 10.0 

Mean (f SD) 7.5 (0.2) 36.9 (5.1) 73 (191 242 (45) 

Range 6.9-7.9 24.0-50.0 54-112 126-3 19 

BHK 9.1 

,Mean (* SD) 7.9 (0.4) 34.5 (3.8) 197 (83) e580 (259) 

Range 7.2-9.0 20-44 64-346 207- 1277 

I N K  7 2  
Mean (k SD) 7.7 (0.2) 45.3 (9.1) 79 (14) 255 (52) 
Range 7.2-8.0 2 1-7 1 50- 181 100-333 

lKAK 13.8" 

Mean (+- SD) 7.5 (0.2) 36.0 (6.7) 48 (10) 135 (12) 
Rangc 6.8-7.8 21-49 32-88 98-167 

"Reference site. 
Note: BBK = Rig Rayou Greek kilometer; LUK = Little Bayou Creek kilometer; MAK = Massac 

Creek kilometer. 



Test dale octecriori 
limits 10-27-91 02- 13-92 05-21 -92 08-13-92 

Metal 

A 0.05 

1-32 0.05 

Ca 0.05 

Fe 0.05 

K 5 

m 0.0 1 

Mn 0.05 

Na 1 

Ni 0.1 

P 0.05 

SI 1 

Sr 0.0 1 

En 0.05 

0.19 

SD 

12.6'1 
11.67- 14.19 

0.45 
0.20-0.80 

5.65 
5.65-5.65 

1.95 
1.56-2.08 

0.48 
0.29-0.77 

13.80 
1O.W-I 8.91 

BE 

BD 

5.92 
5.30 7.33 

0.08 
0.07-0.09 

BD 

3.22 

0.08 
0.06-0.10 

13.30 
11.32-25.57 

2.17 
0.30-6.65 

5.61 
5.61-5.61 

0.63 
0.63-0.63 

0.77 
0.77-0.77 

5.5 1 
3.36--'7.06 

BD 

BD 

11.5s 
6.19 -25.70 

0.09 
0.08-0.10 

BD 

BD 

ED 

10.60 
9.82-11.37 

0. IO 
0.06-0.23 

sa3 

272 
2.52 -2.93 

0.07 
0.05-0.09 

12.40 
11.92-12.76 

BD 

BD 

4.80 
4.68-4.97 

0.04 
0.04-0.0.F 

B E  

BD 

BD 

8.94" 
8.08-9.3 1 

0.50 
0.47-0.55 

BD 

2.15 
2.27.2.38 

0.08 
0.06-0.10 

9.99 
9.60-10.2? 

Di9 

0 14 
0.14-9.14 

4.18 
4.93-4.4 

0.05 
0.04-0.05 

BU 

= Below detection limit. 



Table 3.20. Mean and range (n = 7) of total recoverable metal ooncenu-ations (in 
milligrams per liter) in effluent Liom Big Bayou Creek kilometer 12s deleminod 

by inductiVety coupled plasma sproscow 

Test date Detection 
llrnltS 10-27-91 02-13-92 05-21-92 08- 13-92 

Metal 

Al 

Ra 

ca 

Fe 

K 

Mg 

Mn 

Na 

Mi 

P 

Si  

Sr 

%n 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.0 1 

0.05 

BDU 

BD 

15.03 
14.54-16.17 

BD 

BD 

1.9s 
1.56-2.08 

1.15 
1.15-1.15 

30.86 
26.14-39.17 

0.78 
0.78-0.78 

BD 

4.63 
4.0 1-4.96 

0.07 
0.07-0.07 

RD 

2.45 
0.89-5.35 

0.06 
0.06-0.07 

14.59 
8.66- 18.32 

1.41 
0.63-2.21 

5.27 
5.05-5.53 

0.57 
0.47-0.63 

0.77 
0.77-0.77 

6.99 
2.20-10.20 

BD 

BD 

8.73 
6.74-10.94 

0.07 
0.04-0.09 

ED 

BD 

BD 

17.25 
16.05- 19.04 

BU 

BD 

4.45 
4.33-4.59 

RD 

27.76 
27.17-28.31 

BD 

BD 

2.41 
2.14-2.66 

0.06 
0.05-0.08 

13D 

R D  

13 E) 

12.97 
12.23-13.52 

0.06 
0.05-0.07 

5.32 
5.06-5.56 

3.45 
3.39-3.51 

an 

27.28 
26.24-28.30 

ED 

BD 

2.52 
2.14- 2.78 

0.06 
0.05-0.07 

1311 

= Helaw detection limit. 



Al 

Ba 

ca 

Fe 

K 

w4 

Mn 

Na 

Ni 

P 

Si  

Sr 

Zn 

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.05 

1 

0.1 

0.05 

1 

0.01 

0.05 

B W  

BD 

19.75 
17.17-22.57 

0.08 
0.06-0.09 

5.01 
5.01-5.01 

3.12. 
2.50-3.33 

0.38 
0.38-0.38 

28.6 1 
22.25-32.99 

B1) 

BD 

1.69 
1.25-2.19 

0.18 
0.11-0.24 

B1> 

2.40 
0.24-6.77 

0.W 
0.05-0.0!9 

16.53 
13.46-20,Qo 

1.58 
0.32-4.00 

5.14 
5.14-5.14 

1.96 
0.6’3-3.13 

0.54 
0.09-0.77 

9.43 
4.14-13.48 

BD 

B 13 

8.W 
4 27- 18.63 

0.10 
0.08-0.12. 

I311 

BD 

BD 

16.62 
15.67-17.94 

p31:> 

BD 

5.92 
2.39 -7.1 I 

RD 

24.54 
22.66-26.68 

I311 

BD 

1.01 
1.01- 1.01 

.07 
8.06-0.08 

BU 

BD 

0.09 
0.09-0.09 

13.37 
12.64-13.64 

1 3 0  

5.23 
5.019-5.51 

4.77 
4.5 1-5.26 

BD 

16.98 
15.25-20.43 

BD 

0.22 
0.15-0.31 

1.14 
1.01-1.29 

0.08 
0.07-0.08 

BD _. . . 
aBl) ::: Below detection limit. 



Table 3.22. Mean and range (n = 7) of total recoverable metal concentrations (in 
milligrams per liter) in effluent from Big &you Creek kilometer 9.1 determineid 

by indudively miupled plasm s-mw 

Iletection Test date 

10-27-9 1 02-13-92 05-21 -92 Oh-13-92 limits 
Metal 

Al 

Ba 

ca 

Fe 

K 

Mg 

Mn 

Na 

Ni 

P 

Si 

Sr 

Z n  

0.05 

0.05 

0.05 

0.05 

5 

0.01 

0.0s 

1 

0.1 

0.05 

1 

0.01 

0.05 

B I l Q  

BU 

50.6 1 
43.62-62.00 

0.09 
0.07-0.12 

7.06 
5.89-8.37 

8.22 
7.50-8.74 

1.20 
1.20-1.20 

73.08 
64.21-92.99 

0.78 
0.78-0.78 

BD 

2.77 
2.40-3.19 

0.27 
0.24-0.3 1 

13 0 

1.84 
0.15-5.24 

0.06 
8.05-0.08 

31.68 
20.38-40.80 

1.13 
0.13-3.14 

UD 

3.66 
2.50-5.00 

0.77 
0.77-0.77 

23.45 
11.73-35.38 

RD 

t3D 

7.35 
3.98-15.68 

0.14 
0.09-0.16 

k3 D 

RD 

H I2 

49.76 
23.03-75.44 

BD 

7.76 
5.79-9.22 

16.04 
8.98-’i2.75 

I3D 

59.5 1 
31.66-86.58 

BD 

uu 

1.78 
1.20-2.35 

0.17 
0.W-0.26 

B I3 

BD 

B I1 

47.48 
20.86-69.95 

BD 

7.86 
5.31-9.07 

14.09 
7.30- 19.50 

nu 

47.62 
20.56-68.81 

RD 

0.08 
0.06-0.1 1 

2.12 
1.46-2.75 

0.19 
0.09-0.25 

BI) 
‘BD = Below detection limit. 



Test date 

10-27-91 02-13-92 05 -2 1-92 08-13-92 

DetecLion .._._... 111 

limits Metal 

AI 0.05 

Ba 0.05 

ca 0.05 

Fe 0.05 

K 5 

w3 0.01 

Mn 0.05 

Na 1 

Ni 0.1 

P 0.05 

Si 1 

Sr 0.01 

Zn 0.05 

BDa 

0.07 
0.07-0.07 

30.94 
26.72 -33.51 

0.15 
0.09 -0.21 

BD 

3.20 
2.8 1-3.33 

1.20 
1.20- 1.20 

22.78 
15.57-28.04 

BD 

BD 

2.72 
2.29-3.09 

0.61 
0.46-0.32 

3 IP 

3.3s 
0.59- 7.18 

0.07 
0.05-0.10 

18.40 
11.25-2&34 

1.93 
0.47-3.94 

Pln 

1.94 
1.12-2.86 

BD 

13.04 
4.83-20.03 

BD 

BU 

10.85 
5.07-18.98 

0.41 
0.18- 1.38 

BD 

i3 D 

UT) 

17.60 
16.59- 19.17 

0.11 
0.06-0.27 

BD 

6.94 
6.47-7.69 

13 D 

30.43 
28.2 1-32.79 

RD 

BD 

3.74 
3.10 -4.91 

0.14 
0.12- 0.17 

u I1 

0.05 
0.0.5-0.05 

BD 

14.79 
12.96- 16.14 

0.07 
0.07-0.07 

BD 

5.15 
4.76 -5.87 

RD 

17.29 
14.87-21.14 

B I1 

0.15 
0.07-0.26 

1.47 
1.27- 1.75 

0.10 
0.09 -0.12 

BD 

‘B19 = Below dciection limit. 



in the watcr might have been the cause. 
An analysis of ambient fathead minnow 
tests conducted at ORNX, (Kszos and 
Stewart 1992) examined survival among 
replicates in effluents and ambient waters 
and found, when mean survival of minnows 
was between 40% and 70%, among- 
replicate variation for ambient tests was 
significantly greater than it was for the 
effluent tests. A large variation in survival 
makes it more difficult to use the minnow 
test to distinguish among ambient sites and 
may falsely indicate toxicity. The unusual 
minnow mortality in tests with ambient 
water appeared to be due to a pathogenic 
bacteria or fungi, for exposing the water to 
UV light before testing nearly eliminated 
minnow mortality. Ambient tests of Big 
Bayou, Little Bayou, and Massac creeks 
using UV treated water showed that in U V  
treatment significantly improved survival in 
MAK 13.8 and LUK 7.2 (v = 0.03 andp  
= 0.02 respectively). The toxicity observed 
for thc ambient sites in October 1991 was 
not repeated during the remaining tests. 

3 3  SUMMAltav 

EffIucnt from the continuous outfalls 
was rarely toxic to Cerioduphnia and 
cEfluent from thc intermittent outfalls was 
never toxic to Cerbdaphnin. Effluent from 
Outfall 001 was toxic during May 1992, but 

no instream toxicity was 
Big Bayou Creek site 
immedia t eiy downs tre 

August 1992, but the 
through" to Outfall 008. Thus, toxicity of 
the effluents to ~ ~ r i ~ f f ~ h ~ ~ ~  was not 
present at the ambient sitcs. 

Effluent from the continuous and 
intermittent outfalls was occasionally toxic 
to fathead minnows. Effluent from all of 
the continuous outfalls except 
toxic in February 1992. Now 
this same test period, fathead minnow 
survival was only reduced at BBK 12.5 
(abovc PGDP) and LUK 7.2. For both 
sites, treatment with UV light eliminated 
the toxicity. Thus, toxi 
effluent from Outfalls 
009 was not present a 
Effluent from Outfall m9 was also toxic to 
fathead minnows in October 1992. No 
instream toxicity was observed at BBK 9.1, 
but this sitc is also below Outfall 008. If 
toxicity persists in eEfluent from Outfall 
009 during 1993, we may want to mnsidcr 
an additional monito site in Big Bayou 
Creek below Outfall . h b i e n t  toxicity 
tests were not conducted concurrently with 
the intermittent outfalls. Tests with filtered 
and nonfiltered effluent during 199.3-94 
will provide additional insight into the 
toxicity of the intcrmittent outfalls. 

EfilUent fH>m OUtfidll 

ohscwed in the 





4.1 r n 0 D U r n O N  

Bioaccumulation monitoring 
conducted to date as part of BMP at 
PGDP identified PCB contamination in 
fish in Big Bayou Creek and Little Bayou 
Creek as major concerns (Birge et  al. 1990, 
1992). Mercury concentrations in fish From 
Big Bayou Creek were found Lo be higher 
in fish collccted downstream from PGDP 
discharges than in I’ish from an upstream 
site (Birge et a!. 1992), but the difference 
was not large and mercury concentrations 
in fish were well below both the U.S. 
Department of Agriculture Food and Drug 
Administration (FDA) limit (FDA 1984a) 
and the EPA human health risk assessment 
guidelines. Concentrations of various 
metals in fish from Big Bayou Creek and 
Little Bayou Creek were well below levels 
of concern for human consumption.* 

The objectives of the 1992 
bioaccumulation monitoring were (1) to 
continue PCB tracking studies in fish from 
Big Bayou Creek and Little Bayou Creek, 
(2) to confirm elevated mercury 
concentrations in fish in Big Bayou Creek 
and cstablish appropriate reference site 
concentrations, and (3) to conduct 
screening analyses to detect other 
contaminants that may be of concern to 
consumers in fish from these strcams. 

4.2 STUDY S 

Longear sunfish (Lepomis megaboris) 
were collected for PCB analysis at BBK 

12.5 (the upstream reference site cm 

BBK 2.8 c)n Bi 

Little Bayou Creek (Fig 2.2)” Xangear 
sunfish were also taken Tor mercury 

uncontaminated reference fish. This strcarn 
has been used as a reference site for 
monitoring conducted at DOE facilities in 
Oak Ridge since 1985, and concentrations 
of various metals and organic contaminants 
in fish from this site are well characterized. 
Longear sunfish were also sampled from 
LUK 7.2 and BRK 9.1 for contaminant 
screening analyses. Larger fish (spotted 
bass, Microperus punctdutus, and carp, 
Cyprinus calyio) werc collected, when 
present, from BBK 9.1 and LWK 4.3. The 
length of stream sampled at cach site 
varied with the degree of dilficulty ih 
obtaining fish but 
The site at BBK 1 
reach between PGDP outfalls 
(Fig. 2.3). The BBK 9.1 sitc e 
the rcach rrom 
(Fig. 2.3). Larg 
large pools and deeper water. B 
such habitat is s~arec at sites in 
Creek close to PGX) 
below BBK 9.1 that contains such habitat 
was used for collection. 

Xn Little Bayou Creek, the vcry sharp 
decrease in PCB c o n l ~ ~ ~ ~ a ~ ~ ~ n  in fish 
between LUR 9.0 and LBJK 7.2 (LB2 and 

held to 2s1Q)oo rn. 
was restricted to the 

K 9.1 up t o  outfall 001 
sh (carp, bass) require 

*US. Environmental Protection Agency, Region IV Toxic Substances Spreadsheer, U.S. 
Environmental Protection Agency, Region 1V, Atlanta, Georgia. ~ n ~ ~ ~ ~ ~ ~ h e ~  rnimeo. July 1990. 



1333 IA Dirge et a'l. 1930, IW2) required 
that collectiom be confilled to a relatively 
short rcach ncar LUK 9.63 at the expense 
of apanding thc reach downsticam in 
order to obtain larger fish of a single 
species. T h i s  -site was restricted to  
- 250 rn from outfall 011 downstrezm to 
LUK 9.0. ?'he. downstream site iticli.ided 
1 0  rm centered at LUK 4.3. Fish for 
contaminant screening analyses were 
collected from BBK 9.1 and from I N K  7.2 
in order to dctect any contribution from 
outfall 003. 

PCB concentrations in sunfish provide 
an effective monitor of tcmporal and 
spatial changes in PCB contamination 
within stream fishes but do not provide a 
direct estimate of the highest PCB 
concentrations that may be present in 
stlearn biota, Larger, older, fattier fish, 
such as carp or channel catfish, accumulate 
3 to 10 times highcr PC concentrations 
under the same exposure coditions 
(SoutIiwcut3 19%). Although 
concentrations in thcse largcr species can 
be inferred from coaieentrations in sunfish, 
direct measurement provides a more 
reliable indicator. 

Fish were collected by backpack 
ekctrofistning. Eight fish were taken from 
each site for PCR and mercury analysis, 
and four fish taken for scrccning analyses. 
Coillections of larger fish (spotted bass, 
carp) for BCB monitoring were made on 
October 18, 1991, in Big Bayou Creek 
(BBK 3.1) a d  Littlc Bayou Creek (LUK 
4.3). Eight carp were collected at BBK 9.1, 
but only three small carp were found at 

therefore taken at this site as a substitute. 
h n g c a r  sunfish (Lepomis megalotis) 

wcrc cal1ec:ed in Hie, Bayou Creek and 
Little Bayou Creek on April 6-7, 1992, as 
part a€ routine twice ycarly monitoring of 

LUK 4.3. Eight spotted ba- as were 

PCB concentrations in this spacies 
Collections of sunfish were restricted 
whenevcr possibk fn fish of a s i x  hrge 
ernugh to  be :nkm by sp03i't L'rsherwaan in 
c1rder en minimize effects of ccrvariance 
bemeen size and contaminant 
concentrations and to provide data alircctly 
applicable to assessing risks to pcople who 
might cat fish from these sources. High fish 
densities at most sites enabled the 
collection of eight specimens cf sunfish 
235 g at a11 sites except IAJK 9.0 (the site 
closest to PGDP where habitat is extremely 
limited ). Fisk?. livere also taken for mercury 
analysis at BBM 12.5: BBK 10.0, ERK 9.1, 
BBK 2.8, and MAK 13.8 (local. iefercnce 
site) on April 6-7, 1992, and Hinds Creek 
in Tenncssce on Ap38 15, 1992. Each €ish 
was individually tagged with a unique Four 
digit tag wired to the lower jaw a ~ d  placed 
on ice in a labeled ice chest. Fish were 
held on ice overnight and processed the 
next day. Each fish was weighed and 
measured, then Eileted, skinned or  scakd, 
and rinsed in process tap water. 'l%e 
Octobcr samples w a e  skinned; however all. 
subscquei~t samples were scaled and the 
skin left OJI the filet Samplcs of sunfish foi 
specific analyses were excised, wrappcd in 
heavy duty aluminm foil, labeled, an9 
fro~ern on dry ice (if processed on site) or 
in a standard f r e e x r  at -15" C. For largcr 
fish (carp, bass), filets were wrappc'd and 
labeled as were sunfish samples, but at a 
later Sate the frozen filcts were partially 
thawed, cut into 2- to 4-cna pieces. and 
homcgcnized by passing each sample ihrcr; 
timcs through a hand meat grinder. A 25-g 
sarnple of the grouiid tissue was wrapped 
in heavy duty aluminum foil, labchi,  
frozen, and submitted to OMNL Analytical 

remainirmg tissue from filets of sunfish or  
largca fish was wrapped in foil, labeled, and 
placed in the freezer for shmi-tcrm 
archival storage, 

collectzd in October 1991 wers analyzcd by 

Chemistry. Division for PCB aiialyses. Any 

PC8 dcterminations in carp and bass 
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capillary column gas c ~ ~ o m a t o ~ r a ~ ~ y -  
electron capture detection (GCBCD) 
using a method based on EPA pracedure 
PPB 12/83 (EPA 1984), which involves 
homogenizing the sample in ~ n ~ y d r o w ~  
sodium sulEate, extraction with methylene 
chloride, cleanup using column 

which sulfuric acid partitioning is u s 4  as a 
cleanup step to destroy lipids.* Screening 
analyses for chlorinated pesticides utilized 
PPB 12/83. Fish were analyzed for total 
mercury by cold vapor atomic absorption 

metry following digestion in 
(EPA 1991, P r d u r e  

245.61, for .As7 Cd, Cr, Cu, Pb, Ni, Se, Ag, 
V and U by inductively coupled 
plasmahass spectrometry (EPA 1991, 
procedures 200.3, 200.8) and for zinc by 
inductivcly coupled plasrna/optical emission 
spectrometry (EPA 1991, procedure 
200.1 1). Radionuclides were detected by 
gamma scintillation spectrometry. 

combination of blind duplicate analyses, 
analysis of biological reference standards 
and wild fish from uncontaminated sites, 
and determination of recoveries of analyte 
spikes to u ~ c ( ~ n t a ~ ~ ~ a t e ~  fish. 
summarized in Appendix A. 

rnadc using SAS procedures and software 
(SAS 1985a, 198%) for A, Tukey’s 

calculation of mean, standard error, and 
standard deviatic-sn. Tests for homogeneity 
of variancc among various data groups 
were conducted using kvene’s test on 
untransfomed and l Q ~ ~ - ~ r a ~ s f o r ~ i e ~  
variables (Sok-al and Rohlf 1981). 

Quality assurance was maintained by a 

Statistical evaluations of data were 

Multiple Comparison 1 thc: 

fish that contained 7.8 and 5.6 pgl’g; no 
other fish conlained in cxcesss of 2 pg/g.  
The range of ~ ~ c e ~ ~ ~ a t i o n s  was from 0.42 
to 7.8 pdg. Residucs similar to Aroelor 

d in the fish fmrm Big 

wcse also present. 

creeks on the DOE Oak Ridge 
Keservation, Oak Ridge, Tennessee, 
indicate that large carp typically contain 





about five-fold higher ~ ~ ~ ~ e ~ n t ~ ~ t i ~ ~  of 
PCBs than sunfis 
the resulks from ca 

collected. PCB c o ~ c ~ n t ~ a ~ ~ o n $  averaged 
0.85 .t 0.28 pg/g wet weight, 

~ r e d ~ ~ ~ ~ a ~ t ~ y  simila 
1254, with some Armlor 1260. Spotted 
bass were more a ~ ~ ~ ~ ~ n t  at this site, and 

ted for analysis. PCBs in 

24 to 0.49 pg/g Residues 
were predominantly u m  resembling 
Aroclor 1254 and 126Q. Sunlish from LUK 
4.3 averaged 0.28 pg/g PCBs in July 1991 
(Birge e t  al. 3992). As was the case in Big 
Bayou Creek, PCB ~ n ~ ~ ~ ~ r a ~ ~ ~ ~ s  found in 
carp were within expectations predicted by 
the Birge et al. (1992) data, especially 
considering that the small carp comprising 
the collections in Little Bayou Creek 
would not be expected to differ as greatly 
from sunfish in their bioaccumulation 
potential as would larger carp. Similarly, 
spotted bass contained PCB concentrations 
similar to those observed in sunfish, as 
would be expccted from previous 
monitoring (Birgc et al. lW2), 

of 0.40 to 1.39 pj&. 

s 0.03 pglg wet weight, 

4.1.1.2 spring 1 

PCB c ~ ~ t ~ ~ i n ~ ~ ~ ~ n  was cvident in 
longear sunfish collected from bath Big 

you and Littlc Bayou creeks (Tablc 4.2, 
. 4.1, Tahlc C.1). Statistical comparison 

(Dunnett’s test) of mean c ~ n c e n  
Fish h r n  sites ~4~~~~~~~~ from 
discharges with the. mean concentration in 

enee sites [Hinds Creek in 
Bayou Creek above all 



Site SE Bunncti's testb Tukey 
group" 

BSK 12.5 0.02 0.004 8 rl ref 
BBK 18.0 0.08 0.002, 8 c S 

BBK 9.1 0.23 0.050 8 A S  S 

BBK 2 8  0.04 0.009 8 C.D S 

LLJK 9.8 0.48 0.103 8 A S 
LUK 4 3  0.08 0.005 8 B.C s 
1- Eli  nds CP 0.02 0.001 ..... ref ......- B __.. 6 

% ~ G U ~ S  separated by results of Tukey's Muitspie Coniparrssn Test OA ~ Q ~ ~ - ~ E N I S ~ O ~ T K C X ~  data Mean 
ennccnte~ram are simalar at sites having the same letter groupmg, p .c 0.05 

*Results of one-tailed Ilunnett's Test for comparing group means watb a refereficc site mean usilng log,- 
transformed data Data from Il;n& Crcck and 13BK 12.5 were pooled to compute thc reference site mean 
(ref). S Indicates statistically significant differencc, p ~0.05. 

'At this site only, Kedbreast sunfish, Lepomex ntwim were tested. 
Note: H3HC = Big Bayou Creek kilometer; LUK = Little Mayou Creek kilometer; Illinds r r  = Hinds 

Creek. 

0.5 

0.4 

0.3 

0.2 

0.1 
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the difference in mean ~ ~ ~ ~ ~ ~ ~ t r a t ~ o n s  of 
PCBs in sunfish indicates. 

ions of PGBs * 

PCB c ~ n ~ n t r a ~ i s ~ s  were obsewed in 

(Aroclor 1248) were pre 
proporti were detected in 
aqueous 
concentrations r cp r t ed  in this study are 
lower than thosc reported previously. 
Although it would be ~ ~ ~ p t ~ n ~  to interpret 
this ss partial  OR sf the problem, 
the apparent short-ter 
~ o ~ t a m i n ~ t ~ o ~  in sun 
makes such an inter 
Also, lower-than-desired rccoverics s f  
matrix spikes in quality assurance (QA) 
samples raises concerns that the 
concentrations reported may have 
underestimated actual ~ o n c e n ~ r ~ ~ ~ ~ ~ s  
(Appendix C). Continued regular 

n unwarranted. 

concentrations in fish is  
tect any consistent trend over 

timc. 

PCB c o ~ t ~ ~ ~ ~ ~ t ~ ~ n  in sunfish, aloiig with 
the class= associat n between degrcc of' 
contamination an 
demonstrated to 

c ~ n ~ a ~ ~ n ~ ~ i ~ n  is sustained by continuing 
law-level ~ ~ ~ ~ ~ i ~ a ~ ~ o ~  af waters 

to the c reeh  rat 
result of rcsidual ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ o ~  in 
scdiments of thc tfaernsclves. PCB 
residues in upstream ditch or pond 
sediments could act a 
sources, or various in 
fugitive PCBs may G C K K ~ ~ ~ U C  to contribute 

The strong d ~ ~ ~ ~ s t r ~ a ~  gradient in 

past, suggests lh 

4.42 

Bayou Creek were found to be 
ewhat lon he^ ~ ~ ~ w ~ ~ t r ~ ~ ~  from 

than upsiream. Fis 
contained c o n ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ s  of ~~~~~~~~ that 
appeared to be elevaied relativc to 
reference sites in East Tennessee. 

longear sunfish confirme 

concentrations in 
Creek were somew 
from PCDP than upstream (Table 4.3, Fig. 
4.2 , Table C.2). Mean mercury 
concentrations in ~~~~s~ were similar to 

The results <sf mer 

previous studies ( 

~ ~ ~ t ~ s ~ $  of ~~~~~~~~~ in streanis near 
were elevated relative to 

ast sunfish from 'BIinds 

thafl 50% s f  tllnse obscs-vcd at any site in 



BBK 12.5 0.21 0.02 8 c ref 

BBK 10.0 0.45 0.03 8 A s 
BBK 9.1 0.35 0.04 8 A,B,C S 

BBK 2.8 0.38 0.06 8 A3t3 S 

T..UK 7.2 0.32 0.14 

Massac Cr 0.23 0.02 8 B,C ref 

4 excluded excluded 

exd u ded .._.._ 0.09 0.0 i 6 D HiXld§Cf ..... ....... 
"Croups separated by results of 'hkey's Multiple Comparison Test oii lag$sansforrned data. Mean 

bRe..ults of one-tailed Dunnett3 Test for comparing group means with a local reference site mean (ref) 
concentrations are similar at sites having the same letter grouping, p < 0.05. 

using log-transformed data. Data from Massac Creek and 'HBK 12.5 -weiC pooled to compute the reference 
site mean. S indicates statistically significant difference, p <0.05. 

'At this site only, Redbreast sunfish, Lepornis a u n h . ~ ~  were used for testing. 
Note: BBK = Big Bayou Creek kilometer; LUK = Little Bayou Creek kilomcter; M a w c  Cr ::= Massac 

Creek; Hinds Cr -I Hiinds Creek (reference site in Oak Kidgc, Tenn.). 

-1 f 4 -4 i 



h Kentucky rcfeereace sifcs were 
ilac-and m t ~ &  higher than the 

Tennessee refcrenee site-data from the 
two Kcntuelq s 
Creek) were CCI 

collection for corn 
Creek sites bebw 
indicated that mcan mercury 
concentrations in fish from all sites in Big 

exceedcd that in lo@ 
Previous mornit 

1992) indieatcd tha 
clevatcd in fish from Little Bayou Creek. 
Thercfore, mer 
limited number gear sunfish from 

Bayou Greek downs 

as a n a l y d  in a 

part or ~0~~~~~~~~~ screcning 
sults of thcse a ~ a ~ ~ ~ ~  varied 

considerably, with two fish ~ ~ ~ t a ~ ~ ~ n ~  low 
~ ~ ~ ~ n t ~ a ~ ~ ~ ~ ~  and two  ai^^^^ 
concentrations typical 
fish. A more extensive 

Ridge, Tcnesscc, i s  highly ~ ~ ~ ~ a ~ i ~ ~ ~ ~ a ,  
with aqueous total niercury corieentrations 
excccding 1 pg/L in i t s  ~ ~ ~ ~ w a t ~ ~ ~  
(Kornegay ct al. IWZls>. flowever, mercury 
~ ~ ~ ~ ~ ~ ~ t r a t i o ~ ~  in redbreast sunfish from 
that creek average close to 1 rn 
(Kornegay et  al. IWZb), only a liltlc more 



BBK 3.1 collected in fall 192)  will bc 
analyzed far niercury to more accuratclqr 
c5tablish the cariespsilknec i;l iner~eni~ 
conccntrations beiwcen longcar sunfish 
and spottcd bass and provide additioiial 
data to evaluate the risk p s c d  by elevatcd 
mercury conmiitrations in Big Baysa; 
Creek fish. 

Concentrations of metals measured in 
filets nf longear sutafish from Big Bqmi 
and Little Bayou creeh are listed in ‘kables 
4.4 and C.2. Lev& are typical of tl~os6: 

o b m ~ e d  in prc~iecs monitor:lng (Sirgc ct 
al. 1990) and generally differ little (with 
sp,veral exccpticms) from coccentraiions 
observed in fish from the Hi& Creck 
(Oak Ridgc, Tenncasce) rcfeieace s i t c  
Concentrations of Aq Cd, Cu, Pb, Se, and 
Zn were similar tc or lower than the 
national geometric menu concentrations 
(Table 4.4) obscwcd for whole body 
analyses of fish in the U.S. Fish and 
Wildlife Scavice Wmtioml Contaminar-rt 
Biomonitoring Program ( T m w  et al. 1985). 
Concentrations of Sb, Cb, Cr, Ni, Se, and 
Ag were well below screening Icvels used 
in the EPA Integrated Risk Information 

iarsenk wcrc not detected in PGDP fish. 
(Beryllium detection limit was at the IRIS 

System (IRIS) (EpA 1m). &X’$~iUl.U and 

It2 4.4. Memi meul M19 la) f SE in amgear suIp&d-t 
ril lrn 

n = 4 except where mted -... .-- I__. .... ..--- 
S1te ....... ..____ . .____-- Metal 

EP’f 
.l_IC_.__. 

NCBP 
.I 

BBK 9.1 JSJK 7.2 HiwdsCf - 
Antimony a0.1 co.1 co.1 NS 43,l 

Beryllium q0.003 co.003 0.004 NS 0.0025 

Asenic < 0.05 c0.05 c 0.05 0.16 0.006 

C3dmium c O . 1  c0.1 co.1 0.84 10.8 

Chrorniurn ~ 0 . 1  - 0.12 0.22 5 0.09 <0.1 - 0.21 NS 10,800 

COPPCS 0.24 50.02 0.20 1-0.02 0.15 k E O ?  0.86 NU 

Lead co.1 c O . 1  c0.1 0.19 ND 

Nickel co.1 <0.1 < O . l  NS 2.15 

SC?CllitKIl 0.64 1 0.02 0.47 + 0.01 0.26 4 0.19 0.46 5.4 

Silve1 co.1 co.1 co.1 NS 2.48 

Thallium <0.02 <0.02 < 0.02 NS ND 

Uranium < 0.003 0.003 + 0.004 <0.003 NS ND 

zinc 9 3  p 1.0 ._  _ _ _  6.1 . + 0.3 -.“I*-_I 25.6 N D  
__II_ 

13.5 -)r Q.? ...... ~ . ----- 
“Reference stream, A J I ~ C ~ S Q ~  County, Tcnncsee; fi: = 2. 
hMean concentration of metals colleried for the Natronai Contamaant Blcmonitoilng P S O ~ W  (NCBP) ( I 

P. Lowe, 1‘. w. May, ’&. G. Brurnbaugh, and u. A f i n e ,  National Contaminant Biomomtorang Progaam: 
Coiicentrations of seven eleinents in freshwater fish, 1978-1981. Arch Bnviron. Cantam T~xacol 14:351-388. 

“U.S. Environmental Protection Agency (EPA) Tintegrated Risk Inforination System screening l w e k  (I.J S. 
1985.) 

Environmental Protection A4genq, 1990, Reg1011 IV Toxic Substances Spreadsheet, Unpublished mimeo, U.S. 
Environmcntal Protection Agency, R~giorn IV, Atlanta Ga July 1930.) 

determined. BUK = Pig Bayou Creek kilnmies-; LUK = Little Wajou Creek kilometer. 
Note: If >SO% of results arc below detection Irmnt, range IS given. NS -- not sampled, NO = Dot 
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screening Ievcl, arsenic detection limit was 
1Qx screening level.) Those metals for 
which IRIS screening levels are not 
published (Cu, , t J  and Zn were 
found at c o n c e ~ ~ r ~ t ~ ~ ~ ~  similar to or lower 
than typically o a u r  in food such as marine 
fish or ~ ~ m m a l ~ ~ n  muscle (Bowen 1979). 

Selenium appeared to be higher in 
PGDP Tih than in Creek fish, but 
this difference is a result of an an~~ma~(~us1y 
low selenium ~ o n c e ~ ~ ~ a t ~ ~ ~  measured in 
one Hinds Crcek fish. Fish from this sitc 
have averaged virtually the same as PGDB 
fish (- 0.5 &g) in monitoring conducted 
since 1985 in Tennessee (Loar 1992a, 
1992b, Southworth and Peterson, 
unpublished data). Concentrations of zinc 
were somewhat higher in PGDP fish than 
in Hinds Creek Fib, but werc not atypical 
of many sitcs (Lowc et al. 1985). 

Detection of elevated concentrations 
of uranium (Table 4.4) in fish from tittle 
Bayou Creek is consistent with the 
observed elcvated concentrations of 
uranium in this creek (Kornegay et ai. 
1992a). Uranium concentrations in Little 
Bayou Creek in 1991 ranged Ercrm 0.008 to 
0.032 m@L. Such arnhicnl concentrations 

a bioconcentration 
1984)] uranium 

~ ~ n ~ e n t r ~ t i ~ ) n $  of 0.016 to 0.064 pgjg in 
fish. This range is similar to the 
concentrations observed in sunfish from 
Little Bayou Creek in 1992 (Table 4.4, 
C.2). The lowcr uranium concentrations 
observed in Big Bayou Greek in 1991 
(<O.OOl-O.O4 m@,) are also consistent 
with the lower c 
found in fish fro 

factors, such as ~ r a ~ i u ~ ~ ~  are rapidly 
excreted by fish. T%crefonxc, conccntrations 
of these subslanccs mciasured in fish do not 
represent the effects o f  rime -integrated 
exposure ta the contaminant ovcr a pcriod 

Substances with low bioaccumulation 

of week  or months but rather reflect only 
S l K e  ~~~~~~ (haem to 

s variable as uranium 
c o ~ ~ c i ~ ~ ~ a ~ ~ ~ [ ~ ~  in water. 
~ r e s ~ n ~ ~ d  in this report 
uraniuna c ~ ~ ~ c e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  in l'issfp at PGDP 
are similar to ~ ~ ~ ~ ~ t ~ a t i o ~ s  in ambient 
water. Using a large nu 
samples taken at many 

fish would provide a better basis for 
relirninary risk evaluations than using a 

small number of actual andyscs 5f lksb 
taken on a limited number of occasions. If 
such preliminary evaluations indicate an 
issue of concern, in sittr calibration of 
uranium conccntrations in fish versus 
concentrations in water would provide a 
more precise basis for modeling the 
temporal variation of uranium 
concentratirons in fish. At the prescnt time, 
increased surveillance of rrranium in fish is 
not warranted, but carrying out a 
preliminary risk evaluation is deenied 
advisable. 

ate thc u ~ n ~ e n ~ ~ ~ t i o ~ s  of uranium in 

Very low c o n c ~ n ~ ~ a ~ i ~ ~ ~ ~  of sevccal 
chlorinated pesticides were tentatively 
idcntified in longear sunfish froin Big 
Bayou Creek and Little 
(Table C.3). All peslicides were below 
practical quantitation limits and were 
reported as estirnatcd concentrations. The 
prcsence of PCBs in ehcse samples niakes 
it possible that some Pr13 congeners may 
have been quantified as t ram anmurats or 
pcsticides, thus the low levds rcportcd are 
likely overestimates of what may be 
present. Because the ~~~~~~~~~~~~~~r~~ of 
pesticides were low and exhibited no clcar 



association with any site, neithc- more 
extcnslve tracking studies nor mom 
eliminating PCB ~ A ~ ~ & R X I C C S  are needed. 

4.13.3 ~~~~~~~~~~~~ 

from Big Bayou Creek aad Little Rayma 
Creek was naturally OccUP-iimg "P, which 
was found at concentrations typical of 
aquatic life in all samples (Bowen 1979). 
Otiaer radioisotopes foound at PGDP 
( 2 3 7 ~ p >  or associated with nuclear failout/ 
reactor waste (@eo, p37Cs, "lAm) did not 
exceed detection limits (TaMe 4.5). 

The only iadianudide detected by 
gamma spcctrnmetrgr in samples of fish 
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Fish population and co 
can be used to assess the ecological effects 
of changes in water quality and habitat. 
These studies offer several advantages over 
other indicators of ~ n ~ i r o n n ~ ~ n ~ ~ ~  quality 
(see Karr et al. 1986, Karr 1987) and are 
especially relevant to assessment of the 
biotic integrity of Little Bayou and Big 
Bayou creeks. For example, piscivorous fish 
integrate the direct effects of water quality 
and habitat changes on primary producers 
(periphyton) and consumers (benthic 
invertebrates) that are utilized for food by 
forage fish. Moreover, statements about 
the condition of the fish community are 
better understood by the general public 
(Karr 1981). 

The initial objectivcs of the instream 
fish monitoring task were (I) to 
characterize spatial and temporal patterns 
in the distribution and abundance o f  fishes 
in Little Bayou and Big ~ Y Q U  creeks and 
(2) to document the effccts of PGDP 
operations on fish community structure and 
function. 

5-12 Study Sites 

~ five sites were se)ectrd for 
quantitative sampling of the fish 
community. These sites werc chosen based 
on previous work done 
Kentucky (Birge et al. 
qualitative fish survcys conducted in 
Deccmber 1990 (Table 2.6). Three sites 
are located on Big Bayou Creek (BBK 
12.5, BBK 10.0, and BBK 9.1; Fig. 2.2), 
one on Little Bayou Crcck (LUM 7.2, Fig. 

2.21, and one affsitz ~ C ~ C X X I C ~  station is 

2.1). Musac Greek was selected aftcr an 
extensive survey of ~~~~~~~~~ refercnwe 

as a reference site 

13.8, Fig. 

streanis (Table 2 4  n 

lected as a sma’ler 
comparable to LUM 

7.2. Specific s ~ ~ ~ ~ i n ~  lcncations at thcsc 
sites wcre chosen during ~~~~~~~~~~~ 

studies in mid-June 
time a q ~ a n t ~ t a ~ ~ v ~  
habitat WBS conducte 
Finally, Birge et  al. ( 
the tish community of lower Little Bayou 
Creek was impacted, but qualilativc 
sampling conduct& by ORNL staff in 
December 1990 sugges 

Ridge National. Eaboralory, to T, 6. Jeit, 
Paducah Craseous Diffusion Plant, January 
16, 1991). Therefore, a qualitative sampling 
site (EUK 4.3) was cstablisshed to evaluate 
the [ish community in this arca. 

5.13 Materials and 

Quantitative ~~~~1~~~ of  the fish 
populations at four sites in t 

watershed (BBK 62.5, 

reference stream, 

to estimate spccies richness, ~ ~ ~ ~ ~ l ~ ~ i ( ~ n  
sizc (numbers and biomass per unit arca), 
length frcqucney, and condition ~ X ~ O S S .  

These data can bc used t o  estimate annual 
production; h~wevcr ,  calculation of mnual 

sample and will bc included in the rcport 
uircs a spring LO s 



for calendar year 1593. Fish sampling sitcs 
eithcs 3irerlappl  or were within 100 m of 
the sitcs iaicluded in the bmihic 
rnacrciavtxtebr ate nroiiitoring task. 
Qualitative fish sampling was conducted by 
electrc~fishing on March 17 and June 9, 
1992. Data from these samples were used 
to  determine the spccies richness and 
numbcr of specimens {relative abundance) 
based on sampling a known length of 
stream. Sampling was corrdsrctcd according 
to standard opcratirrg procedutes (Ryon 
1992?i). 

All stream sampling was conducted 
using two or three Smith-Root Model 15.4 
backpack eleetrofiskeas, depending on 
st rean size. Each unit can deliver up to 
12W V of pdsed direct current in order to 
stun fish.. 

After a 0.64-cm-mesh seinc was placed 
across the upper and lowcr boundaries of 
thc fish sampling site to restrict fish 
movenent, a fivc to nine person sampling 
team elecdrofishcd the siic in ail upstream 
direction on thre:: consecutive passes. 
Stuniled Esb 1prert: collcu;t@d arid stored, by 
pass, in seinz-riet holding pens 
(0.M-crtn dism mesh) 01 h buckets with 
meckanica4 aeration during further 
sampling 

14'@llowing t k  elcctrofishing, f k k  w e ~ e  
anesthetized with MS-222 (tricaine 
mct8aaaesulfonatc), identified, mcasured 
(total length), and weighed using Pcsala 
spring scales. Individuals were recorded by 
1-cm sizc classes and species. After ten 
in+ ,lipi~duals - 
mcaaured and weighed, additional members 
of t h t  size class were only measured. 
Length-weight regressions based on the 
wcighed individuals were u s d  t 9  estimate 
missing weight data. 

of a specks-size class were 

After proccssikig fish from all passes, the 
fish were allowed to  h l l y  recover from the 
anes:liesia and returned to the strearrr. Any 
additioml nm:clity that occurred as a 
result of processing was noted at that time. 
F0110wing completion of fish sampling, the 
h g t h ,  m c m  width, mean dcpth; and 
pol:riffle ratio of the s a ~ p l i n g  fez& were 
measured at each site. 

Qualitative sanpling imvcslvcd 
electrofishing a limited length of stream for 
onc pass and collecting all stunned fish. A 
five-person sampling teani dectrofished 
upstream foe approximately 1 h using one 
of two Smith-Root Model 15A backpack 
electsofishers. Sampling always started at 
the same stream location and p~oceeded 
through a known length of stream. Stunned 
fish were netted, placed in buckets, and 
given to a two- to  three-person shore crew 
for processing. The shorc crew counted 
and identified all specimens; easily 
identifiable species were immediately 
rcleased downstream from the sampling 
crew. Species that were morc difficnlt to 
identify were picsewed in 10% 
formaldehyde and taken to  the: ESD 
laboratory for positive idcntiikation. The 
duration of the dectrofishing effoit (in 
minutes) and the length of stream (in 
meters) sampled were accorrk;el. 

Pspulaha Size. Species peplat ion 
esti:iiakes were calculated using the method 
of Carie and Struh (1978). Biomass was 
estimated by multiplying the population 
cstimatc by the mean weight per individual. 
To calciilate density and biomass per unit 
area, total numbers and biomziss were 



divided by the surface area (in square 
meters) of the study reach. These data 

specimens and the relative 
the specimens. The species 
abundance was rated as follows: one 
specimen = rare, 2 
uncommon, 22 to 1 
common, and > l W  specimens -- abundant. 

Length-Frequency tion 
population structure or the 
ant species was examined by 

length frequencies created by the Fortran 
program. These frequencies indicate 
whether the population includes young and 
adult individuals and if any unusual 
mortality has alfected a size class. 

Condition factor (K) was calculated for 
individual fish by site and species using the 
formula: 

with weight in grams and total length in 
le 1936). 'fie condition 
the degree of plumpness 

an indicahn of 
nett 1970). Fish 

without measured weights were not used in 
calculations. Comp 
factors between sit 
periods wcre madc 
variance procedure 
untransforrned data (SAS 1985b), because 
the condition factors exhibited 

f variance as estimated with 
ATE procedure (SA§ 

19853). If the GLM procedure indicated 
significant differ 
between groups, 
performed to identify those ~ Q U ~ S  that 
were significantly different . 

s in condition factors 

be calculated Cor 

report. 

The physical parameters of the sarnplc 
sites showed some differences between the 

Massac Greek wer 

to a slight shortening of the sample reach, 
BBK 12.5 was shallower but widcr in the 
spring sample. T%e pool:riffle ratios 
indicated a hster flow with less available 

er and shallower khan 
12.5 had Inole poo1 

habitat. 

5.1.4. 





Table 5.2 S@a composition of quantitative samples in Rig 
Greek, and a reference stream, Massac Creek, September 1991 md ~~~~ 19% 

Silesa 

BBK BBK BBK I,UK MAK 
9.1 10.0 12.5 7.2 13.8 

Speciesb 

Arniidae 
Bowfin (Amia calva) 

Cyprinidae 
Stoneroller (Campostoma anomalum) 
Red shiner (Qpine!la iurrensis) 
Steelcolor shiner (Wrinelia whipplei)d 
Ribbon shiner (Lythrurus fUnieus)d 
Redfin shiner (Lythrurus umbratilis)d 
Suckermouth minnow (Phenacobius rnirabilis) 
Bluntnose minnow (Pirnephales notatus) 
Fathead minnow (Pimephaies promelus) 
Creek chub (Sentold14s ntromacuintus) 

Catostomidae 
White sucker (Catostomus commersoni) 
Creek chubsucker (Erimyzon oblongus) 
Spotted sucker (Minylrerna melanops) 
Black redhorse (Moxostornu duquesnei) 
Golden redhorse (Moxostoma erythrururn) 

Ictaluridae 
Hack bullhead (Ameiurus rnelas) 
Yellow bullhead (Ameiurus natalis) 

Aphredoderidae 
Pirate perch (Aphredoderus sayunus) 

Cyprinodontidae 
Blackspotted topminnow (Fundulus olivaceus) 

Poeciliidae 
Western mosquitofish (Gambusia armis) 

1" 

2 
1 
1 
0 
1 
2 
0 
0 
2 

1 
1 
1 
0 
1 

1 
2 

0 

2 

2 

0 

2 
1 
1 
0 
0 
1 
0 
1 
2 

0 
2 
0 
0 
0 

0 
2 

0 

2 

2 

0 

2 
2 
1 
1 
2 
0 
2 
2 
2 

1 
2 
0 
0 
0 

1 
2 

0 

2 

0 

0 0 

2 2 
2 1 
0 2 
0 1 
2 2 
2 0 
2 2 
0 0 
2 2 

0 1 
0 2 
0 0 
0 1 
0 1 

0 0 
2 2 

2 2 

2 2 

2 2 



........ _____ Table 5.2 (cxanth~lnd) ...._._ 
Sites” 

Species’ BRK BBK BBK LTJM MAK 
10.0 12.5 ’7.2 13.8 _-- 9.1 

I_.___. 

Total species 

0 
2 
0 
7, 
2 
2 
2 
2 
2 
2 

1 
0 
0 

23 

0 
2 
1 
2 
2 
0 
2 
2 
1 
0 

1 
0 
0 

17 

0 
2 
2 
2 
2 
0 
2, 
2 
2 
0 

2 
0 
0 

20 

1 
2 
0 
0 
2 
0 
0 
1 
1 
0 

2 
0 
0 

15 

0 
2 
0 
z 
2 
0 
0 
z 
1 
0 

0 
1 
1 

22 

_I.- 

%BK 2= I3ig Rayoii Creek kilometer, LUK = Little Bayou Creek kilometer, MAX = Massac Creek 
kilomcter. 

kornrnon and scientific names according to the American Fisheries Society (C. 13. Robins et al. 1991. 
Common and scientific names of fishes from the United States and Canada. 5th Edition. American Fisheries 
Society Special Publication 20. Bethesda, Maryland). 

CNumt”Rrs represent the number of sampling periods (n = 2) that a given species was collected at the site 
and a zero indicates that the species was not collected. 

’Species identification confirmed by Dr. David A. Etnier, Department of Zoologyjr, University of 
Tenacsee. 

sarnplcs. XBK 9.1 arid BBK 10.0 had 23 
and 17 spccics for thc 2 sampling seasons, 
compared to thc 22 species at the 
reference stream, MAK 13.8. Thc LUM 7.2 
site had 16 species during the 2 sampling 
scascns, while the comparable reference 
site, BBK 12.5 had 20 species. Mcan 
spceics richness for MAK 13.8, BBK 9.1, 
and 10.0 was 18, 18, and I3 5 respectively 
(Table 5.3). At LUK 7.2 and DRR 12.5, 
tlsc mean richncss was 14.5 and 18 
respcctiuely. For al l  fi-x sites, species 

iichI1ess Pnighcr in the September 1991 
sample than in March 1992. Thc core 
species assemblage at all sites ineludcd 
central stoneroiler (Cnsnpcstoma 
anomalum), creek c h h  (Serndlus 
atromn cu la tus), yellow bullhead (A rneiums 
natalis), blackspotted topminnow 
(Fundihs  nlivaceus), green sunfish 
(IAepomis cyanellus), and !ongear sunLish 
(I,. megalotis). Eleven species were judged 
to bc sensitive to water quality a d o i  
habitat dcgradatioii (see Karr zt al. 1986; 
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Table 5.3. TOM €ish rEensity (individuals per square 
meter), and species richness fop September 1991 an 

in 3ig B a p ~  Creek Little Bayou Cheek, and a 

Sitd 

BBK9.1 BBK 10.0 BBK 62.5 LUK 7.2 MAK 13.8 

September 1991 
Density 2.5s 6.17 4.35 2. 5.2.1 

Biomass 34.12 33.17 14.32 6,83 23.71 

Species richness 21 13 19 16 22 

March 1992. 

Density 1.84 2.55 2.85 1.49 1.55 

Biomass 37.55 23.19 18.72 4.51 5.77 

Species richness IS 14 17 13 14 

BBK = Big Bayou Creek kilometer, LUK = Little Bayou Creek kilometer, MAK = Massac 
Creek kilometer. 

Ohio EPA 1987, 1988) and eight were 
rated as tolerant to such conditions 
(Appendix D, Table D.l). 

The lowcst site on Big Bayou Creek, 
BBK 9.1, had several species which are 
more common in larger strcams including 
bowfin (Arnia calva), white crappie 
(Pclrnoxis annuluris), and redear sunfish 
(Lepomis nticrolopkus). Thesc species wcre 
not taken at othcr quantitative sites. BBK 
9.1 had high numbers of cyprinid (six), 
catostonnid (four), and centrarchid (seven] 
species. The number of sensitive species 
(thrcc) was half the number of species 
tolerant (six) of habitat degradation and/or 
pollution. Hybrid sunfish wcre also found 
during both surveys. ‘Ibe fish community 
composition at BBK 9.1 included 
representatives for all trophic levels. 
Piscivores or top carnivores included three 
species, the bowfin, largemouth bass 
(Micropteius srzlmoides), and spottcd bass 
(M- punctulatus). Benthic insectivores, a 
feeding guild that can reflect impacts on 
the benthic macroinvcrtebrate community 

(Miller et  al. 1989 were represented by 
three species. Generalist feeders, specics 
that are capable of switching easily 
between food items and therefore can be 
more successful in streams exposed to a 
variety of stresses (Leonard and Orth 
1986), included a total of five spwies. 

BBK 10.0 had fair slumbers of cyprinid 
(six) and centrarchid ( s i x ]  species, but had 
fewer catostomids (one) tlratr at 
Thcre were also fewer sensitive species 
(one) than tolerant (five) species. Hybrid 
sunfish were taken during both sarnpling 
seasons. The trophic comyosilicm o f  thc 
community at RBK 10.0 included two 

benthic insectivores, and four gcncralist 
feeders. 

IQK 13.8 reference, 
thc two lower Big Bayou Creck sites 
showed some degradation. The reference 
site had high numbers of cyprinid (scven), 
catostomid (four), and perccid (two) species, 
with moderate levels oE centrarchid species 
(five). MAK 13.8 also had more sensitive 

piscivores (the bass species), only two 

Compared to the 



(seven) than tolerant (five) species and did 
not have any hybrid sunfish in either 

Wc scascn. 'l'iuphically, MAAX 13.8 had 
similar numbers of p i ~ & o ~ ~ s  (two) and 
generalist feedcrs (four) as the Big Bayow 
sites but had a higher number (four) of 
benthic ixectivorcs. 

levels of ~yprinid (six) and ccatrarclnld 
(five) spccies but lacked any catostomids. 
LUK 7.2 had four tolerant species, but no 
smsitivc species. Hybrid sanfish were not 
found at thc site. Thc trophic coingosition 
of the fish cornniimity at LUM '7.2 includcd 
two piscivores, two benthic insectivores, 
and three generalist feeders. By 
comparison, the RBK 123 refereiicc had 
more cyprinid (eight), catostomid (two) 
and centrarchid (six) species. The number 
of sensitive species increascd to two, but 
the number of tolerant species also 
increased to S~VCII .  IPybnid s11nfkl.i ~ Y C Z ~  

found during both sampling seasons. 
'1'ropkically, the fish csnimunity at BBK 
12.5 refle~td the headwater influence, 
with six gcncralist feedcas, two piseivores, 
and only one bcnthic insectivore. In 
headwater situations, generalist fccdcrs 
hzve a decided advantage because they can 
utilize terrcsii-ial sources of food much 
easier than caii bcnthisr insectivores. 

The LIJK 7.2 site anaintained inoderate 

knsiiy.  Quantitative estimates of 
density were higher at all sites during the 
Septeniber 1991 :hail during the March 
1992 samples ('l'able 5.3). Ibis has been 
the dominant pattein for tht: Biological 
Monitoring anid Abatement Program 
sampling conducted at the approximately 
SO sitcs in the Oak Ridge, Teiinessee:, area 
siilcc 1385 (Loar 1992a, ! 992b; Southworth 
et  al. 1992; Ryon 1992b). 'T'he higher fall 
density reflects iscruitment of fish into the 
community and nornially occurs at all sites, 
unless a substantial iirpact has occ~nrrcd. 
' l k  highest total der~sity values were at 
BBK 10.0 during both sampling seasons, 

with the: Septanbm sample more than 
twice as large as the March sample. 'l'hc 
densities at RRK 9.1 were abmt one-half 
t@ two-thirds of the Ievcls at MBK 13.0 but 
showed less variaticar bctwcan saiinpling 
S C R S Q ~ S .  The h4A.K 13.8 refeicnce had 
levels similar to BBK 10.8 in Sq3ternbcr 
(5.21 verws 6-17, respectively) hut weie 
popsrtionally lcwa in March (1 55 VI;SUS 

2.55 respectively). Density v a h ~ s  at LUK 
7.2 wcre about half those at BBM 12.5 in 
both the Septem1-w.r and March samples 
(Tabk 5.3). 

Densities of ierdividuaal species varied 
amsng sites, especially between the thee 
species with the highest values ('l'ables 9.2 
and n.3). During both sampling seasons at, 
BBM 9.1 and 10.0, the species present in 
highest or next highest numbers werc the 
central stoneroller nr longear slrnfrsh, with 
a variety of species having t t ~  third highest 
numbc9-s. "he MAX 13.8 referenr:: was 
more consistent with the highest densities 
for lsngea; sunfish, 'drnntnsse mixinow 
(Pimepbaley nniatm*s), a n d  r edfin shiner 
(Lyfhurus ~irnbrotilu,~) during both samples. 
The high densities of central stoneroller (a 
scraping herbivore) in Big Bayou Creck 
probably reflects greater algal growth 
resulting Erom nutrient enrichment by 
PGDP discharges. Coniparisoss of the 
densities of sensitive to tolerant spccics 
indicate that sites 0x1 10wa Rig Bayou 
Creek had extremely !cw densfiks for 
sensitive species aixl h i g h  densities for 
tolerant species. At MAK 23.8, th:: 
densities of sensitive spccies were always 
higher than densities of tolerant species. 

At LUK 7.2, the spccies with thc 
highest densities were blackspotted 
topminncw, central stooerollcr, creek chub, 
aird bltrntnosc minnow (iab!cs D.2 arid 
D.3). The BBK 12.5 reference site had 
longear sunfish, blackspotted topminnow, 
green sunfish, and bluntnose minnow with 

densities of sensitive species wcrc low at 
BBK 12.5, no sensitivc species wcrc found 

the highest detisitk. Although the 
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at LUK 7.2. The density of tolerant species 
was slightly higher at 
compared with LUK 7.2. 

I3iorna.w. Unlike t e density estimates, 
quantitative estimates of total biomass 
were not consistently higher in September 
samples than in March samples (Table 5.3); 
biomass was higher in March at BRK 9.1 
and BBK 12.5. The highest biomass levels 
were at BBK 9.1, and there was a 
downstream increase in biomass. Compared 
with MAK 13.8, mean biomass was greater 
by 1.8- to 2.4-fold at the lower Big Bayou 
Creek sites. Mean biomass at LUK 7.2 was 
lower by 3-fold compared with the mean 
biomass at the BBK 12.5 reference. 

that constituted the two highest biomass 
values during each sample period. The 
longear sunfish species contributed the 
highest or next highest biomass at every 
site, except at LUK 7.2 in March (Tables 
D.4 and D.5). Other fish species that were 
among the two highest biomass 
contributors included white sucker 
(Catostomus commemoni), or spatted 
suckcx (Minytrema melanops) at BBK 9.1, 
central stoneroller at BBK 10.0, spotted 
bass and bluntnose rn' at PViAK 13.8, 
and yellow bullhead 12.5. At LUK 
7.2, the two highest biomass contributors 
were thc longear sunfish and green sunfish 
in September and the central stoneroller 
and blackspotted topminnow in March. 

Each site was evaluated Cor the species 

~ ~ ~ ~ - ~ r ~ ~ ~ ~ ~ .  Length-frequency 
distributions were made for the five most 
widespread species including longear 
sunfish, green sunfish, central stonerollcr, 
blackspottcd topminnow, and creek chub 
(Figs. 13.1 to D.12). ~ ~ p ~ ~ a ~ i o ~ i s  of 
longear sunfish generally displayed normal 
size structurc (Figs. D.1 to D.4). For 
example, at the reference streams (MAK 
13.8 and BBK 12.5) the population in the 
fall was dominated by high young-of-year 

(YOY) size elasses (2. 

~ o ~ u ~ a t i o ~  in the fa1 
high number of 8.0- 

were ~ ~ ~ v i ~ ~ ~ y  very 
all-size stream, I N K  

K 12.5. At the larger 
bers were low but did 

or represent sampling error in capturing 
the small sizes of this slender fish. Length 
frequencies of cen 
populations (Figs. 

strated s ~ b s ~ ~ n t ~ a ~ ~ y  large 
tions, p a r ~ i c u ~ a r ~ ~  in the 4.0- to 

7.9-cm classes at 
plots also detailed the transition of the 
YOY class in the fall sample to the  
reproductive size classes in thc following 

K 9.1 and 10.1). These 

eek chub length 
11 and D.12) refleeted 

small stream sites, and the Ias numcraous 
surviving adult size classes in thc spring, 

e length-frequcncy data did not indicate 
noticeable stress upon these major species 
in the Big Bayou Creek and Little Bayou 
Creek study sites. 

ition Factor. Condition factors 
were calculated for all species and 
compared between the September and 

and between sites. Ira 
opulatiom in ehe area of 

Oak Ridge, Tennessee, con 

risons, but a naticcab 
condition factors in 

do not usually show a trend in site 



fall savples has been dccnsmented (I.mr 
1?97a, 199%; Southwmih et  al. 1992; 
Ryon IW2b). 

bcwc-en sa-qling scas4)ns. Twenty-one 

‘lhc najoriiy of fish speciw did not havc 
signikami diffeicrnses in condition €actors 

spccics did not show a statisticzliy 
significant difference hetween thc 
Septcmbcr and thc March samples in 40 
species-site combinations. Where 
iiif€cscncz:s were statistically significant, the 
March sannplc usually had higher eonclEtiori 

was greater than the Scptewbcr sample in 
24 species-site combinatims I-Sawcver, the 
Septe~tlrbcr condition factors were 
significzntly highcr than the March 
condition factors for Eive spccics at five 
sites, It could be expected that condition 
factors would ba higher in spring samples if 
the smqde included individuals showing an 
ineressc in weight as a result of 
prcpaeations for spawning. 

Condition factors w=re also cornpaled 
between sites within a scason. Significaiat 
differenam w r e  not sem Cor i’7 species in 
25 species-site combinations. Only 10 
spccics had a significant difference in 16 
species-site combincatims (TaQlie 5.4). Trae 
condition factors at BSK 9.1 and/or BBM 
10.0 were significantly gieatte: than at 
MAK 13.8 for nine species-sitc 
c o ~ p a r i ~ o i ~ ~ .  In two cotnpaiisnns, condition 
factors at BBK 9.6 and MAR 13.8 weye 
significantly greater than at BBK 10.0, 
while the conditisn factors at BBK 9.1 
werc sigr3caintly greatc; than ai DBK 10.0 
and MAX 13.8 in two other comparisons. 
Generally. coi-sdition factors were 
signiEcanatly higher at the lower Big Bayou 
Creek sitcs, particularly 84BM 9.1, thaii at 
the MAK 13.8 referewe. This trcnd also 
applled to thc Little Bayou Creeldiapper 
Big llayou Crcek refercncc comparison 

sr condition factors at LUK 7.2 wcre 
significantly greater t h a ~  ~t BBK 12.5 in 
seven species-site combinatizns. Tfiesc 
trends indicate that fish residing in areas 

factors. In la species, the March sarrnple 

downstream from PGDP dischdrgs vvcrc 
not iiecessarily in poor condition. Species 
such as green sunfish, yellow bullhead, or 
longear sunfish appaaeatly could take 
advantage of an inercascd food supply to 
gemrate high condition factors, as 
compared to reference sites whciie 
cniichillent may rliot be s~bsta11tial. 

Qualitative sampling v m  coridinctcd on 
lower Little Bayou at LUM 4.3 in March 
and June 1992- A total of 28 spccies WGFC 

collected, with 23 and 22 species in the 
March and June samples rcspectively 
(Table 5.5). n e s e  totals were similar to 
species richness values gemrated by the 
qmantitativve samples. For example, 12 and 
14 specics wiere found on the first pass of 
the quantitative samples at BBK 3.1 and 
MAK 13.8, respectively, in March 1992. 
Species found only during the qualitative 
sampling included spotfin shiner (Cyprzkellu 
spilopertc), sand shiner (Notmpk 
str~ma’neus), Mississippi silvery minnow 
(IYybsgnnihus nucha lis) , tadpole m adtoin 
(Notubus gyr+ms>, and bluntnose darter 
(Etheostoma chIoroso~nwn). A!though 
these species were usually foui-d only in 
small numbers (cxcept Mississippi silvery- 
minnow), they do suggest favoiablc site 
conditions. The surveys found a 
considerable rnurnher of cyprinid (11) and 
cmtrarckid (8) specics, aiihwgh thc 
numbei of camstomids (2) secmcd low for 
thc stream size and available habitat. 

'The qualitative saiirples were also 
evaluated for relative abundancc of thc 
specics based 9 n  sampling a known Mrea 
(176- 185 in>. The most abiindant species 
were Mississippi silvery ininmow, lorigear 
sunfish, and bluntnosc miwnnev. Species 
ratcd as common ii-nclded green sunfish 
a i d  blackymttd topmincwa. Species 
rarely encountered (one specimen per 
sample) includzd sand shincr, spotted 



Bluegill 

Bluntnose mhnow 

Green sunfish 

Tangear sunfish 

Steelcolor minnow 

Yellow bullhead 

BBK 10.0 (1.700) 

BWK 9.1 (1.686) 

BOK 12.5 (1.565) 

MAK 13.8 (1.391) 

LUM '7.2 (0,937) 

MAK 13.8 (0.835) 

BBK 12.5 (0.799) 

BBK 9.1 (1.662) 

BBK 10.0 (1.633) 

I N K  7.2 (1.608) 

MAX4 13.8 (1.573) 

BBK 12.5 (1.548) 

BBK 9.1 (1.813) 

t313K 10.0 (1.780) 

LUK 7.2 (1.779) 

BBK 12.5 (1.678) 

MrX 13.8 (1.654) 

13BK 9.1 (0.899) 

MAK 13.8 (0.753) 

BRK 9.1 (1.257) 

LUK 7.2 (1.217) 

HWK 10.0 (1.160) 

BRK 12.5 (1.160) 

MAX. 13.8 (1.135) 

' I  
I 
I 

* 

I 
I 
I 

I 

9.1 (1.7244) 

13 8 (1.606) 

12.5 (1.5 14) 

10.0 (1.477) 

7.2 (0.%1) 

13.8 (0.963) 

12.5 (0.885) 

9.1 (1.760) 

19-2 (1.681) 

10.0 (1.661) 

12.5 (1.579) 

11.8 (1.510) 

7.2 (1.899) 

9.1 (1.818) 

18.0 (1.809) ' 

13.8 (1.565) 

12.5 (1.634) 

10.0 (0.917) 

13.8 (0.780) 

12.5 (8.719) 

7.2 (1.366) 

9.1 (1.312) 

10.0 (1.230) 

13.8 (1.148) 

12.5 (1.110) 



--- -. 
Tukey September 1W1 site Tukesey March 1992 site 

Species compb (condition factor") coinp (condition factor) 
-__. 

UBM 9.1 (1.024) 

LUK '7.2 (l.oc95g 

UHK 10.0 (0.%5) 

Urn 13.8 (0.964) 

BBK 12.5 (0.944) 

Spotted bass 

BBK 9.1 (1.039) 

MAK 13.8 (1.037) 

LUK 7.2 (1.011) 

BHK 12.5 (0.989) 

BBK 10.0 (0.954) 

BBM 10.0 (1.399) 

BBK 9.1 (1.211) 

h4AK 13.8 (1.024) 

BBK 12.5 (0.855) 

BBK 9.1 (0.929) 

LII K 7.2 (0 918) 

waIS 10.0 (0.882) 

MAK 13.8 (0.864) 

~ 

BBK 12.5 (0.839) 

"EUK =: Big Uayoln Creck kilometer, LUK = Little Bayou Creek kilometer, and MAK = 
Massac Crcck kilomeier. 

Tukey's studentizrd range test 
bSitcs connected by the same vertrai. line arc not significantly dtfferent (p < 0 05l2 based on 

'Values in parcntherrs are mean condition factors 



of the qualitative fish sa 
0x1 Little Bayou Creek March 17 and June 9,1992 

speciesb March 19,1992' June 9, 1992d - 
Qprinidae 

Stoneroller (Campostornu anorndm) 
Red shiner (Cyprinella 1 u ~ i . s )  
Spotfin shiner (Cyprinellu spilnptera)" 
Steelcolor shiner (Cyprinella whipplri)' 
Mississippi silvery minnow (Hybognathus nuchalis) 
Ribbon shiner (Lytbuwus firnew)" 
Redfin shiner (Lythrurus urnbratilk)' 
Sand shiner (Notropis straminern)' 
Suckermouth minnow (Phenacobius mirabilis) 
Bluntnose minnow (Pimephores notatus) 
Creek chub (Semotilur atromoculatus) 

Catostomidae 
C m k  chubsucker (Ehzyzon oblongrcs) 
Spotted sucker (Minytrmnu mrlunops) 

Ictaluridae 
Yellow bullhead (Ameium nardis) 
Tadpole madtom (Notum gyrbw)  

Aphredoderidae 
Pirate perch (Aphredodm sqanus) 

Cyprinodon tidae 
Blackspotted topminnow (Fitndulus olivaceus) 

Poeciliidae 
Western mosquitofish (Camburia ofinis) 

Cen trarchidae 
Flier (Cmtrarchus macroptm) 
Green sunfish (Lepomis 9anellus) 
Warmouth (IApomiF ,pluur) 
Bluegill (Lepornis macrochitus) 
Iaongear sunfish ( I q o m b  meploh)  
Spotted bass (Microptenis punctulanu.) 
Largemouth bats (Micropterm sdmoides) 
White crappie (Pornoxis annularb) 

Percidse 
Bluntnose darter (Etheostomu chlorosomum) 
Slough darter (Edieoslomn gracile) 

Total specimens 
Total species 
Catch/unit e f f d  

19 (VC) 

10 (IJC) 
12 (VC) 

4 (UC) 
128 (A) 

7 (UC) 

1 (R) 
58 (C)  

16 (VC) 

14 (LJC) 

0 

0 
0 

7 (UC) 
0 

3 (UC) 

69 (C) 

1 (W 

1 (R) 
39 (C) ' 

18 (Ue) 

5 (UC) 

1 (R) 

1 (it) 

17 (UC) 

179 (A) 

2 (tJCj 

0 

612 
22 

4.2 

=Relative abundance is defined as: rare ( R j  1 specimen; uncommon (UC) 2-20 specimens; common (C)  
21-39 specimens; and abundant (A) >W specimens. 

bSpecies identifications were: performed in the field and/or confirmed in the laboratory on preserved 
specimens collected during the sutveys. Common and scientific names according to the Anierican Fisheries 
Society (C. R. Robins et al. Common and scientific names of lishcs from the United Stales and Canada, 
5th cdition, American Fishcries Society Special Publication 20, Bethesda, Maryland. 1991). 

'One: electrofisher used for '73 m and 25 min, and two clectrofishers used for 103 m and 38 min. 
d'ho electrofishers used for 186 m and '73 min. 
eSpecics identification were confirmed by Dr. David A. Etnier, Dcpartnicnt of lmhgy, University of 

k a t &  per unit effort is number of fish per minute of electrofishing. 
.'l'enncssee. 



of collection. All samp:es were rollcctcd, 
transported, stoicd, and nmaintaincd in 
accordance: to csta5,lished QA procedures 
(Smith 1982) 

Supp~emc;.,Ptal information on water 
quality and stream charactcristics was 
recorded at the tixm 31r sampling. 
Temperature, conductivity, dissslvcd 
oxygm, and pH were mcasured with an 
Horiba Mode! U-7 Water Quzli:y Gbeckcr. 
Water depth, locatiorr within the r i f k  area 
(distance from permanent headstakes on 
the stream bank), visual determination of 
relative stream velocity (very slovs, slow, 
moderate, OP fast), and substrate type 
(visual determination) based on a modified 
Weniwsrth particle size scale ( b a r  et al, 
198s”) were rccorded for cach sample, All 
measurements/data for water quality and 
stream characteristics were obtained i o  
accordaince to  csiablisked QA procedures 

‘The sewices of a subcontractor will bc 
retained in mid-19% to process 
invertebrate samples. Samples arc currently 
being storcd m d  rxintained at a benthic 
invcrtebra te sample chai P -of-custody 
facility at ORNL in Oak Ridge, Tcnncssee. 
Proccssiaag will involve (1) sorting thc 
invertebratcs from the debris iii each 
sample, (2) identifying taxa to the lowest 
practical level. (gei~us in niost cases), arid 
(3) enumerating the iirdividuals within each 
taxon. Established written procedures 
(Wojtswicz and Smith 1992) will be 
followed in processing the samples. A 
refesencc collection wi3 be made for each 
site, and duplicate cnllections will be 
retained by thz processing subcontractor 
and C3RNL. 

Data management aiid analysis wi!l be 
accoinplishcd on ccrmpzrtci with the 
Statistical Analysis System (SAS 1985a, 
198%). Analyses of the data will iiidaide, 
but net necessarily bz liinited to, 
calculation of mean valixs for paiametcrs 
such as total dznsity (numbcr of individuals 
per 0.1 m2), taxonomic richness (niimber of 

(Smith P92).. 

taxa per sample), and combined richness of 
t h i  Ephc~l~roptera, Pkcopiena, and 
Trkhoptern (EPT) taxa p a  sample. 
A1131y5es will also include appropriate 
statistical techniques (eg., analysis of 
variance of derrsity ami various richncsr. 
parameters) to  help identify site= differences 
and changes associated with activities at 
BCDP. Where possible, water quality data 
and data from other tasks will be used to 
aid in &ta interpretations. 

As stated in the Materials and Methods 
section (5.1.2)? a subcontractor will be 
retained in mid-1993 to proccss benthic 
macroinvcrtebrate samples collected to 
date. Availablc rcsuhs will be presented in 
FY94. 

macroinvei tebmte. studies will be used not 
only to help evahmtc the “‘lnealth” of the 
streams adjacmt to T‘GDP, thc results will 
also be uscd to periodically evaluate tbc 
status and needs of the sampling program. 
For cxample, benthic macroinveitcbratc 
studies of streams located ie thc Oak 
Ridge,, Terracssee, area have shown that a 
large data base obtaincd from a quarterly 
sampling regime is not always needed to 
demonstrate the existence of impacts (J. C;. 

Smith, unpublished data, Environmental 
Scicnces Division, Oak Ridgc National 
Laboratory, Oak Ridge, ’I’ennessee-,?. 
‘I’heaeforc, while 2 qmwterly sampling 
schedule continues for all sites associated 
with the HMPs ipi Oak Ridge; when 
appropi iate, only sarnplcs collected during 
the spring and fall are hclrag prssccssed; 
whereas samples collected during thc 
winter and summer arc being backlogged 
and will be processed only if further 
resolution of the data are ;necessary-. This 
decreases the Qotential for ddays in data 
acquisition w;thout compromising the 
ability to idmtify irnp;acts/changes 

Results nf the hentliic 



associated with ~~~r~~~~~~ and/or remedial 

data ~ ~ ~ a i ~ e ~  during at least 

characterize and cvaluate the health of the 
benthic. communities of each study stream, 
but they will also he used to evaluate the 

need o r  potential for odifications in thc 
monitoring ~ ~ o ~ r a ~  that will aUaw [he 
ni~st  efficient and cost-effcctive nieans for 

compromising OUT ability to dctecl changes 
should they occur. 

eh hcility. Thus, for thc 

the first year will be used not only to monitoring the benthos wit 
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Table Al. Interim limits and sumanarjr statistics for Kentucky Pollutant ~~~~~ Elimination 
System Permit water quality parameters at Outfall 001 for 1991-1992 

Parameter Interim 1991 1992 
~ 

Mean (range) n Mean (range) ( m a  unless otherwise noted) limit IE 

=TJ (% by wt) 
Acetane 

Aluminum 

42 0.59 (0.4-0.9) 47 0.50 (0.0-1-21) 

24 c0.67 (0.01-1.0) 21 c1.19 (1.0-<5.0) 
M 30 0.70 (0.2-1.6) 25 0.69 (0.2.23) 

Arsenic 1 <o.oos 
Cadmium 

Carbon tetrachloride (&L) 
Chromium 

Chromium4 

Copper 
Dichloroethylene (&L) 
Dissolved alpha (pCi/L) 
Dissolved beta @Ci/’L) 

Disoived oxygen 

Fecal coli€orm (Co/100mI) 
Flow (MLD) 
Eluorine 

Gross Alpha (pCi/L) 

Gross Beta (pCi/L) 

Hardness, as CaCO, 
Iron 

Isopropanol 
Lead 
Nickel 

?Neptunium (pCib) 

Oil and grease 

3 
0.15 62 

0.17 31 
3 

M 51 
M 51 

31 

1 

M 31 
31 

1 
34.3 60 

24 

31 
4 
33 

<5 (C5-€5) 
€ 0.05 ( <0.05-0.05) 

c0.01 (€0.01-<0.01) 
e5.0 (<5.0-<S.O) 

40.69 (- 11.0-185.0) 
8.26 ( - 10.7-61.0) 

9.01 (6.5- 18.4) 
66.0 (66.0-66.0) 

6.62 (1.1-63.9) 
0.47 (0.13-0.95) 

95.0 (95.0-95.0) 
0.47 (0.13-1.17) 

<0.68 ( 4 . 0 3 -  < 1.0) 

co.06 (<0.05-0.2) 
c2.30 (C0.2-3.0) 
€5.09 (<5.0-8.0) 

6 

44 
6 

25 

52 
52 

21 

4 

52 
21 
2 

2 

14 

25 

21 

6 

25 

4 

31 

4 . 0 5  (4MJ5-0.09) 
C0.12 (€O.U1-0.02) 
c0.01 (CO.01-0.04) 

10.98 ( - 14.8-112.6) 
43.72 ( -- 17.0-1 16.0) 
8.74 (6.7-10.9) 

48.5 (6 0- 115.0) 

6.28 (1.4-13.0) 
0.51 (0.3-0.9) 

3.75 ( - 0.6-8.1) 
48.0 (39.0-57.0) 

419.4 (194.0-10009.0) 
0,45 (0.1-2.1) 

c1.19 (<1.0-<5.0) 
<0,11 (<D.03-<0.2) 

60.05 (<0.05-<0.05) 

-0.05 ( -0.3-0.1) 
C5.0 (<5.0-<5.0) 

Perchloroethylene (pg/L) 3 4 . 0  (<5.0-<5.0) 

PH (SU) 60 8.45 (7.0-9.8) 53 8.42 (6.9 - 10.1) 
23’lplutonium (pCi/[.,j 4 ~ 3 . 0  (<3.0-~3.0) 4 0.11 (0.1-0.1) 
P04-P 1 0.06 (0.06-0.06) 8 0.16 (0 08-03] 
Polychlorinated biphenyl ( p g l z )  0.1 21 ~0.11 (~0.1-0.3) 14 <0.10 (c0.1-C0.1) 
Residual Chlorine 0.1 53 c0.017 (cO.01-0.06) 53 4.01 (<0.01-0.04) 
Suspended alpha (pCi/L) 

Suspended beta (pCi/L) 
Suspended solids 

*l’echnetium (pC;iD,) 
Temperature (”C) 

Trichloroethylene 

Total phosphorus 
Uranium 

M 51 
M 51 

31 
60 

33.8 60 

31 
1 

60 

0.22 (-7.9-13.5) 
-0.22 ( -  19.0-17.0) 

c 19.16 (<4.0-56.0) 
20.5 (0.0-10s) 

21.98 (6.7-34.40) 
<0.001 

0. IS (0.1s-0.15) 
<O.% (<0.001-0.18j 

52 
52 
30 
54 
52 
22 
11 
52 

-0.38 (-4.5-9.2) 
1.70 (-15.0-24.0) 
16.70 (4.0-42.0) 
22.75 (0-77.0) 

20.28 (6.7-13.3) 
<0.001 

0.17 (0.1-0.2) 
0.02 (0.001-0.2) 

Zinc 0.93 Go <0.02 (~0.005-0.03) 47 <0.01 (<0.005-0.08) 

Nate: I€ any value was below the detection limit, a less than value appears with the means value. M=Biionitored anly; 
MLD=milIions of litel-; per day; n=number of observations. 
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m q -  statistics far Kentucky Pollutant DiKhaagc EhiRatioxp 
System F e d a  water quality pamcnem at Outfall CKQ for 1%1-19sa=! 

Parameter Interim 1991 1992 
-.. _-_. 

.l-l___ .-- 
( m a  unless otherwise noted) limit Mesn (range) n Mean (range) 

7% (% by wt) 5 0.63 (050.8) 2 0.66 (0.6-0.7) 

Aluminum ha 13 1.07 (05-2.6) 9 1.57 (0.7-2.8) 

._... I.___ 

Cadmium 3 <0.008 (<O.OoS- <0.01) 

Chromium-6 3 0.08 (0.03-0.11) 1 0.05 (0.05-0.05) 

Copper M 13 CO.01 (cO.10-0.02) 9 <0.01 (<0.01-0.01) 

Chrorniiwn 0.31 44 <o.os (<0.05-0.12) 9 <0.06 (<0.05-0.09) 

Dissolved alpha (pCi/L) M 5 2.74 ( - 0 3 6 . 0 )  4 3.58 ( -  1.9-S.?> 

Dissolved beta (pCi@) M 5 6.50 (--7.0-21.0) 4 10.2s (1.0-32.0) 

F e d  coliform (Co/lWml) 3 242.7 (10.0- >GW.O) 

FlObV (MkD) M 43 <0.91 (<0.004-.10.2) 10 2.61 (0.08-9.8) 

Hardness, as CaCO, 1 38.0 (38.0-38.0) 2 74.5 (72.0-77.0) 

Iron 6.55 22 0.86 (0.2-25) 9 1.48 (0.5-2.8) 

Disolved oxygen 5.0 22 8.84 (7.5-10.7) 8 8.43 (6.0- 11.2) 

Fluorine 5.0 22 ~ 0 . 1 6  (<0.10-0.3) 8 0.22 (0.1-0.5) 

Lead 3 <0.11 (<0.07-<0.2) 

737Neptuniurn (pCi/L) s <1.81 (<O.O-3.0) 3 -0.03 (-0.4-0.2) 

Oil and grease M 13 <5.00 (<5.0-<5.0) 9 <5.0 (<S.O-<S.O) 

7 3 4 ~ i t . ~ t ~ n i ~ m  ( p a i ~ )  5 <2.40 (<O.O-3.0) 3 0.03 (0.0--0.1) 
PO,-P 1 0.23 (0.23-0.23) 

Polychlorinated biphenyl (pg/'L) 100.0 10 <0.11 (<0.1-0.2) 8 <0.10 (<0.1-<0.1) 

Residual Chlorine 0.15 43 ~ 0 . 0 2  (<0.01-0.09) 10 <0.01 (<0.01-<0.01) 

Suspendcd alpha (pCi/L) M 5 -0.80 (-250.4)  4 -0.18 (-2.3L2.33 

Suspended beta (pCi/L) M 5 4.80 ( --2.0-18.0) 4 0.45 (-3.2-4.0) 

Nickel M 13 <O.OS (<0.05-<0.05) 9 <O.OS (<0.05-<0.05) 

pH1 (SU) 6-10 42 8.02 (6.3-8.9) 10 7.27 (6.W3.0) 

Suspended solids M 13 21.69 (S.O-S4.0) 9 34.22 (11.0-75.0) 

%gi'echnetiurii (pCi/L) 1 8.00 (8.0-8.0) 
'I'emperatiire ("C) 89 42 20.21 (3.9-32.8) 10 17.06 (6.1-25.6) 

Trichloroethylene 0.0807 13 < 0.00 1 9 < 0.00 1 

Total phosphorus 2 0.16 (0.0%-0.2) 

Umniurn M 6 <0.004 (0.001-0.01) 4 0.004 (0.003-0.006) 

Zinc 0.17 43 0.03 (0.01-0.07) 9 0.05 (0.02-0.08) 

Mote: If any value ayas ticlow the detection limit, a less than v-aluc appears with the means value. 
M-Monitorcd only; MI.D::millions of liters per day; n =number of observations. 



A-4 

Table k 3 .  Interim limits and summ;lly statistics for Keantucky Pollutant Discharge ~ ~ ~ ~ a ~ i ~ n  
!3ystem Permit water quality parameters at O u W  004 for fW92--992 
Parameter Interim 199 1 1992 

( m g n  unless othenvse noted) h i t  n Mean (range) n Mean (range) 

Aluminum 1 <0.10 (€0.1-<0.1) 
Barium 1 0.012 (0.012-0.012) 
Biological oxygen demand 

Boron ( p a )  

Chloride 
Chromium 

Copper 
Fecal coliform (Co/IOOml) 

Fluorine 

Flow (MID)  
Gross Alpha (pCi/Lj 

Gross Beta (pCi/L) 
Kardnes, as CaGO, 
Iron 
Magnesium 

Manganese 

Nickel 

Oil and grease 
NO3 

pFI (SU) 
PO,-P 

so4 
Residual Chlorine 

Suspended solids 

Titanium 

Trichloroethylene 

45 24 
1 
1 
1 
1 

400 24 
1 

N 24 
1 
1 
1 
1 
1 
1 
1 
1 
2 

6-9 24 
1 
1 
1 

45 24 
1 
1 

8.7 (€5.0-15.0) 24 10.38 (5.0-16.0) 

eo.10 (<O.I-<O.l)  

18.0 (18.0-18.0) 
GO.05 

e0.01 
< 11.46 2S 4.56 (< 1.0-38.0) 

0.16 (0.16-0.16) 
1.25 (1.1-1.9) 24 1.28 (1.1Ll.9) 

7.5 (7.5-7.5) 
60.0 (60.0--60.0) 
40.0 (40.0-40.0) 1 120.0 
0.43 (0.43-0.43) 

5.0 (5.0-5.0) 
0.03 (0.03-0.03) 

<o.os 
2.6 (2.6-2.6) 

CS.9 (40-6.9) 
7.8 (6.6-9.0) 25 7.42 (6.7-8.4) 

1.44 (1.44-1.44) 
< 0.0 1 

44.0 (44.0-44.0) 

CO.005 

<0.001 

<6.13 (q4.0-12.0) 21 <6.48 (<4.0~14.0) 

Zinc 1 0.07 (0.07-0.07) 

only; MID=millions of liters per day; n==number of observations. 
Note: If any value was below the detection limit, a less than value sppcan with the meam value. M = Monitorcd 
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-_ Parameter Interim 1991 1932 

( m a  unless otherwise noted) limit Mean (range) n Mean (range) 

Aluminuns 

Cadmium 

(:OD 

ChrOiTli Ui-n 

Chromium-6 

Conductivity (pmhns/cm) 

Coppr 
Uisoolved oxygen 

Hardness, a5 CaCO, 

Iron 

Jsad 

Nickel 

Oil and grease 

Polychlorinated biphenyl (&L) 

Flow (MLD) 

PH (SI’) 
YO,-P 

Residual Chlorine 
Suspended solids 

Total phosphorus 

Turbidity (PI’FU) 

Zinc 

1 

53 

1 

M 53 

1 

1 

1 

6 

6---10.4 53 

50 53 

M 53 

0.38 (8.38-0.38) 

< 11.08 (< 5.0-22.0) 

CO.01 

4.88 (3.0--11.7) 

38.0 (38.0-38.0) 

0.49 (0.49-0.49) 

<o.os 

<0.1 ( < O . l - < O . l )  

9.42 (8.8- 10.1) 

< 13.59 (<4.0-27.0) 

7.41 (1.0-12.0) 

4 
6 

43 

4 
2 

31 

4 

1 

82 

14 

4 
6 

4 
9 

12 

88 

4 
10 

52 

11 

43 

0.54 (0.2- 1.0) 

<0.008 (<0.005-<0.01) 

< 12.33 (<5.0--25.0) 

<0.05 (<0.05-<0.05) 

<0.01 (<0.01- <0.01) 

<0.01 (<0.01.-0.02) 

258.3 (192.0-316.0) 

14.9 (14.9-14.9) 

5.15 (0.04-10.8) 

73.1 (48.0- 133.0) 

0.82 (0.2-20.0) 

eo.10 (<0.03--<0.2) 

<5.0 ( 4 . 0 - 4 . 0 )  

<0.10 (<0.1- <0.1) 

0.11 (0.08-0.2) 

<0.01 (<0.01-- <0.02) 

<O.OS ( ~ 0 . 0 s - -  .cQ.OS) 

9.52 (7.5- 10.7) 

< 12.79 (<4.0--47.0) 
0.10 (0.08-0.14) 

7.88 (0.0-49.0) 

1 0.006 (0.006-0.006) 4 <0.01 (cO.005-0.03) 
Note: If any value vas  below the  detection lirnil, a less than value appears with the means value. M = Monitored 

only; MLD-millions of liters per day; rr=number of observations; IdTU = nephelometric turbidity unit. 
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Table A5. Itaterim b i t s  and summary statistics for Kentucky Pollutant Disclharge ELiminatian 
System Permit water qualiQ parameters at OuthU 00s for 1 

Parameter Interim 1991 1992 
(mg/I, unless otherwise noled) limit Iz Mean (range) 14 Mean (range) 

B5U (% by wt) 5 0.61 (0.5-0.8) 4 0.65 (0.6-0.7) 

Numinum M 14 <0.18 (<O.l-OS) 25 co.21 (4: 0.1-0.6) 

Chromium 0.1 54 10.05 (<O.OS-0.1S) 63 4 . 0 5  (<C~.OS-0.08) 

Chromium-6 3 <O.dll (<0.01-0.01) 

Copper M 14 ~ 0 . 0 1  (cO.01-0.01) 25 < o m  (cO.01-0.02) 

Cadmium 6 C0.008 (<0,005- €0.01) 

13issolved alpha (pCifla) M 4 0.90 (-5.8-8.7) 12 1.45 (-5.2-6.2) 

M 4 61.25 (-6.G244.0) 12 13.50 (0.8-27.0) Dissolved beta ( p C i )  

Disolved oxygen 5 2 4  7.77 (4.9-9.7) 29 7.96 (5.3-11.2) 

Pluoride 5 2 4  0 18 (0.1-0.3) 29 0.17 (0.1-0.2) 

Flow (MLD) M 23 3.86 (I .s-26.1) 60 2.84 (1 .1-4.S) 

Gross Nphd (pCi/L) 1 0.20 (0.2-0.2) 

Gross Beta (pCifl,) 1 1.00 (1.0-1.0) 

Hardness, as CaCO, 1 32.00 (32.0-32.0) 14 67.43 (35.0-127.0) 

Iron 9.42 25 ~ 0 . 2 1  (<0.01--0.%) 34 ~ 0 . 2 9  (€0.01-1.0) 

Molybdenum 1 c0.05 (~0.05- ~0.05) 

Nickel M 14 cO.05 (CO.05-cO.05) 25 <O.OS (<0.0S-<0.05) 
U7Neptunium (pCi/L) 4 d . 2 5  (cO.0-3.0) S -0.14 (-0.4-0.3) 

011 and grease M 18 e5.16 (cS.0-7.9) 29 <5.00 (e-5 0-4.0) 

Lead 6 .=0.11 (<0+03-<0.2) 

Polychlorinated biphenyl (p@) 100.0 12 c0.10 (cO.1-CO.1) 18 40.10 (<0 1-c0.1) 

PH (SUI 6-9 54 7.62 (6.5-8.6) 61 7.35 (6.5-9.0) 

'39Plutonium (pCi/L) 4 ~3.0 (<.3.0-<3.0) 5 0.12 (0.0 -0.5) 

PO,$ 1 0.31 (0.31-0.31) 4 0.59 (0.5-0.6) 

Residual Chlorine 0.33 54 cO.06 (~0.01-0.32) 56 a 0 1  (~0.01-0.2) 

Suspended beta (pCdL) M 4 11.25 (-5.0-43.0) 12 1.88 (-4.5-15.0) 

Suspended alpha (pCiA,) M 4 1.58 (-4.3-8.4) 12 -0.53 (-3.6-2.0) 

Suspended solids M 13 ~5.85 (4.0-14.0) 29 ~ 7 . 5 6  (<4 0-21.0) 

'Trichloroethylene 0.027 13 <0.001 (~0.001-0.hX)l) 20 r0.01 (<O.QOl-I~.oC-9) 

'I'emperature ("C) 31.7 54 22.10 (9.4-32.8) 56 20.86 (9.4-30.0) 

Total phosphorus 1 0.57 (0.57-0 57) 11 0.62 (0.5-0.7) 

Uranium M 22 0.007 (0.001-0029) 15 ~0.002 (<0.001-0.005) 

Zinc 0.34 54 ~ 0 . 0 3  (s:0.(005-0.044) 57 cQ.03 (<0.005-0.12) 

Technetium (pCi/L) 31 8.45 (0.0-24.0) 13 14.08 (0.0-25.0) 

Nore: If any value was below the detection limit, a less than value appears with the means vslue M-Monitored 
only; MLD=rnlliions of liters per day, n=number of observations 
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1992 -_ Parameter Interim 1991 

(rng/L unless otherwise noted) limit Mean (range) ip Mean (rang@) 

%J (% by Ma) 
Aluminum 

Cad miu rn 

ChrO!IIiUm 

ChromiLlm-6 

Copper 

Ilissolved alpha (pCi/L) 

Ilissolvcd beta (pCi/L) 

Disolved oxygen 

Fluoridc 

Flow (MLU) 

Hardness, as CaCO) 

Iron 

Lend 

Mercury 

Molybdenum 

Nickel 

237Neptunium (pCi/L) 

Oil and grease 

PH (SI') 

U*PLutoniurn (pcifl,) 

PO,-P 

Polychlorinated biphei~yl ( p a )  

Residual Chlorine 

Suspended alpha (pCiB,) 

Suspended beta (pCi/L) 

Suspendcd solids 

Technet ium (pCi/L) 

Temperature ("C) 

Total phosphorus 

Trichloroethylene 

Uranium 

Zinc 

M 

0.23 

M 

M 

M 

5 

5 

M 

8.41 

M 

M 

6-10 

100 

0.01 

M 

h4 

M 

31.7 

M 

A4 

1.15 

4 
12 

54 

12 

4 

4 

24 

24 

52 

1 

24 

12 

4 

13 

53 

4 

1 

10 

54 

a 
4 

12 

53 

1 

12 

4 

53 

0.55 (OS-0.6) 

0.64 (0.2-1.5) 

<0.05 (<0.05--0.12) 

<0.01 (cO.01-0.01) 

3.6 (-2.8-11.5) 

8.0 (-8.0-20.0) 

8.98 (57-12.0) 

0.16 (0.1-0.3) 

0.87 (0.4-14.0) 

49.0 (49.0--49.0) 

0.81 (0.2-25) 

<0.05 (<0.05--<0.05) 

<5.55 (<5.0-12.1) 

c2.25 (<0.0-3.8) 

8.09 (6.2-9.7) 

(<3.0--<3.0) 

0.09 (0.09-0.09) 

<0.10 (<0.1-<0.1) 

<0.01 (<OB-0.01) 

---0.65 (-4.7-2.0) 

3.25 (--5.0-19.0) 

10.25 (4.0-19.0) 

18.48 (5.0-32.8) 

0.20 (0.2-0.2) 

<0.001 (<0.001--.0.001) 

<0.003 (<0.001--Q.W6) 

0.03 (0.0~.-0.103) 

4 

15 

6 

47 

2 

15 

4 

4 

21 

21 

52 

14 

25 

7 

1 

1 

15 

4 

20 

52 

4 

4 

13 

52 

4 

4 

20 

4 

52 

11 

12 

6 

47 

0.56 (0.0-0.8) 

<0.008 (<0.003.-<0.01) 

<0.02 (CO.01-8.02) 

<0.01 (<0.01.-9.03) 

2-80 (0.90-5.8) 

8.80 (50-14.1) 

XO.15 (<0.1-0.2) 

0.74 (0.3-2.2) 

~0.05 (<0.05-0.88) 

8.25 (3.0-.15.0) 

0.76 (0.2-4.5) 

70.4 (19.0-132.0) 

0.75 (031 .6 )  

< 0.12 ( c 0.03- <0.20) 

< 0.0 ( c 0.0 .- < 0.0) 

<0.05 (<o.os-<o.o5) 
co.05 (<0.05-<0.05) 

<5.0 (<5.0-<5.0) 

-8.13 ( - - -O.&O,O) 

7.90 (6.2-9.7) 

0.03 (-0.3-9.4) 

0.17 (0.1-0.2) 

<0.10 (<0.1-<0.1) 

co.01 (cO.01-<0.02) 

0.08 (-3.42.3) 

0.50 (-2.0-5.0) 

< 13.2 (<4.0-?9.0) 

8.25 (0.0-12.0) 

17.28 (5.0-28.9) 

0.18 (0.1--0.2) 

<0.001 (<0.001-<0.001) 

c0.002 (<0.001-0.003) 

co.05 (c0.005.-0.152) 

Nore: If any value was below the detection limit, a less than  value appears with the  means value. M-Monitored only; 
MLD=millions of liters per day; n-number of observations. 
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Table AT.  fntepim Zimits and summary slatisria for Ke~ucky PoUntant Discharge ESiminarion 
System Permit water quality parameters at OutW 010 for PW)91-1~)92 

Parameter Interim 1991 19% 

(m@ unless otherwise noted) limit Mean (range) n Mean [range) 

30 
13 

0.47 (0.3-0.9) 

269 (0.6-8.8) 

0.38 (0.2-0.7) 

1.66 (0 .~3 .09  

<0,008 (€0.005-<0.01) 

~ 0 . 0 5  ( < O O S - e O . O S )  

< O B 1  (<001-.<0.01) 

8.10 (0.5- 19.0) 

7.74 (5.2-11.3) 

<0.01 (<0.01-0.03) 

21.44 (- 14.0-65.0) 

s5u (% by wt) 
Aluminum 
Cadmium 

Chromium 
Chromiu m-6 

Dissolved alpha (pCi/L) 

Dissolved beta (pCi/[,) 

Disohred oxygen 
Fecal coliform (Co/lOOml) 

Fluoride 

Hardness, as CaCO, 
Iron 
Lead 

237Neptunium (pCiA,) 

Nickel 

Oil and grease 
pH (SU) 
?Plutonium (pCi/L) 

Polychlorinated biphenyl (pg/L) 

Residual Chlorine 

Suspended alpha (pCiAa) 

Suspended beta (pCifl.) 

Suspended solids 
Technetium (pCiA.) 
Temperature ("C) 

Trichloroethylene 

Total phosphorus 

Uranium 

Zinc 

Copper 

How (MLI)) 

PQ4-P 

0.5 43 eO.06 (<0.05-0.29) 

M 

M 

M 
5 

13 

33 

33 

22 

co.01 (<0.01-0.03) 

4.65 ( - 7.0-20.1) 
18.12 ( - 23.0-78.0) 

8.61 (6.5-11.3) 
G0.00 (60.0- > 60.0) 

0.23 (0.1-0.4) 

<0.38 (<0.004-3.1) 
45.0 (45.0-45.0) 
2.17 (0.3-7.8) 

1 
22 
44 

5 
M 

8 

10 

2 

9 

3 

4 

9 

9 

9 

4 

1 

8 

12 
9 

9 

9 

4 

9 

9 

2 

8 
9 - 

0.223 (0 1-0.4) 
2.01 (0 004-5.7) 

79.5 (63.0-96.0) 

< 1.40 ( < O  01-2.7) 
~ 0 . 1 1  (<0.07-<0.2) 

0.03 (-0.3- 0.5) 

<O.M (<o.os-<o.o5) 
cs.0 (<S 0 - 6 0 )  

7.72 (6.8-93) 

0.00 (0.0- 0.0) 

0.17 (0.17-0.17) 

CO.10 (<0.1-<0.1) 
<0.01 (c0.01-0.01) 

1.82 (-0.6-3.8) 

4.11 (-20-18.0) 

26 00 (10.0-45.0) 

40.50 (13.0-93.0) 

19.44 (8.%2S.O) 

<0.001 (<0.MJ1-<0.001) 

0.19 (0.17-022) 

0.02 (0.0c)(1-0.027) 

4 .09  (<O.OOS -0.073) 

1 

22 8.32 

4 

13 

13 
43 
4 

d . 2 5  (10.0-3.0) 
<0.05 (<0.05-<0.05) 

<s.32 (4.0-9.1) 

7.82 (6.9-8.6) 

4x25 (€.0.0-3.0) 

M 
M 

6-9 

100 

0.01 
M 

M 
M 

10 

44 

33 

33 

13 
21 

43 

13 

c0. 10 (eo. 1- < 0.1) 
<0.01 (<0.01-0.02) 
2.17 (-5.9-13.3) 

-0.39 (- 19.0-19.0) 

41.69 (7.0-106.0) 

11.38 (0.0-66.0) 
19.52 (3.9-31.1) 

<0.001 (<0.001--0.001) 
31.7 

M 

34 

43 - 
M 

0.26 

~ 0 . 0 2  (<0.001-0.072) 
0.03 (0.01-0.09) 

Note: If any value was below the detection limit, a less than value appears with the means value. M-h.lonitored only; 
MI,D=rnillions of liters per day; n=number of obseivatiuns. 
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Parameter Interiiii 1991 1992 

(m& unless otherwise noted) limit yo Mean (iange) n Mean (range) 

2% (% by wt) 

Aluraiinum 

Cadmium 

Cilrolnium 

Chromium -6 

Copper 

Dissolved alpha (pCi/L) 

Ilissolved beta (pCin,) 

Disolved oxygen 
Fecal coliform (Co/lOOml) 

Fluoride 

Gross Alpha (pCiL) 

Gross Beta (pCi/T,) 

WaidneS, as CaCO, 

Iron 

Lead 

Nickel 

23'Neptuniurn (pcilr,) 
Oil and grease 

pII (SU) 

=v1utoniurn (pCi/L) 

PO,-P 

Flow (MLD) 

Polychlorinatcd biphenyl (&L) 
Residual Chlorine 

Suspended alpha (pein) 
Suspended beta (pCi/L) 

Suspended solids 

'Technetium (pCi/L) 

Temperature ("C) 

Tricbloroe thylcne 

'Total phosphorus 

Uranium 

Zinc 

M 

M 

0.85 

M 

M 

M 

5 

5 

5.94 

M 

M 

6- 10 

100 

0.14 

M 

rd 

M 

35 

M 

M 

0.16 
_li. 

42 

13 

52 

13 

43 

43 

24 

2 

24 

52 

1 

24 

13 

4 

15 

52 

4 

12 

53 

43 

43 

13 

52 

52 

12 

57 

s 2  
__I 

0.38 (0.2-0.7) 

<0.37 (~0.1.-1.3) 

<0.05 (<0.05-<0.05) 

<0.01 (<0.01-0.01) 

45.87 (-9.3-1325.5) 

30.35 (- 13.0-782.0) 

7.44 (4.4-10.3) 

0.15 (0.1-0.3) 

0.87 (0 08- 3.7) 

45.50 (24.0- 47.0) 

33.0 (33.0-33.0) 

0.62 (0.04-7.8) 

<0.05 (<0.05-<0.05) 

<2.25 (<O.O- 3.0) 

<s.oo ( 4 . 0 - 4 . 0 )  

<3.0 ( 4 . 0 - d . 0 )  

7.94 (7.0-9.3) 

co.12 (<0.1-0.3) 

<0.01 (<0.01-0.03) 

-0.022 (-7.9-15.8) 

1.18 (-20.0-20.0) 

< 10.69 ( < 4.0-38.0) 

6.64 (0.0-34.0) 

26.03 (1 1.7-37.8) 

:0.007 (<0.001-0.029) 

~ 0 . 1 5  (<0.001--4.4) 

<0.03 (<0.005--0.119) 

SQ 
15 
6 

47 

2 

15 

51 
51 

20 

3 

20 

50 

2 

2 

14 

24 

4 

15 

a 
18 

51 

4 

4 

12 

52 

51 

51 

19 

53 

51 

11 

11 

52 

46 
I_ 

0.29 (0.2-0.5) 

<0.01 (<0.005-0.02) 

<0.01 (<0.01. <0.01) 

<0.01 (<0.005--0.01) 

0.33 (0.2-0.4) 

< 0.05 ( < 0.006-0.16) 

8.86 (-8.1-30.3) 

10.57 (--.O-36.0) 

8.72 (6.4- 10.4) 

~ 5 8 . 4 7  (< 1.0- 144.0) 

0.14 (0.1-0.2) 

1.55 (0.4-4.2) 

12.40 (6.8-18.0) 

19.50 (8.0--31.0) 

65.64 (44.0 -128.0) 

<0.3 1 (<0.01-0.8) 

CO.11 (cO.03-0.2) 

CO.05 (<0.02-0.05) 

0.05 (-0.2-0.2) 

<5.0 ( 4 . 0 - 4 5 . 0 )  

8.17 (659.4) 

0.08 (0.0--0.2) 

0.28 (0.2-0.3) 

<0.10 (<0.1-<0.1) 

<0.01 (<0.01-0.02) 

0.12 (-5.5-17.7) 

0.32 ( - 13.0--40.0) 

< 10.42 (~4.0-38.0) 

7.72 (-7.0-37.0) 

22.28 (8.9-33.9) 

~ 0 . 0 0 2  (<0.001-0.004) 

0.30 (0.2-0.4) 

0.03 (0.002-0.06) 

<0.02 (<0.002-0.1) I._ ..... 
Note: If any valuc was below thc detection limit, a less than value appears with the means valuc. M=Monitored only; 

MLCl-rniliions of tilrrs pcr day; n=number of observations 
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Table A.9. Interim limits and summary slatistics for Kentucky Pollutant Discharge Elimination 
System Permit water quality parameters at Outfall 012 for 1991-1992 

Parameter Interim 1991 1992 

( m a  unless otherwise noted) h i i t  Mean (range) II Mean (range) 

235u (% by Wt) 

Aluminum 
Cadmium 

Chromium 

Chromium-6 

mpper 
Dissolved alpha (pCi/L) 

Dissolved beta (pCi/L) 

Wsohed oxygen 

Fecal coliform (Co/lOoml) 

Fluoride 

Iron 

Flow (MLD) 
Hardness, as CaCO, 

Nickel 
237Neptunium (pCi/L) 

Oil and grease 

Lead 

PH (SUI 
?Plutonium (pCi/L) 

PO,-P 
Polychlorinated biphenyl ( p a )  

Residual Chlorine 
Suspended alpha (pCi/L) 

Suspended beta (pCi/I,) 
Suspended solids 

?lkchnetium (pWL) 
Temperature ( O C )  

Trichloroetbylerie 

Total phosphorus 

Uranium 

M 
M 

0.76 

M 
M 
M 

5 

5 
18.22 

M 

M 

6- 10 

100 
0.01 

M 

M 
N 

35 

M 

M 

30 

12 

41 

12 

32 

32 

21 

3 

21 

21 

43 

1 

12 

5 
17 

42 
S 

12 

43 

32 

32 

12 

31 

42 

13 

33 

0.47 (0.2-0.8) 

0.95 (0.2-2.6) 

<O.O5 (<O.OS-O.Ofj)  

€0.01 (<0.01-0.02) 
1.83 (-9.0-11.6) 

6.18 (-23.0-S1.0) 

8.69 (6.5- 11.2) 

5 16.7 (350.0- >600.0) 

0.27 (0.1-0.4) 

0.72 (0.3- 1.9) 

0.57 (0.08-3.9) 

61.0 (6 1.0-6 1 .O) 

<o.os (<0.05-0.05) 

€2.20 (€0.0-3.0) 

€5.00 (<S.O-4.0) 

7.59 (6.4-8.2) 

~ 2 . 4 0  (<0.0-3.0) 

co.10 (<O.l-.r0.1) 

co.01 (<0.01-0.0t) 

0.77 (-9.0-14.7) 

- 1.22 (-21.0-19.0) 

C 18.92 (<:4.0-50.0) 

5.58 (0.0-31.0) 

21.88 (6.1-32.8) 

c: 0.00 1 

9 

8 

3 

9 
1 
8 

9 
9 
7 

7 
8 
10 
2 
8 
3 
8 
3 
9 

3 
1 
7 

11 
9 

9 

8 

3 

9 

8 

2 

8 

0.39 (0.0-0.6) 

1.04 (0.4-1.7) 

<0.05 (<0.05-0.09) 

<0.008 (<0.005-.50.01) 

<0.0 1 ( co.0 I- co.0 1) 
<0.01 (<0.01-0.01) 

8.91 (-2.8-21.0) 

2.50 (-2.1-8.1) 

8.26 (6.3- 11.3) 

0.41 (0.3-0.5) 

0.99 (0.3-1.7) 
3.14 (0.08-11.0) 

94.50 (73.0-116.0) 

co.05 (40 05-<0.05) 

-0.10 (-10.4-0.1) 

<s.oo (<S,O-<S.O) 

€0.11 (4J.07- cO.20) 

7.32 (6.3-8.0) 

0.26 (0.26-0.26) 

~ 0 . 0 9  (4)  0-0.1) 

0.03 (0.0-0.1) 

€0.01 (ccO.0 I- G0.01) 

1.30 ( -- 2.0-3.3) 

2.00 (-3.0-23.0) 

27.38 (8.0-7 1.0) 

5.47 (0.0- 14.0) 

.=0.001 (<O+OO 1- <0.001) 

0.22 (0 2-0.3) 

< O.OO7 ( < 0.80 1 -0 02) 

20.06 (10.0-29.4) 

Zinc 0.4 42 ~ 0 . 0 4  (<0.005-0.102) 9 0.1125 (0.02-0.08) 

Note: If any value was below the detection limit, a less than value appears with the means value. M=Monitored only; 
MLD=rnillions of liters per day; n=number of observations. 
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--F 

1992 
__.- 

191 Parameter Interim 

(rng/l, unless otherwise noted) limit Mean (range) n Mean (range) 

UW (% by wt) 4 
Aluminum 10 
Cladmiurn 

Chrorniu rn 
Chromium-6 

Copper 10 
Dissolved alpha (pCi/L) 4 
Dissolved bcta (pCi/L) 4 
Eluorid@ M 10 
Flow (MLD) M 11 

Iron 10 
Lead 

Nickel 10 

Hardness, as (:aC:O, 1 

z7bkpttmiu rn (pCifl,) 4 
Oil and grease M 10 
pII (SU) 6-9 10 
BWutonium (pCi/L) 4 
Polychlorinated biphenyl ( p g L )  8 

Suspended alpha (pCi/L) 4 

Suspended beta (pCi/L) 4 
Suspended solids 271 10 
Trichloroethylene 

Uranium 4 

0.62 (0.5-0.9) 
1.99 (0.4-5.3) 

<0.01 (cO.01-0.01) 
3.25 (-0.9-6.8) 

13.00 (4.0-23.0) 
0.58 (0.2-1.1) 

4 . 7 1  (<0.004-9.7) 
139.0 (139.0-139.0) 

1.84 (0.1-5.6) 

<o.os (<0.05- <0.05) 

<5.00 (<5.0-<5.0) 
<2.25 (<0.0-3.8) 

7.71 (6.6-8.6) 
<2.27 (<0.07-3.0) 

<0.11 (<0.1-0.2) 
---2.58 (-6.7-0.5) 
-3.00 (-8.0-3.0) 

<42.70 (4.0-229.0) 

0 . 0 3  (0.001-0.004) 

4 
12 
5 

5 

4 
12 
4 
4 
10 
13 
2 
12 
5 

12 
4 
12 
12 
4 
12 
4 
4 
12 
2 
4 

2 

0.44 (0.0-0.7) 
1.77 (0.2-3.9) 

~ 0 . 0 1  (<O.OOS--O.O3) 
~ 2 . 6 5  (<0.05-7.0) 

<3.70 (~0.0-7.9) 
<0.01 (<0.01-<0.01) 

1.’70 (-2.5-3.5) 
15.50 (-24.0-54.0) 

0.58 (0.3-1.1) 

2.69 (0.08- 14.5) 
109.0 (60.0-158.0) 

1.64 (0.1-4.0) 
~ 0 . 1 4  (<0.03-<0.20) 
CO.05 (<0.05-<0.05) 

<5.0 (<5.0-<5.0) 

-0.08 (-0.4--0.3) 

7.46 (6.9-7.8) 
0.04 (0.0-0.1) 

CO.10 (<0.1-€0.1) 

-0.50 ( .. 6.0-8.0) 
<31.08 (4.0-81.0) 

<0.001 (<0.001-<0.001) 
<0.002 (cO.001-0.005) 

0.019 _. p.016-0.021) 

-2.15 (--4.9-0.0) 

Nore: I f  any value was below the dctection limit, a less than  value appears with the nieans value. M-Monitored only; 
MLD=milIions of liters per day; n-number of observations. 

1992 
-ll___l..__.-______ 

Parameter Interim 1991 

( m a  unless otherwise noted) limit Mean (range) n Mean (range) 

COD NM NM 

How (Mi A 3 )  M N 1Li NM 

P H  (SU) 5-9 h‘M NM 

Polychlorinated biphenyl (pg/L) NM NM 

Residual Chloriiie NM NM 

Suspended solids SO NM NM 

Turbidity (N’TU) ha NM NM 

1 7.00 

I 0.02 

1 950 

1 c0.10 
1 <0.01 

1 9.00 
1 1.40 

Note: If any value was below the detection limit, a k s s  than value appears with the mcam value. M-Monitored only; NM=Not 
Monitorcd; MJD-..rnillions of litem pcr day; n=number  of obscnat ions;  NTU = nephelometric turbidity unit. 
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Table A12. Interim limits and summary statislics for Kentucky Pollutant DWarge Elimination 
System Permit water quality parameters at Outm 015 far 1991-1992 

Parameter Interim 1991 1992 

(m@ unless othemise noted) limit 12 Mean (range) n Mean (range) 

u5LJ (5% by wt> N 4 0.46 (0.3-0.9) 4 O"43 (0.3-0.6) 
Aluminum M 10 3.06 (0.6-8.9) 12 2.77 (0.3-7.6) 

Cadmium 4 <0.01 (<0.805--0.03) 

Chromium 3 <0.05 (==0.05-<0.05) 

Chromi urn-6 1 <0.01 (<0.01-10.01) 
Copper M 10 C0.01 (€0.01-0.03) 12 <0.01 (<0.01-0.02) 
Dissolved alpha (pCi/L) M 4 48.93 (3.6- 109.0) 4 45.63 (4.2-111.0) 
Dissolved beta (pCi/L) M 4 84.50 (32.0-154.0) 4 71.25 (0.0-218.0) 
Fiuoride S 10 0.40 (0.3-0.6) 9 0.47 (0.3-0.6) 

Flow (MLD) 11 ~ 1 . 7 8  (<0.004-10.2) 11 c4.32 (<0.004-17.4) 

Iron 10 3.38 (0.4-10.9) 12 2.27 (0.08-6.3) 

Lead 4 <0.16 (<0.03-<0.2) 

Hardness, as CaCO, 1 133.0 (133.0- 133.0) 2 63.50 (58.0-69.0) 

Nickel M 10 co.05 (<0.05-€0.05) 12 cO.06 (€0.05-0.16) 
"7Neptunium (pCiL) 4 ~ 2 . 3 0  (<0.2--3.0) 4 -0.38 ( -1.0-0.0) 
Oil and grease M 10 <5,00 (<5.0-<5.0) 11 <s.w ( c S . O - - < S . O )  

pH (X i )  6-10 10 7.93 (6.2-8.9) 12 7.54 (6.9-8.1) 

WZPlutonium (pCi/L) 4 <2.26 (c0.02-3.0) 4 0.09 (0.04-0.1) 

PO,-P 1 <o.os (<0.05-r0.05) 
Polychlorinated biphenyl (pgl l , )  100 8 co.10 (<O.I-<O.l)  10 c0.10 (4.1-0.1) 
Suspended alpha (pCi/L) M 4 - 1.18 (-5.6-1.1) 4 -0.43 (-4.9-1.6) 
Suspended beta (pCi/L) M 4 4.75 (- 13.0- 16.0) 4 11.58 (- 0.7-26.0) 

Suspended solids 427 10 134.4 (5.0-636.0) 12 < 103.3 (4.0-698.0) 
Trichloroethylene M 2 co.m1 (<0.001~<0.001) 

Total phosphorus 1 0.14 (0.14-0.14) 

Zinc 3 4 . 0 1  (-=0.005-0.02) 

Uranium M 4 0.13 (0.02-0.25) 4 0.16 (0.014.3) 

Note: If any value was below the detection limit, a less than vdue appears with the means value. M=Monitored QIIIY; 
MlD=millions of liters per day; n=nurnkr ol observations 
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Table A.14- Interim limits and summary slatistics for Gntuciry Pollutant Discharge ation 
System Permit water quality parameters at Outfall 017 far 1991-1992 

Parameter Interim 199 1 1992 

( m u 2  unless otherwise noted) limit Mean (range) n Mean (range) 

?J (96 by wt) 

Aluminum 
Cadmium 
Chromium 
Chromiumd 

Dissolved alpha (pCi/L) 

Dissolved beta [pO/L) 

Fluoride 

Flow (MLD) 
Hardness, as CaCO, 

Iron 
Lead 
Nickel 
B7Neptunium (pCt/L) 

Oil and grease 
pH (StJ) 

IjgPIutonium (pCi/r,) 

PO,-P 
Polychlorinated biphenyl (&L) 
Suspended alpha (pCi/I,) 

Suspended beta (pCi/L) 
Suspended solids 
Total phosphorus 

Trichloroethylene 
Uranium 

Zinc 

C o P W  

M 

M 

M 
M 

M 

6- 10 

100 

M 

M 

M 

M 

4 
10 

10 
4 
4 
10 

11 
1 

10 

10 
4 
10 
10 

4 
1 
8 

4 
4 
10 
1 

4 

0.62 (0.4-0.9) 
0.59 (0.2- 1.3) 

co.01 (cO.01-0.02) 

3.03 (-0.9-5.4) 
12.25 (0.0-19.0) 
0.49 (0.3-0.6) 

~1 .70  (<0.004-6.1) 

0.68 (0.08--2.4) 
120.0 (120.0-120.0) 

CO.05 (~0.05-0.06) 

<2.25 (c0.0-3.0) 
c SSK, (< 5.0-5.6) 

e2.25 (~0.0-3.0) 

7.72 (6.5-8.4) 

co.05 (<O.OS--<0.0S) 

c0.10 (€0.1-<0.1) 

- 3.25 ( - 16.0-7.0) 

0.06 (0.06-0.06) 

- 1.20 (- 7.2-6.5) 

c 30.20 ( c: 4.0- 140.0) 

0.006 (0.002-0.012) 

4 
12 
5 
2 

2 

12 
4 

4 
10 
12 
2 
12 

5 
12 

4 
12 

12 

4 

12 
4 
4 
12 

2 

4 
2 - 

0.41 (0 0-0.7) 

1.83 (CL2-14.6) 
~ 0 . 0 2  (c0.005-0.03) 

<Q.OS (~O.OS-€0.0S) 
<o.oos (€O.h)-0.01) 
<0.01 (<0.01-0,03) 

2.80 ( - 0.5-5.1) 
3.15 (-6.0-17.0) 

0.47 (0.4-0.6) 
10.95 (-a.W4-6.1) 

138.5 (91.0- 186.0) 

4 . 1 4  ( 4 l 0 3  4.20) 

c0.06 (<0.05-0.14) 

2.39 (0.2- 21 5 )  

-0.25 (--0.7-0.1) 
45.w (<S.O-<ti.O) 

0.05 (C~.0-0.1) 
7.69 (7.1-8.2) 

<0. 10 (€0.1-<0.1) 

-0.73 (--3.7-1.1) 

3.25 (-1.0--10.0) 
182.2 (4.0- 1930.0) 

<0.002 (<0.001- <0.001) 

0.006 (0.00l--0.012) 

0.02 (0.008--0.022) 

Note. I f  any value was below thc detrclion limit, a less than valuc appears with the means value. M=Monitorcd only; 
MLD=millions of liters pcr day; nznurnber of observations 
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TOXICITY TEST RESULTS AND WATER CFEMISTRY ANALYSEB 
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. ... 

Fathead minnow Ceriodaphns'ce dubia --- 
Mean 

offspriagkuwivirag 

Concentration 
Supviva! Mean survival (SI)) Mean growth (SD) 

(mg/fish) (%I female (SD) 
(%) 

Site' 

("/.I 

2s 90.0 (14.1) 0.15" (0.05) 100 39.7 (3.9) 

6 92.5 (5.0) 0.19 (0.07) 100 28.2 (10.8) 

12 95.0 (5.8) 0.12 (0.06) 80 22.1 (12.4) 

BBK 12.5 100 42.5 (33.0) 0.15 (0.05) 100 38.1 (10.8) 

BBK 10.0 100 57.5 (33.0) 0.16 (0.04) 100 31.7 19-51 

MBK 9.5 100 52.5 (33.0) 0.20 (0.07) 70 32.4 (14.4) 

I N K  7.2 100 95.0 (5.0) 0.13 (0.03) 90 27.3 (6.4) 

MAK 13.8 100 62.5 (27.5) 0.14 (0.02) 90 43.1 (2.6) 

"BBK = Big Bayou Creek kilometer; LUK = Little Bayou Creek kilometer; MAK = Massac Creek kilometer. 
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Table B.2. Summary (mean SD; n = 7) of water chemistry anaiyscs ~n~~~~~ 
during toxicity t a t s  ob continuously flowing effluents and ambient 

waters at tlbc Paducab Gaseous Diffusion Plant 
Analyses conducted Ocaobcr 24-31, 1991 

Alkalinity Hardness Conductivity 

(mud as CaCXI3) (mu, as CaC03) ( P S l W  
p1.I Concentration 

(%I 
Siten 

Control 

Outfall 001 

Outfall 004 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 011 

BRK 12.5 

BBK 10.0 

BBK 9 5  

1,UK 7.2 

MAK 13.8 

100 

100 

2s 

6 

100 

25 

6 

100 

25 

6 

100 

25 

6 

100 

25 

6 

100 

25 

6 

100 

la, 

100 

100 

100 

7.7 (0.6) 

9.2 (0.3) 

8.3 (0.3) 

8.0 (0.4) 

7.5 (0.1) 

7.9 (0.4) 

7.9 (0.4) 

9.4 (0.7) 

8.3 (0.6) 

7.9 (0.5) 

7.5 (0.1) 

7.9 (0.4) 

7.9 (0.4) 

7.5 (0.2) 

7.8 (0.3) 

7.9 (0.4) 

7.8 (0.1) 

7.9 (0.3) 

7.9 (0.4) 

7.6 (0.2) 

7.6 (0.1) 

8.4 (0.5) 

7.6 (0.1) 

7.4 (0.2) 

64 (1.3) 

32 (4.0) 

54 (1.5) 

60 (2.2) 

43 (4.7) 

57 (1.3) 

39 (0.8) 

57 (1.0) 

59 (3.7) 

60 (1.6) 

36 (3.8) 

56 (1.2) 

60 (2.1) 

43 (9.0) 

57 (2.4) 

62 (1.6) 

42 (6.4) 

57 (2.4) 

64 (0.9) 

76 (8.1) 

43 (4.2) 

39 (5.1) 

50 (5.7) 

43 (4.4) 

77 (3) 

445 (42) 

173 (18) 

103 (10) 

86 (143 

81 ( 6 )  

81 (5) 

75 (8) 

74 (6) 

79 (5) 

77 (11) 

82 (10) 

70 (5) 

64 (14) 

74 ( 5 )  

79 (6) 

77 (9j 

78 (4) 

75 (6) 

63 (16) 

70 (16) 

257 (75) 

93 (16) 

SO (17) 

168 (SB) 

1 5 8  (158) 

549 (44) 

265 (13) 

356 (30) 

216 (10) 

1x1 (4) 

273 (7) 

193 (3) 

174 (3) 

313 (19) 

206 (5) 

177 (4) 

194 (46) 

176 (10) 

171 (3) 

258 (12) 

192 (2) 

175 (1) 

250 (26) 

286 (24) 

907 (289) 

302 (21) 

145 (13) 

%RK = Rig l3ayou Creek kilometer; LIJK = Little Bitpu Crcek kiiometcr; MAK = Massac Crwk 
kilometer. 
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Mean Sample Concentration 
Mean survival (SD) Mean growth (SD) Survival ("ro) offspring/surviving 

(nngbsh) female (SI)) 

sourcc (%I 
(%I 

Control 

Outfall 013 

Outfall 015 

Outfall 016 

Outfall 017 

Outfall 018 

100 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

97.5 (5.0) 

97.5 (5.0) 

95.0 (10.0) 

92.5 (15.0) 

95.0 (5.8) 

95.0 (5.8) 

95.0 (5.8) 

97.5 (5.0) 

95.0 (5.8) 

100.0 (0.0) 

97.5 (5.0) 

100.0 (0.0) 

97.5 (5.0) 

95.0 (5.8) 

100.0 (0.0) 

92.5 (5.0) 

97.5 (5.0) 

80.0 (18.3) 

97.5 (5.0) 

97.5 (5.0) 

87.5 (12.6) 

0.59 (0.04) 

0.61 (0.04) 

0.60 (0.09) 

0.57 (0.08) 

0.65 (0.06) 

0.67 (0.03) 

0.60 (0.06) 

0.65 (0.11) 

0.66 (0.03) 

0.68 (0.09) 

0.58 (0.02) 

0.57 (0.05) 

0.55 (0.06) 

0.68 (0.05) 

0.93 (0.05) 

0.62 (0.08) 

0.57 (0.02) 

0.67 (0.13) 

0.65 (0.07) 

0.64 (0.04) 

0.64 (0.03) 

90 

100 

100 

100 

90 

100 

90 

60 

90 

100 

100 

80 

70 

100 

70 

90 

90 

90 

100 

90 

90 

28.3 (9.7) 

36.0 (4.8) 

34.8 (3.4) 

36.1 (4.1) 

36.0 (3.6) 

34.7 (5.3) 

33.7 (5.2) 

37.3 (3.1) 

34.2 (5.8) 

33.5 (3.4) 

33.3 (6.4) 

36.0 (5.8) 

36.1 (4.1) 

33.2 (4.9) 

33.0 (5.2) 

32.2 (3s) 
28.6 (4.6) 

32.7 (3.3) 

31.4 (2.6) 

33.1 (4.1) 

34.4 (5.7) 



Table B.4. Summary of water chemistry analyses conducted OQ Ekxernkr 23, PWI, 
in assOciation with toxicity WSIS OK intermittent e€€iuents a? the 

Paducah Gaseous Diffusion Plant 

Concentration Alkalinity Hardness Conductivity 
(%I PIi (rng/T, as nICQ3) ( m a  as CaC03) (pS/Cill) 

Sample 

Outfall 013 100 7.60 57 86 191 

25 8.14 65 84 177 

Outfall 015 100 7.79 77 106 2? 1 

25 8.23 69 88 192 

Outfall 016 100 7.73 79 96 212 

2s 8.16 70 90 1811 

Outfall 017 100 8-01 104 144 295 

25 8.27 78 96 206 

Outfall 018 100 7.79 57 84 180 

25 8.23 64 82 175 



Site" Mean 
offspring/survking 

female (SD) 

Concentration 
Survival Mean survival (SD) Mean growth 

(SD) (mgjfish) 
(%I 

P I  

Control 

Outfall 001 

Outfall 804 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 011 

BBK 12.5 

WRK 12.5 1 J V  

BBM 10.0 

100 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

2.5 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

2s 

12 

100 

100 

100 

97.5 (5.0) 

87.5 (12.6) 

100.0 (0.0) 

97.5 (5.0) 

NTb 

95.0 (5.8) 

97.5 (5.0) 

100.0 (0.0) 

N T  

97.5 (5.0) 

97.5 (5.0) 

97.5 (5.0) 

NT 

60.0 (21.6) 

80.0 (21.6) 

87.5 (25.0) 

60.0 (42.4) 

82.5 (17.1) 

80.0 (8.2) 

60.0 (33.7) 

wr 
80.0 (16.3) 

65.0 (5.8) 

65.0 (28.9) 

NT 

62.5 (26.3) 

87.5 (12.6) 

80.0 (18.3) 

0.48 (0.0s) 

0.63 (0.07) 

0.49 (0.10) 

0.50 (0.07) 

N T  

0.38 (0.09) 

0.36 (0.03) 

0.33 (0.08) 

NT 

0.35 (0.07) 

0.39 (0.09) 

0.33 (0.09) 

N T  

0.36 (0.11) 

0.44 (0.03) 

0.44 (0.05) 

0.47 (0.05) 

0.38 (0.06) 

0.32 (0.05) 

0.35 (0.03) 

N T  

0.31 (0.04) 

0.29 (0.08) 

0.42 (0.08) 

N T  

0.47 (0.11) 

0.46 (0.05) 

0.47 (0.04) 

90 

100 

100 

90 

70 

100 

100 

80 

80 

80 

100 

100 

90 

100 

100 

70 

80 

90 

90 

90 

70 

100 

90 

90 

60 

100 

N T  

90 

19.4 (3.0) 

30.0 (5.9) 

29.9 (3.1) 

29.0 (6.6) 

24.7 (6.6) 

15.0 (7.6) 

18.5 (6.4) 

24.1 (3.5) 

24.4 (3.2) 

3.5 (3.0) 

35.8 (5.7) 

32.6 (6.4) 

34.0 (3.0) 

29.0 (5.3) 

32.4 (9.1) 

35.0 (S.5) 

33.1 (10.1) 

27.9 (4.3) 

27.8 (5.8) 

29.1 (9.8) 

25.9 (4.5) 

29.1 (9.7) 

31.6 (9.5) 

28.2 (6.6) 

23.3 (4.8) 

30.9 (3.1) 

NT 

33.0 (3.2) 
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Sitea 

Fathead minnow CeriodapJuTia dihbia 

Mean 
offsprinagisurviving 

female (SD) 

Cancentration 
Mean survival (SD) Mean growth Survival 

(SD) (mg/fish) ("ro) 
(%I 

(%) 

HRK 10.0 W 100 95.0 (5.8) 0.52 (0.04) N T  MT 

BBK 9.5 100 75.0 (17.3) 0.62 (0.M) 100 32.8 (3.8) 

BBK 9.5 UV loo 85.0 (19.2) 0.56 (0.07) NT NT 

LUK 7.2 100 20.0 (24.5) 0.46 (0.14) 100 36.2 (2.3) 

LUK 7.2 UV 100 90.0 (14.1) 0.52 (0.03) NT NT 

MAK 13.8 100 75.0 (37.9) 0.37 (0.08) 90 27.3 (4.8) 

MAK 13.8 UV 100 37.5 (50) 0.43 (0.03) NT NT 
- 

"BRK = Big Bayou Creek lulometer; LUK = Little Bayou Creek kilometer; MAK = Massac Creek 
kilometer. 

'NT = not tested. 
'Sample was exposed to ultraviolet light for 15 min. 
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Concentration Alkalinity Hardness Conductivity 

("/.I PI' ( m a  as CaCO3) (nig/12 as CaCO3) (Ps/cm) 
Sitea 

Control 100 8.1 (0.4) 64 (2.6) 72 (13) 166 (8.4) 

Outfall 001 100 7.9 (0.2) 39 (4.8) 397 (40) 901 (104) 

25 8.1 (0.1) 58 (2.1) 126 (21) 367 (17) 

Outfall 004 100 7.7 (0.1) 53 (4.6) 81 (7) 287 (18) 

25 

Outfall 006 1 

25 

Outfall 008 100 

25 

Outfall 009 100 

25 

Outfall 011 100 

25 

8.0 (0.1) 

9.5 (0.2) 

8.6 (0.2) 

7.6 (0.1) 

8.0 (0.2) 

7.9 (0.2) 

8.1 (0.1) 

8.0 (0.1) 

8.1 (0.2) 

62 (2.1) 

41 (7.7) 

58 (1.2) 

46 (9.1) 

59 (2.4) 

69 (22.0) 

64 (3.8) 

53 (5.4) 

61 (2.1) 

80 (4) 

63 (16) 

76 (5) 

75 (14) 

77 (4) 

87 (11) 

81 (3) 

82 (11) 

83 (4) 

198 (8) 

195 (6) 

172 (7) 

233 (32) 

187 (8) 

212 (49) 

185 (13) 

229 (25) 

184 (10) 

RBK 12.5 100 7.5 (0.2) 29 (5.8) 57 (7) 145 (22) 

BBM 10.0 100 7.6 (0.3) 34 (5.0) 67 (6) 174 (27) 

B8K 9.5 100 7.8 (0.3) 34 (4.6) 101 (22) 318 (71) 

LUK 7.2 100 7.7 (0.3) 40 (10.7) 66 (13) 17j  (43) 

MAK 13.8 100 7.6 (0.3) 25 (2.8) 47 (5) 124 (15) 

'BBM = Big Bayou Creek kilometer; LUK = Little Hayou Creek; MAK I:: Massac Creek kilometer. 
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Table B.7. Rcsults of toxicity test of intermittently flowing e 
at the P a d u d  Gaseous Diffusion Plant 

Tests conducted March 20-27, 1992 

Fa'alhead minnow Cerioduphia dubia 

Mean 

female ISD) 

Sample Concentration 
source (%I Mean survival (SI)) Mean growth (SD) Survival offspting/surviving 

(mg/lish) (%I 

Control 

Outfail 013 

Outfall 015 

Outfall 016 

Outfall 017 

Outfall 018 

100 

100 

50 

25 

12 

100 

so 
2s 

12 

100 

50 

25 

12 

100 

50 

2s 

12 

100 

so 
25 

100.0 (0.0) 

37.5 (33.0) 

65.0 (44.4) 

82.5 (9.6) 

100.0 (0.0) 

25.0 (30.0) 

67.5 (45.7) 

20.0 (33.7) 

95.0 (5.8) 

67.5 (32.0) 

95.0 (5.8) 

87.5 (15.0) 

975 (5.0) 

20.0 (18.3) 

57.5 (40.3) 

87.5 (9.6) 

87.5 (9.6) 

5.0 (5.8) 

7.5 (9.6) 

45.0 (35.1) 

0.30 (0.04) 

0.35 (0.11) 

0.26 (0.02) 

0.24 (0.02) 

0.25 (0.03) 

0.44 (0.07) 

0.29 (0.03) 

0.50 (0.1 1) 

0.24 (0.04) 

0.26 (0.03) 

0.26 (0.03) 

0.31 (0.03) 

0.29 (0.03) 

0.53 (0.05) 

0.23 (0.08) 

0.2s (0.03) 

0.33 (0.07) 

0.22 (0.26) 

0.61 (0.28) 

0.50 (0.06) 

100 

80 

90 

80 

90 

100 

100 

70 

70 

100 

100 

100 

90 

80 

100 

90 

100 

100 

100 

90 

23.4 (2.1) 

26.3 (5.3) 

26.4 (5.2) 

20.1 (9.5) 

27.9 (6.4) 

25.2 (3.4) 

22.7 (5.6) 

24.7 (5.3) 

25.6 (8.3) 

25.3 (3.8) 

24.8 (5.2) 

25.8 (2.9) 

23.8 (1.5) 

27.6 (3.3) 

21.8 (8.8) 

24.1 (4.3) 

22.3 (5.7) 

20.1 (2.7) 

24.4 (3.7) 

22.4 (3.4) 

12 92.5 (15.0) 0.35 (0.03) 100 2.3.3 (9.1)) 
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Table B.8. Su ~f water chemistry ar~alyses mndlacted on 
in ation with toxicity tats s f  intermittent c 

Sample Concentration Alkalinity Hardness Conductivity 
pH ( m a  as CaCO3) (ma as C ~ C O ~ )  (ps/cm) 

~ 

source (%I 
I 

Outfall 013 100 7.65 43 88 146 

25 7.81 59 92 166 

Outfall 015 108 8.16 98 150 287 

25 8.06 104 104 204 

Outfall 016 100 8.12 90 128 276 

25 8.09 70 96 190 

Outfall 017 100 8.12 114 160 292 

25 8.08 88 108 207 

Outfall 018 100 7.79 42 $4 140 

25 8.0 1 59 16 164 



B-13 

Site“ 

Fathead Minnow Cedaphhnia dubia 

Mean 
offspring/suwiving 

female (SD) 

Concentration 
Mean survival (SD) Mean grawth SUrvival 

(SI)) (mg’fiish) 
(%I 

(”/.I 

Control 100 

Outfall 001 100 

so 
25 

12 

Outfall 004 100 

so 
25 

97.5 (5.0) 

100.0 (0.0) 

92.5 (9.6) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

97.5 (5.0) 

85.0 (10.0) 

0.17 (0.02) 

0.23 (0.02) 

0.23 (0.04) 

0.19 (0.04) 

0.19 (0.04) 

0.1s (0.02) 

0.17 (0.02) 

0.17 (0.05) 

90 

100 

90 

80 

100 

100 

100 

31.1 (4.7) 

14.1 (7.3) 

21.3 (6.1) 

23.6 (7.7) 

31.3 (S.7) 

31.6 (9.2) 

32.8 (8.9) 

24.9 (2.1) 

12 85.0 (5.8) 0.20 (0.02) 90 31.7 (4.4) 

Outfall 006 100 65.0 (37.9) 0.26 (0.17) 100 30 6 (4.9) 

50 97.5 (5.0) 0.16 (0.02) 100 27.6 (10.5) 

25 85.0 (17.3) 0.17 (0.03) 90 29.4 (5.6) 

12 72.5 (22.2) 0.26 (0.06) 90 29.4 (5.2) 

Outlall 008 101) 80.0 (14.1) 0.21 (0.07) 100 29.2 (7.9) 

50 75.0 (12.9) 0.23 (0.04) 100 25.6 (7.8) 

2s 72.5 (22.2) 0.23 (0.05) 90 26.7 (6.8) 

12 87.5 (12.6) 0.21 (0.06) 100 30.4 (1.7) 

Outfall 009 100 67.5 (28.7) 0.24 (0.02) 100 31.3 (3.5) 

50 60.0 (39.2) 0.30 (0.08) 100 32.2 (3.2) 

25 75.0 (31.1) 0.27 (0.05) 100 33.5 (3.0) 

12 92.5 (5.0) 0.24 (0.02) loo 33.4 (5.0) 

so 95.0 (10.0) 0.27 (0.03) 100 29.6 (10.3) 

12 100.0 (0.0) 0.22 (0.02) 100 31.0 (3,7) 

BBK 12.5 100 90.0 (8.2) 0.25 (0.02) 90 32.6 (2.3) 

BBK 12.5 IJVb 100 97.5 (5.0) 0.24 (0.03) N T  N ?‘ 

BBK 10.0 100 90.0 (1 1 .S) 0.20 (0.01) 100 30.1 (8.1) 

100 97.5 (S.0) 0.20 (0.03) 100 31.0 (6.5) 

25 100.0 (0.0) 0.23 (002) 90 33.1 (5.7) 

Outfall 011 
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S i t l  

Fathead Minnaw Cehdaphplin dubia 

Mean Concentration 
Mean survival (SD) Mean growth Survival ol%pring/suwiving 

(Iro) female (SD~ (SD) (mg/fish) 
(%I 

(%I 

MHK 10.0 UV 100 95.0 (5.8) 0.20 (0.03) NT NT 

BBK 9.1 100 95.0 (5.8) 0.21 (0.04) a0 29.0 (7.7) 

BBK 9.1 UV 100 97.5 (5.0) 0.33 (0.02) N1' NT 

LUK 7.2 100 67.5 (35.9) 0.33 (0.04) 100 31.0 (9.8) 

LUK 1.2 U V  100 97.5 (5.0) 0.28 (0.01) N T  N'r 

MAK 13.8 100 65.0 (26.5) 0.36 (0.12) 100 29.2 (5.8) 

MAR 13.8 UV 100 95.0 (10.0) 0.2s (0.04) NT NT 

B B K  = Rig Bayou Creek kilometer; LTJK = Little Bayou Creek kilometer; MAK = Massac Creek kilometer. 

'NT = not tested. 
%ampie was exposed to ultraviolet light for 15 min. 
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Table B.10. Si~mnnary (mean f SD; II = 7) of water chemisuy C m n d M  

during toxicity tcsls of continuously Uuwing effluents and ambient 
waters at the Faducth Gaswus Diffusion Plant 

Analyses conducted during May 21-28, 1992 

Concentration Alkalinity Hardness Conductivity 
PI' (mglI- as CaCO3) (mglL as taco,) (pS/cm) 

Siten 

Control 

Outfall 001 

outiau 004 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 011 

BBK 12.5 

BBK 10.0 

BBK 9.1 

LIJK 7.2 

MAK 13.8 

100 

100 

25 

100 

25 

100 

25 

100 

25 

100 

2s 

100 

25 

100 

100 

100 

100 

100 

8.1 (0.5) 

8.0 (0.4) 

8.1 (0.1) 

7.4 (0.1) 

7.9 (0.1) 

9.1 (0.1) 

8.3 (0.1) 

7.2 (0.1) 

7.9 (0.1) 

7.4 (0.2) 

8.0 (0.1) 

7.7 (0.1) 

8.0 (0.1) 

7.8 (0.2) 

7.5 (0.6) 

7.7 (0.6) 

7.8 (0.7) 

7.5 (0.1) 

65 (2.1) 

26 (2.1) 

3.5 (3.3) 

58 (0.7) 

35 (1.1) 

30 (3.6) 

56 (4.8) 

60 (4.0) 

56 (1.1) 

40 (2.2) 

59 (3.6) 

31 (2.3) 

56 (0.7) 

73 (2.6) 

39 (3.7) 

34 (1.2) 

56 (7.4) 

40 (2.2) 

171 (5.3) 

1169 (376) 

441 (110) 

287 (12) 

196 (3) 

236 (4) 

182 (2) 

260 (IS) 

189 (4) 

223 (9) 

182 (2) 

240 (12) 

183 (3) 

258 (5) 

269 (13) 

658 (248) 

297 (14) ' 

138 (6) 

'BBK = i3ig Bayou Creek kilometer; LIJK = Little Bayou Creek kilometer; M N (  := Massac 
Creek kilometer. 
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Fathead minnow Ceriodaphnia dubia 

Mean 
offssprinpJsurviving Survival. 

Mean survival Mean growth 

(%) female (SD) 
(%) (sa) (SD) 

Site" 

I-- 

(rng/fis h) 
_II 

(%) 

Control 

Outfall 001 

Outfaall 004 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 011 

BBK 12.5 

100 

100 

50 

25 

12 

1 00 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

100.0 (0.0) 

100.0 (0.0) 

100.0 (0.0) 

9Q.Q (8.2) 

97.5 (5.0) 

91.5 (5.0) 

100.0 (0.0) 

97.5 (5.0) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

100.0 (0.0) 

100.0 (0.0) 

92.5 (9.6) 

100.0 (0.0) 

97.5 (5.0) 

97.5 (5.0) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

95.0 (10.0) 

95.0 (10.0) 

100.0 (0.0) 

100.0 (0.0) 

100 (0.0) 

97.5 (5.0) 

0.68 (0.11) 

0.68 (0.07) 

0.70 (0.14) 

0.67 (0.10) 

0.62 (0.03) 

0.59 (0.03) 

0.56 (0.11) 

0.58 (0.13) 

0.60 (0.1 1 )  

0.61 (0.10) 

0.63 (0.09) 

0.66 (0.03) 

0.67 (0.15) 

0.60 (0.06) 

0.65 (0.06) 

0.65 (0.05) 

0.69 (0.09) 

0.6.5 (0.05) 

0.55 (0.08) 

0.61 (0.11) 

0.68 (0.06) 

0.56 (0.10) 

0.59 (0.03) 

0.64 (0.11) 

0.62 (0.07) 

0.63 (0.03) 

100 

100 

100 

100 

100 

0 

10 

100 

100 

100 

100 

100 

100 

100 

100 

90 

90 

100 

100 

90 

100 

90 

80 

100 

100 

100 

26.0 (6.7) 

32.4 (2.5) 

32.8 (3.8) 

34.9 (4.5) 

--__ (---> 

29.9 (4.5) 

14.0 (---) 

29.9 (6.2) 

32.2 (8.2) 

34.3 (3.5) 

36.4 (4.0) 

35.3 (4.7) 

35.0 (4.3) 

26.3 (7.7) 

21.6 (10.1) 

26.4 (5.8) 

27.0 (9.7) 

30.8 (5.9) 

28.8 (5.5) 

24.4 (5.2) 

25.5 (5.0) 

25.6 (3.6) 

28.0 (8.4) 

27.6 (4.3) 

23.7 (10.1) 

23,h (8.7) 
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Fathead minnow Ceridaphraia dubia 

Site“ Mean survival Mean growth suIvival Mean 
offspring/surviving 

(%I female (SD) 
(SD) 

(m glfish) 
(“/.I (SD) 

- __ 

BBK 12.5 100 62.5 (20.6) 0.46 (0.07) N?” IYT 
uvb 
BBK 10.0 

BBK 10.0 
uv 
BBR 9.1 

BBK 9.1 
uv 
LUK 7.2 

LUK 7.2 
uv 
MAK 13.8 

MAK 13.8 
uv 

100 

100 

100 

100 

108 

100 

97.5 (5.0) 

62.5 (S.0) 

100.0 (0.0) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

92.5 (9.6) 

95.0 (10.0) 

0.60 (0.06) 

0.50 (0.08) 

0.61 (0.08) 

0.66 (0.05) 

0.57 (0.10) 

0.61 (0.04) 

0.55 (0.07) 

0.63 (0.03) 

100 

NT 

100 

NT 

108 

NT 

100 

NT 

25.6 47.7) 

PJT 

32.4 (3.3) 

NT 

29.2 (3.6) 

N T  

30.8 (4.7) 

NT 

“BBK = Big Bayou Creek kilometer; LUK = Little Bayou Creek kilometer; MAK; = Massac 

bUV = Ultra violet light treatment. 
“NT = not tested. 

Creek kilometer. 
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Analyses conducted August 13-20, 3 3 2  

Control 

Outfail 001 

Outfall 004 

Outfail 006 

Outfall 008 

Outfall 009 

Outfall 011 

BBK 12.5 

BBK 10.0 

BBK 9.1 

LUK 7.2 

MAK 13.8 

100 

100 

25 

100 

25 

100 

25 

100 

25 

100 

25 

100 

25 

100 

100 

100 

100 

100 

8.3 (0.2) 

8.2 (0.7) 

8.3 ((7.2) 

7.5 (0.2) 

8.1 (0.1) 

9.0 (0.2) 

8.4 (0.1) 

7.4 (0.1) 

8.1 (0.2) 

7.7 (0.2) 

8.0 (0.1) 

7.6 (0.1) 

8.1 (0.1) 

7.8 (0.2) 

7.7 (0.1) 

7.9 (0.2) 

7.7 (0.1) 

7.6 (0.1) 

64 (3.0) 

30 (2.8) 

56 (0.8) 

31 (1.6) 

s7 (1.5) 

35 (2.1) 

58 (1.0) 

26 (2.1) 

56 (0.8) 

42 (2.3) 

60 (1.4) 

28 (3.7) 

58 (4.8) 

68 (1.1) 

34 (2.6) 

34 (1.4) 

37 (2.8) 

36 (0.8) 

80 (6) 

379 (149) 

162 (39) 

64 (6) 

93 (37) 

65 (7) 

81 (6)  

57 (8) 

82 (9) 

68 (7) 

77 (6) 

59 (8) 

73 (8) 

59 (6) 

65 (9) 

167 (67) 

I 2  ( 5 )  

40 ( 5 )  

176 (5.5) 

17h2 (450) 

480 (147) 

235 (17) 

195 (8) 

219 (20) 

187 (8) 

207 (23) 

185 (9) 

209 (19) 

180 (12) 

201 (18) 

185 (4) 

242 (4) 

222 (16) 

625 (239) 

238 (25) 

131 (7) 

Concentration Alkalinity Hardness Conductivity 
(%I PI' (nng/z as ~ c o , )  (in@ as ~ c o , )  (ps/crm) 

SiteQ 

. ,  . ,  - 
'UBK = Big Bayou Crcek kilometer; LUK = Little Bayou Creek kilometer; MAK = Maswc 

Creek kilometer. 
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Table B.15. Resulfi of toxicity tests of intermittently flowing efnuents at the 
Paducah Gascous DifZusion Plant 

Fathead minnow Cerioduphmki dubia 

Mean 
offspring/surviving 

female (SD) 

Concentration 
Mean survival (SD) Mean growth (SD) Survival 

(mg/fih) 

Site 

(%) 

Outfall 017 

Outfall 018 

Control 100 

Outfall 013 100 

50 

2s 

12 

Outfall 015 100 

100 W b  

SO 

2.5 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

95.0 (5.8) 

87.5 (5.0) 

92.5 (5.0) 

97.5 (5.0) 

95.0 (10.0) 

57.5 (15.0) 

90.0 (8.2) 

90.0 (8.2) 

w.0 (20.0) 

95.0 (5.8) 

92.5 (9.6) 

72.5 (5.0) 

97.5 (5.0) 

90.0 (8.2) 

55.0 (12.9) 

57.5 (15.0) 

62.5 (32.0) 

72.5 (35.9) 

92.5 (5.0) 

90.0 (14.1) 

92.5 (5.0) 

90.0 (8.2) 

0.49 (0.04) 

0.49 (0.05) 

0.44 (0.04) 

0.39 (0.02) 

0.34 (0.06) 

0.47 (0.09) 

0.47 (0.07) 

0.44 (0.01) 

0.47 (0.08) 

0.51 (0.07) 

0.54 (0.09) 

0.45 (0.03) 

0.44 (0.05) 

0.42 (0.02) 

OS3 (0.13) 

0.61 (0.04) 

0.59 (0.09) 

0.57 (0.09) 

0.54 (0.05) 

0.46 (0.05) 

0.54 (0.02) 

0.58 (0.07) 

90 

100 

90 

180 

100 

N T  

N T  

90 

100 

100 

100 

100 

100 

100 

100 

100 

80 

100 

100 

100 

100 

100 

29.1 (9.7) 

33.9 (2.6) 

36.3 (9.8) 

43.0 (6.9) 

33.0 (9.9) 

---- (-..-) 
--__ (--") 

32.4 (11.7) 

41 4 (6.0) 

36.4 (12.1) 

38.9 (8.5) 

32.8 (5.5) 

35.1 (12.1) 

36.4 (11.2) 

38.8 (3.6) 

39.0 (10.7) 

32.5 (5.6) 

39.8 (6.8) 

36.8 (5.3) 

38.1 (4.5) 

35.9 (3.8) 

35.7 (6.1) .~ . ,  
"N'f = not tested. 
'Sample was exposed to ultraviolet light for 15 min. 
Nofe: Tests conducted September 22-29, 1992 (fathead minnows) and September 29-October 6, 1992 

(Ceriodupl.lniu). 
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of water chemistry analyses csnduaed on September 22, 19!E9 
csxicity tests of intermittent e. 
h Ga5mus Dif8usion Plant 

~ 

Coilcentration Alkalinity Hardness Conductivity 
( m g t  as CaC03) (ma., as CaC03) (jCS/cn0) 

Sample pM 

Outfall 013 100 7.5 1 63 186 365 

25 7.99 66 110 226 

Outfall 015 100 7.70 95 144 314 

25 8.08 75 98 212 

Outfall 016 100 7.83 119 146 280 

2s 8.04 82 100 20 1 

Outfall 017 100 8.09 142 216 40 1 

25 8.23 84 118 226 

Outfall 018 100 7.94 79 144 287 

25 8.16 71 102 202 
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Table B.17. Results of taxicity tests of mntinuously flowing eflluents and ambient 
samples at the Baducah Gaseous Diffusion Plant 

Tests conducted October 22-29, 1992 

Site" 

Fathead minnow Cenodaphniu dubia 

Mean 
affspring'surviving 

Concentration 
Mean survival (SD) Mean growth (SD) Survival 

('1 female (rng/fish) 
(%I 

Control 

Outfall 001 

Outfall 004 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 013 

RRK 12.5 

BHK 22.5 UVb 

HBK 10.0 

100 

100 

50 

25 

12 

100 

so 
25 

12 

100 

50 

2s 

12 

100 

so 
25 

12 

100 

50 

25 

12 

100 

50 

25 

12 

100 

100 

100 

100.0 (0.0) 

97.5 (5.0) 

97.5 (5.0) 

97.5 ( 5 0 )  

92.5 (5.0) 

100.0 (0.0) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

95.0 (10.0) 

100.0 (0.0) 

97.5 (5.0) 

100.0 (0.0) 

97.5 (5.0) 

100.0 (0.0) 

92.5 (9.6) 

100.0 (0.0) 

82.5 (9.6) 

70.0 (25.8) 

82.5 (28.7) 

95.0 (5.8) 

90.0 (14.1) 

97.5 (5.0) 

95.0 (5.8) 

90.0 (8.2) 

68.8 (15.8) 

90.0 (0.00 

65.5 (4.1) 

0.47 (0.02) 

0.63 (0.03) 

0.51 (0.06) 

0.55 (0.03) 

0.56 (0.05) 

0.48 (0.02) 

0.51 (0.03) 

0.48 (0.04) 

0.44 (0.08) 

0.47 (0.05) 

0.62 (0.03) 

0.57 (0.02) 

0.53 (0.05) 

0.45 (0.07) 

0.52 (0.07) 

0.49 (0.07) 

0.49 (0.04) 

0.47 (0.08) 

0.50 (0.05) 

0.55 (0.07) 

0.53 (0.08) 

0.45 (0.041 

0.49 (0.02) 

0.54 (0.09) 

0.51 (0.05) 

0.37 (0.09) 

0.46 (0.03) 

0.50 (0.03) 

90 

108 

100 

80 

100 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

90 

100 

100 

NT 

100 

26.5 (8.3) 

25.7 (9.9) 

32.1 (6s) 

23.0 (10.0) 

28.8 (5.2) 

31.3 (5.6) 

27.4 (8.2) 

28.3 (6.1) 

29.2 (8.6) 

29.4 (8.1) 

29.3 (10.9) 

31.0 (7.6) 

19.3 (7.8) 

21.2 (9.3) 

23.5 (8.6) 

21.6 (9.5) 

29.8 (5.1) 

20.6 (13.2) 

24.9 (7.3) 

30.4 (8.0) 

28.5 (8.6) 

31.1 (7.1) 

27.6 (7.4) 

34.5 (4.3) 

27.2 (6.7) 

23.8 (6.1) 

NT 

28.7 (7.6) 
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Site" 

Fathead minnow Ceriodnphnia dubia 

Mean Concentration 
Mean survival (SD) Mean growth (SU) Survival (%I offqxin~survivsng 

(%I (mgCfisb1 (%) female (SI)) 

BBK 10.0 

BBM 10.0 UV 

BBK 9.5 

BBK 9.5 UV 

LUK 7.2 

LUK 7.2 W 

MAK 13.8 

MAK 13.8 UV 

100 

100 

100 

100 

100 

100 

100 

100 

65.5 (4.1) 

85.4 (9.2) 

85.4 (9.2) 

m.0 (0.0) 

80.0 (10.6) 

30.0 (0.0) 

76.7 (15.3) 

80.8 (10.6) 

0.50 (0.03) 

0.52 (0.06) 

0.54 (0.08) 

0.53 (0.04) 

0.42 (0.05) 

0.47 (0.06) 

0.41 (0.02) 

0.45 (0.02) 

100 

N'r 

90 

N1' 

100 

NT 

100 

NT 

28.7 (7.6) 

NT 

32.7 (6.9) 

NT 

30.6 (5.2) 

NT 

24.0 (6.4) 

NT 

BBK = Big Bayou Creek kilometer; LTJK = Little Bayou Creek kilometer; MAK = Massac Creek 

?3amplc was exposcd to ultraviolet light for 15 min. 
'NT 2 not tested. 

kilometer. 
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Table B.18. Summary (mean & SD; n = 7) of water chemistry analysts rnnduLTm.3 during 
toxicity tests of continuously flowing efllueats and ambient waters at 

the Paducah Gaseous Diffusion Plant 
Analyses conductcd October 22-29, 1992 

Concentration Alkalinity IIardriess Conductivity 

(%I pN (rng/L as Ga[;(i3) (mg/L as CaC:03) (Ps/cm) 
Sitea 

Control 

Outfall 001 

Outfall 004 

Outfall 006 

Outfall 008 

Outfall 009 

Outfall 011 

R13K 12.5 

BHK 10.0 

BBK 9.5 

I N K  7.2 

MAK 13.8 

100 

100 

25 

I00 

25 

100 

25 

1M1 

25 

100 

25 

100 

25 

100 

100 

100 

100 

100 

8.1 (0.5) 

8.1 (0.2) 

8.1 (0.1) 

7.5 (0.1) 

8.0 (0.1) 

8.6 (0.2) 

8.2 (0.1) 

7.4 (0.1) 

7.9 (0.1) 

7.8 (0.1) 

8.0 (0.1) 

8.0 (0.3) 

8.1 (0.1) 

7.5 (0.3) 

7.3 (0.2) 

7.5 (0.1) 

7.5 (0.2) 

7.3 (0.1) 

65 (2.1) 

24 (1.0) 

5s (3.2) 

37 (3.0) 

59 (2.2) 

36 (2.6) 

62 (8.G) 

27 (2.1) 

57 (1.1) 

57 (12.1) 

64 (3.4) 

30 (1.5) 

57 (2.4) 

53 (11.7) 

34 (1.4) 

32 (1.5) 

43 (1.5) 

80 (6 )  

552 (70) 

217 (9) 

80 (11) 

83 (7) 

78 (10) 

85 (9) 

44 (12) 

85 (7) 

88 (19) 

86 (7) 

75 (15) 

82 (6) 

74 (9) 

78 (6) 

261 (36) 

75 (6) 

171 (5.3) 

1782 (95) 

640 (31) 

297 (38) 

212 (IO) 

zoa (7) 

1% (4) 

251 (22) 

198 (9) 

259 (25) 

200 (7) 

191 (5) 

218 (20) 

229 (t?) 

257 (17) 

893 (173) 

259 (16) 

. I  36 (1.6) 49 (6) 138 (2) 

aBBK = Big Bayou Creek kilometer; LTJK = Jlttlc Bayou Creek kilometer; MAK = Massac Creek kilometer. 
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Fathead minnow Ceriodaphnia dubin 

Mean Conccntration 
Mean survival. (SD) Mean growth (SD) Survival offspring/suwiviing 

(%I female 1SD) (rng/fish) 

Sample 

(%I 

Control 

Outfall 013 

Control 

Outfall 015 

Control 

Outfall 016 

Con1rol 

Outfail 017 

Control 

Outfall 018 

100 

100 

50 

25 

12 

100 

100 

50 

25 

12 

100 

100 

50 

25 

12 

100 

100 

50 

25 

12 

100 

100 

so 
25 

12 

95.0 (5.8) 

42.5 (26.3) 

‘77.5 (33.0) 

90.0 (0.0) 

82.5 (15.0) 

N’I” 

92.5 (5.0) 

100.0 (0.0) 

90.0 (8.2) 

95.0 (5.8) 

N f  

75.0 (20.8) 

95.0 (10.0) 

82.5 (17.1) 

97.5 (5.0) 

N T  

85.0 (12.9) 

92.5 (9.6) 

87.5 (12.6) 

97.5 (5.0) 

N T  

72.5 (22.2) 

100.0 (0.0) 

100.0 (0.0) 

97.5 (5.0) 

0.40 (0.04) 

0.42 (0.25) 

0.45 (0.12) 

0.44 (0.05) 

0.53 (0.08) 

N T  

0.36 (0.04) 

0.42 (0.11) 

0.43 (0.06) 

0.40 (0.06) 

NT 

0.37 (0.04) 

0.43 (0.06) 

0.42 (0.10) 

0.43 (0.01) 

NT 

0.49 (0.03) 

0.49 (0.09) 

0.54 (0.05) 

0.39 (0.12) 

NT 

0.34 (0.08) 

0.36 (0.07) 

0.39 (0.0s) 

0.45 (0.06) 

100 

100 

100 

188 

w 
100 

100 

1W 

100 

100 

100 

90 

100 

100 

100 

100 

100 

88 

100 

100 

80 

100 

90 

90 

90 

31.6 (5.7) 

34.7 (6.6) 

35.4 (5.2) 

30.7 (7.2) 

30.9 (5.6) 

26.9 (4.1) 

32.7 (5.6) 

32.5 (4.0) 

31.1 (4.4) 

30.8 (4.6) 

31.5 (3.7) 

31.h (5.9) 

35.9 (4.1) 

34.9 (3.6) 

32.8 (6.4) 

33.6 (6.4) 

33.8 (2.6) 

32.1 (5.1) 

33.3 (7.0) 

31.1 (6.4) 

34.4 (2.5) 

34.3 (5.0) 

31.3 (5.8) 

31.9 (6.4) 

33.9 (5.6) 

“NT = not tested 
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Table B.20. Summary of water chernbtly analyses conducted November 13-20, 199.2, 
in association willh taxidly tcsis of intermittent effluents at thc 

Paducah Gaseous Diffusion Plant 

Concentration Alkaliiiity Hardness Conductivity 
@> PIJ as C ~ C C I ~ )  (mg/~  as Ca(:[l3) ( d c m )  

Sample 

Outfall 013 100 7.10 28 42 84 

25 7.25 56 76 151 

Outfall Q1S 100 7.48 52 76 IS3 

25 6.97 67 56 1 I6 

Outfall 016 100 7.62 60 72 138 

25 7.95 63 30 159 

Outfall 017 101) 7.78 70 92 175 

25 6.98 71 86 179 

Outfall 018 100 7.23 36 52 98 

2s 6.78 62 84 1% 





Appendix C 

CONCENTRATIONS OF CONTAMINANTS IN iNDIVulUAL FISH 
AND QUALrrY ASSURANCE SUMMARY FOR PCB ANALYSES 





Table C.1. @oncentrations of mercury and PCBs in individlual b n g m  suafish mDmed 
from Big Bayou and JAtle Bayou creeks near the Paducah Gaseons Diefusion Plant 

Concentrations in micrograms per gram unless otherwise stated 

Site' Typeb Date Spy' Sed 2 Weighd Length" Wp" EPCB 1248' 1254' 1260' Lipid"' 

BBK 125 

BBK 12 5 

BRK 12.5 

BBK 17.5 

BBK 125 

BBK 125 

BBK 125 

BBK 12.5 

BRK 10 0 

BBK 10.0 

BBK 10.0 

BHK 10.0 

BBK 10.0 

BBK 10.0 

BBK 10.0 

BBK 10.0 

BBK 9.1 

BBK 9.1 

BnK 9 1 

RBK 9.1 

BBK 9.1 

BBK 9.1 

BBK 9.1 

BBM 9.1 

BBK 2.8 

RBK 2.8 

HBK 2.8 

BUK 2.8 

BBK 2.8 

RRK 2 8  

BBK 2 8  

BBK 2 8  

04/06/92 

04/06\92 

04/06/92 

04,06192 

oJ,io6/92 

04/06/92 

04/o(j%! 

04/06/92 

04iOGj92 

04/06,92 

04/06/92 

01106b2 

04/06/92 

04106fl2 

04/w1/92 

04i06192 

04/06/92 

04/06/92 

04/06192 

04/06n2 

04/0rj/g2 

04/06/92 

04i06192 

04m192 

I,NGi?AR 

LNGEAR 

LNGEAR 

LNGEAR 

LNGEAK 

Y..NCXAR 

LNGFAK 

LNGEAK 

LNCi'fiAK 

LNGEAR 

LNGFAR 

LNGEAK 

LNGEAR 

LNGFiAR 

LNGEAR 

1,NGEAR 

LNGli,AR 

LNGFiK 

LNGEAR 

LNGEAK 

LNGFAR 

LNGFAR 

LNGEAR 

LNGBAK 

369a 

3691 

3692 

3693 

3694 

3695 

3697 

3699 

58.0 14.0 0.23 

80.9 15.0 0.17 

36.2 121 0.24 

75.2 15.4 0.32 

41.7 126 0.16 

51.6 13.7 0.17 

70.7 15.7 0.23 

424 13.0 0.19 

M 3640 42.4 13.0 0.46 

M 3641. 53.7 14.3 0.52 

M 3542 43.1 12.8 0.47 

M 3642 62.9 13.6 0.26 

M 3644 52.2 14.4 0.41 

M 3646 528 13.5 0.52 

M 3647 55.6 14.5 OS4 

M 3648 40.6 12.8 0.44 

3620 

3621 

3622 

3623 

3624 

3625 

3626 

3627 

57.8 13.7 0.37 

69.9 14.2 0.27 

61.3 14.5 0.40 

59.0 13.8 0.27 

60.4 13.5 0.23 

56.9 14.5 0.36 

55.0 14.5 0.59 

51.6 133 0.29 

0.M 

0.03 

40.02 

<0.02 

c0.03 

20.02 

<0.02 

co.02 

<0.02 

0.04 

0.14 

0.12 

c0.02 

0.18 

0.07 

0.08 

0.25 

0.24 

0.15 

0.53 

0.27 

0.16 

0.08 

0.12 

<0.01 

10.01 

c0.02 

<0.02 

40.03 

c0.02 

co.02 

<0.02 

c0.02 

<0.02 

<0.02 

c0.02 

<0.02 

4 . 0 2  

<0.02 

<0.02 

<0.02 

0.01 

~ 0 . 0 3  

10.02 

c0.02 

<0.02 

<a02 

ao.02 

0.04 

0.03 

s0.02 

c0.M 

<0.03 

e0.02 

c 0.02 

c0.02 

t0.02 

e0.02 

c0.02 

0.12 

<0.02 

10.02 

<0.02 

<0.02 

0.07 

0.08 

4 . 0 3  

0.31 

0.08 

0.06 

<0.02 

0.04 

<0.01 0.99 

dO.01 0.66 

c0.02 0.75 

40.02 0.45 

10.03 1.08 

<:0.02 0.55 

GO.02 0.21 

<0.02 0.46 

eo.02 

0.04 

0.14 

4 . 0 2  

4 . 0 2  

0.18 

0.07 

0.08 

0.18 

0.16 

0 15 

0 22 

0.19 

0.10 

0.08 

0.08 

0.29 

0.28 

0.74 

1.00 

0.44 

0.25 

0.38 

0.57 

0.82 

1.23 

0.43 

0.91 

0.67 

1.21 

0.32 

0.43 

R 04/06/92 JLNGEAR M 3650 46.8 13.0 0.24 qO.03 <0.03 ~ 0 . 0 3  cO.03 0.88 

R 04;06/92 LNGfL4K M 3651 65.4 14.9 0.37 ~ 0 . 0 2  <0.02 <0.02 4 . 0 2  0.30 

K 04/ll6El2 L N G U K  M 3652 63.1 14.0 0.26 ~ 0 . 0 2  4 . 0 2  <0.02 <0.02 0.30 

R 04/06/92 IN3EAR M 3653 55.5 13.2 0.37 0.06 c0.03 20.03 0.06 1.06 

K 0.1:06,92 LNGEAR M 3654 62.2 14.1 0.28 c0.03 ~0.03 e0.03 e0.03 0.M 

K 04/06/92 LNGEAR M 3655 52.2 13.5 0.27 0.06 ~ 0 . 0 2  ~ 0 . 0 2  0.06 2.01 

R 04/06/92 LNGFiAR M 3656 70.9 15.6 0.51 0.06 c0.02 c0.02 0.06 1.33 

R 04/06;92 LNOEAK M 3657 54.8 14.8 0.70 0.05 <0.03 <0.03 0.05 0.44 



Sir@ Type* Date Spp' Sed 9,: We@d Isnn$h' Hg' C P W  124H 125@ 1266' lipid" 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 9.0 

LUK 7.2 

LUK 7.2 

LUK 7.2 

LIJK 7.2 

LUK 4.3 

I N K  4.3 

I N K  4.3 

I<UK 4.3 

LUK 4.3 

LIJK 4.3 

LUK 4.3 

LUK 1.3 

MAK 13.8 

MAK 13.8 

MAK 13.8 

MAK 13.8 

MAK 13.8 

MAK 13.8 

MAK 13.8 

MAK 13.8 

HINDSCR 

IIINDSCR 

HINDSCR 

HINDSCR 

IIINDSCR L 

R 

R 

K 

R 

R 

R 

R 

K 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

C 

C 

C 

C 

C 

c 

C 

C 

c 

C 

C 

c 
P 

04/07/92 LNFEAR 

04/07/92 L N G W  

04/07/92 LNGEAR 

04/07/92 LNGIZAR 

04/07#2 LNGEAAM 

04/07/92 LNGEAR 

04/07/92 LNGEAK 

04/07/92 LNGEAR 

04/07/92 LNGEAK 

C4;07/92 LNGEAR 

04/07/92 LNGEAR 

04/07/92 I .NGEAR 

04/06192 LNGEAR 

04/06,92 LNGEAR 

04/06/92 LNGEAR 

04/06/92 JANGEAR 

04/06/92 LNGEAR 

04/06/92 LNGEAR 

04/06/92 LNGEAR 

04106192 LNGEAR 

04/07/32 LNGEAR 

04/07/92 LNGEAR 

04107132 LNGEAR 

04/07/92 LNFEAR 

04.107192 LNFFAR 

04/07/92 IHGEAR 

04/07/92 LNFEAR 

04/07/92 LNFEAK 

04/15/92 REDBRE 

04/15/92 REDBRE 

04/15/92 REDBRE 

04/15/92 KEDBRE 

04115/92 REUBRE 

M 

M 

M 

M 

M 

M 

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 

3631 

3632 

3633 

3634 

3635 

3636 

3637 

3638 

3663 

3665 

36G6 

3668 

3670 

367 1 

3672 

3673 

3674 

3675 

3676 

3677 

3610 

361 1 

3612 

3613 

3614 

3615 

3616 

3611 

33680 

3681 

3682 

3683 

3684 

36.1 

32.5 

36.5 

31.6 

36.8 

30.4 

35.1 

39.0 

61.6 

39.2 

32.0 

28.3 

37.7 

40.3 

42.0 

46.5 

45.0 

50.0 

41.2 

36.8 

67.7 

84.5 

53.5 

45.2 

47.5 

54.2 

62.9 

40.6 

126.2 

66.66 

40.0 

36.4 

50.8 

12.8 

11.7 

123  

11.9 

1 2 2  

11.5 

120 

125 

14.5 

12.5 

11.8 

11.2 

126 

12.5 

129 

13.0 

125 

14.2 

13.0 

11.4 

14.8 

15.2 

14.0 

13.5 

13.6 

13.0 

14.1 

12.5 

17.9 

15.2 

13.5 

12.8 

13.9 

. 0.35 

. 0.94 

. 0.53 

. 0.78 

. 0.23 

. 0.55 

. 0.10 

. 0.22 

<0.03 

<0.03 

c0.02 

<0.04 

co.03 

<0.03 

<0.03 

<0.03 

0.08 . 
0.08 . 

0.56 . 

0.56 . 

. 0.09 

. 0.07 

0.06 

. 0.08 

. 0.09 

. 0.09 

. 0.05 

. 0.07 

<0.03 

<0.03 

<0.03 

<0.02 

<0.02 

<0.02 

<0.03 

t0.03 

0.33 . 

0.29 . 

0.22 . 

0.18 . 

0.24 . 
0.20 . 

0.12 . 

0.24 

0.16 0.19 0.16 

0.26 0.68 0.40 

0.15 0.38 0.32 

0.20 0.58 0.34 

0.09 0.14 0.27 

0.27 0.28 0.58 

<0.03 0.10 0.12 

0.09 0.13 0.27 

< 0.03 

<0.03 

<0.03 

<0.02 

<0.02 

<0.02 

<0.03 

<0.03 

0. OI, 

0.07 

0.06 

0.08 

0.09 

0.09 

0.05 

0.07 

0.21 

0.05 

0.02 

0.05 

0.06 

0.01 

0.02 

0.03 

0.07 <0.03 <0.03 <0.03 <0.03 0.16 

0.11 <0.03 <0.03 <0.03 <0.03 0.21 

0.04 <0.04 10.04 e0.04 <0.04 0.78 

. <0.03 <0.03 <0.03 <0.03 0.39 

0.12 <0.03 <0.03 <0.03 <0.03 0.01 



Table C1 (continued) 

Site" Typeb Date Spp" Sed T:g Weight Len# Hg' CPCB' 124% 1?.54k 1260' lipid" 

WINDSCR 

HINDSCR 

BBK 12.5 

BBK 12.5 

BRK 10.0 

BBK 10.0 

BBK 0.1 

BBK 2.8 

BBK 2.8 

LUK 9.0 

I.UK 4.3 

C 04/l5,92 REnRRF, F 3685 36.9 12.5 0.07 c0.02 <0.02 c0.02 qO.02 0.103 

C 04fl.542 REDBRE F 3686 47.7 14.8 0.10 . 

D oJ106/92 LNGEAR M 3693 75.2 15.4 0.32 . 
D 04106P2 LNGEAR M 3691 809 15.0 . ~ 0 . 0 2  <0.02 <0.02 ~ 0 . 0 2  

D 04/06/92 LNGFAR M 364644 52.2 14.4 0.43 , 

D 04/06/92 LNGEAR M 3641 53.7 14.3 . 0.07 €0.02 c0.02 0.07 

D 04/06r?2 LNGEAR M 3622 61.3 14.5 0.39 0.09 t0 .03 c0.03 0.09 

D 04,4)6/92 LNGFAR M 3656 70.9 15.6 . ~ 0 . 0 3  e0.03 40.03 c0.03 

D 05106i92 LNGEAR M 3654 62.2 14.1 0.30 . 

D 05/07/92 LNGEAR M 3637 35.1 120 . 0.43 ~ 0 . 0 3  0.15 0.23 

D 041061512 LNGEAR M 3673 46.5 13.0 . 0.08 t0.02 <0.02 0.08 

"RBK = Big Bayou Creek kilometer; LUK = Little Bayou Creek kilometer, MAK = Massac Creek kilometer; 13lNDSCK = 

bR = regular; C = reference site; D = duplicate. 
%pp = species, LNGEAR = Imigear sunfish, Lepotnis tnegdoius; KEDBHE = redbreast sunfish, Lcponis auriw. 
Sex: M = male; F = female. 
F i s h  identification tag number. 
Weight  in grams. 
#Length = total length, in centimeters. 
"Hg = total mercury concentration, micrograms per gram wet wt. 

CPCB = sum of PCBs quantified as specific koclor mixtures, micrograms per gram wet wt 
1248 = PCRs quantified as  similar to  Aroclor 1248, micrograms per gram wet wt. 
"254 = PCBs quantified as similar to  Aroclor 1254, micrograms per gram wet wt. 
'1260 = PCBs quantified as similar 10 ArocIor 1260, micrograms per gram wet wt. 
"Lipid = Lipid content of fish fillet, percentage wet weight. 

Hinds Creek. 



A!, A§ Be Cd Cr Cu Ni Pb Sb Se Ti U Zn Tag Sex Wgt Lgth 
Wb No in)  icm) 

Site" Daie 
~~ ~ 

LUK 1.2 4fl,92 LXGEAR 3663 M 61.6 14.5 10.1 ~ 0 . 0 s  4 . 0 0 3  4 . 1  <0.10 0.24 <0.10 <0.1 <0.1 0.48 10.02 8.022 11.7 

40,92 LNGEAR 3665 M 39.2 12.5 <0.1 <0.05 <O.IK)3 <0.1 <0.10 0.20 ~ 0 . 1 0  <0.1 <O.f 0.48 ~ 0 . 0 2  0.005 9.4 

J,?/92 LNGEAR 3646 M 32.0 11.8 <0.1 <0.05 <0.003 4 . 1  9.46 0.21 <0.10 <0.1 <0.1 0.44 <0.02 15.003 8.6 

4/?/92 LNGEAR 3665 M 25.3 11.2 < O . l  <0.05 <KO03 <0.1 0.20 0.i4 0.16 <0.1 <0.1 0.46 4 . 0 2  0.WS 7.1 

BBK 9.1 4/6/92 LNGEAR 3029 M 50.9 13.2 4 . 1  <O.OS <0.#3 <O. l  0.12 0.29 <0.10 <0.1 ~ 0 . 1  0.62 <0.02 <0.003 13.4 

4/6/92 LEGEAR 3253 M 51.9 14.0 <U.1 <O.OS q0.003 4 . 1  0.10 0.27 <@.IO <0.1 <0.1 0.61 <0.02 0.003 15.1 

4/5,92 LNGEAR 3609 ,M 40.8 13.8 10.1 <OB5 <O.OOP <O.l 0.10 0.20 <0.10 4 . 1  <0.1 0.68 4 . 0 2  <0.003 11.1 

4/6/92 LNGEAX 3629 M 61.9 14.0 <0.1 <0.05 <O.C@3 <0.1 0.10 0.20 <0.IO 4 . 1  <O.l  0.65 c0.02 <0.003 14.5 

"LUX = Littie Bayou Creek kilometer; 3BK = Big Bayou Creek kilorneler, HINDSCR = Hinds Creek. 
'Spp = spssiss, LXGEAR = Longear sunfish; LepomL megalom; BLUGlL = BluegilI sunfish, LepomiS m c r o c ! ~ m .  
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Results of analyses of uncontaminated fish that were spiked with known 
concentrations 01 CB standards were more variable and average a lower percentage of 
recoveries than d red. Matrix spike recoveries averaged (&SD) 53 24 % (n = 8). 
Ro.covcries of decachlorobipherayl (DCBP) internal recovery standards added to each 
sample prior to extraction were substantially better, averaging 82 & 22 96 (n = 89). 171c 
mean absolute difference between duplicate samples was small, 0.10 & 0.11 pg/g (n=8), in 
part because ~f the low concentrations of PCBs found in most samples. The mean 
coefficient of variation anaong duplicates was 36%. PCBs wer not found in fish Grom 
uncontaminated refeerencc sites (mean concentration c 0.04 p 

Overall, the PCR results display a pattern expected from previous studies at Big Bayou 
and Little Bayou creeks and would not lcad to any coiiclusions different from those made 
previously. Because of the need to use the sunfish data to detect temporal trends 
(hopefully demonstrating a PCB-decrease in response to succcssful remedial actions), and 
the uncertainty associated with low matrix spike recoveries, archived fish tissues from key 
sites (LUM 9.0 and BBK 9.1) will be reanalyzed for PCBs. If reanalysis yields substantially 
higher concentrations than the initial analyses, and higher matrix spike recoveries 
continue, all remaining archived sunfish samples will reanalyzed. 

In pesticide screening studies, matrix spike recoveries were 125% for Aroclor 1260, 
47% for alpha chlordane, and 75 % for gamma chlordane. DCBP interim1 standard 
recoveries averaged 68 6%, n=10. 

Analyses of standard reference mercury-contaminated fish yielded results close to the 
published [rue value of 2.52 p g / g ,  averaging 2.68 & 0.08 pg/g (n = 12). Mean absolute 
differetace between duplicate samples was very small, 0.01 3. 0,Ol pg/g (n  = 4), with a 
mean coefficient of variation of 4%. Analyses of refcrence site samples avcraged 0.09 + 
0.03, (n = 6) ,  a value typical of the long term average at the Winds Creek reference site. 
In screening analyses, recoveries of matrix spike additions of metals to reference site fish 
all approximated loo%, ranging from a low of 95% for silver to a high of 115% for 
selenium. 



Appendk D 

DATA COWCTED FROM BIG BAYOU CREEK, EI1TLE.: 
BAYOU CREEK, AND W A C  CREEK DURING 

SEPTEMBER 1991 ANID MARCH 1992 

FISH SENSFI'IVITY, DENSKY, BIOMASS, AND LENGTH-FREQUENCY 
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Table D.1. Species identified as tolerant or semilive to water 
quality and habitat degradation in the Big Bayou creek, 

Little Bayou Creek and Massac Creek drainages 

Red shiner (C’ypnnella lutrensis) 
Spotfin shiner (Cyprincllu spiloptera) 
Fathead minnow (Pimephales promelm) 
Creek chub (Semotifus atromaczilam) 
White sucker (Catostomus commersoni) 
Black bullhead (Ameiums meZas) 
Yellow bullhead ( A m e i w  natalis) 
Green sunfish (Lepomis cyanellus) 

.sensitive 

Steelcolor shiner (Cypnnella whipplei) 

Ribbon shiner (Lythntrus fumeus) 
Sand shiner (Notropis strammineus) 
Spotted sucker (Minytrema melanops) 
Black redhorse (Moxosfoma dirpesnei) 

Golden redhorse (Moxostoma erythncnrm) 
Tadpole madtom (Noturus gyknus) 

Freckled madtorn (Noainrs nocturnus) 
Logperch (Percinu caprodes) 
Blackside darter (Percina maculata) 
Bluntnose darter (Etheostoma chlorosomum) 

“Tolerant and sensilive species were tentatively identified for the Paducah area using 

Recker, G. C. 1983. Fishes of Wsconsh. University of Wisconsin Press, Madison, Wisconsin. 
h r r ,  B. M. and M. I,. Warren. 1986. A Dkbiburional Atlm of Kentucky Fishes. Kentucky Nature 

Cross, F. B. and J. T. Collins. 1975. Fishes in Kansm. The University of Kansas Museum of 

Etnicr, 1). A. 1987. Keys to the Fk1ie.s of Tennessee. Unpublished memo. Department of Zoology, 

Karr, J. li. et al. 1986. Assessing Biological Inlegn’ty in Running Waters-A Method and its 

Jxe, 11. S. et al. 1980. A I I ~ s  of North American Freshwater Fiihes. North Carolina Biological Survey 

Ohio EPA (Environmental Protection Agency). 1987. Standardized ,Biological FieZd Sampling and 

. 
collection records and text discussions in the following texts: 

Preserves Commission, Scientific and ’I’txhnical Series Number 4. 

Natural History and State Biological Survey, Lawrence, Kansas. 

The University of Tennessee, Knoxville, Tenn. 

Rationale. Illinois Natural History Survey Special Publication 5. 

Publication 1950-12. North Carolina State Museum of Natural I-Iistory. 

.Laboratory Methods for Assessing Fish and Microinvertebrate ProIection Agency, Division for the 
I-”rotection o~Aqimfk  Lije, Vof. ZII),  Ohio Environmental Protection Agency, Division of Water Quality 
Monikoring and Assessment, Columbus, Ohio. 

Ohio EPA. 1988. Users Manical for I!iological Field Assessinent of Ohio Surfcice Streams, (Biological 
Cn’reriu jor the Protection of Aquatic Life, Yo/. I o ,  Ohio Environmental Protection Agemy, Division of 
Water Qualily Monitoring and Awssrnent, Columbus, Ohio. 

Publishing eo. 
Pflieger, W. L. 1975. ’The Fishes of Missouri, Missouri Department of Conservation, Western 

Robison, ET. W. and T. M. Buchanan. 1988. Fishes of Arkunsas. University of Arkansas Press. 
Smith, J. G. 1979. The Fishes of Illinois. {Jniversity of Illinois Press, Urbana, Illinois. 
Trautman, M. 13. 2981. The Fishes of Ohio. Ohio State IJniversity Press, Columbus, Ohio. 



nare meter) in Big 

---._ 
Sites“ 

BBK 9.1 BBK 10.0 BBK 12.5 LUK 7.2 MAK 13.8 
Speciesb 

Howfin 

Stoneroller 
Red shiner 
Steelcolor shiner’ 
Ribbon shiner‘ 
Redfin shiner‘ 
Suckermouth minnow 
Bluntnose minnow 
Fathead minnow 
Creek chub 

White suckcr 
Creek chubsucker 
Spotted sucker 
Rack rcdhorse 
Golden redhorse 

Black bullhead 
Yellow bullhead 

Pirate perch 

Blacksimtted topminnow 

Western mosquitofish 

Rler 
Green sunfish 
Warmouth 
Bluegill 
Longear sunfish 
Redear sunfish 
Hybrid sunfish 
Spotted bass 
Largemouth bass 
Whitc crappie 

Slough darter 
Logperch 
Blackside darter 

Total Density 

co.01 

1.53 
0.01 
0.02 

0.01 
0.04 

0.17 

<0.01 
0.04 

co.01 

<0.01 
0.02 

0.13 

0.04 

0.03 

0.04 
0.44 

<0.01 
<0.01 

0.02 
<0.01 
< 0.0 1 

2.55 

3.81 

0.01 
0.16 

0.01 

0.05 

0.66 

0.15 

0.17 
0.01 
0.09 
0.99 

0.04 
0.01 
0.01 

6.17 

0.41 
0.25 

<0.01 
0.01 

0.63 
0.01 
0.41 

0.01 
0.01 

eo.01 
0.15 

1.02 

0.32 
0.01 
0.10 
0.97 

0.01 
0.02 
0.01 

co.01 

4.35 

0.41 
0.08 

0.02 
0.08 
0.38 

0.31 

0.06 

0.01 

0.40 

0.32 

co.01 
0.17 

0.14 

< O B 1  
<0.01 

0.03 

2.40 

0.06 
0.01 
0.14 
0.01 
0.38 

1.66 

0.04 

<0.01 
0.02 

0.01 
0.01 

0.01 

0.01 

0.46 

c0.01 

0.06 

0.03 
2.21 

0.05 
0.0 I 

<0.01 
0.01 

5.21 

“IPBK = Big Bayou Creek kilometer, LUK = Little Bayou Creek kilometer, MAK = Massac 

bComnion names according to the American Fisheries Society (C. W. Robins et al. 1991. Conrnzon 
Creek kilometer. 

and Scienlific names of fuhes jkom the United States and Canada. 5th Edition. American 
Fisheries Society Special Publication 20. Bethesda, Maryland.). 

of Tennessee. 
‘Species identification confirmed by Dr. David A. Etnier, Department of 7!hology, University 
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Table D.3. Fish densities (number per squarc meter) in Big Bayou Crcek, Little Bayou 
Cheek, and a reference strmm, Massac Creek, March 1992 

Sit& 

BBK 9.1 BUK 10.0 RBK 12.5 LIJK 7.2 MAK 13.8 
species b 

Stoneroller 
Red shiner 
Steelcolor shinerC 
Redfin shiner' 
Suckermouth minnow 
Rluntnose minnow 
Fathead minnow 
Creek chub 

White sucker 
Creek chubsucker 

0.69 

0.02 

0.02 

1.78 
<0.01 

0.01 

0.02 

0.06 

0.10 
0.03 
0.01 

4.01  

0.04 
€0.01 

0.17 

0.16 
0.10 

0.01 
0.01 
0.17 

0.18 

<0b1 

0.06 
0.15 

0.45 

€0.01 

0.02 
€0.01 0.01 €0.01 

Yellow bullhead 0.01 0.0 1 0.17 0.03 0.0 1 

Pirate perch 0.02 c0.01 

Blackspotted topminnow 0.03 0.06 0.92 0.44 0.14 

Western mosquitofisli 0.06 0.04 0.16 0.01 

Green sunfish 
Warmouth 
13luegill 
Longear sunfish 
Redear sunfish 
Hybrid sunfish 
Spotted bass 
Largemouth bass 
White crappie 

0.04 

0.08 
0.83 
0.01 
0.01 
0.01 

<0.01 
<o.oi 

0.07 

0.03 
0.45 

0.0 1 
<0.01 

0.21 
<0.01 

0.15 
0.99 

0.01 
0.01 
0.03 

0.10 

0.08 

0.01 

0.04 
0h5 

0.03 

Slough darter 0.0 1 0.01 co.01 0.03 

'I'otal dcnsitv 1.84 2.55 2.85 1.49 1.55 

aBBK = Rig Hayou Creck kilometer, LIJK = Titile I3ayou Creek kilometer, M'4K = lMassac Creek kilometer. 
'Common names according to the American Fisheries Society (C. R. Robins el al. 1991. C:ommon und 

Scientific names of fishes from the United Stotcs tuitl Cmadu. 5th Edition. American Fisheries Society Special 
Publication 20. Bethesda, Maryland.). 

'Species identification confirmed by .Dr .  David A. Etnier, Department of Zoology, University of Tennessee. 
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Sites' 

I 

Speciesb 

BOVffiC! 0.57 

BHK 9.1 WlK 10.0 UI3K 12.5 LUK 7.2 Mr4K 13.8 

Stoneroller 
Red shiner 
Steelcolor shinerC 
Ribbon shiner‘ 
Redfin sllinlerc 
Suckermouth minnow 
Bluntnose minnow 
Fathead minnow 
Creek chub 

White sucker 
Creek chubsucker 
Spotted sucker 
Black redhorse 
Golden redhorse 

Black bullhead 
Yellow bullhead 

3.01 
0.0 1 
0.12 

c 0.0 1 
0.21 

0.48 

9.39 0.7 1 
0.07 

co.01 
0.01 

0.3 1 
0.01 0.0 1 
0.35 0.60 

0.80 0.09 
0.08 c0.01 

0.34 
c0.01 

0.02 0.28 
0.29 
0.65 1.71 

0.72 0.05 

0.63 0.39 
0.02 0.85 0.64 0.56 

2.58 
0.6 1 1.40 

15.06 

0.17 0.08 
1.14 1.31 2.00 0.46 0.45 

Pirate perch 0.03 0.04 

Blackspotted topminnow 0.18 0.86 1.14 0.7‘) 0.75 

Western mosquitofish 0.01 0.05 0.10 <0.01 

Flier 
Green sunfish 
Warmouth 
Bluegill 
Longear sunfish 
Redear sunfish 
Hybrid sunfish 
Spotted bass 
T argemou th bass 
White crappie 

Slough darter 
Logperch 
Clackside darter 

0.69 

1.41 
6.94 
0.11 
0.30 
0.95 
1.97 
0.16 

3.13 
0.08 
2.42 

1 1.86 

0.58 
0.90 
1.38 

1.86 
0.07 
1.52 
4.01 

0.13 
0.12 
0.41 

0.03 
0.94 

1.05 

0.01 
0.04 

0.78 

0.23 
11.05 

2.62 
0.37 

c 0.0 1 0.02 
0.01 
0.0 1 

Total Biomass 34.12 33.17 14.32 6.03 23.71 

‘BUK = Big Bayou Creck kilometer, LUK = Little Bayou Creek kilometer, MAK = Massac Creek kilometer. 
bCommon names according to the hmcrican Fisheries Society (C. R. Robins ct al. 1991. Common and 

Scientific nanier of fishes jrom rhe United States and Canada. 5th Edition. American Fisheries Society Special 
Publication 20. Bethesda, Maryland.). 

CSpecies identification confirmed by Dr. David A. Etnier, Department of 7aology, University of Tennessee. 
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Table D.5. Fish biomass (in grams of fish pcr square meter) in Big Bayou Creek, Little 
Bayou Crcek, and a refcrencr. stream, Massac Qwk, a r c h  1992 

Sites" 

BBK 9.1 BBK 10.0 BBK 12.5 LUK 7.2 MAK 13.8 
Speciesb 

Stoneroller 
Red shiner 
Steelcolor shiner" 
Redfin shiner" 
Suckermouth minnow 
Bluntnose minnow 
Fathead minnow 
Creek chub 

White sucker 
Creek chubsuckeI 

Yellow bullhead 

Pirate perch 

Blackspotted topminnow 

Western mosquitofish 

Green sunfish 
Warmouth 
Bluegill 
Longear sunfish 
Redear sunfish 
Hybrid sunfish 
Spotted bass 
Largemouth bass 
White crappie 

Slough darter 

Total biomass 

4.23 

0.13 

0.10 

7.88 

1.79 

0.0.5 

0.02 

1.18 

2.71 
17.14 
0.47 
0.31 
0.92 
0.53 
0.08 

0.01 

37.55 

10.67 
0.01 
0.06 

0.16 

0.32 

0.07 

0.25 

0.09 

0.01 

1.47 

0.46 
6.50 

0.25 
(1.86 

0.01 

21.19 

0.35 
0.02 
0.03 

<0.01 

0.05 
co.01 

0.50 

0.45 

3.08 

1.13 

1.60 
0.03 
2.07 
7.14 

0.30 
0.04 
1.93 

c0.01 

18.72 

0.7.5 
0.08 

c0.01 
0.06 
0.26 

0.62 

0.44 

0.17 

0.71 

0.04 

0.67 

0.67 

0.04 

4.5 1 

< 0.0 1 

0.15 
0.11 

0.75 

< 0.0 1 

0.0 I 

0.04 

0.02 

0.19 

0.13 

0.16 
3.84 

0.37 

5.77 

= Big Bayou Creek kilometer, LTJK = h t l e  Bayou Creek kiiometcr, MAK = Massac Creek kilometer. 
bCommon names according to lhe American Fishei~es Society (C. R. Kobins et al. 1991. Clonzmoti and 

Scientific names offiAhes from the Unifed States unrl Chiindo 5th Edition. Aniericari Fisheries Society Special 
Publication 20. Bethesda, Maryland.). 

'Species identification confirmed by Dr. David A. Etnier, Oeparlrnent of Zoology, University of Tennessee. 
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