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EXECUTIVE SUMMARY 

The Kansas City Plant (KCP) is part of a federal complex located in south Kansas 
City, Missouri. The plant, operated by Allied-Signal Inc., Kansas City Division for the 
U.S. Deparunent of Energy (DOE), occupies I37 of the 300 acres covered by the complex. 
Blue River and its tributary Indian Creek receive surface water runoff, discharges permitted 
under the National Pollutant Discharge Elimination System (NPDES), and groundwater 
from the complex. Tndiai Creek also receives runoff from residential and commercial 
facilities and dscharges from a sewage treatment plant upstream from the KCP. Blue 
River, a tributary of the Missouri River, receives runoff from an urban area, including a 
large landfill downstream from the KCP. 

Site characterization and remedial activities have been conducted at the KCP since 
1983. DOE and the U.S. Environmental Protection Agency @PA) entered into an 
Administrative Order governing all environmental restoration activities being conducted at 
the KCP. 

Polychlorinated biphenyls (PCBs) have been detected in outfdlOO2 and in soils in 
various locations around the KCP. The Missouri Department of Conservation (MDC) 
found that both carp and channel catfish collected from the Blue River were contaminated 
with PCBs and chlordane; however, the source of this contamination was not identified. 
Trichloroethene (TCE) and 1,2-dchloroethene @CE) are present in some wells adjacent to 
the Blue River; both TCE and DCE have been detected in outfall 001. 

To assess the biological significance of PCB and chlorinated solvent contamination 
from the KCP and to determine whether the KCP was a significant source of PCB 
contamination in fish, two separate studies were conducted by staff members of Oak Ridge 
National Laboratory (ORNL). This report presents the results of those studies. 

HlIOACCUMULATlON MONITORING 

Sunfish have been used successfully to monitor PCB contamination around facilities 
similar to the KCP. Green sunfish are conmion in Indian Creek and the Blue River in the 
vicinity of KCP and were therefore selected as the primary species to monitor in this study. 

Eight sunfish were collected at each of eight sites in the vicinity of the KCP as 
follows: 

Sites 1&2 local reference sites, including a site on Indian Creek upstream from the bridge 
at F-lolmes Road and o n  the Blue River upstream from the Interstate 435 bridge. 

Sites 3-5 Tndm Creek at Lydia Drive (downstream from outfall 003 but upstream from 
outfall 002), Indian Creek near the railroad bridge (downstream from outfall 
OOZ), and Bwnc Creek into which outfall 001 discharges. 

Sites 6-8 Blue River at 9Sth Street (where the 03/004 and 002 discharges to Indian 
Creek are further diluted by the Blue River), Blue River below Prospect Avenue 
Bridge (where the 001 discharge is diluted in the Blue River), and Blue River 
near Swope Park. 

€finds Creek, a stream in eastern Tennessee that has served as a reference site for 
PCB studies on the Oak Ridge Reservation for five years and has been demonstrated to be 
free of PCB contnrnination, served as a third reference site. 
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Although sunfish provide an indication of recent, location-specific PCB exposure, 
other species are likely to accumulate higher concentrations of PCBs in the same 
environment. Given its abundance and importance as a food/sport fish, channel catfish 
was selected as the species used to estimate the maximum degree of contamination in the 
Blue River fishery iin the vicinity of KCP. Six catfish were collected from the Blue River 
downstream of the Prospect Avenue Bridge, and six more were collected from the 
upstream reference site on the Rlue River. No channel catfish were found in the refecence 
site on Indian Crcek. 

PCB analyses were conducted at the ORNL Analytical Chemistry Division using EPA 
procedures that involve extraction with methylene chloride followed by adsorption column 
cleanup, solvent exchange, and evaporative concentration prior to analysis by gas 
chromatography/electron capture detection. PCBs were analyzed using both capillary 
(screening/identiGcation) and packed column (PCB quantification) procedures. 

Concentrations of PCBs below the U.S. Food and Drug Administration (FDA) 
tolerance level (2 pg/g) were detected both in suntkh and catfish collected in the vicinity of 
the KCP. The highest concentrations of PCBs in sunfish (0.40 and 0.35 pg/g) were found 
at the two downstream sites nearest KCP outfall 002. Sunfish from the upstream 
refcrence sites on the Blue River and Indian Crcek contained much lower Concentrations of 
PCBs (0.11 and 0.07 ,ug/g, respectively). Sunfish from Boone Creek (BCK 0.2), into 
which outfall 001 discharges, contained 0.31 pg/g PCBs. 

with capillary column results on composite samples. PCBs averaged 0.78 t- 0.20 and 0.92 
-t- 0.07 yg/g in fish from the Blue River reference site and the Blue River below Prospect 
Avenue, respectively. The maximum concentration reported was 1.44 pg/g; four of twelve 
fish exceeded 1 pdg .  

Chlordane was expected to be found in fish samples from the Rlue River, based on 
previous studies by the MDC, but chlorinated pesticides were not found at concentrations 
significantly greater than analytical detection limits in either sunfish or catfish composite 
samples. 

The results of packed column analysis of ITBs  in individual catfish were consistent 

Conclusions concerning site specific sources, and the relative importance of KCP 
sources versus upstream (or, in the case of catfish, downstream) are limited when the 
degree of contamination is near detection limits, as in this study. The following 
conclusions, though, appear valid: 

1. Sunfish in the Blue River/ Indian Creek near the KCP contain higher 
concentrations of PCBs than sunfish from uncontaminated reference sites. 

2 ~ PCB contamination in sunfish from the Blue Riverflndian Creek is well below 
the FDA tolerance level (2 pg/g) and substantially lower than that observed at 
DOE facilities in Kentucky and Tennessee. 

3. The PCJ3 mixtures found i n  fish were predominantly tetra- and pentachlorinated 
biphenyls. Such mixtures would be consistent with a sourcc containing these 
and less chlorinated isomers, such as Aroclor 1242/1248. 

4. PCB contamination (-0.1 pg/g in sunfish) may be present in Indian Creek 
upstream from KCP discharges. Sources of this contamination could include 
commercial facilities and the sewage treatnxent plant. 
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5 I Fish from Boone Creek below outfall 001 contained above background PCB 
concentrations, similar to those in fish from BLK 27. 

6, No evidence was foiind to suggest that either ouefallOO1 or outfall 003/004 
impact PCU concentrations in sunfish i n  the Blue River or Indian Creek. 

7. Channel catfish from the Blue River upstream and downstream of KCP contain 
higher PCB contamination, but PCB levels in catfish were still below the FDA 
tolerance level. Because of the wider range of this species and the absence of a 
clear difference in contamination between BLK 3 1 and BLK 25, no association 
(negative or positive) can be made between contamination in this species and the 
KCP. 

8 .  Channel catfish would be expected to contain several tinies higher 
concentrations than sunfish from the same location because of the higher lipid 
content in catfish. Thus, the PCB concentrations observed in Blue River catfish 
are consis tent with the concentrations in sunfish. 

The weight of scientific evidence supports the conclusion that the KCY is one of 
several sources of PCB contamination in the lower reaches of Indian Creek and the Blue 
River; however, the magnitude of the KCP contribution to this PCB contamination could 
not be quantified by this study. 

TOXICITY TESTING 

Toxicity tests with Cerioduphnia dubia (a freshwater microcrustacean) are often used 
in the NPDES permitting process to estimate the toxicity of effluents and ambient waters. 
When used for toxicity monitoring and environmental compliance purposes, tests with this 
organism iire typically conducted according to procedures specified in EPA method 1002.0. 
EPA method 1002.0, though, involves the use of small volumes of water in  open-topped 
beakers. Thus, this method cannot yield accmate estimates of toxicity when volatile 
organics are important toxicants. In this study, we modified EPA method 1002.0 to 
provide more accumte estimates of toxicity of water from outfall 001 and from two wells 
where D@E, and TCE have been detected. We also conducted Cerioduphnia toxicity tests, 
using the modified procedure, to evaluate the toxicity of pure TCE, pure 1,2-cis DCE, and 
two mixtures of TCE and DGE. 

Water samples were collected from KCP wells KCX9-120 and KC89-105 and from 
outfall 001 on April 24, 1991. Samples were shipped on ice to ORNL for toxicity testing. 

One test involved a comparison of Ceriodaphniu siu-vivd and reproduction in serum 
bottles containing control water, water from KC89- 120, water from KC89-105, and water 
from outfall 001. Ceriodqhniu survived aid reproduced in sealed serum bottles that 
contained control water. However, Cerioduphnia added to serum bottles containing water 
from outfall 081 or from wells KC89-105 or KC89-120 died in < 24 h (in water from 001 
and. KC89-7 O S ) ,  or survived but produced no offspring (KC89- 120). 

Another test, conducted using aerated samples, also yielded clear-cut results: survival 
of Ceriodnphniu was 85% to 100% in all samples, and Cerioduphniu in all samples had at 
least some reproduction. 

of the volatilt: organics, we conducted Ceriodaphniu tests to quantify the toxicity of pure 
1,2& DCE, pure TCE, and two mixtures of DCE and TCE. DCE and TCE were each 

To definitively est&lish the relationship between biological effects and the presence 
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tested at three concentrations; the concentrations of DCE were 300 p@,, 200 y&/L, and 
100 pug/L, and those of TCE were 150 pgL, 75 pLg/Lg and 50 p@. One of the DCE-TCE 
mixtures, referred to as the high-concentration mixture, contained 200 pgL of DCE and 
75 pg/L of ‘l’CE; the other mixture, referred to as the low-concentration mixture, contained 
100 pg/L of DCE and 50 pg’L of TCE. 

A weak dose-response pattern between concentration and Ceriodaphnia reproduction 
was detected for each compound alone: reproduction in highest concentration was 
significantly lower than it was in lower concentrations (p = 0.0464 with DF3,20 for DCE, 
and p = 0.01 17 with DF3,20 for TCE). It is likely that the chronic toxicity “detection limit” 
of Ceriodaphnia for DCE and TCE was near the lowest concentrations that were tested 
(i.e., 50 pg/L for TCE and 100 pg/L for DCE). Cerioduphnia reproduction was greater in 
the low-concentration mixture of DCE and ‘TCE than it was in the high-concentration 
mixture (12.2 18.4 offspring versus 9.9 1.1 offspring, respectively),but this difference 
was not statistically significant. 

Results of the toxicity tests support the following conclusions: 

1. TCE and DCE were both detected in water samples from KC89-105 and 
KC89-120, but the concentrations of these two materials were about ten times 
lower than those required to reduce reproduction or survival of Ceriodaphnia in 
tests with pure TCIE, pure DCE, or TCE and DCE in mixtures. Thus, the 
concentrations of TCE and DCE in groundwater near the wells are unlikely to 
be toxic to other aquatic biota in the receiving streams. 

2. Water from KC89-105 and KC89- 120 did not contain nonvolatile contaminants 
at toxic concentrations: when aerated, water from these two wells supported 
highcr levels of Cerioduphnia survival and reproduction. 

3. Water from outfall 001 was acutely toxic to Ceriodaphnia. However, this 
outfall receives snce-through cooling water that has been chlorinated by the 
water supplier before it is used by the KCP. The concentrations of TCE and 
DCE in this water were well below those needed to affect Ceriodaphnia. Thus, 
chlorine probably caused or contributed to this outfall’s toxicity. 

4. ‘The Cehdaphnia test, as modlfied to be conducted in sealed serum bottles, can 
be used to provide reliable quantitative estimatcs of the acute or chronic toxicity 
of volatile organic compounds when sufficient dissolved oxygen is present in 
the sa1nple. 
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1 .  OVERVIEW 

The Kansas City Plant (KCP) is part of a federal complex located in a 
comercial/residential area 13 miles south of downtown Kansas City, Missouri, within the 
incorporated city limits. The plant, operated by Allied-Signal Inc., Kansas City Division 
for the US. Department of Energy (DOE), occupies 137 of the 300 acres covered by the 
complex. Blue River and its tributary Indian Creek receive surface water runoff and 
groundwater from the complex (Fig. 1). Indian Creek also receives runoff from residential 
and commercial facilities and ciischxirges from a sewage treatment plant upstream frnm the 
KCP. Blue River, a tributary of the Missouri River, receives runoff Srom an urban area, 
including a large landfill downstream from the KCP. 

Site characteriza~on and remedial activities have been conducted at the KCP since 
1983. DOE and the US. Envirt>nmental Protection Agency entered into an Administrative 
Order of Consent on June 23, 1989, This order now governs all environmental restoration 
activities being conducted at the KCP. One of those environmental restoration activities is 
the Resource Conservation and Recovery Act Facility Investigation (WI) for the Northeast 
Area at the KCP. This document presents results of one set of studies in support of that 
RFI. 

Polychlorinated biphenyls (PCBs) have been detected in outfall 002 (Fig. 1) and in 
soils in various locations around the KCP. Monitoring conducted by the Missouri 
Department of Conservation found that both carp (Cyprinus carplo) and channel catfish 
(ictnlurus punctatw) collected from the Blue River were contaminated with PCBs and 
chlordane (McCrath 1988a,b; Czarmezki, J.M. 1989); however, the source of 
contamination was not identified. 

Blue River and Indian Creek are classified as Metropolitan No-Discharge Streams by 
the state of lvljssouri. Recent monitoring of outfalls 001,003, and 004 has not revealed 
detectable concentrations of PCBs (M. E. Stites, Allied-Signal Kansas City Division, 
personal communication to 'r. L. Ashwood, ORNL, February 7, 1992). PCBs have been 
measured in outfall 002, but concentrations during 1990 and 1991 were below NPDES 
permit limits (M. E. Stites, Allied-Signal Kansas City Thision, personal communication to 
T. L. Ashwood, ORNI,, February 7, 1992). 

Groundwater monitoring has revealed the presence of chlorinated solvents, 
specifically trichlormthene (TCE) and 1,2-dichlnroethene (DCE) in some wells adjacent to 
the Blue River; both TCE and DCE have been detected in outfall 001 (Fig. 1). 

Tn order to assess the biological significance of PCB and chlorinated solvent 
contamination from the KCP and to determine whether the KCP was a significant source of 
PCB contamination in fish, two separate studies were conducted by staff members of Oak 
Ridge National 1,aboratoi-y (ORNL). Section 2 of this report presents the methodology, 
results, and conclusions of PCB bionaccumulation measurements in fish from both the Blue 
River and Indian Creek. Section 3 presents the methodology, results, and conclusions of 
toxicity tests conducted on water from two groundwater wells and outfall 001. 
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2.  BIOAClCUMULATION MONITORING 

2 . 1  INTRODUCTION 

Monitoring of fish from small streams receiving point source discharges of PCBs, 
such as Indian Creek and Blue River, has not been widely reported. Most studies have 
focused on large bodies of water with multiple. dispersed point and area sources. 
However, sunfish (small members of the family Centrurchidae) have been successfully 
used to monitor PCB contamination around facilities similar to the KCP. Bluegill 
(kpomis macrochinis), redbreast sunfish (I,. auritus), and rock bass (Amhloplites 
rupestris) have been shown to be good monitors of localized PCB contamination in east 
Tennessee (Rogers et a1 1989; Kornegay et al. 1990b; Southworth, 1990), whereas green 
sunfish (I,. cyunellus) and longear sunfish (L. megalotis) adequately served this purpose in 
western Kentucky (Rogers and Jett, 1989; Komegay et a1 1990a). Pumpkinseed (L. 
gihbosus) was used to monitor PCB contamination at specific sites in the Hudson River 
(Brown et a1 1985; Skea et a1 1979). Green sunfish are comnion in Indian Creek and the 
Blue River in the vicinity of KCP, and were selected as the primary species to monitor in 
this study. 

Low, or undetectable in routine analyses, aqueous phase concentrations of PCBs are 
associated with detectable PCB concentrations in fish near outfalls from IX)E facilities in 
Oak Ridge, Tennessee, and Paducah, Kentucky. At the former site, PCBs remain below 
the National Pollutant Discharge Elinlinatiori System (NPDES) pemiit limit of 0.5 p a ,  
but sunfish collected from sites nearest these outfalls typically contain 0.5-1.0 pg/g PCBs 
(Rogers et al. 1989; Kornegay et al. 1990a). Sunfish from a stream receiving 
PCR-contaminated (0.1 - 0.2 p&) discharges at the Paducah Gaseous Diffusion Plant 
contained several pg/g PCBs at a site near the outfalls (Rogers and Jett 1989; Kornegay et 
al. 1990b), with most fish exceeding the 2 pgjg tolerance limit set by the U.S. Food and 
Drug Administration (FDA) to regulate contamination in fish and shellfish in interstate trade 
(FDA 1984). A1th0~1gh factors such as dilution of the effluents by receiving waters play a 
critical role in  cletennining the impact of a PCB-contaminated discharge in a stream 
(effluents at the facilities in Tennessee and Kentucky supply most of the flow in the 
rcceiving streams), it is likely that PCB-contaminated discharges at the KCP result in 
elevated PCR concentrations in resident fish in the vicinity of plant outfalls. PCB 
concentrations in sunfish collected downstream from PCB-contaminated discharges in both 
'Tennessee and Kentucky showed a pronounced downstream decrease that was useful for 
demonstrating whether the suspected PCR source was in f x t  the cause of the 
contamination (Southworth 1990; Kornegay et al. 1990b). 

a pulse of contaminant is relcased into the environment. This may result in a temporary 
increase in contamination of biota, followed by a decrease as the pulse of the contaminant 
passes through the system and the remedial actions reduce contaminant inputs to the 
system. Baseline data collected before remedial actions are undertaken can explain any 
temporary increases in contamination of organisms and confirm the effectiveness of the 
p,xtieular action in reducing contamination of the environment. 

and the Blue River were monitored as a means of ascertaining whether outfalls from the 
KCP are significant sources of biotic contamination. 

In many cases, when remedial actions are iniplemented to clean up contaminated soil, 

Actual levels of PCBs in resident biota in  the vicinity of plant outfalls to Indian Creek 
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The piimary objectives of this investigation were to determine (1) whether the flsh in 
reaches of Indian Creek and the Blue River in thc vicinity of the KCP are contaminated 
with PCBs, and (2) if the biota are contaminated, whether the source of the PCBs is 
specific ouLfalIs at the KCP. A third objective was to establish baseline data for PCBs in 
biota in Indian Creek and the Blue River that can be used to assess the effectiveness of any 
filiure remedial actions aimed at reducing PCB inputs to these strcams. 

PCBs have very long biological half-lives in fish (Niimi and Oliver, 1983), are 
significantly accumulated through the food chair1 pathway as well as by direct uptake from 
water (Thomann and Connally, 1984), and are accumulated in lipids. Therefore, large, old 
individuals of piscivorous species that contain relatively high levels of intpaniuscular lipids 
typically have the highest PCI3 levels and are generally targeted in monitoring programs. 
Shorter-lived fish that contain lower lipid levels and occupy trophic positions farther down 
the food chain are generally not intensively monitored because they are less sensitive 
indicators of PCB contamination. However, such species (e.g. sunfish) havc significant 
value as a monitoring tool. Short-lived species provide a time-averaged measure of PCB 
exposure in tkc recent past, and thus provide a better indicator of changes in exposure 
(e.g., as a result of remedial actions at a contamination site) than species whose PCB 
burden represents several years accumulation. Such species as sunfish that exhibit 
restricted territories or home ranges provide useful information on PCB exposure at the 
locations wherc they are collected. Such infomiation cannot be obtained from older, wide- 
ranging fish. Fiaially, species that are abundant in a wide range of habitats, from large 
lakes and rivers to small streams, provide a means for tracking contamination that may 
originate in waters where those species typically used in PCR monitoring do not occur. 

As noted previously, whereas sunfish provide an indication of recent, 
location-specific PCR exposure, other species are likely to accumulate higher 
concentrations of PCBs in the same environment. Therefore, limited numbers of a second 
species expected to accumulate higher PCB concentrations were collected and analyzed in 
order to estimate the maximum degree of contamination of fish within the system. Annual 
monitoring conducted by the Missoum Department of Conservation found that both carp 
(Cyprincls carpio) and chaniiel catfish (Zctalurus yunctums) collected from the Blue River 
were contaminated with PCBs and chlordane (McGrath 1988a,b; Czmmezki, J.M. 1989; 
A. Buchanan, Missouri Department of Consewation, personal communication to 
G. R. Southworth, ORNL, February 10, 1992). PCB concentrations (Aroclor 1260) in 
composite samples of channel catfish collccted in the Blue River a short distance upstream 
from KCP were 0.04, 0.19, and 4 . 0 5  pg/g in 1983-1989, respectively. PCB 
concentrations in carp at that site were 0.03,0.29, and 0.33 for the same yeas.  Channel 
catfish collected approximately 16 krn downstream from the KCP in a heavily indusfrialized 
section of Kansas City contained 0.23 and 0.04 yg/g PCRs in 1986 and 1987, while carp 
contained 0.06, 0.02, 0.42, and 0.53 pg/g at that site in 1986-1989, respectively. 
Substantial concentrations of chlordane (0.16 -5.6 pg/g) were found in all of these 
samples. 

Carp were found to be less numerous than expected at sites in the Blue River; 
however channel catfish were abundant. Given its abundance and greater importance as a 
food/sport fish, channel catfish was selected as the species used to estimate the maxinium 
degree of contamination in the Blue River fishery in the vicinity of KCP. The larger home 
range of this species makes it unlikely to demonstrate a closc relationship between specific 
PCB soiirces and concentrations of PCBs in fish from those sites, as sunfish do. 
HOWCVCT, the combination of larger size, lunger lifespan, higher trophic position and 
higher concentrations of intraniuscular lipids makes it likely that this species will 
accumulate hydrophobic contaminants such as PCBs to as great a degree as any other 
species in the system. Channel catfish and carp have both been found to contain several 



fold higher concentrations of PCBs in fillets than sunfish collected from the same waters 
(Southworth 1990). 

2 . 2  METHODS 

Green sunfish were collected at eight sites in the vicinity of the KCP. Collection sites 
and brief descriptions of their locations are listed in Table 1. Site designation is determined 
by distance in kilometers from the site to the stream mouth. Thus, a site on Indian Creek 
1.0 krn upstream from its confluence with the Blue River would be designated Indian 
Creek hi 1.0, or abbreviated as ICK 1.0, Two local reference sites were sampled: a site 
on Indian Creek upstream from the bridge at Holmes Road (ICK 3.0) and another site on 
the Blue River upstream from the U.S. Route 435 bridge (BLK 31). Hinds Creek, 
Tennessee, a stream that has served as a reference site for PCB studies on the Oak Ridge 
Resexvation for five years and has been demonstrated to be free of PCB contamination, 
served as a third reference site. Sunfish were collected in Indian Creek at Lydia Drive, 
downstream from outfall 003 but upstream from outfall 002 (ICK 1.01, and near the 
railroad bridge downstream from outfall 002 (ICK 0.2). Sunfish were also collected from 
Boone Creek into which outfall 001 discharges (BCK0.2). This stream contained limited 
habitat and a relatively sparse fish population, therefore it was necessary to collect an 
additional species (bluegill) and smaller than optimum size and numbers of fish. A 
discolored discharge entered the creek from the industrialized site to the north near Prospect 
Avenue, approximately 150 m upstream from the Blue River. All fish were taken from the 
reach of Bcxlne Creek upstream from that dischage. 

Table 1. Fish sampling sites in Indian Creek and the Blue River near the 
Kansas City Plant (KCP) 

Site Location, Description, and Species 

ICK 3.0 

ICK 1.0 

TCK 0.2 

BLK 31 

BLK 27 

Indian Creek km 3.0, upstream from low darn above Holmes Rd. bridge. 
Upstream reference site for sunfish in Indian Creek. 
Species - green sunfish, channel catfish were not found. 

Indian Creek krn 1 .Q, -50 rn upstream and downstream from Lydia Drive 

Site below discharges 003/004 but above outfall 002. 
Species - green sunfish. 

Indian Creek km 0.2, from railroad bridge upstream to 20 m below outfall 
002. 
Site below all KCP discharges to Indian Creek. 
Species - green sunfish. 

bridge. 

Blue River km 31, from Interstate 435 bridge upstream for -600 m. 
Upstream reference site for green sunfish and channel catfish on the Blue 
River. 
Species - green sunfish, channel catfish. 

Blue River km 27, from bridge at 95th street downstream -200 rn. 
Site in Blue River- potentially impacted by discharges to Indan  Creek, but 
above outfall 001 discharge to Blue River. 
Species - green sunfish. 
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Table 1. continued 
........ ....... __ ....... __ -. 

Site Location, Description, and Species 
I___-.-.. -~ _. ... .- ___I_I_..._ ....... 

BLK 24 

BLK 25 

%EK 21 

l3 (’KO. 2 

Minds Creek 

Blue River krn 26, a 200 m reach upstream from the powcr line crossing 
below the Prospect Ave. bridge. 
Site in the Blue River below all discharges from KCP. 
Species - green sunfish 

Blue River km 25, a 280 an reach immediately downstream from the U.S. 
7 1 bridge (4 fish), and the reach at BLK 26 (2 fish). 
Site in the Blue River below all discharges from KCP. 
Spccies - channel catfish. 

Blue River km 2 1 , - 1000 m reach from the bridge at Cregory Blvd. 
upstream. 
Second site in Blue River farther downstream from all KCP discharges to 
ascertain possible presence of longitudinal decrease in contamination. 
Species - green sunfish. 

Boone Creek, from immediately above the apparent discharge from 
industries north of the stream upstream to the railroad crossirig (-400 m). 
Site immediately below discharge 001 before dilution in the Blue River. 
Species - green sunfish, bluegill. 

Hinds Creek in Anderson County, Tennessee. 
Reference site containing sunfish that are uncontaminated by PCBs. 
Species - redbreast sunfish. 

Three sites served to monitor the downstream decrease of contamination as point 
discharges receivc additional dilution. These sites were BLK 27, whue the W3/004 and 
002 discharges to Indian Creek are further diluted by the Blue River, BLX 26, where the 
001 discharge is diluted in the Blue River, and BLK 21, several kilometers downstream 
from all KCP discharges. 

analysis for Z”@Rs. Wherever adequate numbers of fish were available, the collectioii was 
restricted to fish 40 g in size or larger in order to minimize possible bias related to 
size/contaminant covariance, and also to provide data directly pertirient to fish likely to be 
taken by sport fishermen. After completion of the collection at each site, the fish were 
tagged with a unique four digit tag wired to the lower jaw, placed on ice in a labeled ice 
chest and returned to the processing station. Each fish was then weighed, measured, and 
scales were taken for possible future age determination. ‘]The fish was then filleted, and the 
skin removed from the fillet. A 10-g sample of each sunfish was separately wrapped in 
heavy duty aluiiinum foil, labeled, and frozen until submitted for analysis by packed 
column gas chromatography. The remainder was similarly wrapped, frozen, and stored for 
later use. After returning to ORNE, 2-g portions of each archived sample were rcrnoved 
and corngosited with similar samples to yield a single composite sample of all fish from a 
given site. The composite samples were submitted for analysis using capillary column gas 
chromatography. 

contamination, but rather to estimate the likely maximum degrec of contamination in the 

Eight sunfish specimens were collected by electrofishing at each site for individual 

Channel catfish were not used to establish a relationship between source and biotic 
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system. Six catfish were collected from the Blue River at two locations in the BLK 25 to 
BLK 26 reach (treated as a single site, RLK 25) and six more from the upstream reference 
site on the Blue River (BLK 3 1). No channel catfish were found in the reference site on 
Indian Creek (ICK 3.0) either by electrofishing or by using slat basket fish traps. The 
latter collected numerous small bullheads, a relative of channel catfish; however, the 
bullhead is not an appropriate surrogate in a PCB study. The absence of channel catfish at 
ICK 3.0 precluded gaining additional information on the role of upper Indian Creek as a 
source of PCBs to the Blue River; however the two collections from the Blue River were 
judged to be adequate to achieve the primary goal of estimating the maximum degree of 
PCB contamination in fish in the vicinity of the KCP. 

Catfish collected at the sites previously mentioned were handled and processed 
sinlilarly to sunfish. Because only 3 small portion of each large fillet is extracted €or PCB 
analysis, the frozen fillets were homogenized using a hand meat grinder prior to removing 
individual samples for submission to the analytical laboratory or cornpositing tissue from 
individual fish as was done for the sunfish samples. 

PCB analyses were coiidiic ted at the ORN L Analy tical Chemistry Division using 
procedures based on PPB 12/83 @PA 1984) and EPA 600/4-81-055 (EPA 1980). These 
involve extraction with methylene chloride followed by adsorption column cleanup, solvent 
exchange, and evaporative concentration prior to analysis by gas chromatography/electron 
capture detection (GCEGIP). PCBs were analyzed using both capillary 
(screenin~identification) and packed column (PCB quantification) procedures. Packed 
column GCIECD, a low-resolution, high-sensitivity procedure was used to quantify the 
relatively low concentrations of I'CE3s anticipated in sunfish samples. Although sensitive, 
this technique is subject to interferences from other organic chemicals (e.g., phthalates, 
pesticides) arid is not ideal for distinguishing or characterizing specific PCB mixtures. 
Because of the likely presence of chlordane, which can interfere in packed column 
GC/ECD analysis, in at least some of these fish samples, and the need to better characterize 
the PCR mixtures extracted from fish, composite samples representing all fish (equally 
weighted) of each species (sunfish or catfish) collected at a site were analyzed by capillary 
coluimi @C/ECD, which i s  capable of separating chlordane constituents from various PCB 
congeners. Gas chromatography/riegative ion chemical ionization mass specm,rnetry was 
utilized on composite catfish samples to confirm the presence of PCBs. 

laboratory, some of the samples subniitted were blind duplicates, reference fish known to 
be free of PCB contarnination, and uncontaminated fish to be spiked with known amounts 
of PCB standards or surrogate chemicals to evaluate recovery/cliiantitation. The analytical 
laboratory arinually participates in split sample QA evaluations in which replicate fish 
samples are analyzed for I'CBs by laboratories at EPA Region IV, Tennessee Valley 
Authority, and Tennessee Department of 13Iealth and Environment. A summary of QA 
results is in Appendix A. 

Statistical evaluations of the data were made using procedures and software from 
SAS Instilute, Inc. (SAS 1985a,b) for analysis of variance (ANOVA), Tukey's multiple 
compsrison test, t-tests, and the calculation of means, standard deviations, standard errors, 
and cocfficients of variation. Tests for homogeneity of variance among various data 
groups were conducted using Levene's test o n  untransfornied and log,-transformed 
variables (Sokal and Wohlf 198 1 ). Dunnett's test was used to compare means at specific 
sites with controls (Z,x 1984). All comparisons were conducted using 01 = 0.05. 

In addition to quality assurance (QA) procedures used within the analytical 
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2 . 3  RESUJ.,’X’S 

2 . 3 . 1  Polychlorinated Biphenyls (PCBs) 

Detailed results of all analyses are included in Appendix B. 

The results of capillary column gas chromatography (GC) analysis of composite fish 
samples from each site are presented in Table 2. PCBs, characterized as PCB-1248 and 
PCB-1254, werc detected in both sunfish and catfish cokcted in the vicinity of the KCP. 
Extracts of PCRs from biological tissue differ qualitatively from the commercial mixtures 
that are uqed as standards (e.g., Aroclor 1248) and are, therefore, not referred to as 
Aroclors in this report. The extracts did not appear to contain PCB constituents consistent 
with the presence of PCB-1242 and PCB-1260. Fish selectively accumulate the more 
highly chlorinated, more hydrophobic constituents of PCB mixtures, thus, extracts from 
fish would not be expected to mirror PCB mixtures found in water, but rather would tend 
to resemble more highly chlorinated mixtures. 

Table 2, Concentrations of PCBs (pg/g wet weight) in composite fish 
samples from streams near the Kansas City Plant.*Jb 

Site XPCH PCB-1242 P(3B-1248 PCR-1254 PCB-1260 Lipid 

Boone Creek below 
Outfall 001 (BCK0.2) 

Indian Creek km 3.0 

Sunfish 

(ICK 3.0) 
Sunfish 

(ICK 1.0) 
Sunfish 

(ICK 0.2) 
Sunfish 

(BLK 31) 
Sunfish 

(RLK 2,7) 
Sunfish 

(BLK 26) 
Sunfish 

(BLK 21) 
Sunfish 

S u n fi s h 

Indian Creek km 1.0 

Indian Creek km 0.2 

Blue River km 31 

Blue River km 27 

Blue River hi 26 

Uluc River km 21 

Hinds Creek, ‘I’enn. 

0.31 

0.07 

c0.02 

0.35 

0.11 

0.40 

0.04 

0.24 

4 . 0 2  

C0.01 

<0.0 1 

<0.01 

<0.01 

<0.0 1 

<0.0 1 

<0.0 1 

C0.01 

c0.01 

8 

0.15 

<0.0 1 

~ 0 . 0 1  

0 .16  

0.03 

0 . 1 9  

<0.01 

0 .13  

<0.01 

0.16 

0.07 

c0.02 

0.19 

0.08 

8 . 2 1  

0.04 

0.1 1 

<0.02 

<0.02 

c0.02 

c0.02 

<0.02 

c0.02 

c0.02 

C0.02 

<0.02 

<0.02 

0.2s 

0.09 

0.56 

0.26 

0.20 

0.33 

0.23 

0.27 

0.62 



Table 2. continued 

Site XPCB PCB- 1242 PCB- I248 PCB- 1254 PCB- 1260 Lipid 

Blue River km 31 1.14 4 . 0 1  0.75 0 .39  4 . 0 2  1.7 
(BLK 3 1) 

Catfish 

(BLK 25) 
Catfish 

Blue River krn 25 1.45 4 . 0 1  0.87  0.58 4 - 0 2  2.3 

a Each sample is a composite of 8 green sunfish or 6 channel catfish except that from 
Boone Creek, which is a compositc of 7 bluegill and green sunfish, and Hinds Creek, 
which is a composite of 3 redbreast sunfish. Lipids are 96 wet wt. When PCBs are not 
detected in a sample, the laboratory perfoming capillary column analyses reports the value 
as less than the quantitation limit, a statistically based value used for regulatory purposes. 
Concentrations lower than the quantitation limit are routinely detected and reported as 
estimated concenwations. The detection lirnit (not the quantitation limit) is reported in this 
table and is assumed to be 1/10 of the quantitation limit. 
bold face exceed quantification limits, others did not and are estimated concentrations. 

b The U.S. Food and Drug Administration tolerance limit for PCBs in fish and 
shellfish sold for human consumption is 2 pg/g wet weight (FDA 1984). 

The highest concentrations of PCBs in sunfish (0.40 and 0.35 pg/g) were found at 
ICK 0.2 and BLK 27, respectively, the two downstream sites nearest KCP outfall 002. 
Sunfish from the upstream refercnce sites on the Blue River (BLK 31) and Tndian Creek 
(ICK 3.0) contained much lower concentrations of PCBs, 0.1 1 and 0.07 pg/g, 
respectively. Sunfish from an uncontaminated site in Anderson County, Tennessee, that 
has been routinely used as a uncontaminated reference site for PCB studies on the DOE 
Oak Ridge Reservation for 5 years, exhibited characteristically low levels, 4 . 0 2  pg/g. 
Sunfish from I3oone Creek (BCK 02>, into which outfall 001 discharges, contained 
0.31 pg/g PCBs, 

Values of specific mixtures in 

PCB contamination was not observed in fish taken at 1CK 1.0, upstream from outfall 
002 but below the 003/004 discharges. Inexplicably, low (near background) PCB 
concentmtions were found in the sample from BLK 26. Sunfish from the downstream site 
near Swope Park, BLK 21, contained slightly lower PCB concentrations (0.24 @ g / g )  than 
those collccted nearer the plant discharges. 

In order to statistically test whether PCR concentrations in fish at sites potentially 
impacted by KCP discharges were higher than in fish from reference sites, a one-tailed t- 
test was perfomied comparing mean concentrations of CPCB, PCB- 1248, and PCB- 1254 
at thc reference sites (Hirid? Creek, BLK 3 1 and ICK 3.0) with those from all sites 
downstream ‘Sroin KCP discharges. Because XCM 1.0 appeared to be uncontaminated, a 
second comparison was made using the reference sites and all sites downstream from 
outfall 002 andor 001 ( i s ,  ICK 1.0 was excluded). Because the variance in 
concentrations of PCBs among uncontaminated sites is expected to be smaller than the 
variance among concentrations from contaminated sites (most values from oncontaminated 
sites are near zero, whereas values from coritarninated sites may range widely), variances 
among refcrence and KCP-impacted sites wcre not assumed to be equal. Results of the 
statistical comparison werc significant (PS 0.05) between reference sites and all KCP sites 
for CPCB and PCB-1248, but not for PGB-1254. All comparisons were significant when 
the site upstream from outfall 002 (ICK 1.0) was excluded. 
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PCR analysis of individual sunfish by packed column gas chromatography found 
detectable concentrations of PCBs at most sites in Indian Creek and the Blue River (Table 
3). The PCB extract was characterized as predominantly B’CR-1254, with lesser amounts 
of material characteristic of FCB- 1248 and PCB- 1260. Because PCB concentrations of 
the individual mixtures were so low (generally <0.001 pgg) and packed column 
characterization of mixtures is a relatively imprecise tool for characterizing such mixtures, it 
was concluded that meaningful comparisons could best be made using estimates of total 
PCB concentration (summing PCR- 1248,1254, and 1260 concentrations). 

Table 3. Concentrations of PCBs (pg/g wet weight) in fish sa 
streams near the Kansas City Plant, meastired by packed column gas 

chromatographyn 

Site CPCB P’CR- I248 PCB-1254 PCB- 1260 
_____.... ... ........ __ ...~ .- 

Boone Creek below 
Outfa7.11 OOlb 
(B CK0.2) 

Indian Creek km 3.0 

Indian Creek km 1.0 

Indian Creek km 0.2 

(ICK3.0) 

(ICK 1 .O) 

(JCICO. 2) 

Blue River km 31 
(BLK3 1) 

Blue River km 27 

Blue River km 26 
(BEK 26) 

Blue River km 21 
(RLK 21) 

(BLK27) 

Hinds Creek, Tenn. 
Redbreast sunfishb 

Blue River km 31 
(BLK3 1) 

Channel catfishb 
Bluc River krn 25 

(BLK25) 
Channel catfishb 

0.20 f 0.06 0.04 _+ 0.02 0.15 -1- 0.06 0.01 _+ 0.01 
(0.03 - 0.51) (<0.01 - 0.12) (0.01 - 0.49) ( ~ 0 . 0 1  - 0.02) 

0.11 4 0.04 0.02 -t 0.02 0.07 k 0.03 0.01 I 0 . 0 1  

0.14 k 0.06 0.01 f- 0.00 0.09 f. 0.04 0.04 k 0.02 

0.09 -t 0.02 0.03 f. 0.01 0.05 -t- 0,02 0.02 k 0.01 

(0.01 - 0.32) ( ~ 0 . 0 1  - 0.13) (<0.01 - 0.20) (<0.01 - 0.03) 

(<0.01 - 0.46) ( ~ 0 . 0 1  - 0.02) (<0.01 - 0.37) (<0.01 - 0.16) 

( ~ 0 . 0 1  - 0.17) ( ~ 0 . 0 1  - 0.09) (<0.01 - 0.12) ( ~ 0 . 0 1  - 0.05) 

0.02 1 0.01 <0.01 

0.15 -I 0.06 
(0.03 - 0.49) (<0.01 - 0.20) 
0.03 f. 0.01 CO.01 

0.22 1- 0.14 

( ~ 0 . 0 1  - 0.07) ( ~ 0 . 0 1  - 0.02) 
0.04 +. 0.03 

( ~ 0 . 0 1  - 0.06) (~0 .01  - 0.03) 
0.08 3. 0.07 

(0.01 - 1.20) (~0.01 - 0,55) 

0.02 -t- 0.01 
(<0.01 -0.05) 
0.10 3- 0.03 
(0.02 - 0.26) 
0.02 4 0.01 

(<0.01 - 0.06) 
0.14 1- 0.08 
(0.01 - 0.65) 

<0.01 
(CO.01 - 0.02) 
0.02 L 0.00 

(<0.01 - 0.04) 
0.01 4 0.00 

(CO.01 - 0.01) 
<0.01 

(<0.01) 

0.04 f 0.02 0.01 2 0.00 0.03 -I- 0.02 <0.01 
( ~ 0 . 0 1  - 0.17) ( ~ 0 . 0 1  - 0.02) (<0.01 - 0.16) (<0.01) 

0.78 4 0.20 0.06 -C- 0.04 0.71 3- 0.17 0.01 -t- 0.01 
(0.28 - 1.44) ( ~ 0 . 0 1  - 0.28) (0.27 - 1.40) (<0.01 - 0.03) 

0.92 k 0.07 0.15 k 0.01 0.72 4 0.06 0.05 4 0.04 
(0.64 - 1.10) (0.11 - 0.19) (0.43 - 0.90) (~0.01 - 0.22) 

a Fish are green sunfish (n = 8 fish/site) unless otherwise noted. Results are 

b n = 6 catfish per site in Blue River, 7 red’ureast sunfish at Hinds Creek, 3 green 
presented as mean t- SE with the range in parentheses. 

sunfish and 5 bluegill at BCK0.2 
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The mean concentrations of PCRs in sunfish did not exceed 0.25 pg/g at any site, 
including those immnediately downstream from historically YCB contaminated discharges 
001 and 002. The highest mean concentration was 0.22 pg/g at BLK 21, followed by 0.20 
pgjg at BCK0.2 and 0.15 pg/g at BLK 27. PCB concentrations typical of uncontanlinated 
sites were found in sunfish at the BLK 31 and Hinds Creek reference sites; however, 
PCBs averaged 0,14 pg/g at the ICK 0.3 reference site. 

A clear association between PCI3 concentrations in sunfish and KCP outfalls was not 
apparent in  this data set. No increase in PCB concentrations was observed at ICK 0.2 or 
ICK 1.0 when compared to the upstream reference site, ICK 3.0 (Table 3) .  In the Blue 
River, mean PCR concentrations at BLK 27 and BLK 21 were higher than that at the BLK 
31 reference site, but rhe mean concentration at BLK 26 was typical of background sites. 

Statistical comparisons of mean PCB concentrations between KCF sites and reference 
sites were made using Dunnett’s test on loge-transformed data. The mean (geometric) PCB 
concentrations in sunfish were statistically (‘ p 5 0.05) higher than those at the Hinds Creek 
and BLK 31 reference sites at only two sites, BCK0.2 and BLK 27. No sites differed 
statistically from the ICK 3.0 reference site. Results of Tukey’s multiple comparison test 
(again using loge.-transfmned data) indicated no significant chfferences among PCB 
concentrations at all non-reference sites. 

In order to conduct a comparison similar to that carried out with the capillary column 
data, the reference site data (Hinds Creek, ICK 3.0, and BLK 31) and KCP site data (ICK 
1.0, ICK 0.2, BLK 27, BLK 26, BLK 21 , and BCK0.2) were pooled and compared using 
a one-tailed t-test with the assumption of unequal variances. Although the mean 
concentrations of PCBs in both groups were sinilar (0.14 vs 0.06 pg/g), the difference 
was statisrically significant (p 5 0.05), as was the case €or the same comparison using the 
capillary coluniri data. 

PCB concentrations measured by the packed column procedure were generally lower 
than those reported by capillary columi analysis (Tables 2,3). However, comparison of 
the difference between paired (by site) measurements of mean PCB concentrations hy the 
two methods indicated the the overall difference was small (0.06 pg/g) and not statistically 
significant (p > 0.05, t-test of mean difference among paired comparisons). 

Concentrations of PCBs measured in catfish using capillary column gas 
chroinatography were five to ten times higher in catfish than in sunfish from similar 
locations (Table 2). This is consistent with observed differences between sunfish and 
catfish accumulation of PCBs found in sifes on the Oak Ridge Reservation in Tennessee 
(Southworth 1990; Loar 1981); 1990; 1991). Unlike the levels observed in sunfish, PCB 
concentrations in channel catfish were much closer to the FDA tolerance limit of 2 pg/g 
(FDA 1984) that i s  used by many state health agencies as a guideline. The small difference 
between PCB concentrations in catfish from the upstream reference site (BLK 3 1) and 
downstream from the KCP (BLK 25), 1.14 vs 1.45 pg/g, is typical of the variability 
between fish samples from the same site, and does not imply any difference due to 
location. 

The results of packed C O ~ L J ~  analysis of PCBs in individual catfish were consistent 
with capillary column results on composite samples. PCBs averaged 0.78 k 0.20 and 0.92 
-t 0.07 pg/g (mean k SE) in fish from HLK31 and BLK25, respectively (Table 3). The 
maximum concentration reported was 1.44 @g/g, and four of twelve fish exceeded 1 pg/g 
(Appendix €3). The packed colu~nn procedure characterized the extract as predominantly 
PCB-12.54, whereas the capillary column procedure reported a mixture of PCB-1248 and 
PCB-1254. Such a difference between the high and low resolution procedures is not 
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unexpected (Schtnitt et al 1990), and the capillary column results shoiald be assutncd to be 
the more reliable characterization. PCB concentrations were slightly higher at BLK25 than 
at BLK3 1, howcver the differences were not statistically significant for total PCBs or 
individual mixturcs (t-test, p > 0.0s). As was the case in the composite analyses, mean 
PCB concentrations in catfish from the Blue River were much higher than those in s~adish 
(Table 3). 

2 3 . 2  Other Contaminants 

Chlordane was expected to be found in fish samples from the Blue River, in light of 
prcvious studies by the Missouri Department of Conservation (McGrath 1988a,b), which 
resulted in the posting of an advisory against fish consumption. However, neither specific 
chlordane censtitucnts, nor mate~als that couId be quantified as technical chlordane, were 
detected at significant concentrations in either sunfish or catfish composite samples (Table 
4). Similarly, DDT and its metabolic residues, DDE and DDD were not found in these 
samples. Negarive ion chemical ionization mass spectrometry of a gas chromatogram of 
the two catfish samples confirmed the presence of PCB congeners, and characterized the 
mixture as PCB- 1248 (Appendix C). Numerous extraneous non-PC33 compounds, such as 
phthalate esters, were also detected by mass spectrometry, but not subjected to spectral 
analysis. 
however, the low PCB concentrations reported by packed column analysis suggest that this 
was not a major problem. 

The presence of phthalates may interfere with packed column PCB analyses; 

Table 4. Concentrations of pesticides (p.g/g wet wt) in composite fish 
samples from streams near the Kansas City Planta 

Boone Creek below 
Outfall 001 (BCK0.2) 

Sunfish 

Indian Creek km 3.0 
(ICK3.0) 
Sunfish 

(ICK 1 .O) 
Sunfish 

(ICK0.2) 
Sunfish 

Blue River km 31 
(RLK3 1) 
S u i i  fi  s h 

Blue River krn 27 
(73 kK 37) 
s 11 nfis h 

Blue River km 26 
(BLK 26) 
Sunfish 

Indian Creek krn 1.0 

Indian Creek km 0.2 

0.005 

<0.001 

<0.00 1 

0.006 

0.001 

0.077 

0.001 

c0.02 

C0.02 

<0.02 

c0.02 

<0.02 

c0.02 

C0.02 

4 .001  

<0.001 

<0.001 

0.00s 

<0.001 

<0.001 

<0.001 
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Table 4. continued 

Site CCh lordaneb Technical ChlordaneC DDTd 

Blue River kn.r 21 0.002 
(BLK 21) 
Sunfish 

Hinds Creek, Tenn. 0.001 
Sunfish 

Blue River krn 3 1 0.010 
(BLK3 2)  
Catfish 

Blue River km 25 0.006 
(BLK25) 
Catfish 

4 . 0 2  

0.01 

c0.02 

<0.02 

<0.00 1 

<0.001 

0.010 

0.005 

a Each sample is a composite of 8 green sunfish or 6 channel catfish except that from 
Boone Creek, which is a composite of 5 bluegill and 2 green sunfish. Lipids arc: 96 wet 
weight. When PCBs are not detected in a sample, the laboratory performing capillary 
c o l ~ i m  analyses reports the value as less than the quantitation limit, a statistically based 
value used for regulatory purposes. Concentrations lower than the quantitation limit are 
routinely detected and reported as estimated concentrations. The detection limit (not the 
quantitation limit) is reported in this table and is assumed to be 1/10 of the quantitation 
h i t .  All concentrations are estimated values, none exceeded quantitation limit. 

b CChlordane is the sum of concentrations of alpha chlordane, alpha chlordene, 
chlordene, gamma chlordane, ganlnla chlordene, and oxychlordane. 

C Tech chlordane is quantified against technical chlordane as standard. 
d D D T  is the sum of concentrations of DD'T', DDE, and DDD. 

2 . 4  DISCUSSlON 

The results of capillary column GC analysis of composite sunfish samples indicate 
that PCB contamination of fish in Indian Creek and the Blue River is associated with KCP 
discharges 002 and 001. Outfall 001 receives relatively little dilution after discharge into 
the small unnamed tributary ( BCK0.2). If this discharge contained substantial YCB 
contamination, much higher PCB concentrations would have been expected in resident 
fish. A level of contamination causing 0.3 pg/g PCB contarnination in sunfish in such a 
small creek would not be likely to produce discernable contamination in sunfish in a 
downstream system after substantial dilution, as would be the case with the dilution of this 
creek in the Blue Rivcr (Southworth 1990). Thus, the presence of higher concentrations of 
PCBs in fish in the Blue River and Indian Creek downstream from outfall 002 suggest that 
that outfall is a significant source to fish in the Blue River; and the absence of an increase in 
PCB concentrations in sunfish at sites BLK26 and BLK21, downstream from the point at 
which discharge 001 enters the Blue River, indicates that outfall 001 is not a major source 
of PCB contamination relative to outfall 002. 

The limited number of samples analyzed by this method makes statistical confirmation 
of any conclusions we&. The packed column PCB results on individual fish was designed 
to provide the statistical power to discriminate site specific dfferences. These data support 
the conclusion of the capillary colurnn results, that PCB concentrations are higher in 
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sunfish downstream from the KCP, but do not provide evidence associating YCB 
contamination with specific discharges. Both sets of results suggest the presence of PCB 
contamination in Indian Creck upsrream from KCP, and the capillary column results 
suggest contamination in the Blue River upstream from KCP. In neither case however, are 
the levels high cnough to provide statistical confmation that contamination actually occurs 
at thosc sites. 

The predominance of tetra- and penta-chlorinated PCB isomers (PCB-1248/1254) in 
the fish extracts is consistent with a source containing somewhat less chlorinated mixtures, 
such as PCR-1242 and PCB-1248. This is because bioconcentration potential and 
environmental persistence of specific PCB congeners generally increa5es with increasing 
degree of chlorination (MacKay et al. 1983; Neely 1983). In the highly contaminated 
upper Hudson River, where the original source was Aroclor 1016, a rilixture similar to 
Aroclor 1242 (but with the most highly chlorinated constituents removed), fish extracts 
now contain predon-9naiintly PCR-1248 through PCS-1260 (Sloan et a1 1983; Schmitt et a1 
1990). Nationwide, PC’U residues in fish extracts are most commonly characterized as 
PCB-1254 and 1260, reflecting the higher bioaccumulation potential of the more highly 
chlorinated constituents (Schmitt et al. 1990). In a mathematical simulation of the fate of 
PCBs in Lake Michigan, the continuous addition of a mixture similar to Aroclor 1242 
(predominantly trichlorobiphenyls) was predicted to produce a mixture in fish similar to 
PCB-1248/1254, in which pentachlorobiphenyls predominated (Necly 1983). 

The degree of PCB contarnination observed in green sunfish from the streams in the 
vicinity of the KCP was not high relative to the FDA tolerance level or contamination at 
orher DOE facilities. The highcst concentration observed in capillary column analysis, 0.4 
pg/g, was well below the FDA tolerance level (FDA 1984). PCB concentrations found in 
sunllsh from streams near the KCP were substantially lower than concentrations found in 
similar species in streams at other DOE facilities, Tile highest mean concentration 
measured by the packed column procedure, 0.22 pdg, was even lower. PCB 
concentrations in sunfish (green sunfish and longear sunfish) from sites in Big Bayou and 
Little Bayou at the Paducah Gaseous Diffusion Plant in Kentucky were much higher, 
averaging 1.7 ug/g and 6.6 pgjg in each stream, respectively (Kornegay et a1 1990a). 
Sunfish from Mitchell Branch at the Oak Ridge K-25 Plant, a small stream similar to Boone 
Creek at KCP, contained 1.6 pg/g PCBs (Kornegay et al. 1990b). Three other streams at 
thc DOE Oak Ridge facilities also contain PCB Contamination: White Oak Creek at ORNL 
and East Fork Poplar Creek and Bear Creek at the Y-12 Plant. Sunfish (bluegill, redbreast 
sunfish, and rock bass) from these streams also contained higher PCR concentrations than 
sunfish from the KCP site, averaging about 0.6 pg/g at ORNL and 0.4 - 0.8 in the streams 
at Y-12 (Kornegay et al. 1990b). The geometric mean concentration of F’CBs measured in 
the U.S. Fish and Wildlife Service (USFWS) National Contaminant Biomonitoring 
Program was 0.4 pg/g (Schmitt et al. 1990). PCB concentrations in sunfish from the 
highly contaminated upper Iludson River were typically around 5 pg/g in the most 
contaminated reaches (whole body analyses), but concentrations in fillets of redbreast 
sunfish were 1-2 pg/g at a site many miles downstream from the source (Sloan 1987). 

Very low-level PCB contamination ( 4 . 1  pdg) appeared to be present in sunfish 
from the upstream reference sites on the Blue River and Indian Creek when compared with 
the uncontaminated reference site, Hinds Creek, ‘l-ennessee (Table 1). Given the large 
arcas of suburban and urban development upstream from the reference sites in both these 
watersheds and the presence of a large municipal wastewater treatment plant on Indian 
Creek above ICK3.0, it is not surprising to find evidence of minor PCB contamination. 
PCU contamination is a ubiquitous problem in highly populated areas of the United States, 
as indicated by the fact that PCB residues were detected in fish at 91% of the sites sampled 

14 



in the U S W S  National Contaminant Biomonitoring Program in 1984 
(Schmitt et al. 1990). 

The presence of approximately 1 pas/g PCBs in channel catfish from the Blue River 
was consistent with the lower-level PCB contamination found in sunfish from that stream. 
The similarity in PCB coricentrations in channel carfish upstream and downstream of the 
KCP cannot be taken to imply that the KCP is not the source of PCB contamination in 
these fish; however, neither can the contamination be assumed to originate at the KCP. As 
stated previously, the PCB residues in this species cannot be assumed to originate near the 
site of collection, since they represent a lotiger time averaged exposure and larger 
geogmphic area because of the greater likelihood of movement during the exposure period. 
The degree of contarnination is not alarming, but is nevertheless significant. Although well 
below concentrations found in the Great Lakes and some major rivers, the concentridtioris 
of PCBs in catfish from the Blue River were substantially higher than the geometric mean 
concentration (0.4 pg&) measured in the USFWS National Contaninant Bionionitoring 
Program (Schmitt et a1 1990). If the catfish are assumed to be year round residents of the 
Blue River, then these data confirm the presence of significant PCB contamination in the 
Blue River. It is likely that some of this contamination is associated with the KCP; 
however, other ongoing sources, either upstream or downstream, and PCB-contaminated 
sediments within the Blue River, are possibly sources of much of it. 

2.5 CONCLUSIONS 

Background interferences, variability in chemical analyses, and natural variability in 
containinant concentrations in individual fish are proportioiiately more significant when the 
concentrations of PCBs t o  be measured approach background levels, thus unequivocal 
interpretation of results beconies unlikely. The ability to reach definitive conclusions 
concerning site specific sources is limited when POB concentrations are only 0.1-0.2 pg/g, 
as in this case. The following conclusions represent an interpretation of the results based 
on statistical evaluations, support from both sets of analytical data, and professional 
judgement. 

2 . 5 . 1  Conclusions Supported by Both Capillary Column and Packed 
Column Results 

1. 

2. 

3. 

4. 

Sunfish in the li3lue RiverlIndian Crcek near the KCP contain higher concentrations of 
PCBs than sunfish from iincontaminated reference sites. 

The degree of PCB contamination in sunfish from the Blue River/Indian Creek is well 
below the FDA tolerance level and substantially lower than that observed at DOE 
Eaeilities in Kentucky and Tennessee. The data do not suggest that the KCP is a 
source of PCB contamination to biota in the € 3 1 ~ ~  River/Indian Creek that produces an 
imminent t h a t  to human health or the environment. 

The PCB mixtures found in fish were predominantly tetra- and pentachlorinated 
biphenyls. Such mixtures would be consistent with a source containing these and 
less chlorinated isomers, such as Aroclor 1242/124X. 

PCB contanination (-0.1 pg/g in sunfish) may be present in Indian Creek upstream 
from RCF discharges. 
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5 .  Fish from Bosne Creek below outfall 00 1 contained above background PCB 
concentrations, similar to those in fish from RLK27. It is likely that the source of 
this contamination is either ongoing discharges from outfall 001, or residual PCB 
contamination in sediments of the creek. 

6. There is no evidence that either outfall 001 or outfall 003/004 impact PCR 
concentrations in sunfish in the Rlue River or Indian Creek below their points of 
discharge to those systems. 

7 .  Channel catfish from the Blue River upstream and downstream of KCP contain 
significant PCB contarnination (-1 pg/g). Due to the wider range of this species and 
the absence of a clear difference in contamination between RLK3 1 and BLK25, no 
association (negative or positive) can be made between contamination in this species 
and the KCP. 

8. Channel catfish would be expected to contain several times higher concentrations than 
sunfish from the same location because of the higher lipid content in catfish. Thus, 
the PCB concentrations observed in Rlue River catfish are consistent with the 
concentrations in sunfish. 

2 - 5 . 2  Conclusions Supported by Only One of the TWQ Datasets 

1. The KCP appears to be a source of PCI3 contamination to fish in the extreme lower 
reaches of Indian Crcek and the Blue River downstream from the confluence with 
Indian Creek. 

2. Outfall 002 appears to be the primary source of contamination. 

3. T h e  is evidence of PCB contamination from sources upstream from KCP in both 
Indian Creek and the Blue River. 

2 a S. 3 Overall Conellision 

The weight of scientific evidence supports the conclusion that the KCP is one of 
perhaps several sources of PCB contamination in the lower reaches of Indian Creek and the 
Blue River. Outfall 002 is the most likely source of ongoing contamination, if the residues 
in fish result from ongoing sources rather than residual contamination in sediments and 
floodplain soiIs. 
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Volatile organics, notably dichlmoethene and hichloroethene, are present in the 
groundwater at the KCP. In this study we modified an EPA toxicity test method (EPA 
method 1002.0; Weber et al. 1589) to provide more accurate estimates of toxicity of volatile 
organic compounds such as DOE and TCE. We then used the modified method to quantify 
toxicity of aerated and nonaerated water from outfall 001 and from two wells (KC89-105 
and KC89-120), where DCE and TCE have been detected. We also conducted toxicity 
tests, using the modified procedure, to evaluate the toxicity of pure TCE, pure 1,2-cis 
DCE, and two mixtures of these two compounds. A key objective of the studies we 
conducted was to assess whether or not TCE or DCE in groundwater contaminant plumes 
poses a toxicity risk to aquatic biota in receiving systems (e.g., the Blue River). 

Toxicity tests with Ceriodaphniu dubia (a freshwater microcrustacean) are often used 
in the National Pollutant Discharge Elimination System (NPDES) permitting process to 
estimate the toxicity of effluents and ambient waters (Kszos and Stewart 1991, 1992; 
Stewart et al. 1990). When used for toxicity monitoring and environmental compliance 
purposes, tests with this organism are typically conducted according to procedures 
specified in EPA method 1W2,O (Weber et al. 1989). EPA method 1002.0, though, 
involves the use of small volumes of water (e.g., 15 mL) in open-topped beakers. Thus, 
EPA method 1002.0 cannot yield accurate estimates of toxicity when volatile organics are 
important toxicants. An important secondary objective in this study was to modify EPA 
method 1002.0 to allow more accurate toxicity assessments of waters containing volatile 
organic contaminants. 

3 . 2  MA'I'ERPALS AND METIIODS 

3 e 2 .1  Water Samples 

Water samples were collected from KCP wells KC8Y-120 and K(3X9-105 and from 
outfall 001 on April 24, 1'39 1. Two sets of samples were collected of each source. The 
first set of samples was 6 L in volume; these samples were collected by completely filling, 
then tightly capping, 2-1, poly bottles (three bottles per source). The second set of samples 
consisted of 11 serum bottles, each 60 ma in capacity. 'The serum botrles were filled and 
immediately sealed with two teflon seals; the seals were secured with a criniped aluminum 
seal (see Appendix U). Both samples types were shipped on ice by overnight express to 
the ORNL Toxicology Laboratory. Chain-of-custody procedures were used fop. handling 
and shipping the samples. Details of the methods used for sample handling are given in 
Appendix D. 

3 . 2 . 2  Toxicity Testing Procedures 

The samples arrived at the Toxicology Labomtory on April 25, 1991. Samples in the 
poly bottles were placed, unopened, in a refrigerator (3°C) until used, Two serum bottles 
(one containing wdter from outfall 0 1 ,  the other water from KC89-105) arrived broken. 
Less than four hours dter they had arrived at the laboratory, the contents of the remaining 
3 1 bottles were w m i e d  to testing temperature (25°C). Three serum bottles containing 
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water from each source, randomly selected, plus three sealed serum bottles containing 
diluted mineral water used as a negative control, were then taken to ORNL's Analytical 
Chemisny Division for analysis of volatile organics (EPA method 8000). 

On ,4pri12S7 a test was conducted to compare Ceriodaphnia survival and reproduction 
in serum bottles containing control water (nine bottles of diluted mineral water), water from 
KC89-120 (eight bottles), water from KC89-105 (seven bottles), and water from outfall 
001 (seven bottles). To start this test, each serum bottle was opened briefly (< 1 min) and 
three Ceriohphnia neonates (e24 h old) ant1 150 pL of Ceriodaphnia food were added, 
The bottle was then immediately resealed and placed in a water bath (25°C). The contents 
of each bottle were inspected daily for live adult and neonate Ceriodaphnia. On the fourth 
day of the test, an additional 100 pL of Ceriodaphnia food was added to each bottle by 
injecting directly through the teflon seals; a syringe needle inserted through the seal just 
before the injection allowed excess fluid to escape from the bottle. This test was terminated 
on May 1, at the end of the sixth day. At the end of the test, the total number of live 
Ceriodaphnia adults and neonates was counted. 

Ailother 6-day test was started on May 1. The procedures used in this test were vcry 
similar to those performed in the first test. The water that was tested, though, differed 
from that used in the first test: it was taken from the 2-L poly bottles described earlier and 
was aerated (by bubbling with carbon-scrubbed air for 25 min) before it was poured into 
serum bottles. Aeration was used both to remove volatile compounds (including chlorine) 
that could have contributed to toxicity and  to provide oxygen to the test animals. The 
second test also differed from the first in that each aerated water type was tested at two 
concentrations-full strength, and 50% of full strength. The 50% concentrations of the 
aerated samples were prepared by diluting full-strength water with an equal volume of 
diluted mincral water. Finally, the second test evaluated each full-strength water type using 
ten replicates (50% concentrations of each water type werc evaluated using five replicates 
each). As in the first test, a negative control was included. 

3.2.3 Pure-Chemical Tests 

Analyses for volatile organics revealed the presence of DCE and TCE in all thrce 
samples that were shipped to the Toxicology Laboratory (Table 5);  trace levels of acetone 
were detected in samples from outfall 001 ('Table 5). To definitively establish the 
relationship between biological effects and the presence of the volatile organics, we 
conducted Ceriodaphnia tests to quantify the toxicity of pure DCE, p u e  TCE, and two 
mixturcs of DCE and TCE. These tests were started on July 23, 1991, and lasted for 6 
days; they were contlucted in sealed serum bottles as described previously. DCE and TCE 
were each tested at three concentrations; thc concentrations of DCE werc 300 pg/L, 200 
pg/I.,, and 100 p@, and those of TCE were 150 yg/L, 75 pg/L, and 50 yglL. One of the 
DCE-TCE mixtures, referred to as the high-concentration mixture, contained 200 ,ug/L of 
DCE and 75 pg/L of TCE; the other, referrcd to as the low-concentration mixture, 
contained 100 pg/L of LICE and 50 kug/x, of TCE. 

Separate stock solutions of DCE and 'T'CE were prepared to make the test solutions. 
The stock solutions were made by adding reagent-grade chemical to deionized distilled 
water (3 pL of DCE or TCE to 100 mL of water). The mount  of DCE or TCE added to 
create the stock solutions below solubility limits. Test solutions werc prepared to nominal 
concentrations immediately before use by adding an appropriate volume of stock solution to 
diluted mineral water; density differenccs between DCE (1 28)  and TCE (1.50) relative to 
water (1.00) were taken into account in preparing nominal concentrations. The freshly 
prepared solutions were then poured immediately into replicate serum bottles (ten bottles 
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per solution), food and three Ceriodqhazia neonates were added, and the bottles sealed. As 
described for the well-water and outfdl-water tests, additional food was given by injection 
to the Ceriodupizniu in the sealed containcrs on the fourth day of the test. On the first and 
last days of the test, three replicates of each treatmeilt were analyzed for volatile organics 
(analysis procedure 8240). 

Table 5. Volatile organics detected in water samples shipped from the 
Kansas City Plant to the Oak Ridge National Laboratory for toxicity testing 

Outfall 0 1  

KC89- 105 

KC 8 9 _. 1 20 

1 
2 3 

1 
2 3 

I 
2 3 

4 
4 
4 

9 
9 
9 

17 
17 
17 

2 
2 
2 

8 
6 
7 

9 
9 

13 

9 
11 
9 

ND 
ND 
ND 

ND 
ND 
ND 

a Quantitation limits were 5.0 j.@L for 1,2 DCE and TCE, and 10 pg/L €or acetone; 
ND indicates that a constituent was not detected. 

3.2-4 Statistical Analyses 

Means and standard errors for C'eriudqhiu reproduction io the well and 
concentrations of DCE and TCE were computed using :he Statistical Analysis System (SAS 
1988). A series of one-way analysis of variance (ANOVA) tests was used to evaluate 
responses of C'erioduplznia reproductiori to the DCE, TCE, and the high- and low- 
concentration mixtures of these chemicals. The ANOVAs were used to test for differences 
in reproduction in response to chemical concentration for each cornpoutid or mixture. 
Separate ANCIVAs were also used to evaluate responses of Ceriodaphnia reproduction to 
rht: highest concentrations of DCE and '1'CE (controls included) and the lowest tested 
coruxtrations of DUE and TCE (controls included). A two-way ANOVA (water source 
and concentration) was used to evaluate Ceriodaphnia reproduction in the test that involved 
air-sparged samples. All ANBVAs were conducted using SAS , version 6.03 (gzneral 
linear models). 

3 . 3  RESIJL'IS 

3 . 3  (I 1 Tluxieaay Tests 

C'i3riodaphniu survived arid reproduced in sealed serum bottles that contained control 
water (Table 6) .  l lowever, Cerioduphnia added to serum bottles containing water from 
outfall 001 or from well KCS9- 105 died in < 24 h. Animals adcled ~ c t  bottles containing 
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water from well KC89-120 survived but produced no offspring. The results of this test are 
summarized in Table 6. 

Table 6. Summary of Ceriodaphnia survival and reproductiori in sealed 
seruni bottles containing control (diluted mineral) water, water from 

outfall 001, and water from wells KC89-105 or KCt39-120 
_____ ~ _ _ _ _ _ _ _ _  ...... ..._I___- 

No. of No. of adults No. ofoffspring 
Sample replicates (mean k SE) (mean d- SE) 

Control 9 2.6 k 073 18.3% 3.2 
Outfall 001 7 Oa 0 
KC89- 105 7 Oa 0 
KC89- 120 9 2.0 k 0.2 0 

..... ____ ..... _..._____ ...... l__ll.______ .... .... 

a Complete mortality occurred in €24 h. 

The second test, which used air-sparged samples, also yielded clear-cut results: 
survival of Ceriodaphnia was 85% to 100% in the samples, and Ceriodaphnia in all 
samples had at least some reproduction. Significant differences (p = 0.0001; P)F3,36, one- 
way ANOVA) in Ceriodqhrzia reproduction were found among the four nondiluted water 
samples, with reproduction in outfall 001 water being much higher than that of 
Ceriodaphriia in any of the other water types (Table 7). Cer-iodaphnia reproduction was 
about two times greater in diluted outfall 001 water than it was in either diluted well water 
sample (Table 8). Among the thee KCP samples, water source and concentratiori 
explained 84.9% of the total amount of variat.ion in Ceriodaphnia reproduction; the 
proportion of variance explained by water source and concentration was about equal (p = 
0.001 for each factor), and the interaction tern between these two factors was not 
significant (p = 0.1467)(Table 9). 

Table 7.. Summary of Cerioduphnia survival and reproduction in 
air-sparged, nondiluted water samples 

Sample No. of replicates No. of adult9 No. of offsyringQ Tukey groupb 

Outfall 001 10 3.0 0.0 35.6 k 1.3 A 
Control 10 3.0 L 0.0 23.6 kO.9 R 
KC89- 120 10 3.0 -1- 0.0 22.1 -t- 1.2 B,C 
KC89- 105 10 2.6 2 0.2 18.9 -t 1.4 C 

~ ~ ~ ~ ~ 

a mean Lt SE. 
b a -- 0.05, minimum significant difference = 4.58, MSE = 14.461. 
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‘I’abk 8. Summary of Ceriodaphia survival and reproduction in 
air-sparged, 50 %-diluted water samples 

Sample No. of replicates No. of adults” No. s f  offspringa Tukey groLiph 
I _._.I - _._.__ 

Outfall 01) 1 5 3.0 +0.0 25.8 41.4  A 
KC89-105 5 3.0 -+ 0.0 12.4 k 2.0 B 
KC89- 120 5 3.0 & 0.0 10.0 4 0.3 B 

a mean & SE. 
a =  0.05, minimum significant difference = 5.34, MSE = 10.0M. 

Table 9. ANOVA of Ceriodaphnia reproduction in relation to water source 
(outfall 001, KCSY-105, or KCS9-120) and concentration (nondiluted or 

diluted by 50%) 

DF Sum of squares F ratio P Vrrriance source 

Model3 5 3 192.378 43.82 0.000 1 
Water source 2 1961.267 67.31 0.000 1 
Concentration 1 896.178 65.5 1 0.000 1 
Source x concentration 2 52.822 1.81 0. I767 
Error 39 568.200 
Corrected totd 4-4 3760.578 

- .  ~ 

The overall R2 for the inodel (water source, concentration, and the interaction 
between these two factors) was 0.8489. 

The third test was used to deiermine the toxicity of pure DCE and TGE and of two 
mixtures of DCE and TCE. The data from this test were evaluated by ANOVAs, with 
separate ANOVAs being used for DCE, TCE, and the DCE-TCE mixtures. With the 
c ~ t ~ t r o l  excluded, a weak dose--response pattern was detected between concentration arid 
Ceriodaphniu reproduction for each coinpound alone: reproduction was significantly lower 
in highcst concentration than in either of the two lower concentrations (p = 0.0464 with 
E)F3,20 for DCE, and p = 0.01 17 with DF,,2, for TCE). Concentrdtion of the chemicals 
explained 32.3%) (for DCE) imd 41.6% (for TCE) of the total variation in reproduction 
(controls excluded). Ceriocfuplzttiu reproduction in controls, the lowest concenmtion of 
DCE, and the lowest concentration of ‘ K E  did not differ significantly (p = 0.3701 with 
I>F2,15; R2 = 0.124). 1 lowever, an ANOVA of reproduction in controls versus that in the 
highest conccntration of DCE and thc highest tested concentration of TCE did reveal 
sigriificant differences among meaiis (p = 0.0167 with DF2,15; K2 = 0.421). Thus, it is 
likely that the chronic toxicity detection limit of Ceriodaphnia (as used in this study) for 
DCX and TGE was slightly higher than the lowest concentrations that  were tested (Le., SO 
pg/L for TCE and 100 pgL for IX’E). A summary of the ANOVAs (control included) for 
data from the TCG and DCE tests is given in Table 10. 
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Table 10. Summary of separate ANOVAs used to coritrast mean 
reproduction of Ceriodaphnia in various nominal concentrations 

of DCE and TCE, control included 
... ~ . . _ _  ___..___ ___ ......... ~ _ _  .... ~ .... ___ - ....... 

1,2& DCE W E  

Conc. Reproduction Tukey Conc. Reproduction Tukey 
(pLs/le) (Mean 3- SE) groupinga ( p a )  (Mean -b SE) groupingn 

... ..... 

0 10.8 -t 0.9 A 0 10.8 k 0.9 A, s 
100 10.9 -t- 0.7 A 50 12.4 _+ 1.0 A 
200 11.3 k 0.8 A 75 9.6 I l . 0  A,B 
300 8.4 _+ 0.3 A 150 7.7 k 0.8 I3 

a Means with different letters are considered. to differ signiikantly on the basis of 
.... ..... ~ __ .- ........ ...... ..... 

Tukey's test (a  = 0.05) 

Ceriodnphnin reproduction was slightly greater in the low-concentration mixture of 
DCE and TCE than it was in the high-concentration mixture 412.2 2 0.4 offspring versus 
9.9 1.1 offspring, respectively). ANOVAs showed that the p values for these 
differences were 0.0767 (controls excluded) and 0.1822 (controls included); these two p 
values exceed the conventionally used significance threshold (a  = 0.05). 

3 .3 .2  Chemical Measurements 

Concentrations of DCE, TCE, and acetone detected in the KCP samples shipped to 
ORNL for analysis are summarized in Table 5. At the end of the first toxicity test, 
measuremcnts were made of each sample's pH, conductivity, alkalinity, and hardness; the 
contents of replicate serum bottles were pooled to provide enough water for this purpose. 
The rcsults of these arialyses arc summarized in Table 11. 

Table 11. Summary of water quality parameters measured for Kansas City 
Plant samples shipped to Oak Ridge National Laboratory 

for toxicity testing 

Alkalinity Hardness Conductivity 
(pS/cm) 

...___ 
(1n€m 

____.. _..___ ____. __ __ ....... ........ ..... 
Sample p 1-1 (l-ng/l,) 

Control 7.49 67 94 198 

KC89-105 8.01 5'70 62 8 1732 
KC89- 120 7.91 47 2 634 1601 

Outfall 001 7.89 162 282 765 

__. ._- 

No chemical measurements were made of the air-sparged samples used in the second 
set of toxicity tests, but concentrations of DCE and TCE were measured in the third set of 
toxicity tests, which were designed to evaluate toxicity of DCE, 'KE,  and DCE- TCE 
mixtures. ?he rcsults of these measurcments are summarized in 'Table 12. These data were 
not evaluated statistically for two reasons. First, only two replicates of each treatment were 
analyzed, and the range in concentrations among replicates was in some instances fairly 
large. Nominal concentrations of TCE, for example, were reasonably close bo those 
measured in the sealed samples at the start of the test, but measured concentrations of DCE 
in samples at the teds  beginning were in some inqtances considerably higher than nominal 
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of DCTE predicted, vs 327.5 pg/Jd mneasurcd; DCE in mixture, Table 12). 
Second, and more important, we encwntered sample-handling problems in transferring 
solutions from the serum bottles to  the smaller bottles (VOA bottles) prior to analysis by 
GC, l n  at least one instance, the data strongly suggested that the sequence in which 
samples were analyzed was not the same as the seqiieiice reported. In this insrance, we 
assumed that co-occurring highest concentrations of TCE and DCE were associated with 
the high-concentration mixture of TCE and DCE. This assumption reduced our ability to 
confidently relate biological responses of Ceriodaphnia 10 chemical coilcentrations of DCI3 
or TCE. 

Table 12. ~ ~ ~ ~ c ~ ~ ~ ~ t ~ ~ n s  of DCE and TC?P in Csrioduphnia toxicity tests 
.---I 

Nominal concetitrdtion Test start Test end Mean daily loss 
(CLs/d) 

Pure DCE 300 430.0 155.0 2.75 
Pure DCE 200 2 10.0 13.5 1-96 
Pure DCE 100 97.5 9.5 0.88 
DCE in mixture 200 327.5 110.0 2.17 
DCE in mixture 100 78.0 69.5 0.08 

.. 

Chemical and f o m  (Pa) ( P a )  ( P m  
I_..__.._..._._ _.__I_. 

Pure TCE 150 94.5 25.0 0.70 
Pure ‘€CE 75 79.5 26.0 0.54 
Pure TCE 5 0 42.5 9.5 (3.33 
TCE in mixture 75 77.5 13.0 0.65 
TCE in mixture 50 41.5 10.0 0.52 

‘Two bottles frc9m each treatment were analyzed for volatilc organics on the first and 
last days of the test, Constituents other than LXE and TCE were consistently below 
detection limits. 

r ,  The results of thece analyses s u g p t  several main points. First, even in headspacc- 
frce, gas-tight serum bottles, concentrations of both DCE and TCE declined rnwkedly over 
the 6-d test pcri-mod. These losses ;u% assumed to result largcly from microbial &grad;rrion, 
rhc~ligh photo -dependent loss processes and/or sample -handling problems (discussed 
ahove) cannot be discounted. TCE, for example, slowly decomposes in the presence of 
iigta~ X mc~istlire is present (Windkalz et nl. 1083). As specified in EPA metkcxi 1002.0, 
the C k  i ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~  tz\ts were conducted under flenorescent lamps with a day-night cycle of 8 
h of d a r k n w  and 1 0  h of light, at an intensity of 150 ft.-c. Second, the losses in DCE and 
‘TS”H: did not: re-esuk 111 the formation of cktectable quantities sf other volatile compounds 
(c.g,. vinyl chloride). This point, though, does not provide strong evidcnce either for or 
against biorlzgs;6,cl,itic,r, for nonvolatile degradation products (e,g., alcohols) would not be 

tc:d iisii~g the pr~cedures employed in this study, I’hird, DCE appeared to be more 
than T c F .  Fn :he  p u ~ %  chemical tests, DCE declined by 82.6 5 9.4% (mean -+ SE for 

tlsc rliree pure DCX tar-mnmpits), whereas TCE declined by 72.8 f 3.0% (mean 2 SE for the 
treatments) (Tablit: 12). This outcome would be expected if losses rcsultetl 
pr~xecscs, ihr DCE is conridered to be rnore labile than I’CE. f~our th ,  it 
e h s s  wc’; of DC‘E may have been reduced by the presence of TCE. 

4% in the :~bsencc of1‘CE but by only 38.7% in the two DCE- 
, ihc mean loss rates of TCE in the absence arid presence of DCE 
Z-$% YS 79.b‘%)” 
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3 . 4  DISC1JSSXON 

The results of the chemical tests showed that water from KCP outfaJI 001, MC89- 
105, and KC89-120 contained both DCE and TCE. Concentrations of DCE and TCE in 
KC89- 105 werc each <IO p&; concentrations of DCE and TCE in KC89- 120 were 
slightly higher ( ~ 2 0  pg/JA and <15 pgL, respectively; Table 5) .  Acetone was also detected 
(at a concentration of 9-1 1 p a )  in all three samples from outfall 001. Acetone, though, is 
notoriously detectable at low levels in blanks, controls, and noncontaminated waters (G.R. 
Southworth, Environmental Sciences Division, ORN L, personal coimunication, 1991; M. 
P. Maskarinec, Analytical Chemistry Division, ORNL, personal communication). 
Accordingly, the acetone data for outfall 081 should be considered to be suspect at best. 

'TCE and DCE ixe volatile and readily can escape from solution to the air. T ~ u s ,  the 
toxicity of these materials to aquatic biota cannot be reliably estirnatcd by testing solutions 
in open-topped test chambers. A reliable EPA chronic toxicity test method using a sensitive 
freshwater microcrustacean (Cerioduphnia dubia survival and reproduction test; inethsd 
1002.0) was modified to increase the accuracy of information about the toxicity of volatile 
organics in water. In the new method, water samples and the test organisms were enclosed 
in gas-right 60mL serum bottles; the bottles were completely filled with test solution and 
were opened only when the test had been completed. The method was used to test water 
from KCP outfall 001 and from wells KC89-105 and KC89-120. We also used this 
method to estimate the toxicity of pure DCE, pure TCE, and of mixti.ires of DCE and TCIE. 

The results of the water and pure-chemical tests show that the concentrations of TCE 
and W E  in water from outfall 001, KC89- 105, and KC89- 120 are probably not high 
enough to be of much toxicity concern to aquatic biota. In pure chemical tests, 
Ceriodnphrzia tolerated about 200 pg/L of DCE, or about 75 pg/L 'ICE, without adverse 
effect. Additionally, water containing mixtures of TCE (50 p&) and DCE (100 pgL) 
were not toxic to leriodaphnia. 'l'he sample-handling problems mentioned earlier, though, 
compromise a quantitative estimate of the toxicity of either TCE or DCE to Ceriodaphnia: 
the actual concentrations of either constituent in the test solutions could have been 
somewhat lower or higher than those reported, because of losses in the transferring of 
samples among bottles and the use of internal standards to develop estimates of DCE and 
TCE concentrarions. 

Nonaerated samples from outfall 001, KC89- 105, and MC89- 120 all adversely 
affected Ceriohphnin, with water from outfall 001 and KC89-105 being acutely toxic (all 
animalc died in <24 h). Concentrations of DCE and TCX in the two most toxic samples, 
though, were lower than in KC89-120 (Table 5 ,  Table 6). Thus, Factors other than DCE or 
TCE probably accounted for the toxicity of water from KC89-105 and outfall 001. The 
lack of sufficient dissolved oxygen is the most plausible explanation for the toxicity of 
water from KC89-105. Fish asphyxiate quickly if oxygen concentrations are lower than 
about 2 mg/L. Three, considerations support the idea that inadequate concentrations of 
dissolved oxygeii accounted for the toxicity of water from KC89- 105. First, the ground 
water in the aquifer underlying the KCP is reducing and contains <0.5 mg/L of dissolved 
oxygen (Korte 1990). A concentration of oxygen as low as 0.5 mg/L is boo low to mect 
the metabolic needs of fish or daphnids. Second, minnow larvae placed into serum bottles 
containing toxic KC89-105 water at the end of the first C'erioduphnia toxicity test died in <2 
min. Fathead minnow larvae are much hardier than Ceriodaphnia in exposurc to most 
toxicants, and such rapid lethality would require very high concentrations of a volatile 
compound. Also, aeration of the sample eliminated its toxicity, so either the addition of air 
or the removal of a volatile substance must have accounted for the reduction in toxicity. 
The sample, though, was odorless and no volatile compounds other than DCE and TCE 
were detected, even though 32 other compounds were detectable using the gas 
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chromatographic analysis procedure. Thus, the a ~ ~ t i ~ ~  of air, rather than the removal of 
volatile organics, seems more plausible. 

sparging. However, ootfdl or stream water is nauch less likely than well water to be 
undersaturated with respect BO dissolved oxygen. The concentrations of DCE and TCE in 
outfall O(11 water were also lower than those in cither well-water sample and so could not 
account for the toxicity. Compared with water from KC89-105 or MC89-120, outfall 
water was also more suitable for Cerioduphniu in terms of water quality factors such as 
conductivity, alkalinity, and hardness (Table 11). Finally, acetone was detected in outfall 
00 1 water but not in water from wells KC89- 10.5 or KC89- 120, Water from outfall 001 
does not typically contain acetone (M. E. Stites, Allied-Signal Inc., Kansas City Division, 
personal conmiunication, 19911, and acetone can occiir as an analytical laboratory 
contaminant. Thus, we cannot definitively rule out acetone as a possible toxic constituent 
in outfall 001 water, although it is very improbable. We hypothesize that chlorine is the 
source of toxicity in outfall 001 water. During periods of base flow, a mdjority of the 
water released via outfall 001 consists of city dnnking water which is used as once-through 
cooling water (M. Stites, persorial communication). The stream near outfall 001 is visually 
very similar to chlorine-impacted stream sites near ORNL and the K-25 Site 
((2. R. Southworth, ORNL, personal communication, to A. J. Stewart, ORNL, 1991>, and 
chlorine at concentrations as low as 0.25 mg/L can be acutely toxic to Ceriociaphniu 
(Stewart et al. 1991). Chlorine is a ubiquitous oxidant, and i s  used at concentrations of 1 
to 2 m a  to control bacteria in drinking water. Chlorine is also moderately persistent if 
protected from labile organic matter and sunlight (Stewart et al. 1991). Collectively, these 
points strongly suggest that the toxicity of outfall 0 1  water could reasonably be due to 
chlorine. However, we did not analyze 001 water for chlorine, and we did not test toxicity 
ofdechlorinated outfall 001 water: these two kinds of tests would be needed to verify the 
hypothesis that chlorine accounted for the toxicity of outfall OC) 1 water. 

Water f ~ o m  outfiillcM)l was dso acutely toxic, and this toxicity was eliminated by 

This study highlights four findings, siininiarized below: 

TCE and DCE were both detected in water samples from KC89-105 and RCX9-120, 
but the concentrations of these two ruaterials were about ten times lower than those required 
to  reduce reprodiicejvn or survival of Ceriocluplznia in tests with pure TCE, pure DCE, or 
TCE and I X E  in mixtures. Thus, the concentrations of TCE and DCE in groundwater near 
the wells are very unlikely to be toxic to other aquatic biota in the receiving streams: upon 
entering the streani, concentrations of TCE and DCE would decline further due to dilution, 
microbial action, volatilization, and (possibly) photolysis. 

ater from outfdlO01 was acutely toxic to C‘eriodaphnia. The concentrations of 
TCE and DCE in this water, though, were well below those needed to affect Ceriodaplznia. 
Additionally, water quality factors such as ccmrluctivity, alkalinity, and hardness of outfall 
00 1 water were more favorable (for Ceriocluplztzia) than those for water from KCX9- 105 or 
KC89- 120. W e  hypothesize that chlorine caused or contributed to this outfall’s toxicity. 
C’eriouclqdiniclr responses to fxcsh Iy collected nontreated and dechlorinated (with sodium 
thiosulfate) samples uf 001 watcr could be used to test this hypothesis. 

w e d  to provide reliable qumtitative estimates of the acute or chronic toxicity of volatile 
organic compunds.  This finding ic irxipcirtan t ,  for the standard Geriodaphnia test used to 
estimate toxicity ctf eEfluents arid ambient watery is (1 1 considered by niariy regulatoiy 

The Cerioihphzia tcst, as modified to  be conducted in sealed serum bottles, can be 
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agcncies to be a sensitive, rcliablc test and (2) not appropriate for reliably assessing toxicity 
of water that contains volatile toxicants. With relatively minor modifications (notably, in 
the handling of the subsamples that are to be analyzed for chemical constituents), the 
serum-bottle test methods described in this report can be used to provide accurate estimates 
of the toxicity of DCE and TCE. 

Vinyl chloride, which is toxic and carcinogenic, was not detected either in the well- 
water samples or in the pure chemical toxicity tests of TCE and DCE. The microbial 
degradation of TCE can lead to the formation of vinyl chloride under anaerobic conditions. 
The results of the tests reported here suggest that under the aerobic conditions maintained in 
the serum-bottle tests, DCE and TCE may degrade to nonvolatile components. ‘4 time- 
course study of water samples from KC89-105 or KC89-120 (spiked with TCE, DCE, or a 
mixture of these two compounds) could be used in conjunction with GC-MS analyses to 
test this hypothesis. The influence of TCE on the degradation of DCE (suggested by this 
study; Table 12) could be quantified using this approach as well. 
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Appendix A 

QUALITY ASSURANCE DATA 
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Recoveries of PCB standards spiked into samples of uncontaniinated Hinds Creek 
fish were good crabk B-1). Recoveries of PCB-1254 and PCB-1260 spiked into Hinds 
Creek fish analyzed by packed column GC averaged 99 k 12 and 94 -+_ 13 for PCB 1254 
and PCB 1260 respcctively (mean 3- SD, n=8). Recoveries of PCB spikes of sunfish 
cornpasite sample analyzed by capillary column GC were 127% for PCB-1248 and 95% 
For PCB 1260. 

Standad reference fish known to contain PCBs were analyzed along with KCP 
samples in the packed column analyses. The reference fish, International Atomic Energy 
Agency MA-A-2 (fish flesh homogenate), kad a correct value of 7.0 k 2.8 pg/g (PCB- 
6254 -+ PCB-1260, mean rt SE), determined from analyses by multiple intermtional 
laboratories. Results of analysis by the ORNL Lib averaged 8.1 rt 0.6 ps/s (mean rt: SE, 
n = 6) .  

The varhbility among duplicate packed column analyses was somewhat disappointing 
(‘Fable B-2), with the mean absolute difference among duplicates averaging 0.17 3- 0.15 
pg/g (mean k SD, n = 9)- Wide variation was observed in several pairs of samples, while 
others agreed well. Catfish samples (5650,0565), which contained substantially higher 
PGB levels, and thus proportionately less possible interferences, agreed closely. A1 though 
0.17 pg/g is not an extreme degree of variability, it does impede the ability to discern 
differences among sites when overall PCB concentrations are low, as they are in this case. 

Results of analyses offish from a site known to be uncontaminated (Hinds Creek) 
were typical of those seen over severral years of rourine monitoring (Table B-3). While 
very low, obviously a non zero background level of PCBs is reported in the analyses. 

’Fable A-1. Percent recovery of PCff standards spiked into samples of 
uncontaminated (Hinds Creek) fish 

S3l11ple PCB- 1254/1248‘ PCB-1260 CPCn 

92 
116 
81 

109 
101 

93 
82 
95 
82 

112 

102 89 
102 115 
85 84 

92 
99 
88 
95 

106 

95 
108 
84 

Mean s4 SD 9 9 2  12 94k 13 96&8 

Sunfish (composite) 127 95 111 

Packed column samples were spiked with PCB-1254 and PCB- 1260, while 
capillary colunin samples were spiked with PCB-1248 and PCB-1260. 
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Table '4-2. Results of blind analyses of duplicate samples by packed 
column gas chromatography 

-~ ~~ ______ 

Duplicate Pairs PCB - 1248 PCB-1254 PCB- 1260 c PCB 

5661 0.03 
1665 0.08 

0.02 
0.08 

0.0 1 
0.07 

0.06 
0.23 

5690 0.02 
0965 CO.01 

0.37 
<0.01 

0.07 
<0.01 

0.46 
c0.01 

5393 CO.01 
3935 CO.01 

0.02 
<0.01 

0.0 1 
<0.01 

0.03 
<o.o 1 

5686 <0.01 
6865 <0.01 

0.02 
<0.01 

0.0 1 
<o.o 1 

0.03 
<0.01 

5677 <0.01 
7765 0.02 

0.0 1 
0.10 

<o.o 1 
0.06 

0.01 
0.18 

5900 0.0 1 
0095 0.20 

0.05 
0.07 

0.02 
0.0 1 

0.08 
0.28 

592 1 <0.01 
1295 CO.01 

0.0 1 
0.06 

<0.01 
0.02 

0.01 
0.08 

5926 0.12 
6295 CO.01 

0.25 
0.01 

0.02 
0.0 1 

0.39 
0.02 

5650 0.28 
0565 0.2s 

1.01 
0.95 

0.03 
0.06 

1.32 
1.26 

0.10 k 0.12 Mean Difference f SD 0.05 rh 0.06 0.03 -t- 0.03 0.17 k 0.15 

Table A-3. PCB concentrations (ZPCn) in Hinds Creek reference site fish 

Type of GC Analysis Species 

Capillary column 

Packed column 

CXP 

S un fi sh 

0.04a 

<0.02 
<0.04a 

Carp 

Sunfish 

0.02, 0.06 

0.04 f. 0.05b 

a Hinds Creek samples from a different study analyzcd on the same day. 
b mean k SD. n = 7. 
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Appendix B 

DETAILED RESULTS OF YCB ANALYSES 
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TABLE 13-1- ~ # ~ ~ ~ ~ ~ t ~ ~ t ~ ~ ~ i s  of PCBs and other data €or sunfish and channel catfish from sites in the Blue River 
(BLK), Indian Creek (ICK), and Boone Creek (BOK) receiving outfall 001 at the Kansas City Plant 

Sire Distances Dat& Specie$ S e d  Tag 110. Weight (E) Length (cm) CPCB" 1248e 1254e 126w 

0.08 0.01 0.05 0.02. 1CK3.O 3.0 04/06/91 GRSFSH M 5900 109.4 16.8 
ICK3.O 
XCK'S.0 
ICK3 .0 
IGK3 .0 
lCK3.0 
ICK3 .0 
ICR? .o 

ICK 1 .O 
33 iCKl .O 
<h ZCKl.0 

ICK 1 .0 
1CK 1 .0 
IGK1 .o 
ICK1 .O 
ICKl .O 

ICK0.2 
ICKO.2 
iCK0.2 
IGK0.2 
ICK0.2 
ICK0.2 
ICK0.2 
ICK0.2 

3 .o 
3 .o 
3.0 
3.0 
3.0 
3.0 
3 .O 

1 .o 
I .O 
I .o 
1 .o 
s .0 
1 .0 
1 .o 
1 .0 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/%/91 
04/06/9 1 

04/04/9 1 
04/o4/9 1 
04/04/9 1 
04104/9 I 
04104f9 1 
04/04/9 1 
04/04/ 9 1 
04/04/9 1 

04/03/9 1 
0410419 1 
04/04/9 1 
0410419 1 
0410419 S 
04/03/9 1 
04/u4/9 I 
04/04/9 1 

GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
G R SF S If 
GRSFSH 

GRSFSH 
GRSFSH 
GRSFSH 
GRSFSW 
CKSFSH 
GRSFSH 
GRSFSH 
GRSFSH 

GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSW 
GRSFSH 
GRSFSH 

F 
r; 
M 
h4 
M 
;liI 
F 

M 
M 
F 
F 
F 
M 
M 
F 

F 
F 
F 
M 
F 
hl 
F 
F 

5901 
5902 
5903 
5904 
5905 
5906 
5907 

5690 
5691 
5692 
5693 
5694 
5695 
5696 
5697 

5660 
5661 
5662 
5663 
5664 
5665 
5666 
5667 

64.8 
52.6 
97*5 
48.3 
71.9 
81.6 
44.1 

76.5 
69.2 
55.6 
78.2 
50.1 
42.0 
40.5 
36.7 

59.0 
67.6 
62.7 
49.4 
55.2 
52.1 
69.9 
34.1 

13.7 
14.0 
15.9 
12.8 
15.4 
15,l 
12.6 

15.4 
14.5 
13.3 
15.4 
12.9 
12.8 
12.2 
11.9 

14.5 
14.9 
14.6 
14.2 
14.6 
13.6 
15.3 
12.2 

0.0 1 
0.2 1 
0.32 
0.04 
0.12 
0.03 
0.04 

0.46 
co.01 

0.06 
0.01 
0.33 
0.11 
0.12 
0.03 

0.15 
0.06 
0.17 
0.15 

<0.01 
<0.0 1 

0.15 
0.07 

<0.01 
0.0 1 
0.13 

<0.01 
<0.01 

0.01 
<0.01 

0.02 
<0,01 
CO.01 
<o. 0 1 

0.02 
<0.01 
<0. 0 1 
<o.o 1 

0.03 
0.03 

<0.01 
0.09 

<0.01 
€0.01 

0.03 
0.03 

0.0 1 
0.20 
0.19 
0.04 
0.09 

d . 0 1  
0.0 1 

0.37 
<0.01 

0.04 
<o.o 1 

0.15 
0.07 
0.08 
0.03 

0.09 
0.0 1 
0.12 
0.04 

<OBI 
<o.o 1 

0.09 
0-03 

. .~ 

<0.0 1 
<0.01 
<o.o 1 
<0*01 

0.03 
0.02 
0.03 

0.07 
<0,0 1 
0.02 
0.01 
0.16 
0.134 
0.04 

<0.01 

0.03 
0.02 
0.05 
0.02 

<0,0 1 
<0.01 

0.03 
0.01 



Site Distance" D a d  SpeciesC S e d  Tag no. Weight (gj Length (cm) CPCBe 1248e 1254e 126W 

BLK3 1 
BLK3 1 
BLK3 1 
BLK3 1 
BLK3 1 
BLK3 1 
BLK3 1 
BLK3 1 

BLK27 
BLK27 
BLK27 
BLK27 
BLK27 
BLK27 
BLK27 
BLK27 

BLK26 
BLK26 
BLK26 
BLK26 
BLK26 
BLK26 
BLR26 
BLK26 

tE 

31 
31 
31 
31 
31 
31 
31 
31 

27 
27 
27 
27 
27 
27 
27 
27 

26 
26 
26 
26 
26 
26 
26 
26 

04/06/9 I 
04/06/9 1 
O4/06//9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04106/9 1 
04/06/9 1 

0410419 1 
04/04/9 1 
04/04/9 1 
04/04/9 1 
04/04/9 1 
04/04/9 1 
04/04/9 1 
04/04/9 1 

O4/05/9 1 
04/05/9 1 
04/05/9 1 
04/0519 1 
04/05/9 1 
0410519 1 
04/05/9 1 
04/05/9 1 

GRSFSH 
GRSFSH 
CRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 

GRSFSH 
GRSFSH 
GRSFSM 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSW 
GRSFSH 

GRSFSH 
CRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 

M 
F 
F 
M 
F 
F 
M 
M 

A4 
F 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 

5670 
567 1 
5672 
5673 
5674 
5675 
5676 
5677 

5390 
5391 
5392 
5393 
5394 
5395 
5396 
5397 

5680 
5681 
5682 
5683 
5684 
5685 
5686 
5687 

89.1 
44.7 
44.8 
84.9 
54.0 
63.6 
73.3 

102.5 

88.6 
54.6 
47.6 
98.9 
41.5 
46.3 
40.5 
46.6 

53.5 
54.6 

142.6 
48.2 
92.5 
83.2 
41.7 
50.0 

16.5 
13.6 
13.6 
16.7 
13.9 
14.5 
15.8 
17.1 

16.9 
14.2 
13.6 
17.0 
13.2 
13.8 
13.9 
13.3 

14.8 
14.8 
17.3 
15.3 
16.0 
15.2 
15.6 
13.6 

0.0 1 
0.03 
0.03 

<o.o 1 
0.02 

<o.o 1 
0.07 
0.02 

0.06 
0.26 
0.03 
0.03 
0.10 
0.18 
0.49 
0.03 

0.06 
0.02 

co.01 
0.10 
0.01 
0.03 
0.03 
0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
4 . 0 1  

0.02 
4 . 0 1  

0.01 
0.08 

co.01 
4 . 0 1  

0.01 
CO.01 

0.20 
<0.01 

co.0 1 
co.01 
<0.01 

0.03 
<0.01 
<0.01 
<0.01 
<0.01 

0.01 
0.02 
0.03 

<o.o 1 
<0.0 1 
<o.o 1 

0.05 
0.02 

0.05 
0.14 
0.02 
0.02 
0.07 
0.18 
0.26 
0.02 

0.05 
0.01 

4 . 0  1 
0.06 
0.0 1 
0.02 
0.02 
0.0 1 

4 . 0  1 
0.01 

~ 0 . 0  1 
<0.0 1 

0.02 
c0.01 
4 . 0 1  
<0.01 

<0.01 
0.04 
0.01 
0.01 
0.02 
0.01 
0.03 
0.01 

0.01 
0.0 1 

<0.01 
0.01 

<0.01 
0.01 
0.01 

<(>. 0 1 



TABLE B - l  (continued). 

Site Distances Datd7 SpeciesC Sexd Tag no. Weight (g) Length (cm) CPCBe 1248e 1254e 12SOe 

BLK21 21 
BLK21 21 
BLK21 21 
BLK21 21 
BLK21 21 
BLK21 21 
BLK21 21 
BLK21 21 

BCK0.2 0.2 

& BCKO.2 0.2 
BCK0.2 0.2 
BCK0.2 0.2 
BCK0.2 0.2 
BCKO.2 0.2 
BCK0.2 0.2 

BCK0.2 0.2 

mnds Creekf 
Hinds Creekf 
Hinds Creekf 
Hinds Creekf 
It-Tinds Creed 
Hinds Creekf 
Hinds Creekf 

04/06/9 1 
04/06/9 1 
04/U6/9 1 
O4/O6/!3 1 
04/06/9 1 
04/06/9 1 
04/05/9 1 
04/05/9 1 

04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 

04/16/91 
04/16/91 
04/16/ 9 1 
04/16/91 
04/16/91 
04/16/91 
04/16/91 

GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 
GRSFSH 

GRSFSH 
GRSFSH 
GRSFSH 
BLUGIL 
BLUGIL 
BLUGlL 
BLUGIL 
BLUGU, 

REDBRE 
REDBRE 
REDBRE 
REDBRE 
REDBRE 
REDBRE 
REDBRE 

rvf 
M 
F 
F 
M 
M 
F 
F 

M 
M 
M 
M 
M 
F 
F 
F 

M 
F 
M 
F 
M 
F. 
M 

5920 
5921 
5922 
5923 
5924 
5925 
5628 
5629 

5926 
5927 
5928 
5929 
5656 
5657 
5658 
5659 

5648 
5678 
5918 
5919 
5 649 
5908 
5912 

74.3 
70.3 
40.1 
49.5 
50.3 
58.2 
37.9 
61.8 

101.8 
34.3 
18.0 
46.9 
41.9 
39.1 
30,l 
23.7 

68.3 
53.0 
40.5 
42.9 
74.1 
44.6 
66.2 

15.0 
15.5 
13.4 
13.5 
13.0 
14.1 
12.1 
14.3 

15.9 
11.9 
9.8 

13.0 
12.3 
12.1 
11.3 
10.8 

15.5 
14.0 
12.8 
12.8 
15.5 
13.0 
14.4 

0.03 
0.0 1 
0.13 
1.20 
0.24 
0.03 
0.02 
0.10 

0.39 
0.14 
0.06 
0.02 
0.5 1 
0.2 1 
0.2 1 
0.03 

<u.o1 
0.04 
0.0 1 
0.17 

<o.o 1 
0.02 
0.02 

co.01 
co.0 1 

0,05 
0.55 
0.04 

<0.01 
<0.01 
co.01 

0.12 
<0.01 
<o.o 1 
<0.01 

0.02 
0.08 
0.10 

<0.01 

<0.01 
0.02 
0.01 
0.01 

<0.01 
0.01 

<O.0 1 

0.03 
0.0 1 
0 .08 
0.65 
0.20 
0.03 
0.02 
0.10 

0.25 
0.14 
0.04 
0.0 1 
0.49 
0.12 
0.11 
0.03 

4.01 
0.02 

CO.0 1 
0.16 

<0'01 
0.01 
0.02 

<0.01 
<0*01 
c0.01 
50.01 
<0.01 
<0.01 
<0.01 
<0.01 

0.02 
<0.01 

0.02 
0.01 

<0.01 
0.0 1 
0.0 1 

4 . 0  1 

<0.01 
<o.o 1 
4 . 0 1  
<O.O 1 
<0.01 
<0.01 
a . 0 1  



TABLE B-1 (continued). 
~~ ~ 

site Distances Dateb Specie$ Sexd Tag no. Weight (g) Length (cm) CPCBe 1248e 1254e 126W 

BLK31 31 
BLM31 31 
BLK31 31 
BLK31 31 
BLK31 31 
BLK31 31 

04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 
04/06/9 1 

CW.CAT 
CH. CAT 
CH. CAT 
CH.CAT 
CH.CAT 
CH.CAT 

F 
M 
M 
M 
F 
M 

5650 
565 1 
5652 
5653 
5654 
5655 

1320 
510 
930 
740 
690 
550 

49.4 
36.5 
43.8 
40.4 
42.3 
38.8 

1.32 
0.40 
0.28 
0.72 
1.44 
0.52 

0.25 
<0.01 
<0.01 

0.04 
0.04 

4 . 0  1 

1.01 
0.40 
0.27 
0.68 
1.40 
0.52 

0.03 
c0.01 

0.01 
<o.oa 
4 . 0 1  
<0.01 

0.17 
0.12 
0.19 
0.15 
0.13 
0.16 

0.78 
0.72 
0.69 
0.90 
0.77 
0.43 

4 . 0 1  
0.02 
0.22 

d . 0  1 
<0.01 

0.05 

BLK25 25 
BLK25 25 
BLK25 25 
BLK25 25 

BLK25 26 

b2 & BLK25 26 

04/05/9 1 
04/05/9 1 
04/05/9 1 
04/05/9 1 
04/05/9 1 
04/05/9 1 

CH.CAT 
CH.CAT 
CH.CAT 
CH.CAT 
CH. CAT 
CH.CAT 

M 
M 
M 
M 
F 
M 

5698 
5699 
5398 
5399 
5688 
5689 

550 
610 
860 
690 
860 
740 

40.3 
39.9 
46.0 
41.5 
45.5 
43.5 

0.95 
0.85 
1.10 
1.05 
0.90 
0.64 

Minds Creed 
Hinds Creekf 

0.02 
0.06 

4 . 0  1 
0.01 

<o.o 1 
4 . 0 1  

0.02 
0.05 

1 1/14/90 
11/14/90 

COCARP 
COCARP 

M 
M 

5790 
579 1 

1794 
1702 

50.3 
52.4 

a Distance (kmj from mouth of stream. 
b Date sample was collected. 
C Species: CKSFSH-green sunfish (Lepornis cyanellus); BLUGIL-bluegill (Lepomis macrochirus); REDBRE-redbreast 

d SEX: M = male; F = female. 
e CPCS = Sum of concentrations of PCB-1248, PCB-1254, and PCB-1260; PCB-1248 (Aroclor 1248) in fish axial muscle, pa/g 

sunfish (Lepornis auritia); CH.CAT-channe1 catfish (lcfalurus ~ M ~ c ~ Q ~ M Y ) ;  CQCAW-carp (Cyprinus carpio). 

wet weight; PCB-1254 (Aroclor 1254) in fish axial muscle, pg/g wet weight; PCB-1260 (Aroclor 1260) in fish axial muscle,yglg wet 
weight. 

J' Hinds Creek reference site in Anderson County, Tennessee. 



Appendix C 

REPORT OF NEGATIVE ION CHEMICAL IONIZATION MASS 
SPECTROMETRY QF BLUE RIVER CATFISH SAMPLES 
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iterr lal Correspondence 
MARTIN MARIEWA ENERGY SYSTEMS. INC. 

August 5,1991 

M. P. Maskarinec 

GC,&f!3 analysis of two artracts generated Erom sample 910619-065, and 910619-066 (catfish) 

Summarv QE ex_nerim ents: 

Aliquot of the extracts generated from samples 91M19-065 and 910619-066 was evaporated to 

approximately 1/10 of its original volume and subjected to GCMS analysis. ?'he analysis was 
performed on a Hewlett-Packard 5895 GC/MS in negative ion chemical ionization (NICT) mode. A 
capillary DB-5 column (30 m x 0.25 mm ID, 0.25 urn film tbichess) WBS used with a two-stage 

temperature program as the following: oven temperature was-(1) held at 130°C for 1 min, then 

increased to 1W0C at ?C/rnin; (2) increased to 25@C at Z0C/min, and held for 18 min, Both injector 

and transfer h e  temperatures were set at 29&. The split/splitless injection port was held in splitless 

mode for 1 min after injection. NICI spectral analysis of eluate was carried out with methane as 
reagent gas. The flow rate of  methane was regulated to maintain a source pressure of 0.45 ton. The 
electron energy was set at 200 eV, the emission current at 300 ua. and the source temperature at 

loooe. 

Summaw of findines: 

As requested, results obtained from GC/NICI analysis was used to confirm the presence of 

poIychlorinated biphenyls (PCB) in both extracts. Since PCB components were found at a trace level 

and often obscured by many overly abundant non-PCB components, the selective ion display was used 

to detect the PCB components. Furthermore, because multiple PCB components were detected in 
the extracts, the extracts may contain Ar~lors. To c o h  this, the selective ion display was used 

again to measure the ion abundances oE the prominent ions in the chlorine clusters for eight PCB 
homologs (C12-C&) within the PGB retention time window. Using these ion abundance 

measurements, classification of Aroclor was carried out by a computer program "AROCLASS.BAS" 
developed in this section. Results conf"lmed that both extracts contain Aroclor 1248 (see the: 

foilowing table). 

cc: M. V. Buchanan 
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Aroclor Class 

910619-065 
1248 

1232 

1254 

1221 

1242 

1260 
1262 

910819- 
12 
1532 

1221 

1242 

1254 

1260 

1262 

Linear Discriminant Function 

187 

170 

165 

164 

164 

153 

69 

181 

176 

171 

168 

162 

159 

62 

Probability 

0. 
0. 

0 
0 
0 

0 
0 

c- ‘1 
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Appendix D 

Details of the methods used for samde handling 

The ice chest contains 9 color-coded 2-L poly bottles, 33 color-coded glass bottles, Serum stoppers and aluminum seals, 
a crimping tool to Seal the glass bottles, a roll of duct tape, data sheets, and a ZpLock bag. There are two extra non- 
labelled glass bottles, as well. 

1. First, please note that all of the bottles are color coded (except the two extra glass bottles). Make sure that they 
are  sorted by these codes, such that each color code is associated with only one water-type (e.g., well X = red, well U 
= blue, and Outfall = yellow). 'The three data sheets arc c o l o r d e d ,  as well, one per bottle set. 

2. For each water type, first fill three poly botlles of the Same color code as the glass bottles and cap them tightly. 
Then fill each of the 11 glass bottles with freshly collected sample. Fach glass bottle should be filled to overflowing, 
then capped and sealed immediately as it is filled. To do this, place two of the teflon/rubber discs, blue side towards 
the water sample, directly upon the bottle's mouth so as to exclude air bubbles. (Two are needed to ensure enough 
thickness so that the aluminum seal snugs the disks quite firmly against the glitss!) Immediately place an aluminum 
seal over the discs and bottle's top, and crimp the seal with the tool. You can pradice aimping a seal or two 01) ooe 
of tbe bottles before you do the first am@, if you like - thcre's a couple of spare boutes, discs and aluminum seals 
la allow that! If the bottle has been properly sealed, no bubbles should be present in the sample. Take particular 
care to  minimize exposure of the watcr to the air as the sample is collected and poured into the glass serum bottles, 
please! 

3. A record must be kept of the source of water in each color-coded set of bottles. The time of sample collection, 
and the name of the person collecting the sample should also he noted on the appropriate data sheet. 

4. The bottled samples (3 poly plus 11 glass fur each watcr type) should be placed in the ice chest. Sprinkle 5 Ib of 
ice in, around, and upon the samples; seal the three conipleted data sheets in the enclosed Z i p h k  bag and enclose 
the sheets in the chest, too, along with the crimper tool and any miscellaneous extra items (e.g., aluminum seals, discs, 
duct tape, etc.) that were sent there. Then tape the chest shut and ship it (e.g., Federal &press or overnight mail). 
Thanks! 

Ship to: 

A'TTENTION: Linda F. Wicker (6-8519) 

Environmental Sciences Division 
Oak Ridge National Laboratory 
PO Box 2008 
Oak Ridge, T N  37831-6351 

ogy Laboratory, Bldg 1504, room 12 



( S M U )  KANSAS CITY PLANT TOXICITY TESTS (ground/strearn water samples) 

RED-CODED SAMPLES: 

Collection date: Time of day: 

Person collecting: 

Sample description (e.g., well numberbocation, outfall number, etc.): 

Any problems? 

Information below to be filled in 
by toxicology laboratory personnel 

Received by: Logged in registered book: PP - 
Reception date: Time: 

Sample teniperature upon reception: 

Any problems? 
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