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the U.S. Environmental Protection 
Agency and the Tennessee Department oT 
Environment and Conservation ( b a r  et  al. 

Ian, referred to as the 

Oak Ridge K-25 Site ~ i o ~ o ~ c a ~  M,.ranitoring 
and Abatement ~ r 5 ~ a ~  (BMAF), 
~~~r~~~ b ~ o ~ o ~ ~ o r ~ ~ ~  activities that 
would be conducted over the duration of 
the permit. 

This document is the second in a series 
resenting the results of the 

for the Oak Ridge 

covered by each task or subtask varied, 
depending on when the task was initiated 
and the time needed for sample analysis 
and data review. These reports also 
address any signiticant modifications in the 
scope of work outlined in b a r  e t  a!. 
(1992a). 
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As a condition of the modified 
National Pollutant Discharge Elimination 
System (NPDES) permit issued to the 
Oak Ridge Gaseous Diffusion Plant 
(ORCDP; now referred to as the 
Oak Ridge K-25 Site) on September Id, 
1986, a Biological Monitoring and Abate- 
ment Program ( B W )  was developed for 
the receiving stream (Mitchell Branch or 
K-17Oa stream). Ttae objectives of B 
are to (I) demonstrate that the effluent 
limitations established €or the Oak Ridge 
K-25 Site protect and maintain the use of 

itchell Branch for growth and propaga- 
n of €ish and other aquatic life and 

(2) document the effects on stream biota 
resulting from operation of major new 
pollution abatement facilities, including 
the Central Neutralization Facility (CNF) 
and the Toxic Substances Control Act 
(TSCA) incinerator. The B W  consists 
of four tasks: (1) ambient tolricity testing; 
(2) bioaccumulation studies; (3) biological 
indicator studies; and (4) emlogical surveys 
of stream communities, including benthic 

acroinvertebrates and fish. 'This docu- 
ment is the second in a series of reports 
on the results of the Oak Ridge K-25 Site 

; it describes studies that were 
conducted over various periods of time 
between August 1987 and June 1990. 

und 
itchcll Branch is a small stream that 

originates near the northeast boundary of 
the Oak Ridge K-25 Site; it flows only 
1.5 km from its headwaters to  its mouth at 
Poplar Creek kicilorneter 7,O. The water 
quality of Mitchell Branch is influenced by 
the geology of the drainage basin, effluents 

e stream via storm drains and 

Y 
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the K-1407-EF nds, leachate from waste 
disposal sites, a mediation projects. 
The water quality of lower Mitchell Branch 
was characterized by (1) moderate levels 
of dissolved solids and occasionally high 
turbidity; (2) low concentrations of 
nitrogen relative to coneentrations of 
phosphorus; (3) elevated levels of many 
metals and some organics; and (4) elevated 

peratures. The geology of Mitchell 
anch watershed contributes to periods 

of no Row in its upper reaches, whereas 
flow in its lower reaches is augmented by 
as much as 31% by discharges from the 
Oak Ridge K-25 Site. Samples for BMAP 
were routinely collected frum eight primary 
sites in Mitchell Branch. Tfie toxicity 
monitoring and c o ~ r n ~ ~ ~ t y  studies included 
at least five of the primary sites; four of 
the eight sites were common among all 
tasks. The site farthest upstream served as 
an undisturbed reference; the remaining 
sites were selected to coincide with the 
ambient NPDES monitoring station 'or to 
bracket known areas or sources of ecologi- 
cal disturbance. Additional reference sites 
on nearby streams were used for some 
tasks, depending on the specific objectives 
of the task. 

Toxicity Testing 
The bimonthly evaluation of the toxi- 

city of the discharges from the K-1407-€3 
pond initiated in October 1986 continued 
through April 1988. F ~ l l o ~ i n g  closure of  
the K-140743 pond in October 1988, tcst- 
ing of the effluents €rom the K-1407-E/p; 
ponds was initiated and continued bi- 
monthly through June 1 
water from the K-14074 basin was tested 
for toxicily at bimonthly intervds from 



GT 1988 through June 195%. Thc 
cffltluewi f rox  storm drain (SD) 170 WES 

evaluetd foi toxicity eight times, and the 
toxicity of effluents from SDs 180 and 199 
was evaluated six times each between July 

effluents (grab samples) was determined by 
7-d siatic-renewal tests that nicaszarcd 
suwival arid growth ef fathead minnow 
(lDimephalt?s prorneIas) larvae and survival. 
and repr~dawtiow of a microcrustacean 

were similar for the K-140’7-B pond, the 
K-147-EiF ponds, and the K-1487-9 basin. 
Effluents from tkese basinslponda were 
either ncve; toxic (#-1407’-Ei%; ponds) or 
rarely toxic (K-140743 pond and R-1407-J 
basin) to fathead minnows but were nearly 
always toxic to Ce~daphn ia ,  The toxicity 
of the effluents from the K-1407-E/P: 
ponds appeared to ke linked to consti- 
tuents that cause high hardiness and 
conductivity levels, whereas the toxicity 

t from the M-14074 hash  
appcared to be relatcd, in part, to elevated 
concentrations of sdium, chloride, and 

always toxic to Cbio&zphni/m and frequently 
toxic to fathead minnows. Similarly, the 
effluent from SU 190 was almost always 
toxic to Cerioduphnire and occasionally 
toxic to fathex! ininnova, whereas the 
efflwnt from SD 180 w2s ocmsinnallly toxic 
to both spccies. Dechlorination did not 
always reriiove toxic comporients fiom the 
storm drains, suggcsting that toxic consti- 
tuents other than chlorine WEB: sometimes 
prescni 

The ambient (instrcam) toxicity ai six 
sites in Mitchell R r a ~ c h  was cvalriated 
bimonthly from January 1987 through July 
1993 by using the same testing protocols 
that were used to evaluate the toxicity of 
poiw:-snswcc discharges. Wlzte~ from the 
two siics farthest aptream in Mitehe:: 
Branch [Mitclael! Branch M n ~ e t e r s  
(MIK5) 1.43 aiid 1.01 adversely affected 

198s and May 1m. ‘13e toxicity of the 

(~€T&&@F3&2 dUbibl), TOXkity pattWAS 

sulfate. The e f f l ~ ~ n t  from SD 170 WEIS 

fathcad minnsw but not Ce&daphnia. 
Bwawe there were: cn obvious sources of 
toxicants at either of these sitess, n bacterial 
or fungal fish pathogen may have been 
itivslved, Water from MIK 0.71 down- 

densce of acute toxicity to both species 
through 1988, Hn 1989 and 1990, the 
incidence of acute toxicity at thesc sites 
declined, Water from MYK 0.1 2 was never 
acutely toxic to fathead minnows bast was 
acutely toxic to Ce3-F”odapBaszia in many tests 

Chronic toxicity to fathead min~lows was 
evident only in water from MIK 0.54, 
avhercas chronic toxicity was detected in 
Ceridaphnia in water frum MI& 0.71, 
0.54, and 0.12. Evklerace to date suggests 
that chlorine appears to be the prirnany 
toxicant contributing to the acute toxicity 
of water from sonic sites. Chronic toxicity 
may @e causcd by !ow Ievels of total 
residual chlorine from the storin drains, 
constituents released ~KHTI the K-1407-EF 
ponds, and/or iinidentified area. source 
contamination. 

stream to MIM 0.45 S~OWCX! strong eG- 

co*ducted from 19s7 through 1989. 

~~~~~~~1~~~~~~~~~ Stnudia 
Results of marltoring polychlorinated 

biphenyl (PCB) accumulation in aquatic 
biota in Mitchcll Branch and downstream 
aquatic systems from 1987 through 890 
continued to show that MitchclE Rranch 
was clearly a source of PCB contaminaiiow 
to its biota during this period. PCB 
monitoring also suggested that Mi tchd  
Branch may be a significant source of PCB 
contaminaiioii to lower Poplar Creek, 
Soinc fish in Mitchell Branch contained 
PCB cancentrations in C X C ~ S S  of thc 2 j&g 
1J.S. Department of Agriculture Food and 
Drug Administration (FDA) action limit 
(FDA\ 1984a), and accumulaticn of PCBs 
in caged Asiatic clams (Corbicup’a ,fluminen) 
was also substantial. Significant PCB 
contamination was also evident in some 
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species of fiih collected from Poplar @seck 
a short ~ ~ s ~ a n ~ e  d ~ ~ s ~ r ~ a ~  of ~~t~~~~~ 
Branch. However, the significance of 
Mitchell Branch as a source of BCBs in 
Poplar Creek and the Clinch River arm of 
Watts Bar Reservoir cannot yet be 
determind. Except for slightly elevated 
cancentrations of 
hydracarhns in clam, no elevated 
concentrations of 
were ~ o s ~ t ~ v e ~ ~  i 

~ ~ ~ ~ t r a t ~ ~ n s  in Mitchell 
ntinue to exceed ~ ~ c ~ ~ ~ o u ~ ~  
levels were not higher than 
(FDA 19MR) and were 
egree of c o ~ ~ a ~ ~ n a t i ~ ~ n  

found in fish in nearby Poplar Cr 
Thus, the significance of Mitchel 
as a source of mercury to its biota, and to 
the biota of downstream aquatic systems, 
was inconclusive. Concentrations of other 
metals were not elevated in fish from 
Mitchell Branch. 

Population and Clommunity S 
Studies of fish and benthic inverte- 

to show that thc biota in 
d o ~ ~ ~ r e a ~  of SD 970 

are severely affected by o ~ ~ r a t i ~ ~ n ~  at the 
Oak Ridge K-25 Site. Furthermore, results 
from benthic invertebrate studics showed 
evidence of  ~ u b s ~ a n ~ i ~ ~  impact at the two 

upstream of SI4 170. The benthic inverte- 
brate c o ~ m ~ n i t ~  was strongly stressed at 

IK 0.71, whereas minor improvements 
were evident further downstream. 
from anibient t~x ic i ty  tests, analysc 
structure and ccampositican of the benthic 

a ~ r ~ ~ n v c ~ ~ ~ ~ r ~ ~ ~  community? and the 
nce of fish in lower Mitchell Branch 
est that the biota near SDs 170, 180, 

were influenced primarily by 
releases ~f m e  or more taxicants 

such as chlorine. The lack of t ~ ~ c ~ ~  to 
C e ~ ~ ~ ~ ~ ~ ~  in ambient tests of water 
from MIK 1.10, plus the congregation of 
fish upstream of all major discharges, 
suggests that the impact observed in the 

ic invertebrate wrnrnunity at 
0.78 and 0.86 may he the result of 

a nontoxic stress (e.g,, s ~ l t a t i o ~  from 
~ n s t r ~ c t i ~ ~ ~  activities). 

The health of redbrcas 
(~~~~~~ ~~~~~ in lower 
was assessed by observing a suite of bio- 
chemical and p ~ y s ~ o ~ o ~ ~ ~ ~ l  parameters. 

cation enzyme ind d o n ,  (2) organ dys- 
function, (3) histo athology, (4) overall fish 
health and mnditi n, and (5)  nutritional 
status. Results from this study indicated 
that redbrcast sunfish appeared to be 
physiologic~l~~ stressed. Evidence suggest- 
ing exposure to toxicants and/or poor water 
quality included (I)  elcvation of a dctoxifi- 
cation enzyme, (2)  gill d ~ f u ~ c ~ ~ o n ,  and 
(3) evidence of  s ~ m e  liver im 
There was also evidence of indirect stress 
related to nutritional status; fish in 
Mitchell Branch generally had less food in 
their stomachs and intestines, and the level 
of serum triglycerides was !ow rclative to 
fish from reference sites. 

Future Studies 
esults of skudies conducted since 1986 

n with the Oak Ridge 98-25 
will be uscd to guide future 

monitoring efforts. Sampling sitcs and 
frequencies will remain the same far the 
effluent and ambient toxicity studies and 
benthic macroinvertebrate and fish studies, 
although the frequency of benthic 
invertebrate sample collection was reduced 
to quarterly after the second ycar of 
sampling (Le.? quarterly beginning August 
1988). ~ ~ ~ ~ ~ ~ c u ~ u l a t i ~ ~  studies wiln key on 



identifying the. source(s) of PCOs and the 
significarscc nf Mitchell Brarmcb as a SQMW 

of niercuq to its biota. Bioindicator 
studie? will eontime largely as bcfore but 
will also includc the evaluation of repro- 
ductive. competence of thz target species. 

Although routiine rnonitoring of 
Mltchnell Branch will continue, increasing 

and tasti~g of liypotheses on thc factors 
11 be placed on develop 

and mcchanisms contributing to the 
adverse conditions that k a x  been obsemed 
to date. Ultimately, the rate of recovery of 
the biotic communities, the elimination of 
toxicity in the middle reaches of Mitchell 

d the reduction of contaminant 
residues in biota of Mitchell Branch will all 
depend on accurate idcntificatioln of the 
causal factnr(s). 



1. 

J.  G. Smith 

stream or Mitchell Branch) was submitte 
for approval to the U S  ~ n ~ r ~ n ~ ~ n ~ a ~  
Froteetion Agency @PA) and the 
Tennessee Dcpart 
and Conservation 

cause it was anticipated that the 
mposition of several effluents 

would be altered shortly after the permit 
modifications were issued, the Oak Ridge 

otect and  la^^ the USC of 
Mitchell ~~~~~~ for growth and propaga- 

tive was to ~ ~ ~ C ~ ~ ~ ~ t  

@r aquatic life- A 

the effects on stream biota resulting from 

can also be evaluated by this monitoring 

abatement measures ar 
the next several yeam. 
aant inputs to the stream originate pri- 
marily as ~ ~ ~ ~ t - s ~ ~ r ~ ~ ~  fri-om existing plant 
operations, area or n o ~ - ~ o ~ ~ ~  sources such 
as the classified burial grounds cannot be 

task, biological ~n~~~~~~~~ studies, will use 
L nexded. These 

enclosures in the stream, 





2. D Y A  

Mitchell Branch is a srnail stream 
located near the northeast boundary of 
the Oak Ridge K-25 Site (Figs. 2.1 and 
2.2). The stream has a drainage area of 
6.78 km2 and is similar in size lo upper 
Grassy Creek 12-59 km2 at Grassy Greek 
kilometer (GCK) 2-41, a reference stream 
located about 2 km southeast of the 

Qak Ridge K-25 Site (Fig. 2.3). Mitchell 
Branch flows only 1.5 km from its 
headwaters to its mouth, where it drains 
into Poplar Creek about 150 m down- 
stream of the Blair Road bridge. The 
confluence of the two streams i s  about 
1.5 km below the mouth of East Fork 
Poplar Creck (EFPC) and 7 km above 

a cz 
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u 

METERS 

itchell Branch and a portion of the Oak Ridge K-25 Site showing the 
locations ob the biological monitoring sites (41 in relation to the storm drains 4x1 and 
the K-1407-8 pond, which closed after October 31, 1988. 
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Fig. 2.2. Map of Mitchell Branrh and a portion at the Oak Ridge K-2% Site showing the 
locations at biolagical monitoring sites (el in rela$ion ta s e k ~ t e d  storm drains ( A I  and 
the K - 1 4 W - E I F  ponds and the K-14074 basin; which replaced the K-1407-8 pond 
CX NOVa$T!$f?E 1, 1988. 

the confluence of Poplar Crcek with the 
Clinch Rivei (Fig. 2.3). 

Poplar Crcck, which lias a drainage 
area of 352 km2, origin2tes norilieast of 
Oliver Springs. Tennessee, on the. 

Cuinberland Plateau (Figs. 2.1 and 2.3). 
The general direction of streamflow of 
Poplar Creek is  sorathcasterly, entering 
the DOE Oak Ridge Reservation (ORR) 
north of the M-25 Site, and then flowing 
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ap of the Oak Ridge area showing locatians of the reference (controt] sites. 

for a distance of 10 km through the 
plant area before entering the Clinch 

(CRK) 19.3. EFE"C, a major tributary of 
Poplar Creek, originates from springs 
on the northwest slopc of Chestnut Ridge 
within the boundaries of  the Oak Ridge 
Y-12 Plant. Streamflow is controlled by 
Lake Rcality, a l.h)-ha settling pond 
located -1.5 km below the spring. The 
creek flows for -24 krn before joining the 
West Fork at Poplar Creek kilornetcr 
(PCK) 8.8. 

River kilometer 
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21.1 Mitchell Branch 

Mitchell Branch originates near the 
base of a small knoll southwest of 
McKinmy Ridge. Thc knoll is underlain 
by the Conasauga Group, which csnsists of 
a calcareous shale interbedded with thinncr 
layers of  limestone and siltstone (DOE 
1979). SLreams such as Mitchell Branch, 
which are underlain by shale and sand- 
stone, have a smaller low-flow dischargc 



and greater rangc in Raw than streams 
uinderlain by cakbonatc mcks such as f i o x  
Dolnrnite (McMaster 1967). 

PcFindc of iero discharge sometimes 
occur in psrticns of Mitchell Branch just 
upstream of thc BMAP sampling site at 
MitchcAF Branch kilomZt6.i (MIK) 0.86 
[S. 6;. Smith, Environn:en:tal Scieaace~ 
Division (ESD), Oak Ridge National 
Laboratmy (OWNL), personal obsewa- 
tion]. Periods of zero discharge are also 
characteristic of thc upper reaches of 
Melton Branch near ORNE (Tsar lm, 
Table 2.1), a small stream that is also 
undeiiain predominantly by shale and 
sandstofic (McMastcr 1967, Table lo). 

Discharges from the Oak Ridge K-2.5 
Site auginent the flow of Mitchell Branch 
downstream of MIK 61.78.. Once-through 
cooling water and process water account 
for about 21% arid 1096, respectively, of 
the strcamCow at NPDES monitoring 
station K-lXK on lower Mitchell Branch 
at M1K 0.12 (Kasten 1986). Surface rim- 
off probably accounts for most of the 
remaining flow (69%) (Masten 1986), 
although there is a minor cuntsikution 
from groundwater (Schcib 1387, Table 7). 
Based on these estimates, - 31% of the 
flow ifi !c)wp_i Mitchell Branch can be 
attributed io discharges from ths; 
Oak Ridge M-25 Site. However, in years 
of below-normal piecipitation and minimal 
runoff, such as in 1985-87, neaily 100% of 
the now in the stream roi.i!d be plant 
effluent. "Pile potential bet:efit to biota 
derivcd from increasing the minimum flow 
in the stream (Le., reduction in stream bed 
dewatcaing and habitat loss) could be offset 
by the adverse impacts of insufficient 
dilution of thcsc effluents. 

temporal variability in discharge volume 
compared with streams without flow 
augmentation (Table 2.1 1. 'fie variability 
in disshprge in Mitchell Branch was higher 
than in 3_',%;;nC at East kork Poplar Creek 
ki1oimk.n ( K K )  5.3, where tlow i s  

Mitchell Branch has a relatively low 

augmegted by -50% in dry years. The 
effect of flow augmentation may be 
bcneficiai to somi: biota. For example, 
Horowitz (1978) found that greater 
n u n ~ b c s  of fish species occurred in streams 
where flow was more constant. 

The menn annual flow (W) in 
Mitchell Branch decrcased by -25% in 
1986 and again in 1987 (Table 2.1). 
Placing the Oak Ridge K-25 Site on 
staadby status during this period reduced 
the idcascs of water from srt?all, once- 
through cooling systems by almost 50% 
(Kastcn 1986, Fig. 12). Because water 
from these systems accounts for less tinan 
25% of the flow in Mitchell B:anch, they 
probably cnntributed less to the reduction 
in stream discharge than the bdow-normal 
precipitation that occurred from 1985-88. 
Generally, streams with and without flow 
augmentation decreased in flow from 
1985-87 (Table 2.1). Even in 1985, which 
was used as a bascline for this comparison, 
the M M s  in Poplar Creek and EWC 
were only 42% and 79%, respectively, of 
the historical MAF (period of record: 
1960-$5) (Lowery et al. 1987). 

Although precipitation was bclow 
normal from 1?85--@4, the Mitchell Branch 
hydrograph in 1985 differed substantially 
from those for 1986-89 (Appendix A, 

variable in 1985 (Table 2. l), and there was 
no prolonged low-flow period, which was a 
dominant feature of the 1986-89 hydro- 
graphs. During a 5-month period from 
summer through early fall, mean monthly 
flows were below 450 and 350 L/min in 
1985 and 1987, respectively; for two 
consecutive months in both years, flows 
averaged less than 150 Urnin. In corn- 
patism, mean monthly flows in 1985 never 
fell below 500 Urnin and were never less 
than 700 L/min for more than 2 consecii- 
tive months. Also, the minimum daily flow 
in 1985 was almost an order of magnitude 
higher than the minimum flows in 1986, 
and 1987. Annual precipitation was 

Fig. AJ). flows were generally less 



k 21. 
be 

Without Wow a ~ g ~ e n ~ ~ ~ o ~  

Mitccbell East Fork Poplar Upper Melton Bear Creek 
Year Branch Creek (SFK 5.3) Branch (MEK 1.93) 

1985 16.7 (50.0) 1114 (33.8) a (1 

1987 9.6 (70.8) 998 (50.6) 40.2 (148.4) 111 (110.6) 

2%7 (25.5) NA 28.0 (187.1) 329 (145.8) 

19% 12.5 (81.5) 1011. (52.4) 10.5 (237.1) 107 (110.6) 

1988 23.1 (48.8) 9.1 (469.3) 92 (238.9) 

1985- 1986 -25.2 
1986-1987 -23.2 
1987-1988 1413.6 
1988- 1989 2.6 

-9.2 

-1.3 
9.2 

NA 

NA 
-2.9 

-10.8 
207.7 

NA 
3.7 

-17.2 

2-53.3 

*New USCS station; no record prior to April 1, 1985, for Melton Branch or before 

bValues based on 182 d of record; station was discontinued after June 30, 1988. 
Note: Values in parentheses are the coefficient of variation (CV) for the mean blow 

values. The mean and CV were computed from mean monthly values taken from monthly 
NPDES reports (Mitchell Branch at MIK 0.12). EFK = East Fork Poplar Creek kilometer; 
MIK = Mitchell Branch kilometer; GM = Bear Creek kilometer, 

Report No. U S G ~ ~ ~ ~ ~ - ~ ~ l 6 ,  W.S. Geological Survey, Nashville, Tennessee; 
Lowery, S. F., et al., 1987, Water Resources Data lor Tennessee, Water Year 1986, 

, U.S. Geologicaal Survey, Nashville, Tennessee; 
esourcm Datu for Tennessee, Wafer Year 19887, 
6, U.S. Geological Survey, Nashville, Tennessee; 

March 1, 1985 for Bear Creek. 

Sources: Lowery, 9. E, et al., 11986, Watpr Resources Data for Tennessee? W~ziter Wear 1985, 

rt No. USGSWRD 
ry, J. F., et a!., 198 

port No- U S G S M  
urces Data for Tennessee, Water Year 1988, Report 

-89/zSS, U.S. Geological Suivey, Nashville, ?Tennessee, and USGS 
~ r ~ ~ ~ s ~ o ~ ~ ~  discharge data [L. 89. Voorhees, QKNI,, Environmental Sciences Division (ESD), 
~ ~ ~ u b ~ ~ s h ~ ~  datd]. 

524.3 em in 19% and 467.7 em in 1989 

for the 1951-80 
increased mean 

The number of  days of zero discharge 
% and 120% of' normat, respectively, 

of record), which 
y flows in both 

ng this same period, flows fell 
Elmin only once (Scptcmber 

in upper Melton Branch also provides a 
relative measure of ecologically meaning- 
YuI differences in thc hydrographs o f  the 
past 3 years. For example, no 
recorded for 104 d in 1986, 172 d in 1987, 
and 141 days in 2988 (Tablc 2.2). More 1989). 



1985 1986 1987 19% 1989 

0 

10( 10) 
15(15) 
31(31) 
27(24) 

0 

0 

2@(12) 

0 

1 1(8) 
21(19) 
31(31) 

31(31) 

18(14) 

3(3(38) 

30(30) 

W! 
30(30) 
21(12) 
30(26) 
25(11) 
31(31) 

0 
3 w  

103 (49) 172( 155) 142(45) 

0 

0 

W )  
21(17) 

7(5) 
0 

0 

0 

29(17) 
.. . 

Sources: Pnwery, 3. F., el aL, 1986, Water Resources Data for Tennemee, Water Year 
198.5, Report No. USGS/TVRDMU-$S~15, US. Geological Survey, Nashville, Tennessee; 
Lowery, J. F., et al., 1987, W h r  Resources Data f ~ r  Temessee, Water Year 1985, 
Report No. 1JSGSlUIRD/HD-87/225, U.S. Geological Survey, Nashville, Tennessee; 
Lswery, J. F., et al., 1988, Water Resources Data f ~ r  Tennessee, Water Year 7987, 
Report No. IJSGSPNRD-HD-836, 1J.S. Geological Survey, Nashville, Tennessee; 
Lowery, J. F., et al., 1989, Water Resource5 Dam for Tennessee, Water Year 6988, 
Report No. USOS/WRD HD-891258, U.S. Geological Survey, Nashville, 'knnessec; 
bwrey, J. F,, et al., l m ,  Water Resources Data for Tennifssee, VJater Year l989, Report 
No. 1JSGSm-WD/iN-89-1, U.S. Geological Survey, Nashville, Tennessee, and USGS 
pravisionai discharge data [L. E). Voorhees, ORNL, Environmental Sciences Division 
(ESD), unpublished data]. 

important, the m~rnher of cnnsccutive days 
with aero discharge ir? 1987 ((155 d) 
excecdcd the number in 1986 and 1985 
by factors oE 3 and 2.5? respectively, rand 
h 19,% (113 d) by factors of 2 and 18 
resycctkly. These data indicate that 
m y  xlvcrsc ecological e€fects resulting 

grexter in 1987 becausc of below-normal 
precipitation that year and the previous 
year. T%asy thc first year G€ biological 
monitoring was. conducted over cxtrcrrie, 
and possibly wsisi case, ambient 
wnditiclm 

from reduced streaxiflow were also 

Poplar Cre& is the largest tributary 
of thc Clinch River between Melton Hill 
Dam and the nortlnwcst boundary of QRR. 
It has an average annual discharge that is 
approximately ten times greater than the 
combined discharges of other tributaries in 
this 21-krn reach of the river (Iaar et  al. 
1981). It flows from Poplar Creek Valley, 
which is u n d c r l a i ~  by the Conasauga shale, 
through a gap in Black Oak Ridge, which 
is iinderlain by the b o x  Formation, and 
enters the Clinch River southeast of the 



25 Site. With the exception 
le and si1 tsstone-sandstone 

members of the Rome Foundation 
adjacent to Route 58, southeast 01 the 
plant, most of the K-25 Site is underlain by 
Chickamauga Limestone (DOE 1979). 

plar Creek exhibits seasonal 
ions in discharge that, in general, 
precipitation and runoff patterns 

1 of this region of East Tennessee. 
mmum precipitation is in the winter 

( ~ ~ ~ ~ b e r - F e ~ ~ ~ a ~ ~ ~  when - 3 1% of the 
annual precipitation occurs, the wettest 

months being February and March ( N O M  
190). Maximum runoff is ahso likely to 
occur in January, February, or March, 
when rain- fall is normally hig 
moisture and groundwater storage are 
highest (McMaster 1%7). As shown in 
Fig. 2.4, the discharge in Poplar Creek was 
highest during the winter months and 
lowest in late summer, when r a ~ ~ f ~ ~ ~  is 
normally low and runoff is minimal. Water 
levels in Poplar Creek are also influenced 
by the operation of two Tennessee Valley 
Authority (TVA) dams: Melton Hill 

ORNL-DWG 94-6033 
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e m  monthly discharge in Poplar Creek. The value for June I989 is estimated. 
Source: J. F. Lowery et a!., 1987, Water Resources Data for Tennessee Water Year 
1986. Report No. USGS/WRD/HD-87/225, U.S. Geological Survey, Nashville, Tenn.; 
J. F. Lowery et a!., 1988, Water Resources Data for Tennessee Water Year 1987. 
Report No. USGS/WRD/HD-88/236, U.S. Geological Survey, Nashville, Tenn.; 
J. F. Lowery et ai., 1989, Water Resources Data for Tennessee Water Year 1988. 
Report No. USGSMIRDIHD-89/258, US. Geological Survey, Nashville, Tenn. 



at CRK 3'7.2 (enrnpkted ifi 196.3) and 
Watts Bar Dam heated at 'l'enmcsee Rwcr 
krlsmeter ('I'KK) 852 (cnmrleted in 19421, 
Dam spcrztims riot s d y  affect the 
magnitude asad frequency of water Icvd 
fluctuations, but they also influeacc stream 
vekxitks and flow direction in the lower 
rexhes of Popiar Creek. 

Water quality of Mitchell Hranch is 
influcnced not only by the geohgy of the 
drainage basin (Sect" 2.1) but also by 
(1) effluents that enter t h t  stream via the 
R-1407-EF ponds and storm drains, 
(2) leachate from waste disposal sites ( i c ,  
area-sourcc discharges), and (3) remedial 
action projects. The following character- 
izations of watcr quality arc preceded by 
general dssc~iptions of the sources of 
effluents disclmarged by the Oak Ridge 
K-25 Site. The characterizations of water 
qiiality art: based on data from NBDES 

effluent data from the K-1407-J basin 
(Sccct. 22-22), a i d  BMAP-related 
measuremezts of water temperatures 
(Sect, 22.3). Water quality, charactes- 
izatiow of Mitchel! Branch associated with 
toxkity testing are given i r n  Sect. 3.23.1. 

~ ~ 0 ~ i t o r i P r ~  station K-1700 (Sect. 2-2-21), 

Point-source discharges to Mitchell 
Branch from cuircat Oak  Ridge M-25 Site 
operations gcncrally fall into one of two 
categsrics: process water or storm drain 
efflznenhs. Prim :o October 1988, wastcs 
from the uranium rceovery facility, the 
roelals clemirng facility, the cheniicai 
pi-t~ess dcvclopnzeo,i faci!i:y, the steam 
plant, and the coal yard wcrc ncutralizcd 

in a 113,500 L vat prior to dischqa: iiito 
the K-1407--B pond. Metal hydroxides 
were allowed to settle to the bolloln OT the 
pond, and the supernatant was conveyed, 
via a 1.6-km long ditch, to Mitclaell Branch 

Closure of the K-1407-B pond began 
on October 31, 1988, under the Resource 
Consetvation and Rccovcry Act. 'The 
pond now reczives rainwater and surface 
run&, which is pumped to the CNF, for 
treatment bcfore being discharged to 
Poplar C3cek On November l9 1988, the 
K-1407-B pond was replaced with the 

M 1487-1 settling basiri (Figs. 2.2 and 

K-1407-E/F ponds a:ad the K-1407-?I basin 
discharged directly into Mitchell Branch 
through storm drains 170 and I80 
(SDs 170 and 180). Currently, effluernt 
from the K-1487-J basin is transferred via 
piycliwe to the 8QB area, where it is mkcd 
with Clinch River watcr, run through a 
series sf baffles, and discharged into 
Poplar Crcek 

pumped to the K-1407 J settling basin. 
'"pse CNF has two treatment modes, 

hazardous" atid "nonhazat-docs'. 
Included in the hazardous treatment nrode 
are effluents from the 'ECA incinerator. 
After treatment, hazardous wzste is 
pumped into the K-1487-J basin and then 
discharged. Nonhazardous treated 
efflucnts, such as coal pile runof€ and 
steam plant effluent, are treated in thc 
CNF and then discharged into the 
K-I407-E/F ponds (Fig. 2.5). 

bciriy discharged to Mitchell Branch is via 
the X-1487-EF ponds, two tnolding ponds 
constructed primarily for settling solids and 

ld; K-1407-F, volume = 132,008 L). The 
K-1407-E/F ponds receivc primarily caustic 
wastes from the steam plant water treat- 
ment process and coal yard runoff. The 

(Fig. 2.1). 

K-1487-E and K-1407-F ponds a d  the 

2.5). Prior to September 1; 1989, the 

Treated em1ent frsnn the CNF is 

Most of the process water currently 

PPI cont~ol (K-1407-E, volume 781,Q 
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K-I501 ACID DIKES 
AND AIR WASHERS 

BOILER BLOW DOWN 
K-1501 SOFTENERS 

mAL PlLE 

LAB WASTES ------. 
K-41401 WCL BAWRINGE 
K-1401 DIWEHSEY TANK 

~ -1413  prr 
. 

K-I405 THICKNI 
K-I 420 

NlCKEL STRIPPNG 
PLATING BATHS 

ACID PANS 
RINSE BATHS 

ACID BATHS 
CYLINDER CLEANING 

FLOOR PANS A&C 
K-143S TSCA 

INCINERATOR 

PIGTAIL CLEANING 
SPRAY 80071-1 RINSE 

VAPOR BLASTER 

K-I420 

CARWN 
COLUMN 

ORMI,-DWG 91M-15119 

GARAGE AREA 
RUNOFF 

K-1419 
BATCH PLANT 

COLLECTION DITCH 

CASTING YARD AREA RUNOFF + 
K-I420 SUMPS 

MITCHELL BRANCH --C 

Fig. 2.5. Diagram of effluent input into the Central Neutralization Facility and ponds 
K- 1407-EIF. Saurce: National Pollutant Discharge Elimination System permit for 
Central Neutralization Facility. 

overflow from the K-1407-F and K-1407-E 
pon& discharges to SDs 170 and 18 
respectively. Before August 1987, some 
coal yard runoff and boiler blowdown was 
discharged directly to the stream through 
SD 170, just upstream of the K-1407-B 
pond outfall. 

Eighteen storm drains enter Mitchell 
ranch (Fig. 2.1 j- Although some of these 

drains contribute only runoCf water and 
suspended particulate matter to the stream 
during rainfall events, others may convey 
discharge groundwater, once-lhrough 
cooling water, o r  floor drain wastewater in 
addition to runoff from roofs and parking 
lots. In the NPDES permit, storm drains 

are classified according to their smrce and 
potential for contamination. Nine storm 
drains at the Oak Ridge M-25 ’Set I e are 
ciassified as category I11 outfalls (those 
that may receive untreated process waste- 
tvalersj, and seven o f  these nine drains 
discharge to Mitchell Branch (Smith 
et al. 1992a). 

Leachate from waste disposal sites 
(k, area-source discharges) may also enter 
the stream. ’I’he old classified burial 
ground, a 3.50-ha site located 120 sn west 
of the K-1407-B pond, was created by 
filling in a large swampy area that drained 
into Mitchell Branch (Fig. 2.1 j. This 
disposal site contains both radioactive and 



nonradioactive w a k s  AT ephemeral. 
stream drrlm the sitc, which i s  lscetcd 
within thc Mitchell Bra~ch watershed. 
The R-1407-C retention basin has an arca 
of 0.80 ha arid is located 120 an northeast 
of thc K-1407-B pond. The basin was 
cngastriat%d in 1973 and rewivcd dredged 
material fiam other Faoldinag ponds, 
including M-1407-B. Although tkc bash 
h a  DO sr.irface effluent, a groundwater 
plume extending from the pond toward the 
stream has been dctectcd (Ashwood e t  al. 
19%5>. 

The CNF (Building K-1407-H) went 
on-line in October 1987. The facility 
treats effluents from (1) Building 1428, a 
decontamination and recovery facility, 
(2) Building 1401, a metals preparation 
facility and machine shop; and (3) the 
TSCA iiicincrator (Building K-1435). 
The incinerator will be uscd to 
dispose of polychlorinated biphenyls 
(PCBs) and other hazardous wastes. 
Liquid discharges from the incinerator 
will include (1) scrubber blswdown and 
(2) fire. water and rainwater These two 
waste streams are esllectcd in a surge tank, 
ana:yeed, and, as appropriate, dischargcd 
to CPJF, pumped theoiigh carbombed 
absarbcrs; o r  pl~rnpcd to thc waste feed 
tanks for burning in the incinerator 
( ElP,\ 1386). 

IIaLardcrus wastes horn CNF are 
ptirnped to the K-1407-S basin, whish 
consists of two aboveground settling ponds 
(volumc '= 7-78,ON L exl-n) with an 
average rmnthly iiarge that is slig h tly 
less than 5 x 10' I,. ~ f f l u e n i  from the 
K-148'7-S basin is treated in a batch mode; 
pi@ to thc 881 area; mixed with water 
from the Clinch Wive;, which flezvs over a 
series of Isa3ks; and then discharged to 
Poplar Creek. 

The Eollozving charaetc;ization of 
water quality it1 Mi t chd  Branch is based 
on routiiae monitoring of parameters at 
NPDES station K-1700. T h i s  site is 
located 011 lower Mitchell Branch 
(MIK 0.12) downsarea of all point-sourcc 
and niost ~ re~- source  discharges (Figs. 2.1 
and 2.2). 

in Mitcbcll Branch at MIM 8.12 was 
characterized by (1) moderate Iev& of 
dissolved solids and occasionally high levels 
of  turbidity, (2) relatively low levels of 
nutricnmts, (3) elevated levels of mast 
metals a i d  sonie organics, and (4) high 
temperatures (discussed in Sect. 22.3). 

340 mgL from January thrt9ugh July 1985 
and 553 iqjL €or the rest of the year 
(W. J. Scheib, unpublished data from 1985 
NPDES monthly reports). Average annual 
TDS levels also exceeded 500 mg/L in 1986 
and 1987 (Appendix A, Tables A.1 k5) 
but were less than 4 M  me/L in 1989. TDS 
data were not available for 1988. High 
levels of TDS werc usually associated with 
high streannflaws, althcergh runof[ Crom 
construction sites adjacent to Mitchell 
Branch contributed to the periodically high 
suspended loads in the stream. 

Concentrations of nitrogen in Mitchell 
Branch are low, whereas concentrations of 
phosphorus are high. Even though con- 
centrations of nitrate nitrogen were higher 
than background ( -0.1 mg/L; Boyle et a!. 
1982, Table 3.16), they averaged less than 
I mg/L and nevcr cxceeded 8 mg/L at 
MIK 8.12 (Appendix A, Tabkcs A.1 A.5) 
Phosphorus i s  not monitored in Mitchell 
Branch, but water from the K-1407-J basin 
had a median phosphorus conccntration of 
0.405 with a max7imuni recorded 
value of 9.3 m%/L in 1989 (Appendix A, 

From 1986 through 1989 water quality 

Total dissolved solids (lyDS) averaged 



pond had a m ~ m u ~  ~ n c e ~ t r a ~ ~ o n  of 
8.4 mg/L in 19% ( A ~ ~ ~ n ~ ~  A, Tables A3 
and As). 

Many of the metals (Appendix A, 
Tables AI-AS) in Mitchell Bran 
exceeded concentrations that io r~  
small, relatively undisturbed streams on the 
ORR (Boyle e t  al. 1982, Tables 3.16 and 

t for aluminum, iron, and zinc, 
metals had a median concen- 

tration that was at or belrpw the detection 
limit (Le., via inductively coupled plasma 
optical e ~ ~ ~ s ~ ~ ~ ~ n  s ~ ~ r ~ ~ ~ ~ t ~ ~ ~ ~ t ~ ~  in 
each of ihe past 4 years. Of the orjpnics 
measured in Mitchell Branch, all were 
above detection limits at least some of the 
time. Except for the increase in TDS that 
occurred in July 1985, thc water quality of 
Mitchell Branch has remained relatively 
constant over the last 4 years (1986-85)). 

222.2 Discharges to Poplar Creek 

Effluent from the K-14074 basin was 

and 1989, with valucs 
1358 m&, resp 

characterized by high concentrations of 

(Appendix A, Table A6). 

rous, and sulfate were all high in K-1407-1, 
especially during 1989. Median values 
for nitrate exceeded background, and the 
maximum value in 1989 was 1390 m&. 
Thc median concentratiari of phosphorous 
in 1989 was 0-4 mfl, and thc maximum 
concentration was 9.3 mg/L. The median 

Concentrations of nitrate, phospho- 

centration of sulfate 
mg/L in 19% and 4 

maximum values in these 2 years were 1 2 0  
and 1500 mg/L respectively. 

Concentrations of all metals that were 
monitored frrom 1988-89 were elevated at 

had median v d  

below detection limits, mast were detec- 
table at some time during the sampling 
period ~ A ~ p ~ n ~ ~  A, Table A.7). 

~ e ~ ~ e r ~ t u r ~  ~ o ~ i t o ~ n ~  was initiated 
in Mitchell Branch on April 9, 1987, at 

Ryan T ~ ~ ~ ~ ~ n t ~ ~ ~  digital 
recorder, and values were 
20 rnin. Because of perio 
problems, the 3-year record 
incomplete. 

Through the period of record, 
Mitchell Branch temperatures were high 
relative to unaffected streams on ORR. 
Mean weekly temperatures in Mitchell 
Branch sometimes ex 
were generally below 
Creek (Fig. 2.6), a nearby drainage: with a 
similar geology (Sect. 2.1; McMaster 1957, 
Table lo). Water ~ e ~ p ~ r ~ ~ u ~  ed 
- 4  to 8°C higher in Mitchell 
than Grassy Creck, although maximum 
temperaturcs in the two streams in June 
1987 differed by as much as 1”PC 
(Table 2.3). 

is influenced strongly by cooling watcr 
discharges (via storm drains) and the 
retention s f  effluent in open ponds 
(K-1407-B prior to October 1988 and 
K-1407-EF after this period) prior to 
discharge just 130 rn above thc monitoring 
station at MIK 0.50. Furthermore, except 
for the headwaters, therc is little canopy 
cover above MIK 0.50 to help moderate 
water temperatures. 

The temperature of Mitchell Branch 



Fig. 2-6- Weekly rnsm temperatures for Mitehell Branch kilometer 0.50 and 
Grassy Greek k er 2.40 for 1987-90, Temperature record is 
incomplete as a of ~~~~~~~~~ failure. 

Eight sites on Mitchell. Branch 
(Figs. 2.1 and 2.2 and Table 2.4-4 \ver:: 
routinely sampled to assess ecological 
conditions in the stream. Although the 
upper site (NIM 1.43) was the primary 
rcfwence site, sites 013 other area streams 
were also used as refemice stations 
(Fig. 2-32. The howe~mcpst site at MIK 0.12 
coincided with the locatinn of the NPDES 
monitoring station (M-1700). Constructiorn 
of the weir at MPK 0.13. created a large 
pool immediately upstream. Mitchell 
Branch helaw the wcir is alsn a pool oi- 
ernbayrnent of Poplar Creek when Watts 
Bar Mesa-voir is at full pool (approximately 
April to October). In this reach of stream, 

watcr levels are controlled by opcration of 
Watts Bar Dam, loeatcd on the Tennessee 
River approximately 61 kin do~mstream of 
the confluence with the Clinch River. A 
sampling site for the bioaiceumulation task 
is located at PCK 6.9 dowmtrcam of the 
mouth of Mitchell Branch (Fig. 2.23. 

Four of the remaining six sites 
(MIKs 0.45, 0.54, 8.71, and 0.78) were 
selected bascd on the location of the three 
most sigfiificant discharges to Mitchell 
Bratic\%: SDs 170, 180 (and effluent from 
the K-1407-ER ho!ding ponds), aiid 190 
(Figs. 2.1 and 2.2); thcse ~ l ~ n i t ~ r i i ~ g  sites 
are located above nird Iselmv each of these 
outfalls. The remaining two sites 
(MIKs 0.86 and 1.0) were selected to 
assess the pstcntial far adverse impacts 
associated with (1) construction activities 



Sampling period MIM 0.50 GCK 2.4 

Year ~~~~~ M a l l  Range Mean Range 

1987 April 

June 

July 

August 

September 

October 

November 

December 

1 988 January 

February 

March 

April 

May 

13.2 

(24) 
6.8-19.5 

(20) 

22.2 
(2.2) 

9.9-19.7 

(31) 

11.9-41.2 

(30) 
17.8 

(1.4 

13,3-21.7 
(30) 

25.3 
(6.4) 

16.8-41.4 

(5.5) 
18.9 

(1.2) 

NA" NA 20.1 
( 1.0) 

16.8-22.0 
(31) 

NA NA 12.0- 19.9 

(30) 

NA NA 4.9-1.5.9 

(31) 

NA NA 7.4 
(2.4) 

12.8 

( f 4 
6.0 

(1.8) 

3.4-10.7 

(12) 

9.9 

(14  
5.6-13.4 

(25 j 
3.0 

(2.7) 

- (6.8p4.3 
(25) 

11.4 
(1-7) 

13. il 
(2.1) 

8.3-21.8 

(31) 
7.9 

(3-9) 

16.6 
(1.9) 

12.3-21.9 
(30) 

2.4 
(2.7) 

20.1 

(2.0) 

14.4-24.6 

(31) 
14.9 

(2.8) 

7.4-2.0.9 
(31) 



~ -- 
Sampling period MIK 0.50 GCK 2.4 

YGX MOflPh M f X R  Range Mean Range 
.._...__.-__I_ 

1989 

24.3 
(19) 

(1.9) 

(1.2) 

(1.3) 

(2.3) 

( 1 . 9  

(1.2) 

(1.3) 

(2.6) 

25.3 

26.7 

23.9 

18.3 

14.7 

11.3 

10.6 

10.9 

Nk 

NA 

19.5 
(1.7) 

(1.3) 

(1.7) 

20.2 

21.4 

19.1-29.5 
(30) 

(269 

(261 

(30) 

(319 

(30) 

(31) 

(20) 

(16) 

19.6-32.2. 

23.1-29.9 

20.4-28.3 

13.6-24.9 

10.8.- 19.1 

5.8-14.5 

5.7-14.2 

5.9-16.6 

NA 

NA 

15.1-24.2 
(18) 

17.5-25.4 
(30) 

(31) 

19.4-27.8 

18.3 
(3.0) 

20.8 
(2.13) 

21.3 
(1.4) 

(2.0) 

(3.7) 

(2.0) 

(2.7) 

(1.8) 

(2.2) 

(2.5) 

(2.5) 

(2.4) 

18.3 

10.3 

8.8 

3.7 

9.2 

7.3 

10.2 

12.1 

14.2 

16.7 
( 1.03) 

1’7.6 
(1-1) 



Sampling peri MLK 0.50 GCK 2.4 
Year Month Mean Range 

September 

October 

November 

December 

3990 January 

February 

March 

April 

Junt: 

July 

August 

NA NA 17.5 
(1.8) 

NA NA 13.1 
(2.8) 

NA NA 

NA NA 4.9 
(2.4) 

10.5 
( 1. .O) 

2.9-1 1.1 
(31) 

11.6 
(1.5) 

18.7 
(2.1) 

9.8-24.1 
(30) 

12.7 
1-81 

13.2-23.1 
(29) 

10.4- 19.2 
(293 

22.1 
(2.0) 

17.6-31.1 
(30) 

12.2-20.8 
(30) 

24.1 
(1.3) 

21.4-2.0 
(31) 

18.2 
(1.1) 

15.3-22.0 
(33) 

24.2 
(1.2) 

18.9 
(1.23) 

16.1-23.3 
(31) 

"ND = no data available. 
No&: Data were obtained with a Ryan Tempmentor digital temperature recorder with, values 

smrded every 20 min, April-June 1987 and every 60 min beginning July 1987. 



Toxicity @ o m m u n l  studies 
Site” Incat ionh monitoring Bioaccurnulation Benthos Fish 

MlK 0.12 

MIK 0.45 

MLK 0.54 

MIK 0.7’1 

MIK 0.78 

MIM 0.86 

MIK 1.0 

MIK 1.43’ 

NPDE§ monitoring 
station K-1900 

Below storm drain 190 445 m) 

Below K-140743 effluent and 
storm drain 180 (90 an). 

Below storm drain 1170 (50 m) 

Abovc storm drain. 870 (20 m) 

Above storm drain 170 (100 rn) 
near storage yard 

Above storm drain 170 (240 m) 
just downstream of Stoner Rd 

Above storm drain 170 (650 m> 
and the Oak Ridge K-2.5 Site 

X 

X 

X 

x 
NS 

NS 

X 

X 

r 

NS 

NS 

NS 

NS 

NS 

NS 

g 

NSd 

X 

X 

X 

X 

X 

NS 

X 

NS 

X 

X 

X 

X 

NS 

NS 

X 

oMLK = Mitchell Branch kilometer; refers to the distance (in kilometers) above the 

*Distance abovebelow storm drain is given in parentheses. 
Sampling wias also conducted in Poplar Creek at PCK 6.9, -380 m below the mouth of 

confluence of Mitchell Branch with Poplar Creek, 

Mitchell Branch. At MIK 0.12, bioaccumulation began anid continued throughout a reach which is 
actually designated as MIK 0.2. 

WS = not samplcd. 
‘Efflueao from the K-140743 holding poind and storm drain 180 join just below the pond to 

‘Reference (control) site. 
GQther reference: sites were sampled (see fig. 2.2). 

form a single discharge to Mitchell Brafich. 

on a storage yard located immediately 
northeast of Mitchell Branch and (2) minor 
inpaits from severs1 storni drains located 
further upstream. The sampling sites for 

the toxicity monitoring and community 
studies tasks overlap; these taskdsubtasb 
share four sites, and each includes at  least 
five of the eight primary sites. 
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The toxicity monitoring task outlined 
in the B 
e t  al. 1991) included three subtask. The 
goals of the task were to (I) monitor 

€or N i t c h d  Branch ( h a r  

toxicity (subtask la), 
e toxicity of seiected 

effluents (subtask Ib), an 
paint sources of toxicity (subtask IC). 
R~sul t s  of subtasks Ib and IC are discussed 
in Sect. 3.1; results of subtask l a  are 
discussed in Sect. 3.2. 

3.6 EEFLuENTmxI@ITy 

The EPA supports the use of test 
organisms to determine the chronic toxi- 
city of a test water (Homing and Weber 
1985). As required under the modification 
of the Oak Ridge K-25 Site NPDES 
permit (EPA 19%), the toxicity of 
effluents ~~scharging to Mitchcll Branch 
were evaluated by using the 7-d fathead 

ephales promelas) larval 
tmt and the 7-d 
a1 and reproduction 

test. These two t a t s  are described in 
ail by Morning and 

e tests are static r 
which means that the test solutions are 

was closed and 

were cvaluatd most extensively. 

discharge to Mitchell. Branch were 
monitored because (1) they discharge into 
a reach of Mitchell Branch that is known 
to be stressed ~ $ ~ ~ t ~  e t  al. 1993); 
(2) toxicity tests ccsndueted during the 
first year of the B 
effluents were toxic to fathead minnows 
and Ccridaph&; and (3) after the 
M-1407-B pond was clos 
180 were the condu 
K-1407-E and K-1407- 
Sources of water in 
as follows: SD 170, w 

?'he three major storm drains that 

indicated that the 

M-1407-E pond effl~e 
(until September 'l989), once- 
cooling water, cooling towcr 

blowdown, roof drains, area runoff, and 
groundwater; SD 0, which includes 

garage area runoff9 IC-1405 sink drains, 
K-14BZ floor drains, roof drains, once- 

tcr, rand area runl 
and SD 190, wh includcs R-1402 

rains, roof drains, once-through cooling 
water, effluent from K- 1045-A Fire 
Training Facility, and area runoff (Schcib 

K-1407-E; pond et ent, ~ r ~ ~ n ~ ~ ~ a ~ ~ ~ ~ ,  

through cooling 

1987). 



Toxicity t a t s  with effluents from the 
K-1.107-B pond, K-141) 7-EK pond, 
M-14094 b a h ,  SDs 170, 680, and 190 
wcre conducted by wing the fathead 
minmw and Ceriod@mia dtdXa chronic 

K-147-B p n d  e 
cvery other month from October 1986 to 
April 1988, Results of the tests conductcd 
with e€flixen: from K-1487-B powd during 
1986-87 arc discussed in Smith et ai, 
(1993). A summary of all thc tests con- 
ducted to dale is prravided in Sect, 3.6.2.1. 
Thc K-1407-EF pond efffiucnt was 
evaluated about ev 
April 198% to June 
basin effluent was 
month from Dece 

evaluate storm drain effltxmtq during the 

six; and for SD 190, six. 

tQXkiq tCSh dCK in Sect, 3.1.1. The 
t was evaluated 

n1e numbcr of toxicity t a t s  used to 

riod were, for SI9 170, eight; €or 

r cach effluent toxicity t a t ,  S W ~ A  

daily grab samples were taken at thc 
of dischargc. All samples were deli 
to the Aquatic TexiccpIogy h b s r  

R-2.’; Site via chain-of-custody procedures 

water temperature, and arrival time in the 
laboratnry were recorded.. Upon arrival in 
t k  Babcriatory, the  water was warmcd oi 
cookd to 25°C and dilutions were made if 

usually conducted concurrently. Om each 
day of a t a t ,  subsamplcr; of each effluent 
or water saanplc were routinely analyxd 
for pIi, conductivity, alkalinity, water 
ha~dness; total residual chlorine ( 
and free chlorine (&zos et ala 19%). 
Other chemical measurements were made 
by the Oak Ric‘ge M-25 Site Process 
Support DepaTtment. 

SDs 170, 1&8, and 198 were frequently 

ORPdL by pemoamnei of the Oak 

(Rszos ce al. 1989). 'Time of collection, 

newssat-y. Tests with the: two species were 

Deck?rrrina;Eon of the effluents froin 

meti to evaluate the contribution of TWC 

plished by adding 8.1 N sodium thiosulfate 
to toxicity. Dechlorinatioa was accom- 

to the effluent until TRC was 

SAS statistical software [Statistical 
ha!ysis System for persona1 computers 
(PC-SM), release 6.021 

fathead minnow lasvae and for Ceria- 
d ~ p h i a  were transform 
root; S t e l  and Tomie 1 
analyzed. All fecundity vrmlucs are for 
females that survived d l  ’7 d of hkc test. 
Significant reductions in Ceridaphnio 

control) were detcrmiiied by using 
Fisher’s Exact Test and Dunnett’s 
Proc~dure, rapectivcly (I’Iorning and 
Weber 19%). Significant reductions in 
fathead minnow survival and growth 
(compared with a control) were deter- 
mined by using Dunnett’s Procedure 
(Horning and Weber 1985). Dunnett’s 
Procedure yields the least significant 
difference and the no-obsemed-effect 
concentration (NOEC), Unless noted 
otherwise, statements of significance are 
based on p c 0.05. 

analyze all data. surviv 

s u ~ v a l  and fecundity (compared with if 

aby of all the toxicity tests and 
concurrenit water quality measurements for 
tests conducted during 1987-88 are pro- 
vided in Table 3.1. sults of the tests 
conductcd during 1 87 are discussed 
in Smith et ai. 1883 and provided here 
for COKlpariSOll Vhth thOSC fro, the 
K-1407-E/F pond. The eCfluent’s NOEG 
for the two tests conducted in 19% were 
100% for both species. Water quality 
during the two tests was similar to that 
in 1986-87. 
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~- 

No-observed-effect concentration (%y 
T a t  

Period Fathead minnow Cendqhnia Alkalinit)? Hard nessb a n d  uclivity” 

oct  1986 1 < loo 143 (25) 1630 (q 441 (74) 
1% 1 < 20 66 (8) 725 (124) 22458 (167) 

Feb 1987 < 20 -36 (21) 525 (110) 14.65 (261) 
Mar 1987 < 50 78 (12) 2 4 4  (9%) 

Apr 1987 1 < 100 61 (12) 1967 (256) 

Jun 1987 <loo 100 56 (14) 318 (18) 1353 (184) 

Bug L987 < 50 50 44 (3) 510 ($20) 2295 (1159) 

Dec 1987 1 € 100 72 (8) 410 (23) 1572 (120) 

Feb 19% 100 180 97 (28) 455 (763 3061 (427) 

Jul 198T NT 100 (0) 445 (0) 1610 (0) 

Ocl 1987 100 <SO 70 (8) 453 (41) 1457 (67) 

Apr 1988 100 100 97 (116) 502 (76) 1805 (294) 

“The no-obseaved-effect concentration designates the highest concentration of the effluent 
tested causing no significant 0, > 0.05) reduction in survival or growth of fathead minnow larvae, 
or survival or reproduction of Ceriodaphnin. 

b r n g n .  Gaco,. 
CpSICrn. 
dNT = not tested, 
Test used one grab sample. 

The rcsults oC the toxicity tests and 
concurrent water quality measurements are 
summarized in Table 3-2. From April 1988 
to June 1990, effluent from K-147-EF 
pond was tested 14 limes with fathead 

ia; however, 2 of 
re invalid because 

of low fecundity in the controls. Results of 
these toxicity tests are summarized in terms 

thc NOEC of the effluents (Table 3.2). 
e effluent NOEC for fathead minnows 

was never less than 100%, whereas the 
effluent NQEC for ~ ~ ~ ~ ~ d a ~ ~ n i ~  ranged 

%. The NOEC was 1 
only 4 of the 12 valid Ceriodaphniu tests. 

Effluent from K-1407-EF pond was 
characterized by periods of high conduc- 
tivity and hardness 
April 19813 to June 
alkalinity, mean ha 
conductivity ran 

3695 pSfcrn respectively. 
Results of chcmical anaiyses o 

concurrently with surne of the toxicity tests 
by the Qak Ridge K-25 Site Process 
Support Department are summarized in 
Table 3.3. Only those constituents that 

to 93 mg/L, 343 



~~ 

NO -cbse~ed-effiXt ~nmntaa t io i~  (%). 'rat . . . . . -- 
Period Fathead minaow Cerisddphnia Alkarlinitf' Hardnessb (=on 

Apr l Q 8 8  100 100 68 (12) 538 (162) 2'21% (425) 
Jun 1988 100 100 71 (21) 343 (103) 1455 (365) 
Aug 19% 100 100 fj$W> 535 (151) 2355 (1856) 

Dec 1988 100 I 95 (3) 76.3. (77) 2761 (131) 

Apr 1989 100 c 25 89 (23) 47.5 (141) 1466 (335) 

Jut? I985 100 100 68 (9) 297 (68) 854 (195) 
Aug 1989 100 25 66 (7) 463 (102) 1864 (619) 

Dec 1989 100 <6 59 (8) 703 (155) 2132 (213) 
Feb 1m 100 25 76 (2) 434 (93) 2210 (5439 

Apr 195% 100 6 59 (8) 441 (132) 2265 (236) 

Jun 1990 100 6 37 (10) 814 (141) 3695 (324) 

Oct 198% 100 id -75 ( 5 )  722 (106) 2338 (331) 

Feb 1989 100 50 60 (5)  445 (88) 1610 (335) 

oct 1984 100 12 93 (In) 398 (72) 1686 (286) 

%e ws-obsewed-ef€ect @oncerrlratioaa designates the highest csnceratratioa of the effluent 
tested causing no signifkant (p > 0.05) reduction in survival or growth of fathead minnow larvae, 
or susvival or reproduction of Ctra'adaphmja. 

"PngR.. caco,. 
c,us/cm. 
'1 = invalid test beause of ISW fecundity. 

had cancentrations cons;steuatly a b s w  
detcction Bevels or that were of toxko- 
logical concrrn w a e  induded; c~miplcte 
data sets are available e!sewhere (McGaha 
1?89a, 1989b, 1989c, 198%; Shoemaker 
ca al. 1Y90). ITigh concentrations of Ca, 
C1, dissolved solids, Na,and S O ,  are 
discbarged Tiom :he R-1407-t/F ponds; 
talc rn~rnl1f l - l  conccn: 
substances measured during the toxicity 
tests wcrc 250 tng/L, 714 rn@, 2048 m@, 
440 m g L ,  and 693 mg/fd respectively. 
'lemporally, t he  concentrations of Ca, CI, 

eel solids, Na, and SO, wcre quite 
c znd corresponded with patterns 

of conductivity and hardness. l%e 
concentrations of most other substances 
varied lcss from test to test, with a few 
notable exceptions: (1) alumilium was 
elevated in the August 1983, February 
1989, and J ~ n e  1989 tests; (2) iron was 
elevated in the June and October 1389 
tests, (3) matigancsc was elevated in the 
February I989 test; and (4) nickel was 
elevated in the October 1989 test. 

The concentrations of chemicals in 
K- 1407--E/F pond effluent were very similar 
to tho%@ found in the M.1407-B pond 
effluent (Smith ea a!. 1993). FOP example, 
thc K-1407-H pond arid K-1487-EF pond 
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contained similar a~~~~~ (average of the 
mean for each test) of: Phl (021 vs 

(173 M 307 m@), C1 (297 
vs 307 mg/L), Mg (18.5 vs 19.6 mg/L), and 
Na (197.5 vs 207 mg/L). 

The results of the toxicity tests and 
concurrent water quality measurements are 
summarized in Table 3.4. From December 
1988 to June 1990, effluent from K-1407-J 
basin was tested 11 times with fathead 
minnows and Cerirxtaphnia. Resuits of 
these tests are summarized in terms of the 
effluent NOEC (Table 3.4). One of the 
Cenduphnia tests was invalid because of 

low fecundity in the controls. A definitive 
NQEC could not be determined for two 
additional Ce&x.&zphia tests and one 
fathead minnow test because (1) there was 
no effect at the highest concentration 
of eEfluent tested (60%) or (2) the 
lowest eoncentration tested (6%) caused 
a reduction in survival. The effluent 
NOEC was 100% for fathead minnows in 
nine of ten tests; the NOEC was ~100% 
only during the test conducted in April 
1990. The effluent NOEC was 100% for 
Ceriodaphnk in only two of eight conclu- 
sive tests; NQEGS for the remaining tests 
ranged from 1 to 50%. 

alkalinity, hardness, and conductivity 
(Table 3.4). During the December 1988 

The effluent periodically had high 

Table 3.4. Summary of toxicity test results and mean (f 1 SD) water quality 
parameters (n = 7) for efiluent from the K-1407-J basin 

Na-observedeffect concentration (%)' 
Test 

Period Fathead minnow Ceriodaphnia Alkalinityb Hardnessb Conductivity" 

Dee 1988 
Feb 1989 

Mar 1989 

Jun 1989 
Aug 1989 
Oct 1989 
Dec 1989 

Feb 1931 
Apr 1990 

Jun 1990 

Apa 1989 

100 
Loo 

> 60 

100 
100 
a00 

100 
100 

108 

50 

1m 

Id 
12 

>60 
50 
12 

12 
6 

<6 

1 
1 0  

100 

444 (112) 

228 (30) 
174 (14) 
148 (59) 

382 (70) 

125 (30) 

79 (8) 

81 (7) 

93 (2) 
177 (21) 
461 (85) 

250 (25) 

284 (28) 

244 (40) 
332 (99) 

236 (19) 

1431 (423) 

452 (117) 

418 (70) 
262 (14) 
197 (12) 

402 (W 

4215 (850) 
2744 4504) 

1356 (305) 
1450 (383) 

8171 (1499) 
4257 (1130) 

1148 (207) 

1148 (226) 

1285 (22q 

676 (101) 

1926 (256) 

The no-observed-effect concentration designates the highest concentration of the effluent 
tested causing no significant 0, ZI 0.05) reduction in survival or growth of fathead minnow larvae, 
or survival or reproduction of Ceriodaphnin. 

%I& CaCQ,. 

dl[ = invalid test because of low fecundity in the control water. 
=pSlcm. 



tests, pH, mean alkalinity, 
mean hardness, and mean mnductii 
ranged from '9.67 to  8. 

tratiom consistently a b v e  detection levels 
or that were of t o ~ c o ~ o ~ ~ ~ a ~  wncern werc 
included; complete data sets are available 

1989d; Shoemaker et  al. 
cxmtrations of @a, CI, dissolved ~ ~ l i d s ,  
Na, and SO, were discharged from the 
pond; releases of t h a e  constituents corres- 
ponded with patterns of high conductivity 
and 'nardlaem. 'Ibc hi t mnwntratisns 
of Ca, C1, dissolved s 

elscwhere (hfcGaha 198 1989C, 
igh can- 

d during the toxicity tests were 
,6632,2200, and 970 mg/E 

stances varied less from test to 
a few notable exceptions: (1) Al 

rapwtively. Ttae concentrations of most 

and Zn were elevated in the March I989 
test, (2) Ni was elevated in the April and 
October 1989 test, and (3) Fwas elevated 
in the June 1989 test. 

31.13.4 Stom dra' 

Toxicity test results and water quality 
measurements of the storm drain cfflucats 
are summaHl2ed in Table 3.6. Daily con- 
centrations of TRC in SD 170 effluent 
ranged from 0 to 1.78 mgL; nnaximum 
coliceattations during each test ranged 

effluent was tmic (NOEC <loo%) to 
minnows in six of seven tests; dechlori- 
nating the effluent eliminated the. toxicity 
in four of the fivc tests in which it was 
attempted, [Jntreated SD 170 effluent was 
toxic to Ctpti~&ph~ir;tc in all eight ta ts ;  
dechlorination eliminated the toxicity in 

from 0.22 to 1.78 m@. Untreated 

two of thc sewn tests in which it was 
attempted . 

Daily and maximum concentrations 
effluent rangcd from 

In four tests (October 
d January and May 

1, the concentration of TRC was not 
cnough to cause mortality of fat- 

or Cetidaphnia in 7 d 
Environmental Sciences 

Division, uApUbliSh& data). W e n  the 
effluent contained high concentrations of 

and 0.57 m@), it was toxic to 
bath species. ID hXhatbIl Of the 
effluent during on test (August 1988) 
removed the toxicity. 

Daily concentrations QE T3aC in 
SD 190 etfluent ranged from 0 to 
0.99 tn&; maxiinurn concentrations during 
each test ranged fro 
During all tests but 
maximum concentration of TRC was high 

(A. J. Stewart, Environmental Sciences 
Division, unpublished data). Untreated 
SD 190 effluent was toxic to fathead 
minnows in three of six tests; dechlori- 
nation eliminated toxicity to the minnows 
in onc of five of the t a t s  in which it was 
attempted. Untreated SD 190 cff lue~t was 
toxic to Ceridaphnia in five of six tests; 
dechlorination eliminated the toxicity in 
three of five of the tests in which i t  was 
attempted. 

ducted concurrently with the toxicity tests 
by the Oak Ridge K-25 Site P 
port Department during July 
1989 are sumrnarizcd in Tab1 
3.9. Effluent from SD 180 typically con- 
tained the highest concentrations (com- 
pared with SDs 170 and 190) of AI, Ba, 
Ca, CI, F, Fe, Mn, Na, SO,, dissolved 
solids, and suspended s ids. The concen- 
trations of these subst 
cularly high in SDs 17 
July 1989 test. N i c k  
July 1988 test of effl 

CPlQUgh to be tOXk to CUkl&Z~h?'Zk 

Results of chemical. analyses con- 







No-observed-effect concentration" (%) 
Storm Test 
drain period Fathead minnow Ceridaphnia Range 1796 

170 Jul 1 
Aug 1988 

dechlor. 
Oct 1988 

dechlor. 
Dec 1988 

dechlor. 
Feb 1989 

dtXhlor. 
Jul 1989 

dechlor. 
Jan l"390 

dechlor. 
May 1990 

dechlor. 

180 Jul 1988 
Aug 1988 

dechlor. 
Oct 19% 
Jul 1989 
Jan 1990 
May 1990 

190 Jul 1988 
Aug 1988 

dechhlor. 
Cbct 1988 

dechlor. 
Jul 1989 

dechlor. 
Jan 1990 

dechlor. 
May 1990 

25 
<lo8 
100 

< I  
< 1  
<1 

100 
Nl? 
NT 
100 
100 

<loo 
100 

.e 100 
100 

50 
<loo 

100 
100 
100 
100 
100 

25 
<loo 

100 
< 100 
<loo 

100 
NT 
100 
100 
100 

0.04- 1.65 
0.00-0.47 

0.W-1.50 

0.90- 1.78 

0.11-1.20 

0.08-0.22 

0.00-0.64 

0.0-0.69 

0.00-0.36 
0.00-0.57 

0.00-0.00 
0.00--0.09 
0.00-0.00 
0.00-0.05 

0.80-0.99 
0.00-0.87 

0.00-0.96 

0.20-0.30 

0.00-0.26 

0.W-0.06 

"No-observed-effect concentration designates the highest concentration of the 
effluent tested causing no significant (p > 0.05) reduction in survival or growth of 
fathead minnow larvae, or survival or reproduction of Ceriodaphniu. 

bNT = not tested. 





Analysis 
Jul 1988 Aug 1988 Oct 1988 Dec 1988 Feb 1989 Jui 1989 
(n = 3) (n= 6)  (n = 1) (n = 2) (n = 7) (n = 7) 

Phosphorus 0.90 
(0.47- 1.3) 

Potassium 3.5 
(33-3.7) 

Silicon 1.2 
(0.8-1.6) 

Sodium 

Sulfate 

17 
(15-20) 

90 
(47-169) 

Suspended solids BD 

Zinc 0.02 
fBD4.03) 

1.25 
(BD-1.6) 

5.6 
(3.34.4) 

24 
(2.2-25) 

25 
(6-3 1) 

52 
(1-1 

4.2 
(BD-9) 

0.10 
(0.03-0.16) 

0.3 1.22 
(0.65-1.8) 

NM NM 

1.9 2.9 
(1.9-23) 

12 35 
(32-37) 

(79-82) 

(34) 

(0.06-0.1) 

43 81 

2.0 4.5 

0.09 0.08 

NM' 

37.7 
(19-54) 

0.8 
(BD-13) 

(15-31) 
23 

46 
(34-72) 

BD 

0.08 
(BD5.15) 

NM 

9.3 
(15-13) 

3.5 
(29-4.8) 

33 
(245) 

100 
( 12235) 

5.0 
(BD-15) 

0.03 
(0.01 4.%) 

"n = sample size. 
bBD = below detection. 
WM = not measured. 
Sources: McGaha, M. A, 1989a, Toxicity ilfonitoring at ORGDP JulySeptember 1988, Report No, WQT-288, Oak Ridge Gaseous Diffusion Plant, 

Oak Ridge, Tennessee; McGaha, M. A, 1989b, Toxicity Monitoring at ORGDP October-Decem6er 1988, Report No. K/QT-O3ll, Oak Ridge Gaseous 
Diffusion Plant, Oak Ridge, Tennessee; McGaha, M. A, 1989c, Toxiciiy Moniiohg ut ORGDP Jan~~y-Ma)rJh 1988, Report NQ. WQT-312, Oak Ridge 
Gaseous Diffusion Plant, Oak Ridge, Tennessee; McGaha, M. A, 19%8d, Toxicity Monitm'ng ut ORGDP AprilJune 1989, Report No. UQT-313, 
Oak Ridge Gaseous DiKusion Plant, Oak Ridge, Tsnnme; arid Shwnlaker, J. L., et P., 19%, Toxicity ~~~~0~~~ ai URGW Octuber-llecernber 1989, 
Report No. WQT-0373, Oak Ridge Gaseous Diffusion Flant, Oak Ridge, Tennessee. 



Aluminum 

Barium 

Calcium 

Chloride 

Chromium 

DiSSOlVGd 

solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Potassium 

Silicon 

Sodium 

Sulfate 

0.07 

0.044 
(0.042-8.045) 

39 
(38-41) 

20.7 
(19-23) 

(RD-8.37) 
0.15 

238 
(222-254) 

0.10 
(0.1-0.1) 

(BD- 1.2) 

(9.9 la) 

(0.04-0.07) 

(BD-0.19) 

(2.6-3.7) 

(0.1- 1.6) 

0.4 

10.0 

0.05 

0.08 

3.0 

1.3 

8.6 
(8.1-9.3) 

38.0 
(38 38) 

3.90 

0.068 
(0.047-0.1'1) 

(2411-41) 

(BD-26) 

(BD-0.02) 

36 

15.3 

0.01 

198 
(150-252) 

0.13 
(BD-0.2) 

(0.01--2 1) 
3.6 

10.0 
(5.9--11) 

0.10 
(0.06-0.23) 

BD 

7.1 
(2.5-7.5) 

7.6 
(2-35) 

8.1 
(1.8-10) 

323 
(17-36) 

1.70 

0.05% 
(0.M-n. 12) 

56 
(30-70) 

31.1 
(BD-44) 

(BD-0.02) 
0.01 

263 
(13.318) 

0.34 
(BD-0.4) 

1.9 
(BD-11) 

11.9 
(5.5-15) 

0.26 
(0.21-0.3'7) 

0.01 
(BD-0.02) 

N M  

4.6 
(2.2-1 5) 

13.5 
(5.8-18) 

40.0 
( 19-47) 

0.06 

0.057 
(O.O/s7-0.8g8) 

73 
(43-160) 

64.0 
(26- 1%) 

BB 

604 
(230-1788) 

0.53 
(0.1-3.0) 

0.10 
(0.05-0.r7) 

13.1 
(10-21) 

0.38 
(0.16-0.55) 

0.02, 
(BD-0.84) 

12.4 
(1.9-58) 

3.2 
(2.8-4.6) 

'73.2 
(7.9-340) 

293.3 
(3 1 - 1090) 



Jlll 19 Aug 1988 Qct 19 Jul 1989 
Analysis (n = 3)” (n = 6 )  (n = 7) (n = 7)  

SUSpende 83.5 30.9 2.9 

Zinc 0.10 0.06 0.02 
(0.06-0.13) (0.Q3-0.08) (0.01-0.03) 

”n = sample size. 
bBD = below detection. 
‘NM = not measured. 
Sources: McGaha, M. A, 1989a, TQX%~Y IMoni&wiag at ORGDP ~ ~ ~ ~ ~ e ~ € ~ ~ ~ ~ ~ ~  1988, 

Report No. WQT-2823, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee; 
McGaha, M. A, 1989b, Toxicity Monitoring at QRGDP October-December 7988, Report 
No. WQT-0311, Oak Ridge Gaseous Diffusion Planl, Oak Ridge, Tennessee; 
1989% Toxiciiy Monitoring at ORGDP Junualy-March 1989, Report Noa WQT-312, Oak Ridge 
Gaseous Diffusion Plant, Oak Ridge, Tennessee; McGaha, M. A, 19X9d, Taricily Monitorhg ai 
ORGDP AprilJune 1989, Report No. WQT-313, Oak Ridge Caseous Diffusion Plant, 
Oak Ridge, Tennessee; and Shoemaker, 3. L, et al., 1990, Toxicity Monitoring at OBGDP 
October-December 1989, Report No. WQT-0373, Oak Ridge Gaseous Diffusion Plant, 
Oak Ridge, Tennessee 

Effluent from SD 1 
the lowest concentrations of the 
parameters measured. 

typically contained 

3.1.4 

During the two tests completed in 
1988, the effluent from the K-1487-€3 pond 
was not toxic tc9 hthead minnows or Cerio- 
duphnia. These were the last two tests 
completed before closure of the pond 
began. 

uent from K-1407-E/F pond was 
nevw toxic to fathead minnows but was 
nearly always Loxk to  Ceriodnyhniua. The 

mean effluent NOEC for Ceriodaphnia was 
52.4% for those tests that were conclusive 
(range = 6 to lM%o>. The toxicity bf the 
effluent appear 
constituents that cause high 
conductivity Icvels (e-g., calc 
sulfate). For example, the maxim 
calcium concentration durin 
1989 test was 189 m&. Assuming the Ca 
i s  balanced with SO,, the concentration of 
CaSQ, would q u a l  643 
toxicity test with reagen 
615 mg of CaSQ, per L 
of Cenodaphnia by 62 
Envhnmental Sciences ~ i ~ ~ i 5 ~ ,  and 
M. L. Holtz, Wniversity of Kentucky, 
unpublished data). The measured NOEG 
(50%) for thc February 1989 test with 
K-1407-E/F pond effluent could therefore 
be accounted for by the concentration of 
Ca§O, in the effluent. Although chemical 
analyses are not yet published for the tests 

to be linked to those 
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Jul 19% Aug 19 act 19 Jul 1989 
Analysis (n = 4)" (n = 3) (n = a> (n = 7) 

SulBte 34.8 25.3 29.6 31.6 

Suspended 23.5 11.0 5.4 2.. 1 

Zinc 0. a0 0.10 

solids (7-16) (ED-15) (BB-6) 

(0.09-0.12) (O.O&O.l4) 

gt -" sample size. 
bBD = below detection. 
'NM = not measured. 
Sources: McCaha, M. A, 1989a, Toxicity Monitoring at ORGDP Ju&ySeptember 1988, 

Report No. WQT-288, Oak Ridge Caseous Diffusion Plant, Oak Ridge, Tennessee; 
McGaha, M. A., 1989b, Toxiciry Monitorkng at ORGDP October-December 1988, Report 
NO. WQT-0311, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee; McCaha, M. A, 
1989c, Toxicity Monitoring at ORGDP January-March 1988, Report No. WQT-3 12, Oak Ridge 
Gaseous Diffusion Plant, Oak Ridge, Tennessee; McGaha, M. A, 198%, Taxicity Monitoring at 
ORGDP AprilJune 1989, Report No. WQT-313, Oak Ridge Gaseous DifTusion Plant, 
Oak Ridge, Tennessee; and Shoemaker, J. L, et al., 1990, Toxicity ~ o ~ ~ o r i n ~  at OKGDP 
October-December 1989, Report No. WQT-0373, Oak Ridge Gaseous Diffusion Plant, 
Oak Ridge, Tennessee. 

conducted during April and June 1 
the low NQEGs for Ceriockaphnia are 
probably linked to high Ca, as indicated 

rdness of the effluents (741 
respectively). Nickel may 

elfluent. During the October 1989 test, 
the mean concentration of nickel was 0.32 
m a ;  0.05 in Bear Creek water is 
toxic to ct-. hniu (Kszos et al. 1992). 

The toxicity and water quality of 
K-1407-EF ponds and the closed K-1407-B 
pond were similar. Although the toxicity 
tests of the K-1407-B pond effluent were 
often inconclusive (adverse affect at the 
lowest concentration tested), the K-1407-B 

nds and the K-1407-E/F pond effluent 
NQECs were <I  
daphnia tests completed. Although 

to the toxicity nf the 

% for 8 of 12 Cerio- 

effluent from the K-14 -E/F ponds was 
never toxic to fathead nnows, effluent 
NOEC from the K-14.07-B po 
..h: 100% in three of ten tests. 
quality of effluents from the K-14O7-E,F 
and K-1407-B ponds were also similar: 
average values for the mean concentrations 
of alkalinity, hardness, and conductivity 
measured for all tests conducted were 
69.6 vs 73.3 mg/L, 544 vs 484 mfi, and 
2122 vs 1829 pSlcm respectively. 

The eflect of the K-1407-EF pond 
cffluents on the aquatic biota in 
Branch will obviously depend on the 
flow characteristics of the stream. Dur- 
ing periods when flow in Mitchell Branch 
is low and the concentration of the 
effluent in the stream is >SO%, the toxi- 
city tests indicate that K-1407-E/F pond 



High TRC is a major source of toxi- 
city in SDs 170 FW! 1%. The lowest niaxi- 
IIIMII csncciltiation of TRZ in SDs 170 
and 1'90 w;?s 0.22, nagK and 0.06 mgiL 
respectivdy. In general, 'lXC concentra- 
tions c;f about 0.20 m g k  are lethal to 
Ceik3317~7h~ia (A I. Stcwart, Envirog- 
mcntal Sci-nct..., Thision, unpublished 
daia). 'T'hr, E P A  water quality criterisr €or 
@I is Even lower (0.011 mgL; EPA 1986). 
Effluent from ST) I70 was alviays toxic to 
Cetii.d:@nia and most C ~ A Y S ,  to fathead 
miilnows. Dechlorinating the effluent from 
SD 170 did mi always climhate the 
toxicity to either specks, indicating the 
pesence of o m  or moic toxicaiilts other 
than ch?onnc *-i thc e€flflisent. 

kffluerri Goin SD 1% was toxic to 
Ce~odnpi;rpia during all tests but one; the 
mmiimum conccntration of 1'KC during the 
one test W B S  0.06 rng/I,. Decliiurinatic~n 
of thc  efifaent always removed the toxicity 
to fathead ~niiino-m, but did not always 
eliminate taxicity to Cer-iiPdapht:in. 
CerbdL@mia were theiefore more sensi- 
tivc than fish t c 9  the toxicant(s) other than 
chlcsrinc iri thc effluent 

. .  



Effluent from SD 180 typically con- 
tained only low levels of TRC and war the 
least toxis of the s t o m  drain effluents. 
In the two tests with elevated IXC, the 
effluent was toxic to both species. Effluent 
collected during one of the four tests 
without elevated "][1RG was toxic to Cerio- 
daphnia. (Metal concentrations in this 
effluent are not yet avaiiable. 

Chemical analyses of m 
miscellaneous eonstituents in the effluent 
from the storm drains (Tabl through 
3.9) provided little insight. nts that 
were dechlorinated but still toxic did not 
appear to have any constituents that were 
elevated relative to the dechlorinated 
effluent that was not toxic. 

Effluents from the storm drains, 
particularly SDs 170 and 190, have a high 
potential to adversely impact aquatic life h 
Mitchell Branch. Measurements of TRC 
taken at the end-of-pipe (as reported 
above) and the toxicity tests indicate that 
the TRC in these eMuents will adversely 
affect the biota. In addition, tests with 
dechlorinated effluents have shown that, 
on occasion, other constituents in the 
effluents may contribute to toxicity. 

32 A M B ~ ~ X C I T Y  

32.1 ustlion 

Ambient toxicity testing was incor- 
porated into the Mitchell Branch BMAP 
to (1) evaluate area-source contributions 
to stream toxicity, (2) characterize patterns 
of toxicity in Mitchell Branch, (3) docu- 
ment changes in water quaiity attributable 
to changes in operations at the Oak Ridge 
K-25 Site, and (4) provide data to demon- 
strate that the eMuent limitations estab- 
lished for the Oak Ridge K-25 Site protect 
and maintain the use of Mitchell Branch 
for growth and propagation of fish and 
aquatic life ( b a r  et  ai. 1W2a). 
chosen for testing were selected to bracket 

area- and point-source discharges into the 
stream and to correspond cltxsely to those 
selected as instream monitoring study sites. 

Ambient toxicity was evaluated by 
means of the fathead minnow (Phzephles 
promelas) larval survival and growth test 
and the Ceridaphnia survival and repro- 
duction test as described by Homing and 
Weber (1985). These tests are 7-d static- 
renewal chronic tests, based on the survival 
and growth of the fathead minnow and 
survival and fecundity of the micra- 
crustacean Ceridaphnia, 

MI& 1.43, 1.0, 0.71, 0.54, 0.45, and 
0.12 (Fig. 2.1). MIR 1.43 was selected as 
a reference site because it is located up- 
stream of the Oak Ridge K-25 Site opera- 
tions and any know source of perturbation. 
Twenty-two tests were conducted on a 
bimonthly basis from January 1987 through 
July 1990. Water sampling and water 
chemistry analyses were conducted as 
described in Sect. 3.1.2. Water colkcted 
from MIK 0.12, however, was a daily 24-h 
composite for the first four tests and a 
daily grab sample for the remaining tests. 
The switch to daily grab samples for this 
site was made when it was discovered 
that TRC could sometimes be detected 
at MIK 0.12. 

as described in Sect. 3.1.2, with the follow- 
ing exceptions. Differences in hardness, 
alkalinity, conductivity, fathead minnow 
growth, and Cenodaphnia reproduclion 
betwcen sites were evaluated with an 
analysis of variance (ANOVA) by using 
the SAS general linear models (GLM) 
procedure (SAS 1985a, 1985b); significant 
differences were then separated with 
Tukey's studentized range test. The Tukey 
test was selected to test for differences 
because it accommodates unequal sample 

The six sites evaluated were located at 

All data analyses were accomplished 



sizes, whereas Dunnctt's test does not. 

for distinguishing di€€erences 
and years for fathead rninrrw 
daphnia survhal because the values at most 
sites had bimodal distributions (kP indi- 

e m O V A  proved to be ita 

cative of an all-or-none ampsnse). Unless 
e ranted, statelments of s ~ ~ ~ ~ ~ ~ ~ ~ ~ e  

are basad on p < 0.05. 

Measiircrnents taken of three a€ the 
wakr quality parameters (mnductivity, 
hardness, and alkalinity) are prcsentcd in 
Fig. 3.1. Six tests per year were completed 
(7 d of analyses per test) in 1987, 1988, 

989; four tats were completed in 

increased with distance ~ o ~ n s t ~ e a ~ .  
During 1987 and 1988, three reaches of 
the stream were distinctly different 
based om conductivity and hardness: 
(1) MI% 1.43 and 1.0; (2) MI& 1.0 and 
0.71; and (3) MI& 0.54, 0.45 and 0.12. 
The increase in mean conductivity and 
hardness from MI% 1.43 to 0.12 was 

The largest increase in hardness and 
conductivity occurred dowmtreani of thc 
K-140743 pond discharge point between 
MlKs 0.71 and 0.54. In 1989 and 1 
three reaches of the stream were st 
distinct based on significant differeraecs in 
conductivity: (1) MIR 1-43; (2) MIK 1.0; 
and (3) MlKs 0.71, 0.54, 0.45, and 0.12. 
"he sharp increasc betwecia. MIMs 0.71 
and 0.54 no loiigcr existed, In 1989 and 

, downstream increases in conductivity 
were less dramatic, with mean conductivity 
from MI& 1.43 to 0.12 increasing by 
only about 300 pS/cm. This reduction was 
the result of a drop in csiadamctivity at 
MIKs 0.54, 8.45, and 0.12 during 1959 and 
1390; there was no significant change in 

-m ps/cm and 140 mgK respectively. 

the conductivity at MlK 0.71 from 1987 to 
, mean hardness 

trend similar to that of conduc- 
re was no significant difference 

hardncss from MI& a72  to 0 
or from MI& 0.71 to 0.12 in 1 

In 1990, the increase in hardness from 
MI& 1.43 to 0.12 was 120 mgL. 

ends for alkalinity 
werc different tha 

ucfivity and hardness. In 1987, 
inity at NTM 1.0 was significantly 

higher than at IvlIMs 1.43, 8.71, 0.54, and 
0.45; there was no significant difference 
in alkalinity from MIKs 0.71 to 0.62. 
During 198& alkalinity also increased at 
M1K 1.10, but unlike the trcnd in 1987, 
alkalinity remained elevated at all down- 
stream sites. In 1989 and l!BO, there was 
a more gradual increase in alkalinity with 
distance downstream. In 1989, alkalinity at 
MIK 0.12 was significantly higher than that 
at all upstream. sites, with no difference 
from MI& 0.71 to 0.45. In 1990, tnerc 
was no difference in alkalinity from 
MI& 0.71 to 0.12, 

The pH in Mitc 
increased with distan 
(Table 3.10). During 1 
MI& 0.54, 0.45, and 0, 
range in values. During the remaining 
years, the rangc in values at each site was 
similar. 

of TTPC for all salrapling dates since 1987 
at MI& 0.12, 0.45, 0.54, and 0.71 are 
shown in Fig. 3.2. The concentration of 
TRC in Mitchell Branch was typically 
highest at MIK 0.71 (bclow SD 170). At 
MIK 9.71, -40% of the measurcd values 
were ~66.20 mg/L (the concentration 
that i s  tasually lethal to Ceridaphniu; 
A. 9. Stewart, Environmental Sciences 
Division, uiipublished data). The: concen- 
tration of TRC diminished with distance 
downstream: 30% of the 
MIK 0.54 were >0.20 m@, about 25% of 
the values at MIK 0.45 were b0.20 rn&, 

Cumulative frequency distributions 
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Site 

MIIC 8.12 7.72-8.42 ’9.06-8.90 7h1-8.40 7.74-8.18 
MIK 0.45 7.74-8.21 7.01-8.43 7.54-8.12 7.73-8.20 
MIK 0.54 7.29-8.37 7.52-8,W 7.til-8.21 

MIK 0.71 7.794.34 7.88--8.32 7.48-8.14 7.62-8.23 

MIK 1.0 7.78429 7.73-8,20 7.53-8.12 7.49-8.14 
MIK 1.43 7.52-8.18 7.64-8.40 7.30-8.11 7.13-8.53 

Note: MIK = Mitchell Branch kilometer. 

ORNL-DWG 90M-16737 

0.2 0.4 8.6 1 1 .% 1.4 1.6 1.8 

TOTAL RESIDUAL CHLORINE (mg/L) 

= 3.2. ClmmlsOative frequency 
Branch for 22 bests, 1 

age1 of total resi ual ~ h l ~ r i n e  at 4 sites in Mitchell 

and only about 5% of the valucs at 
MIK 0.12 were >0.20 m a .  Curnulative 
frequency distributions of ‘IRC for each 
year at MIKs 0.12, 0.45, 0-54, and 0.71 are 
shown in Figs. 3.3 and 3.4. At all four 

sites, TR@ concentrations were highest in 
1988. During 198’7, 1989, and 1990, TRC 
at MIM 0.12 was never higher than 
0.20 rng/z; however, in 1988, TfaC was 
-I >0.20 mg/L about 16% of thc time. 



Q 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8' 

TOTAL RESIDUAL CHLORINE (rrig/L) 

Fig. 3.3. ~ ~ ~ ~ ~ a t ~ ~ e  frequency (percentage) of total residual chlorine at Mitche~~ Branch 
k ~ i ~ ~ ~ ~ ~ r  JMIK) 0.3 2 (tog) and MIK 0.45 (bottom), 1987-90. 

* 1987, 1989, and 
45 was >8.20 m 

of the time; during 19 
g/L about 60% of the time. TRC 

concentrations at MIK 0.54 and MIK 0.71 
etween years. In 
.59 was 20.20 mg/L 

during 1988 and 1990, 
TRC war 20.28 mg& aboul30% of the 

time; and in 1990, lTRC at MIK 
aevcr >20 rng/L. 'In 1987, 1988, 

>0.20 mgL about 50, 70, 40, and 20% of 
the time respectively. 

Results of chemical analyses obtained 
concurrentiy with same of the toxicity tests 
by the Oak Ridge K-25 Site Process 
Support Department are summarized in 

XK 0.71 has been 



1 

Q 0.2 0.4 0.8 1 1.2 1.4 1.6 1.8 

Appcndiw B, Tables 83.1 through B.9. Only 
those constituents that had concernitrations 
consistently above detection levels or that 

i~icludcli, complete data sets are available 
elsewhere (McGaha 1389a, 1989$, 1989c, 
1989d, 198%; Shoemakcr et al. 19%). The 
conccntratirns of none of the measured 
cvristituents at any of the sites were high 

W C X  O f  toxicological COnGePn were 

enough to correlate with the toxicity 
observed. However, the concentration of 
nearly every constituent increased with 
distance downstream. Chemical data 
collected before and after the IC-1407-B 
pond dosed (October 19%) showed the 
influence that the pond had on water 
chemistry in Mitchell Branch. During the 
Septetnbcr 1988 test, before the pond 



closed, ~ n ~ ~ ~ ~ a t ~ ~ ~ ~  a€  lor^^^, 
dissoived solids, and mifates were 2.5 to 

19% test, after the 
were only minor differences ( ~ 1 . 1  times 
higher) between these two sites in the 
same parameters (Table B.3). Of the 
eight test dates shmm, Al, dissolved solids, 
chloride, fluoride, Mn, Si, Na, sulfate, 

had e9osed, there 

d solids were generally 
sites during the November 

survival and growth of fathead 
r each site in each year are 
g. 3.5. Minnow survival in 

water from the reference site (MIK 1.43) 
was low (50 to 75%) during each year 

ORNL-DWF 9oM-16808 

120 

0.8 I I I 1 I I I I 
0.7 1" ' 

h E 0.6 t- 
W 

0.5 

0.4 

0.3 

0.2 

0 

1.43 

1987 989 a 6988 1990 

I .OQ 8.71 0.54 8.12 
SITE ( 

ean percentage surwivai (a) and growth ad fathead minnows Ibl for each 
site in Mitchell Branch, 1987-90. Vertical bars represent f 1 SE. 



M tP 

except for 19%- At MTK 1.0, mean 
survival was about 90% in each year exwpt 

, when mean s u ~ v a l  was 55%. 
at MIM 0.71 was nwch Acwer than 

1987 and all but 
Mean survival of the 

-54 dropped substantially 
but rcbounded in 6989 
survival at MI& 0.45 
relatively high in all 

4 years. In 1989 and 1 

0.71, 0.54, 0.45, and 8.12 were 
'41~0, survival at these four sites 

during the same %year period was greater 
than that at MI& 1.43 and 1.0. Growth of 
the €ish in water from ai! sites was 
significantly IQW~X in 1987 compared with 

The frequenq distributions of sur- 
vival at each site €or each year (Figs. 3.6 

ORNL-DWG WM-16807A 

tion of fathead minnow survival at 
MllK 0.45 (b), 1989-90. 



through 3.8) show that acute toxicity 
(survival 60%) was detectable at 

, and 0.71 but declined 
n survival of minnows in 

tests of water from MIK 0.12 was never 
<M%. At MIK 0.45, acute toxicity was 
demonstrated in 40% of the tests in 19%; 
in 1989 and 1990, no acute toxicity was 
bund. At MIK 0.54, acute L 
found in 60% of the tests in 
117% in 19W, in 1987 and 1998, no 

acute toxicity was found. Water from 
MIK 0.71 was typically very toxic t s  fat- 
head minnows. In 1987, 1988, and 1989, 
acute toxicity was found in 70, 80, and 
30% of the tests, respectively, but in 1990, 
water from MIK 0.71 was net acutely toxic 
to tih in any test. 
occasionally seen 
€rquendy observed at MIK 1.43. How- 
ever, this was probably not caused by a 
toxicant per se, 

1; 60 

0 = 40 

z w 

w 
U 
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Fig. 3.7. Frequency distribution of fathead survival at Mitchell Branch kilometer (MIK) 0.54 {a) 
and MIK 0.71 (b), 1987-90. 



* Frequency distri ad survival at Mitchel 
anid 

To evaluate the presence of elirunic 
toxicity (significant reduction in growth 
cornpared with the control) at each site, 
separatc ANOVAs were conducted for 

. Only sites where mean survival 
were included. Results of this 

analysis (Table 3.1 1) showed that chronic 
toxicity was evident oidy at MIK 0.54 but 
at a very low frequency. In contrast, water 
from MI& 0.71, 0.54, 0.45, and 0.12 was 
more ofteain acutely toxic (survival <a%) 
or not toxic at all. 

323.3 m b  

Mean survival and reproduction of 
Ceriothzphnia for each site in each year are 
plotted in Fig. 3.9. Diffcrcnces in survival 
among years and sites could not be effec- 
tively determined by means of an ANOVA 
because most values had a bimodal distri- 
bution, indicating an all-or-none type of 
response. However, survival was reduced 
every year at MI& 0.71, 0.54, and 0.45 
compared with 1.43. In general, mean. 
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sumlIval increased with distance dstwn- 
stream from MIK 0.71, reaching a pcak 
at MIR 0.12. In 11988 and 1989, mean 
fecundity at MI% 0.71, 0.54, 0.45, and 
0.12 was also reduced compared with that 
at MIK 1.43. In 1 
M I S  0.71 and 0.54 were reduced corn- 
p a r d  with that at MIK 8.43. 

Ficquency distributions of survival 
of Ceridop!znia at each site for each 
year show that acute toxicity was present 
at M I b  0.71, 0.54, 0-45, and 0.12 
(Figs. 3.10 through 3.12)- As for fat- 
head miiinows, the incitltmx s€ acute 
toxicity (survival <Oa%) declined after 
1988. Water from MIK Q.12 was acutely 

100 

- 80 8 v 

6 

toxic to Ceriod~ph2ia during 1988 and 
1989 but not in 19%). At MIKs 0.45 
and 0.54, acute toxicity was found in 
22 to 80% oif the tes% oondoctcd each. 
year. At MIK 0.91, the incideacc of 
acute toxicity was higher, occurring in 
40 to 80% of the tests each year. 
Except for one t a t  ia 1988, survival 
w a  always been 280% ai  MI& 1.0 
and 1.43. 

toxicity (i.e-, a significant reduction in 
reproduction compared with that at 
MHK 8.43) at each site, separatz ANOVAs 
were conducted for each test. Only those 
sites where mean suwival was 360% 

To evaluate the presence of chronic 

OXNL-DWG 90M-16803 
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Fig. 3.1 1. Frequency distribution of Cerisdaphnh9 survival at Mitchell Branch 
kilometer 4 ~ l K ~  0.54 (a) and MIK 0.71 (bl, 1987-90. 

were included. 
(Table 3-12) show that chronic toxicity was 
evident at MI& 0.71, 0.54, and 0.12. For 
example, in 23% of the t a t s  conducted 
with water from MIK 0.12, Ceridaphnia 

significantly redu 
at MIK 1.43. 

esulh of this analysis 

3-24 Discussion 

A noticeable improvement in the 
water quality of ~ ~ t c ~ e ~ l  Branch has 
occurred since the end o f  19%. Gmduc- 
tidy and hardness of the water at and 

below MIK 0.71 remained elcvated relative 
to the two sitcs furthest upstream, 
indicating impact from the K-1407-E/F 
ponds. However, the magnitude of 
increases in these arameters with distance 
downstream has declined since 1988. The 
toxicity tests also documented that water 
quality improved during 1989 and 1990. 
After 1988, fathead minnow survival was 
no longer adversely affccted by watcr from 
the midreach section of Mitchell Branch. 
Survival of Cerksdaphnia continued to be 
low in this section of the stream in 1989 
and 1990 because of high concentrations of 
TRC, but the frequency of acute toxicity 
was not as high as in 1987 and 1988. This 
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SURVIVAL ("A) 

No toxicity" Acute toxicit? Chronic toxiritqf 
Site (%I (%I (%I 

MIK 0.71 23 64 13 

MIK 0.54 36 55 9 

MIK 0.45 41 59 0 

MIK 0.12 59 18 23 

"Ceriduphniu survival was 260% and no reduction in fecundity. 
'Survival was ~60%. 
'Survival was 2 60% and reproduction was significantly reduced 

compared with MIK 1.43. 
Note: MIK = Mitchell Branch kilometer. 



was probably became of fewer excursions 
in TRC concentrations above 0.20 mg'L 
(Figs. 3.3 and 3.43. I t  was difficult to  
determine if the ~ ~ p r o v e m e n t s  in water 
quality were the result of the closure of 
K-1407-B pond (October 1988) or an 
increase in streamflow (thus, greater 
dilution) during 1989 and 1990. (See 
Sect. 2.1.1 for €low data.) Changes in 
water quality caused by the closure of 
K-1407-B pond were evident in terms of 
lower concentrations of chloride, sulfate, 
and dissolved solids at MIK 0.54 (Tables 
B.2 and B.3). Fewer excursions of high 
TliC at all sites were probably the result of 
higher streamflows during 3989 and 1990 
because no known process changes 
occurred during this period. Thus, the 
closure of the K-1407-B pond in 1988 and 
the end of the drought in late 1988 both 
contributed to the improved water quality 
of Mitchell Branch. There continucs to be 
evidence of chronic toxicity in 
Mitchell Branch: Cerzbdaphniu fecundity 
was reduced (compared with that at 
MIK 1.43) in some tests at MI& 0.71, 
0.54, and 0.12 when survival was 260%. 
This toxicity may be the result of low levels 
of TRC from the storm drains, constituents 
released from the M-1407-EF ponds, 
and/or area-source contamination. 
However, measurements of the major 
metals, anions, and cations in the stream 
water have not yet revealed a probable 
toxicant. 

of TRC in Mitchell Branch and the 
occurrence of acute toxicity (0% survival) 
at each site provide a means to estimate 
the concentration of TRC that can cause 
acute toxicity in Mitchell Branch. The 
frequency of acute toxicity at a particular 
site should coincide with the concentration 
of TRC that is acutely toxic. For example, 
survival of Ceridaphnia was 0% in 48% of 
the toxicity tests at MIK 0.71 (Fig. 3.11). 
By using the cumulative frequency of TRC 
at MIK 0.71 (Fig. 3.21, the TRC 

The cumulative frequency distribution 

concentration was calculated to be greater 
than 0.18 m& about e% of the the. 

, when the l[aRC at MIK 0.71 is 
8 m a ,  the water should be acutely 

toxic to Cerhdaphnia. If the same 
rationale is used for each site, the 
concentration of TRC predicted to  be 
acutely toxic to Ceriodaphnia ranged from 
about 0.0s to 0,15 mg/L at MI% 0.12, 
0.45, 0.54, and 0.71. The concentration of 
T I C  predicted to cause acute toxicity to  
fathead minnows ranged from. about 0.2 to 
0.5 mgk at the same sites. It is not 

'ble to predict the chronic toxicity of 
because of the static-rcnewal nature 

of the toxicity test. 
Mcan survival of fathead minnow 

lawae in water from the uncontaminated 
reference site (MIK 1.43) continued to be 
low. As stated in the First Annual BMAP 
report (Smith et  ai. 1988), this is probably 
caused by a pathogen in the water. 

3 3  3?tnmREmm 

The results of effluent and ambient 
toxicity tests show the need for continued 
monitoring of effluents and Mitchell 
Branch. Monitoring of the stnrm drains 
should be continued because they are a 
major source of TRC to the stream and 
they may contain other toxicants as well. 
Discharge from the K-1407-EF ponds is 
expected to be discontinued in 1993. To 
continue to document improvements in 
water quality as the ponds are closed and 
as reductions are made in the release of 
chlorine, monitoring will continue on a 
bimonthly basis. Because fathead minnows 
are typically insensitive to effluent from the 
K-1407-EF ponds and the K-1407-J basin 
and to Mitchell Branch water, depending 
on the approval of the Oak Ridge K-25 
Site and the Tennessee Department of 
Environment and Conservation, these 
effluents and ambient sites will be 
evaluated with Ceriodaphniu only. 





The primary objectives of ~ n t a ~ i n a n t  
13 Branch biota are to 

es that accumulate. to 
~ b s e m e d  in biota 

from nearby uncontaminated reference 
streams and (2) evaluate the extent and 
significance of contami 
substances in ~ ~ t c h ~ l ~  
stream aquatic system. Secondary objec- 
tives are ta assist in locating suurcm of 
contaminants that accumulate to unaccept- 
able levels and to evaluate the relative 
importance of current vs past discharges in 
determining contaminant levels in biota. 

4. P QN 

Results presented in the first report 
for Mitchell Branch (Smith et al. 1993) 

emonstrated that 
late to levels signi 
ground in the biota. 

itchell Branch was a significant source 
the elevated ~ ~ r ~ u ~  levels in its fish 

or in fish from lower Poplar Creek was 
unclear. PCB ~ o n i t o r ~ n g  data from clams 
were more conclusive and clearly dscu- 
mented that Mitchell Branch is a source 
of PCBs. Tlhe data also su@er;ted that the 
stream may be a significant source of PCB 
contamination to hiota in lower Poplar 

g of metals and organics in 
'nued on  about 

~ r ~ b u t ~ ~ ~ ~ ~  af mercury and PCBs from 

ng was expanded to include a 
number o C  sites in Poplar Creek and the 

Gfnch River in 19819 and 19% as part of a 
wrd ina ted  effort between ORNL, the 
Oak Ridge Y-12 Plant, and the Oak Ridge 
K-25 Site biornlonitoring programs. Caged 
clams ~ ~ o ~ i c u ~ ~  ~~~~~~u~ were used in 
poplar Creek in 1988 to gain additional 
infmnation on the importance of Mitchell 

ranch as a source of PCBs to Poplar 

, channel catfish ~ ~ c ~ a ~ ~ ~ ~ s  
In ~ ~ r d ~ a t ~ ~ 3 ~  with the ORNE 

~~~~~~~s~ were collected from 
Creek and the Clinch River an 
far PCBs in 1988 and 1989. Channel 
catfish ~ r o b a b ~ y  accumulate the highest 
concentrations of PCBs attainable in a 

ecies in Poplar Creek that could 
nced by PCBs from ~ ~ t c h ~ l ~  

c ~ ~ ~ ~ ~ u ~ ~ ~ )  were also collected and 
analyzed for PCBs from Poplar Creek in 
an elTort eo evaluate the mle of forage 

ranch. In 6988, gizzar shad (Doromma 

fish in PCB dispersal. 

Fish were collected by electxotishing 
from the lowcr reaches of Mitchell Branch 
(MIK 0.2) beginning in May 1987 and 
continuing approximately yearly through 

(Fig. 2.1). Approximatdy 12 red- 
t sunfish ~ ~ e p ~ ~ ~  auwitus) were 

from Mitchell Branch in each 
period. Attempts wcrc made to 

obtain eight fish samples for mercury 
analysis, eight for PCB analysis, and four 
for metals other than mercury. Early 
attempts to collect fish from Mitchell 

did not support an adequate p~pulation 
of adult fish to meet thc full sampling 

ranch, however, revealed that the stream 



requiremea;s of the contaminant monitoi- 
ing program. Tp'11;s, becmsc of the small 
si= of tbe few sedbreast sunfish present in 
thc stream in 1987 and 1988, only analyses 
of mercury and cbther mc:ak were mn- 
ducted in those years. In 1989 and I 
however, emugh adalt redbreast sun 
werc mlllated to include an analysis for 
PCBs. Analysis of metals (other than 
mcraieyp.) WPA not paformed on Mitchell 
Branch fish in 1989. 

routinely ~ d e c t e d  for tnercuny and PCB 
analysis from various sitcs on Poplar Creck 
and thc Clinch River from 1987 io 1990 

Creek and the C1inch River were sampled 
to walaaate the rcllative importance of 
mercury and PCB inputs from multiple 
sourcis (Bear Creek, East 
Creek, Mitchell Branch, a 
Creek Watershed) that e 
Eight bluegill sunfish were collected by 
eleetrofishing €rom each of four sites on 
Poplar Creck (PCQ 10.4, 8.2, 6.9, and 
2,3? Figs. 2.1 and 2.2) and the Clinch 
River (CRK 15.0) in Novembermeccmber 
of 8987 and 1988. !%%en possible, ccllec- 
tions werc restricted to individuals of R 

s i x  likely to bc taken by sport fishermen 
(353 g). Sites on Poplar Cree& immsdi- 
ately above. (PCK 8.2) and helow 
(PCM 5 9) Mitchcbl Branch were resampled 
for bluegill in March 1990. Reference fish 
for the Poplar Creek and Mitchell Branch 
CollectiQlns W C X  obt 
Creek (1935-89) and Meltuc HN Rcser- 
voir (MHR; 1984-88) in h d e r s m  County, 
Tcnncsscc (Fig. 2. i >. 

7Jpow collection, sunfish from all sites 
were tagged with a unique four-digit tag 

in a labdied Ice ebcst, the chest was locked 
for traiispnrri to the laboratory. Upon 
return to the laboratory, each fish was 
weighed and measured (total length), and 
scale samples were takcw for age determi- 
nation. Tzmc fish were then f W e d  and 

Bluegill (Lepomis nracmchims) were 

(Figs. 2.5 and 22). Fish fiom Poplar 

wited to thC QCrwcGT jaw and plared on ice 

skinned, and a 1- to 2-g portion of the 
anterior dorsal axial missclc fila=$ was 
excised for mercury determination, if a 
5-g portion of tissue was alsn available, 
it was med for anaaiysis of PCBs and/or 

heavy-duty aluminum foil, labe31es4, and 
stored at -20°C in a locked freezer in 
Building 1505 at ORNH, until delivered to 
the Analyticail Chemistry Division (ACB) 
laboratory at ORNL,. 

Channel catfiih (Ic&lurn~ puncbntrss) 
werc m118ectd for PCB analpsis from 
PCM 6.9 and CWK 15.0 by meam of 
trotlines in thc sumniers of 1988 and 1989. 
Upon collection, the channel catfish were 
handled and precessed as sunfish were, 
except that: ( I )  the dorsal spine was taken 
for age determination and (2) fish Glets 
were frozen and ground three t i m a  in a 
hand-powered meat grindcr before a 10- 
to 20-g sample was removed for analysis. 

In the summer of 1988, gizzard shad 
(Borosoma ~~~~~~~~~~~) were collected for 
PCB analysis by electrofishing at the same 
sites as catfish. Three composite samples 
of five shad each (22-29 cni total. length) 
were obtained at each sitc. Each shad 
composite was mapped in aluminum foil 
and placed on ice in the field. Upon 
return to the laboratory, the digestive 
tract was reanovcd from each €ish and thc 
mznposite frozen. Eater, cadi froz.e.w 
eompositc was ground three times in the 
meat grinder before a 10- to 20-g sample 
was removed cor analysis. 

Caged clams (Corbicula fluminea) 
were placed in Mitchell Bra~sch (MPM 0.2) 
to monitor For organic contaminants on an 
approximately annual basis from 1987 to 
l!X@. In 1988, clams were placed at 
PCKs 8.2 and 6°C) (upstream and down- 
stream of Mitchell Branch, respectively) 
to mmitos for PCBs in Poplar Creek. 
Clams were obtained in March 1987 from 
Beaver Creek m a r  Karns in Knox County, 
Tennessee; it1 May 1988 €ram Bu29. Run 
Creek in Union County, rP,nmessssez; and 

other mctals. Samples wcre m a p  



tory, Athens, Georgia, and the ACD 

naked fish or clam samples spiked with 
known a ks of PGBs. Details. and 
results 0 

anafyses are tab 
in ~~p~~~~ c and results of tissue 

Mercury was clearly elevated in fish 

the reference strcam (Table 4.1). How- 
ever, the difference was riot large? an 
leuels wcre well beXc~w the Food and 

minis action Icuel of 
la& lago fish f r c m  

itcbcll Branch exceeded the mare con- 

(PCSV) for Ilg of 0.42 pg/g (Trauis el ai. 
1986). 

itchell Branch relative to fi 

servative F ~ ~ ~ ~ ~ i ~ a ~  Guidance Value 

e mean mercury levels in Mitchell 
ranch redbreast varied among years, with 

the highest lIleaPB Hg COKXXIhrdtiQn in fish 



m PGV 
Site” Species Bate mean 11 SE Range excedencesh 

Em 2.1 Blncgill 

PCK 10.4 Bluegill 

PCK 8.2 Bliaegill 

MIK 0.7, Redbreast 

PCK 6.9 Bluegill 

PCK 1.6 Bluegill 

CRR 15.0 Blcegill 

Referawe sites 

MHR Bluegill 

I3 c Redbreast 

Dccemhea 1987 
November 1988 

November 1987 
November 1988 

November 1987 
November 19% 
March 19% 

May 1987 
March 19% 
March 1989 
January 1 M  

June 1987 
November 1387 
November 19% 
March 1990 

December 1987 
November 1988 

November 1987 
November 1988 

1987-1989 

1985-1989 

0.43 p 8.06 
0.37 f 0,05 

0.10 f 0.03 
0.08 k 8.03 

0.43 f 0.06 
0.41 j, 0.05 
0.36 f 0.05 

0.119 f 0.01 
0.12 * 0.01 
0.19 f 0.01 
0.27 1 8.03 

0.42 f 0.05 
0.43 f 0.05 
0.29 f 0.05 
0.43 f 0.04 

0.16 f 0.04 
0.17 f 0.02 

0.14 p 0.03 
0.14 lir 0.03 

0.04 f 0.003 

0.08 p 0.01 

0.05-0.52 
0.07-0.52 

0,05-0.16 
0.02-8.24 

0.2 1-0.69 
0.23--0.59 
0.14-0.65 

0.15-0.18 
0,@9-0.14 
0.12-0.22 
0.11-0.39 

0.24-0.65 
0.26-0.66 
0.09-0.54 
0.30-0.68 

O.M.--O.35 
0.M-0.24 

o.m--0.31 
0.02-0.28 

0.02-0.10 

0.03-0.16 

“MI-IR -= Melton IIill Reservoir; IIC L= Ilinids Creek; EFK = East Fork Poplar Creek 
kilometer; PCM - Poplar Creek kilometer, MIK -= Mitchell Branch kilometer; CMK = Clinch 
River kiloinem” 

0.42 
Report of Task Group Five, to Oak Ridge Iask Foroc9 Oak Ridge National Laboraroiy, 
Oak Ridge, Tenn., Mimee, Jan. 1985) divided by rhe total nramher of samples. No fish exceeded 
the FDA aclion limit of 1.0 pg/g (U.S Departmmt of Agriculture Food and Drug Administration 
(FDA), 1984 Acbion level fix rnethylmercuPy in fih,  Fed. Regst. 4 

bPrdiminay Guidance Value. Number of sampks exceedirig the PGV value for Hg of 
(C. C. Travis et al. 1985, L+elinliimy reviews of TEA fuh mmpling and ~ ~ ~ ~ ~ 5 i ~  report9 



Mercury ~ o ~ ~ ~ ~ t r a t ~ o ~ ~  were 
~neasured in bluegill From several sites 

oplar Crcck and the ~~~n~~ 

streams (Bear Cree 



ORNL-DWG 88M-15410K 

CRK 15.0 

Fig. 4.1. Mean ccaneentrations a f 1 SEI of mercury (in rnicrogram-as per gram, wet weight1 in 
bluegill (n = 81 cc31Decaetd in faW inter 19163 at sites on the Oak Ridge ~ ~ ~ ~ ~ w a ~ ~ ~ ~  
and nearby reaches af the Clinch River. Rockbass @mD!opliFes rupestris) arid 
redbreast sur~fish (Lepornis aurislrersj were substituted for bluegill at Bear Creek 
kilometer 0.2 and bAitchell Branch kilometer 8.2 respectively. 

discharges associated with DOE Oak PCidgc 
operations (Table 4 1 ) .  Fish from 

tiom typical of fish from refercncc streams 
(Table 4 1 ) ,  indicatiasg that neither up- 
stream sources of mercury in Poplar Creek 
nor movem,ent of fish between sites WCK 

probable explanations for the high nnercuiy 
levels at BCKs 8.2 a d  6.9, located just 
upstream (PCM 8.2) and downstream 
(PCK 0.9) of Mitchell Hrancl. Although 
no fish exceeded the FDA action !eve1 
of 1 pg/g, 25 of 56 fish co!Icct@d from 
PC7k 8.2 and 6,9 exceeded ihc more 
conservative PGV of 0.42 pglg (Travis 
ct a!. 1985). Mcan niercury concentrations 

PCK 10.4 conialin~d I I I ~ K U ~ ~  c~ncentra-  

in fish from these two sitcs changed little 
betwccn 1987 and 1990; mean valucs were 
about 0.4 pglg at both sites in most years. 
Furthermore, no significant di€€erence 
(ANOVA) in mean mercury- concentrations 
was evident betwccn GCKs 8.2 and 6.9 
(0.40 and 0.38 ,ug/g, respectively), suggest- 
ing that Mitchell Branch was not a signi- 
ficant additional contributor of mercury to 
fish in Poplar C'rcek between 19S7 and 
1990. 

The high mercury levels in fish from 
P C k  8.2 and 6.9 are not readily explain- 
able by a ons-s~i3rd3e-trPypoth@sis, such as 
input from EWC only, Lawcls of mercury 
in sunfish From EFPC deercascd in propor- 



2 MILES 

3 KM 

Mean cancentrations 4 f 1 SE) of mercury (in ~ j c r o ~ r a ~ ~  per gram, wet weight) in 
bluegill (n = 8)  collected in fall/winter 19 at sites on the Oak Ridge Reservation 
and nearby reaches of the Clinch River Rockbass ~~~~~~~~t~~ rupestris) and 
redbreast sunfish (Lepornis aurims) were substituted for blue il l  at Bear Greek 
kilometer 0.2 and Mitchell Branch kilometer 0.2 respectively. 

0 

Fig. 4.2. 

tion to dilution of ak Ridge Y-I2 Plant 

lower Bear Creek, but the extent of 
~ i i ~ ~ ~ ~ ~ ~  in fish does not appear to 

mercury in lower Poplar Creek, enhancing 
tbe ~ i ~ 9 ~ o g i c a ~  a v ~ i ~ a ~ i ~ i ~ y  o f  watcr- 
m- sediment-associated mercury, 01 
additional sources of niercury occur in the 
reach of Poplar Creek near the 
M-25 Site. 

wstream site on Po 
1.6) was much lower t 
6.9 or 8.2. ~ ~ ~ ~ ~ ~ ~ r ~ y  low concen- 

trations wcre found in fish in the Clinch 
River (CRK 15.0) downstream of Ihe 

trations in fish at CRK 15.0 were slightly 
elevated over concentrations in fish at sites 
on  the Clinch River upstrcam of the 

of Poplar Creek. 



mouth of Psplai Crcck; however, tlies-2 
Icvels WCE sreq siidat to those found in 
fish from a refmence stream (Hinds 
Ci-cck). This3 merruiy contaminatim from 

detestable in Clicch Rivcr fish downstream 
of the mouth of T*oplar Creek, but the 
degree of containiliation appears to be 
ininiriial. 

The degree o€ mercury contamination 
in bl~aegill from Poplar Creek sitcs ilea- the 
K-25 Site was gewerallly low comparcd with 
the degree of contamination in fish frrom 
the xm;ddie to irpper reachcs cf EFPC in 
1987 and 19% (Ixrar e t  al. 199%). Mean 
Hg concentrations at PCKs 8.2 and 6.9 
ranged from approximately onc-fourth to 
one-half thc nierctry concentrdtions in 
bluegill at Em 23.4 (Figs. 4.1 and 4.2). 
In general, the mean Wg concentratinns 
in fish at these two sites were compan- 
able with those from lowermost EWC 
(Em 2.1) and Bear Creek (BCK 0.2) and 

Wlhite Oak Creek (WCMS 3.5 and 2.9). 
Mean mercury concentrations in fish From 
lowerrnost Poplar Creek (PCK 1.6) and thc 

River (CWK 15.0) werc comparable 
with h s s  of fish from downstream sites 
011 White Oak Creek. Fish from Mitchell 
Hraach h d  IPg corrccritrations similai to 
thmc in fish from PCK 1.6, CRK ES.0; and 
lowet- Whits Qah Crcck sites (WCMS 1.0 
arid 2 3 ;  &oar 198?). I ~ O W C V ~ ~ T ,  thc 
Mitchell Branch fish are substaimtially 
smaller than those from PCK 1.6, 
CKK 15.0, and WCM 2.9, As discussed, 
mean m e m q  csncsntrations in Mitchell 
d r a ~ c h  fish would pmbably be much 
highm if more adult fish were present. 

ations appears tclr bc 

the worst meicury-contaminated sites 011 

Dcspite abnormally high lev& of 
some metals in Mitchell Branch water 
(Smith ct al. 1993) a i d  sediment (Adawood 

et al. l9%), concentrations of metals 
( C ~ ~ I G F  than mercury) in Mitchell Branch 
fish in all three sampling years were similar 
:n BFaose found in the referciicc stream 
(Tablc 4.2). /dthougin cadmium and 
copper concentrations in Mitchell Branch 
fish in 1987 were slightly higher than in 
Hinds Creek fish collccted in that year 
(Smith et  al. 19931, the difference was not 
statistically sig~ificniat . v i l e  most recent 
sampling of Mitchell Branch (190) 
revealed that only two metals other than 
Hg (Se and Zn) were found above the 
analytical detection limit. The kvvcls of 
metals (except far mercury) in Mitchell 
Brancl? fish in all three sampling years 
were also quite siirrilar to those obse~ved 
ian Hinds Creek bhncgill rn 1983 (Smith 
et a]. 1W3) and by the Tcnncssee Valley 
Authority ( W A )  at one of their refci-ence 
sites (Melton Mill Kesewoir) (TVA 1985, 
1986). Moreover, the levels of metals 
olasei-ved in fish in the National Contami- 
nant Binmonitoring Program (geometric 
mean of 112 sites sampled for As, Cd, Cu, 
Pb, Hg, Se, and Zn; Eowe et al. 1985) 
were also generally si~fiilar to Icviells 
obsewed in Mitchell Braach fish, except 
for mercury. 

A comparison of the concentrations 
of metals in Mitchcll Branch fish wit11 
PGVs, derived to screen for ",WAS of 
contarni-nation that may potentially 
threatcn human hedth ('I'ravis ct. al. 1986; 
Hoffman et  al 1984), indicates that only 
As, Bc, and Hg approach this threshold 
(Table 4.2). Beryllium and arsenic were 
also the only ~ W Q  metals in Mitchell 
Branch fish that exceeded fish tissue 
screewing levels established for protection 
of human health by the %'A (BPA IWO). 
Neither arsenic cor tsesyllium was detected 
in Mitchell Branch fish; however, YGV and 
EPA screening Icvcls x i 3  set at levels 
b c h w  current detection limits because of 
the carcinogenicity of these two mretals. 
The PGV screening approach is very 
coT;seii7/ative and is dcsiigned to eliminatc 



Mitchell Branch 

Metal B 987“ 1988 1 Hinds Creep PGW 

Atltimony 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Copper 

Lithium 

Mercury 

Nickel 

Lead 

Selenium 

Silver 

~ a l l i u ~  

zinc 

< 0.2 

<0.10 

<0.05 

0.05 f 0.01 

eo. 1 

0.68 f 0.14 

< 0.5 

0.17 f O.Old 

< 1.0 

0.08 f 0.05 

0.50 f 0.10 

< 0.05 

c: 0.2 

5.5 I 0.3 

<0.3 

4 . 3  

<0.3 

<Q.005 

<0.s 

0.09 f 0.03 

<0.3 

0.12 f 0.01‘ 

c 1.Q 

€0.1 

0.40 f 0.04 

<0.05 

< 0.2 

1.8 f 0.5 

< 0.54 

60.05 

u0.003 

<0.22 

<OS4 

€ 0.54 

0.27 I: 0.03 

<os4 

c0.54 

0.61 f 0.03 

cn.22 

< 0.02 

4.7 f 0.3 

c0.44 

< 0.3 

<0*3 

<O.IS 

< 0.5 

0.32 & 0.13 

co.3 

0.m f 0.0lf 

< 1.0 

€ 0,44 

0.52 f 0.08 

c0.18 

<0.2 

5.0 f 0.5 

5.2 

0.1w 

1 .o 

1.8 

36 

0.42 

5.2 

I .8 

12 

a.29 

.66 

184) 

4a = 6 except for mercury. 
%Iintfs Creek reference fish for metals other than mercury were collected in December of 

“Preliminary Guidance Values (C. C. Travis et 31. 1986, ~ r ~ l ~ ~ t ~ ~ ~  review of W A  17,r;h 
1988 and 1990 (n = 2). 

samgZhg and analysk repon, Report of Task Group Five to Oak Ridge Task Force, Oak 
National Laboratory, Oak Ridge, Tenn., Mimeo, Jan. 1986. E;: 0. Wol’fman et ai. 1984, P 
screening of contaminants in sediments, ORNL/T1M-9730, Oak Ridge National Laboratory, 
Oak Ridge, Tenn.). 

h = 7. 
“n = 5. 
Fish. collected from 1985 to 1989 (n =: 46). 
Note: Mitchell Branch fish were collected in May 1987, March 1988, and January 1 

in = 4 except where noted). When all values used to calculate the mean were below detection 
limits, the highest detection limit value was cited. 



from conceroi any substances riot exceeding 
the PGV (Hoffman et  al. 1984). 

Rcsrdts picse;mtd previously for 
MitcheEQ Biarnch (Smith et  a!. 1993) 
revealed that Asiatic clams held for 
4-week exposures in cages accumulated 

W ~ S  bypotkcsized that if adequate size 
an& numbers of resident fish were gresent 
they wodd contain substantial PCB con- 
ccntrations as well. Results of PCB 
analysis of redbreast collccted in March 
1989 and January lW3 confiimed this 
hypothesis (Table 4.3). Mitchell Branch 
fish contained signitkantly high- br mean 
PCB coricentrations than reference: stream 
fish in both years (D < 0.05, t-test). The 
IevcQ of PCl3 contamination in fish (mean 
sl 1.18 pg/g, both years zornb9ned) is high 
for a re!ativcly short-lived, low-lipid species 
such as redbreast sunfish; longcr-lived 
older, €attier species such as chamncl 
catfish, carp (Cyjiriisus c n p b ) ,  or large- 
mouth bass (Micropiems sradrrzoides), if 
prscnt ,  would probably contain much 
higher levels. In gencral, the degree of 
PCB contamination in redbieast from 
Mitchel’a Rrarrdn was similar to the level 
of mniamination found at the triost highly 
rnntaminatcd sites on East Fork Poplar 
Creek (EFK 23 4) and W-kite Oak Creek 
(WCM 2.9) (Figs. 4.3 and 4.4). PCB levels 
in Mitchcll Branch fish could p o x  concern 
for humain exposure; two of eight redbreast 
in 1989 contained 3CB coimcentrations 
aharve the FDA action b e !  (FDA 19843). 

TTne significance of Mitchell Biarach as 
a smrcc of PCB contamination i s  cvidrnt 
when comparing the levels csf coatarni- 
nation in fish collec:cd hi Poplar Creek 
mpsiream and duwemstrcan of the mouth of 
Mitchell Braacln. Because no statistically 
signiGcan t rclationship was found between 
&‘@E concer;:rations in fish iissuc and fish 

SUbsaidn:kl! COa?lC%nhdtiOnS O f  $cBS. It 

wcight (ANQk”4; p > O.OS), compariscmns 
were made among sites without adjusting 
for fish size. ,4d$itiowally, no adjustnw-ds 
were. made when mean PCB mnmntrations 
were compared bctwcen redhaeast sunfish 
and bluegill from different sites, because 
past studies on the resewation ( b a r  
1992b; b a r  1993a) have shorn that mean 
PCB concentrations between redbreast 
and bluegill collected from the same s i t e  
were not significantly d i k r e n t  Mean 
PCB concentrations in Mitchell Branch 
rcdbreast were significantly higher 
(y < 0.05) than mean BCB concentrations 
in bluegill at PClvs 6.9 and 8.2 in each 
year (Table 4.3). Much higher concentra- 
tions were found in fish from Mitchell 
Branch than in fish from PCK 6.9, even 
though PCK 6.9 is only a short distance 
downstream of Mitchcll Branch. These 
results confirm the conclusions drawn from 
the earlier clam data (Le., Mitchell Branch 
is a substantial source of FCRs to its own 
biota; fish were not llkelly to have obtained 
such high PCB concentrations ersewhere). 

PCR concentrations were rneawred in 
bluegill from several sites in Poplar Creek 
and the Clinch River to assess the relative 
importance of various streams (Bcar 
Creek, EFPC, Mitchell Branch, and White 
Oak Creek) tn the system. PCB rcsenlts 
for the Poplar Creek area are sl~own in 
Table 4.3; results for the entir- b., rcSeYva- 
tion are shown in Figs. 4.3 and 4.4. 

Fish from PCK 18.4, upstream of any 
discharges associated with DOE Oak Ridge 
operations, contained PCB coaccntrations 
typical of reference stream fish (Table 4.3, 
indicating that neither upstrcam soiirces of 
PCBs in Poplar Creek nor nnovement of 
fish between sitcs was a probable expla- 
nation for the high PCB Ievels at PCKs 8.2 
and 6.9. As was ohsewed for mercwy, the 
mean concentrations s f  PCBs in fish €ram 



~ ~ 

Site" Species 

EFK 2.1 

PCK 10.4 

PCK 8.2 

MIK 0.2 

PCK 6.9 

PCK 1.6 

CRK 15.0 

Bluegill 

Bluegill 

Bluegill 

Redbreast 

Bluegill 

Channel catfish 

Gizzard shad' 

Bluegill 

Bluegill. 

Channel catfish 

Gizzard shad" 

Reference sites 

MFIR Bluegill 

Channel catfish 
Gizzard shad" 

HC Redbreast 

December 1987 
November 1988 

November 1987 
November 1988 

November 1987 
November 1988 
March 1990 

March 1988 
.lanuany 1890 

June 1987 
November 1981 
November I9@ 
March 1'PH) 

August 19% 
August 1989 

August 1988 

December 1987 
November 1988 

November 1987 
November I988 

August 19% 
August 1989 

August 1988 

1987-1988 

1988- 1989 
August 1988 

1985-1989 

0.14 f 0.04 
0.13 $: 0.03 

0.06 0.01 
0.05 f 0.03 

0.20 f 0.03 
0.31 f 0.01 
0.07 f 0.02 

1.61 f 0.32 
0.80 * 0.14 

0.22 f 0.06 
0.26 f 0.04 
0.21 f 0.0s 
0.12 f 0.01 

0.71 f 0.13 
1.07 f 0.35 

2.97 I 0.76 

0.17 f 0.03 
0.19 f 0.09 

0.08 -r- 0.01 
0.11 5 0.03 

0.50 f 0.07 
0.79 I 0.25 

0.82 +_ 0.12 

0.09 * 0.02 

0.41 f 0.09 
0.40 f 0.03 

0.04 0.01 

0.03-0.41 
0.03-0.33 

0.020.11 
0.01-0.35 

0.ll-0..% 
0.08-0.59 
0.02-0.15 

0.50-3.27 
0.23-1.55 

0.05-0.53 

0.08-0.40 
0.14-0.47 

0.07-0.23 

O.ZL1.31 
0.25-3.37 

1.76-4.37 

0.10-0.31 
0.06-0.39 

0.04-0.15 
0.01-0.28 

0.15-0.90 
0.01-2.10 

0.58-0.94 

0.02-0.28 

0.07-1.61 
0.35-0.44 

0.00-0.18 

"MWR = Melton Hill Reservoir; HC = Hinds Creek; EFK = East Fork Poplar Creek kilometer; FCK = Poplar 

'Number of samples exceeding the FDA action level of 2.00 pg/g [IJS. Department of Agriculture Food and Drug 
Creek kilometer; MIK = Mitchell Branch kilometer; CKK = Clinch River kilometer. 

Admhislration 1984, Potychlorinated h@hnryls (PCBs) in fLh and sheUfih: Rertucrion of Tolerolices, Final Decision, Fed. 
Regist. 49.(100):21520] divided by the tot31 number of sampla. 

The  mean and range for gizzard shad represents thrm composite samples of rive shad each. 



Fig. 4.3. Mean concentrations i k  1 SEI of! polychlorinated biphenyl tin micrograms per gram, wet weight) in bluegill {sa = $1 
collected iri fall/winter 1987 at sitas on the Oak Ridge Reservation and rrearby reaches af the C1inch River. Rockbass 
(AAmS!op!i?es rupesbris) and redb:east sunfish (Lepcmis aurilus) were substituted for biuegili at Bear Creek ki!orneter 0.2. 



OKNL-DWO 9QM-1586rH2 

Fig. 4.4. Mean concentrations l k 4 SEI of ~ O I y c h i Q r ~ f l a t e ~  biphenyl (in ~ ~ c r o g r a ~ ~  per gram, 
wet weight) in bluegilf 4n = 81 collected in faillwinter 1988 at sites on the 
Oak Ridge Reservation and nearby reaches of the Clinch River. Rackbass 

~~~~~~~~~~ rupesfris) and redbreast sunfish (Lepomis ~ ~ ~ i ~ u ~ ~  were substitute 
bluegill at Bear Creek kilometer 0.2 and Mitchell Branch kilometer 0.2 respectively. 

Power Poplar Creek (PCG 8.2, 6.9, and 
1.6) did not decline p r ~ p ~ ~ ~ o n a ~ l y  to tbc 
dilution of EFTC in Poplar Creck, but 
rather remained at levels typical or higher 
than those of lower EFPC (Figs. 4.3 and 
4.4). In I987 and 1988, the mean 
concentration in bluegill collected 
stream of ltritchcll Bran& (FCK 6.9) was 
not significantly different from that for 

gill at thc site upstream of Mitchell 
nch (PCK 8.2). In 1990, the mean 

BGB concentration in bluegill at PCK 6.9 
was higher than at PCK 8.2, hut concen- 
trations at both sites wcrc at or near 
b ~ c ~ g r ~ ~ n d .  The relatively low levels of 
PGBs in blucgill at PCK 6.9 (mean of 

0.22, all years), coupled 
s ~ ~ s t a ~ t ~ a ~  increases in 
compared with PGM 8.2, suggest that PCB 
inputs from Mitchell Branch have little 
impact on Poplar Greek. Howevtx the use 
of sunfish to monitor very dilute in 
of PCBs may ht: limited because lii 
species collected at PCK 6.9 (channel 
catfish and gizzard shad) cc3ntaint:d 
higher levcls of PGBs 

The degree of P 
bluegill from the Poplar Creek sites near 
the Oak Ridgc K-25 Site (PCHCS 8.2, 6.9, 
and 1.6) was relatively low compared with 
othcr sites on the reservation (Figs. 4.3 
arid 4.4). Tbc level of PCB contamination 



in Poplar Cseck bhregikl was most simiiar 
to Bevels ’,a fish from lcrwermosi ERC,  in 
rockbass from Bear Creck &oar 1W3b), 
and in fish from the lcwermnst part of the 
mite Oak Creek drainage [White. Oak 

ite Oak Creek kilometer 
(WCK) 0.21. 

PCB contamination in Poplar Creek 
appmrcd to have !it tk or n c  impart on 
PCB concentrations in bluegill in the 
Clinch River (Table 43).  Mearn PCB 
csnmntrations in bluegill from the Clinch 
River downstieam of the motith of Poplar 
Creck (CXK 15.0) were slightly elevated 
over upstream sites on the Clinch River 
[ClXh 31.5 and 35.5 and Meltoc ;Jill 
Reservoir (MHR)] in 198’7, but in 
mnccntsations in fish at CRK 15.0 were 
at o r  below PGB levels upstream (Figs. 4.3 
and 4-41. 

tinues to receive ongoing PCB inputs from 
at least three sourccs: EWC, Bear Creek, 
and Mitchell Branch. Resolving the signi- 
ficance of each PCB source on the PCB 
burden of Poplar Creek biota is not psssi- 
ble with the existing data- Further 
complicating an evaluation of possible 
SQUKCS to Poplar Creek is  the fact that 
Poplar Creek is a depositional backwater 
of Watts Bar Reservoir and thus is likely to 
aceutnulate PCB-contaminated sediments, 
Some of the observed contamination in fish 
may be a rcsdt of mobilization of sediment 
associated PCBs rathcr than ongoing 
sticam discharges. 

The Poplar Creek embayment con- 

(3xmnnt.l catfish wcrc collected at 
PCK 6.9 and CRK 15.0 in 1988 and 8989 
as part of an cvaluation of the importance 
of inputs from DOE sources ia contribut- 
ing to PCB contamination in Watts Bar 
RescivvcPir. Results of this study are given 
in detail in h w r  (1W3a) and are only 
summarized here Mean FCF conccntia- 
tions in channel catfish from PCK 6.9 in 
both years were c!evated over C O D C ~ : B I -  

traticns in catfish at both the downstream 
site on the Clinch River (CRK 15.0) and 

MHR (‘I’abl~ 4.3). H O W C V ~ ~ ,  these ~EH-  
enccs were not great, considering the 
discrete nature of EFPBflYoplar Creck as 
a source of PCB wntamination. It is 
likely that movements of channel catfish 
and forage fish act to spread PCB eontarni- 
nation away from point S O U ~ C ~ S ,  which 
results in a rather uniform distribution 
of PCB contamination in catfish through- 
out Watts War Resenoir, as was observed 
in thc Oak Ridge Task Force study in 1984 
(WA 1985), One in eight fish collected 
in 1989 from both CRK 15.0 and PCK 5.9 
exixedd the 2-ppm action level. The 
mean PCn concentrations in channel 
catfish En 1988 and I989 at PCK 6.9 
srnpport the precautianay fish consump- 
tion advisory issued by the Tennessee 
Department of Health and Environment. 

Gizzard shad were collected con- 
currcnt:y with catfish in 1988 to assess the 
significancc of PCB accumulation in forage 
fish. n e  mean PCB concentration of 
three composite saniplcs (five gizzard shad 
each) col!ected at PCK 6.9 was signifi- 
cantly higher than for shad col!eeted from 
CRK 15.0 and MHR (p < 0.05) (2xlar 
1993a). The PCB concentration of nearly 
3 ppnn in shad from PCK 6.9 clearly 
indicates that Poplar Creek embayment, 
jike M i t e  Oak Creek cmhaymend @oar 
1993aj, is a rclntivc “hot spot” for PCB 
contamination. Highly contaminated 
gizzard shad from the area are likely to be 
impoitant vectors for PCB dispersal to 
larger game fish that fecd on shad (c.g., 
largemouth bass, catfish, and rockfish). 

from CRK 15.0, as the case with bluegill 
and channel catfish, was not significantly 
different from the concentrations in shad 
from sipstream sitcs (CRK 32.2 and MMW) 
( b a r  1W3a). Evaluating the cffect of 
various PCB inputs from DOE facilities on 
fish in the Clinch River propcr is compli- 
cated by two factors: (1) substantial PCB 
contamination is evident in fish irnnaedi- 
ately upstream of any DOE impacts 

The mean PCB conceutratisn in shad 
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and (2) the species that tend to 
the highest levels of PGBs 
shad) appear to range widely, 

hips between source 

Caged clams heid in Mitcheli Branch 
for four weeks  at^^ substantial 

clams was consistent with the relatively 
high ~ ~ ~ ~ e n ~ r a ~ i ~ ~ ~  of PGBs found in 
redbreast and bluegill 
Branch in 1989 and 1 

fish from ~ ~ t c ~ e ~ ~  

ConEntraticpns in clams in 
c lower than thosc observed in 

cised soon after 

because adverse envirc~nmentai conditions, 
sucb as lack of food or the presence of 
toxicants, may result in atypically low PCB 

of BCB ~~~~~~~~~~~~~~~. 
sible undcr ~ ~ ~ r ~ v ~ n  
s in a highly a 

Mitchell Branch, for accumulation in 
caged clanis to incre 

lected to  date show 
contains significant 

thcse sites (Table 4.3) are similar to those 
~ b s e t ~ ~ l  in caged clams f d o w i n g  a 4-week 

Some chemicals, such as p"lycyclic 
a ~ ~ ~ ~ ~ ~ i ~  hydrocarbons no8 
accumulate ~ p ~ r e ~ i a ~ ~ y  awe 
of their rapid conversion into more s o l u ~ l ~  
metabolites. Because clams slpc 
~ Q ~ b ~ c ~ ~ ~  have less eveloped capabilities 

fish, these chemicals can accumulate sub- 
~ ~ a ~ t ~ a l l ~  in c l a m  iE they are 

feeding. Analysis csE clams for s 
volatile organic c o m p o ~ ~ n d s  a 
not revcal any ~ ~ b ~ t a n ~ ~ s  riot also found 
at similar concentrations in refercnce 
stream clams, except for thc detection of 
very low concentrations of PAHs in 19% 

ror detoxifying organic ~ o n ~ a ~ ~ ~ ~ ~ ~ ~ s  than 

solution or in particles f'ilterc 



M E  0.2 April 198.9 0.34 $I 0.07 Rl,Db+ (&Sow limit of detection) 

MIK 0.2 April 1989 0.69 k 0.02: 
(21 

M'iK 0.2 July 1989 0.98 f 0.10 BLD" 

MiK 0.2 April 1990 0.91 * 0.06 aldrin, 0.045 
(2) chlordane', 0.007 

acenaphthene", 0.008 
anthracene', 0,001 
beeraz(a)anthraeenee, 0.W 
ehfysene: 0.004 
fluorene=, 0.022 
Others BLW 

PCK 8.2 April 19% 0.12 f 0.00 
(3) 

(3) 

PCK 6.9 April 2988 0.19 f 0.01 

Reference sites April 19% 0.05 f 0.00 BLD'," 
(3) 

.4pril 1989 0.12 f 0.01 
(22 

July 1989 <0.02 BLD* 

April 1990 <0.09 BLD' 

"Values are mean + 1 SE, with the number of samples in parentheses. 
'Z4is(2"ethbilbewyl)phrhalaee, diethlphthalate, benzoic acid, and bis(2-chloroisopropyI)ether were 

'Diethylphthalate and kwzsic acid were detected in reference site samples and MIK samples. 
Qierhylphthalate was detected in  reference site samples and MIK samples. 
me.% trace COnccntratiOAS of these substances 'irere reported at lcvels far below the analytical limit 

of quantification, but at  higher concentrations than found in reference site samples. Confirmation that 
these srabstances were indeed present is impassible at such low levels. 

dewred in reference site samples and NTK samples. 

'bethylphibalate and dibutylphihalate were detected in reference site and MIK samples. 
Nore: MIK ::: Mitchell Branch kilometer; PCK = Poplar Creek kilometer. 



Site 

~~~~~~~~ Braach, km 0.2 0 . ~ ~ - ~ . 9 ~  

0.32- 1.01 

0.88-0.47 

0.23--8.89 

White Oak l a k e  8.4 1-0.83 

hire Oak Creek, krn 2.6 

(Table 4.4). ~ r n ~ ~ ~ v ~ ~ ~ n ~ s  in analytical 
detection limits in 
tion of lower conc 
was possibie in previous years. Goncentra- 
tions of several PANS were dcariy higher 

itchell Branch than in 
clams at the re ~ C G  sites; however, the 
concentrations were very low, the highest 
being fluorene (0.022 pez/g>- Given the 
presence of coal pifc runoff and 
carbon c o i i l ~ ~ ~ ~ a ~ ~ ~ ~ n  in Mitchcl~ Branch, 
it is not surprising to find traces of PAHs 
in clams. '!%is ~~n~~~~ ~ ~ ~ r o ~ ~ r a t e s  
dctcction of elevsated 

at a ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ [ ~ ~  of 
is agricultural pesticide i s  

percentage recovery of analytes through 
the analytical procedure. A i ~ r ~ n  was not 
present in the spike, nor was it detected in 
the unspiked reference site clams. Thus, it 
appears likely that the aldrin reported in 

result of a positive interference in the 
analytical procedure. Annual monitoring 
for pesticidc c o ~ t a ~ ~ ~ a ~ i o n  will continue in 
Mitchell ~~~~~~; if aldrin c ~ ~ t ~ ~ i ~ ~ ~ t ~ ~ n  is 
prcscnt, i t  should appear in futurr, samples. 

ranch clam sample was a 

PCBS aK6 the tWhP 

primary contaminants that 
above b a c k g r ~ i ~ ~ ~ ~  1cv& in 
Branch biota. From 1987 through 1990, 
the levels OS mercury wccc not excessive 
relative to the A limit and were similar 
t(P h S G  in fish nearby Poplar Creek. 

ever, the signifk 
ch as a source of 

levels obsewed in i t s  
Bar Creek, rcmains unclear. 

ncentratians of other rnctals 



The PCB monitoring data were inore 
conrliisivc and dezrly showed that Mitchell 
Brancli was a source of PCX3 contamination 
to its biota. Some fish in Mitchell Braacb 
contained PCB colacentrations in excess of 
the 2 pg/g  FDA action level. Significant 

evident in channel catfish and gizzard shad 
cs’l!ec:cted in Poplan: Creek a short distance 
downstream of Mitchell Branch. Mitchell 
Branch iandoubicdly is a source of PCB 
contanairsation to Poplar Creek, hut its 
signifYcance as a source uf PCB csnataarni- 
natioii to the biota in the Clinch River arm 
of Watts Bar Wesemoii relative t0  other 

Bear Creek? and Poplar 
cannot be ascertained from thcse data. 

PCB contamination (> 1 pgjg) WaLF also 

possible sr?a%sees (EFPC, 

Cagcd clams placed in Mitchell 
ch accumulated very low conccntra- 

tions of PAHs and substantial concen- 
trations of PCBs, Oil and coal inputs 
to the stream probably account for the 
trace amounts of PAHs, which in turn are 
probably the causes of the elevated con- 
centrations o f  detoxification enzymes 
in fish reported in Sect. 5.3.1. A discon- 
tinued agricultural insecticide, aldrin, was 
detected in one of two clam samples 
analyzed in im, but its detection in two 
other unrelated sampks suggest. that it 
may be the result nf an arnaAytical 
inter feerencc. 

The most significant contaminant bis- 
accumulation problem in Mitckacll Branch 
appears to bc PCBs, A key objective of 
future studies will be to identify and 
characterize the PCB sourcc(s) in Mitchell 
Branch (eg., specific ongoing discharges, 
sediment contamination, and episodic 
releases), Placement of clam cages further 
upstream near possibble PC8 discharges, 
along with sediment sampling of Mitchell 
Branch may help in locating tlnc PCB 
sourcc(s). 

Resident fish and caged clams will 
continue to be usad for monitoring the 
accumulation of metals a i d  organics in 
Mitchell Branch. Elurgill will continue to 
be collected from sites on Poplar Creek to 
further evaluate the role of Mitchell 
Branch as a source of mcrcury and PCBs 
in that system. To evaluate the signifi- 
cance of Mitchell Branch as a source of 
mercury to its biota, caged fish may be 
introduced and monitored for it in conjunc- 
tion with the biological indicator studies 
(Sect. 5). Alternatively, resident specks 
unlikely to be immigrants from Poplar 
Creek, such as creek chubs or blacknose 
dace, may be analyzed for mercury if 
populations are large enough that such 
collections would not substantially affect 
them 
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report summarizes the resuks 
9 bioindicator study canducted 

ranch and three reference 
streams. Two approaches were used to 
evaluate the current health status of fisk 
in M ~ t c ~ e l ~  Branch: (1) analysis of func- 
tional biological response groups and 
(2) analysis of integrative bioindicator 
groups. The functional group approach 
involved analysis of five major groups of 
biotic responses to determine if differ- 
ences in fish health existed between sites. 
The integrativc bioindicator analysis 
involved the use of all bioindicators 
together within a multivariate context ta 

c identithiion of 
ic responses of fish to 

causative agents or mechanisms that may 
be affecting the health of fish ~ ~ p ~ ~ a t ~ ~ n s  

5.2 

~ a m p ~ i ~ ~  was conducted during 
summer of 1989 ia MitchePB Branc 

and three reference streams, 
shy Fork located between 

liver Springs and Clinton (Anderson 

Clinton and Norris (Anderson County), 
unty, Tennessee), Hinds Greek between 

Greek ~~u~~~~ County, 
each site, redbreast sunfish 

~~~~~~~~ ~~~~~~~~~ of all sizes and 
groups were collccted by electros 
BImd  sa^^^^^ were taken from 12 to 15 

-0-7 mL were ohtLained 

~ ~ p ~ ~ a t ~ o ~ - ~ e ~ e ~  analysis by recording their 
lengths and weights and r e ~ ~ Q v ~ ~ ~  a sample 
of scales far age and growth ~ n f o r ~ a ~ ~ ~ n .  
Fish not used for the blood and bioindi- 
cator analysis were returned to the stream 
alive. 

Total lengths and weights were 
rexorded for fih transportc 

, and observakinns wer 
the general condition o 
presence or  absence 01 
and/or mouth soresy external parasites, and 
general appearance. ~ ~ ~ ~ ~ ~ ~ n g  sacrifice, 
the liver and spleen wcre r c ~  
each fish for further 
section of liver 

food niateriai was removed from thc 



Blood collected in the unheparinizd 
tubcs was allowcd to clot, transferred with 

centrifuge tubcs labeled with tbe fish 
identification n?snabcr, and eeatrifuged for 
3 mirn in a B c c h a n  Microfup. The dear 
supematant (serum) was drawn off with 

l-mL conical plastic tuba  

[creatinine, alanine aminotransferase 
(ALT) albumin, and urea nitrogen (SUN)] 
were analyzed following the methods des- 
cribed by Weary et al. (1974), Bnergrneyer 
e t  al. (197X), Dournas (1972), and Tiffany 

was analyzed by the method of Ahin 
et a!. (1974), sand triglycerides were 
analyted hy the procedure of Bucolo and 
David (1973). Total serum proteins weie  
measured by the Biuret method (NCCU 
19'79); the procedures f a  this assay are 
described in the Roche Dragsaosiie Systems 
(1986) infoiro:?tion package. All cf these 
methods arc cnzynatic assays; the ocagerats 
fox each assay were obtaiired from W ~ c h e  
Diagnostic System. A 
were performed with an autoniated Centh- 
fuga1 Fast Analyzze System (Cobas-Fara, 
NoFEii7ar-t La Roche Instrurneazts, he.) .  
Calibrations \\rzic made by iisipg the 
Roche serum caiibrator as the stawhrd 
and Moni-iisl-bS Imel 1 and 2 
(Anericm Dade, Miami, EL) as internal. 
standards 

Pasteur pipe?!es to 1.5-mL mnical micro- 

CleaKi pipEates a d  t~anSfC'PWd h k k d  

Indicators of organ dysfunction 

et al- (1972) rmpectivcly. Cholesterol 

The following histopathclerglsal 
analyses were pe:fomed by the School 
of Veterinary Medicine, Uiiiversity of 

California-Davis: (1) percerrtage of tissue 
occupied by parasites, (2) percentage of 
liver comp~osed of nccrotitjc parenchyma, 
(3) pcrcntiage of tissue composed of 
maercrghagc aggregates, and (4) percentage 
of h e r  occupied by functional parenchyma. 
7hcse analyses were performed by using 
methods described by Hinton and C7fiuch 
(1984). 

n Fish hepark 
mic~-ssomes -were prepared by diffcaential 
centrifugation (McKee et al. 1983) w:th 
semmd modificatio~is. Fish wexe sacrificed 
by severing the spinal cerd, and the livers 
wete immediately removed and blotted 
dry, Each liver sample was placed in ice- 
co!d buffer (0.25 mM sucrose,, 0.1 M tris, 
pM 7.4). The tissues were minced and 
then homagcnizcd in 5 volumes of buffer 
with a motor-driven Potter-Elvehjcm glass 
arid Teaon homogenizer. The homoge- 
nates were ecwttifuged in a J-28B Beckman 
centeifinge at 3000 g* for 10 miii and at 
1 0 , O  g for 20 min. The resulting 
supernatants were tlncn centrifuged at 
105,000 g for 60 nniii in a Beckman L3-50 
ultracentrifuge. Microsonial pellets were 
resuspcndcd in 0.1 M tris buffir, 1 rwM 
EDTA, and 20% glycerol at pII 7.4 by 
sonication for 10 to 15 s with a Braun 
Sonic 1510 at 50 W. All operations were 

were frozen with liquid nitrogen and stored 
at - 120°C; no significant change in 
7-ethoxyresorufia O-deetbylmse (EROD) 
activity was detected after 4 inoraths s f  
storage at this temperature- Thc activity 
of fish microsomes stored under thesir 
cornditions have been rcported to be stable 
for 1 year (Forlinn arid Anderson 1985). 

l3eTfglsmed at 0 to 4°C. The IIIkrQSC?m@s 

*Italic lower caSe g denotes standard acceleration 
due to g r ~ i t y  ( - 9.8 iIl.S.'.S-'). 
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and cytochrome h, crmtent were each 
measured by their characteristic; cxidized 
and reduced spectra. 
samples were oxidized 
xide and reduced with sodium dithiunite 

annasen and DePierre 1978). Cyto- 

Scale samples were used to estirnatc 

cable) wcre i-ccorded an each envelope. 



the weight a t  tine of capture, $5 is  thc 
rcgrmsim mefficient: log a is the inter- 
cept of thc line on t l x  Y-axis, an3 E is the 
total Icngth ('T'L) of t k  fish at the time 
of captam (Bagersal 1978). f ie  regressisti 

the length-wight relationship and \vas 
calculaid using a GLM proczdure from 

Estiniatcx of true growth were eal- 
culatcd in accardamc with the methods of 
Rickci; (1 975). The truc growth rate G 
is t5.c instantaneous rate of increase in 
weight far the last complete year of 
growth. 'To cstimate G, the fallowing 

cscf6:ciesat b is the functional slope oE 

5A.S (198?3)* 

prscedurce were fo%7wedr 

1. 

2" 

3. 

4. 

5. 

The age of each fish was dctcrmined 
from scales, and nicaaurements to 
successive annuli were recorded. 
A relationship oE scale s i x  to fish TI, 
was cstablishcd. 
The back-calculation procedure of 
Carlaixdcs (1381) was used to estimate 
fish TI, at the start anid clssc of the 
last complete year of growth for each 
agc group. 
7 % ~  natural logarithm of the TLs 
determined in (3) was calculated for 
each fish? a7d initial Isngths were thea? 
subtracicd from Gnal lerngths. The 
remaining values represented thc 
instantaneous rate of increase in 
lcngth foi tach fish- 
The imtantanesus rates of increase in 
Icngih for tach age group were aver- 
aged and mlnltipliecl by b (calculated 
in Icngtk-weight relatioiiship). Thc 
resultiiig value of G is the mean 
instantanzous rats: of iticreasc in 
weight (true growth) for each age 
c group char-ing the last comp1ct~ year 
of growth. 

After vdaies for G undenvernt natural 
log transformation, they were compared by 
age chias by using r7w ANOVA in which 
site was the main effect (PRO13 GLM, 

SAS 198%)- Site differenms were then 
separated with a Tukq studenlized. range 
test with signikkant differeaecs bcing 
acccpted a t p  < 0.05 

h ANOVA wzs used to test for 
site and seasonal effects, and their intea- 
action on each bioindicator variable. If 
t k  .AJ?JQ\7,4 rejected a nxaltisample null 
hypothesis of equal means, then Dunnett's 
t a t  (Zar 19%) was used to test for 
significant diEferences in response para- 
meters in fish from Mitchell Branch rela- 
tive to those for fish From the reference 
sitess, The signnificame level for rejecting 
the hypothesis of equal axleam was set at 
y < 0.05. 

OS fish to the environmental conditions 
at each sampling site, all the bioindicator 
variables WCFC considered jointly within 
a multivariate mntcxt by using canonical 
discriminant analysis (PROC CAWDISC, 

graphical representation of the positions 
and orientations of the various site 
issponses r d a t i ~ e  to c ~ h  OtheP. In 
~Id i t ion ,  this method derives linear 
combinations of ;all variables and can 
identify statistically significant d E m -  
ences among treatment rncans even 
when single variables may titrt indicate 
suck difkrenccs. A variable sekction 
procedure available in SAS (PROC 

identify the variables that contributed 
most to the discrimination among sites 
based on the iiitegrated parameters. Th is  

all possible smnbinations of the obsewcb 

selected those variables having the best 
discriminating ynwer. Tests for 
homogeneity of variance of individual 
response variabics between sites were 

To dcfrrmine the integrated raponse 

SAS 198Sb). n-lis method provides a 

STEPWISE, spas 1985b) was used to 

variabk selection procedure considered 

values and, for any specified subsce size, 
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fish at sites known t 0  have degraded water 

among streams. 



SHORT-TERM I - 
RESPONSE 1- 

LONG- TERM 
RESPONSE 
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possibly indicating saane levell of liver 
damage. resdting from p i i ras i t k  infesta- 
tion (Fig. 5 3 ) .  

used as an iindicator of kidncy damage or 
malfunctisim (TietL 1986). Creatinine 

values did differ significantly arrnsnag 
the four streams, thus, indicating that 
Edncy f\inction in Mitekell Branch 
redbreast sunfish is not bcing impaired, 

generally used as an indicator of liver 

Elevatcd creatinine Icvcb are typkzlly 
The kransfcrase e~zymc ALT is 



* 

NADH NADP 

Fig. 5.2. Relative differences in the response of detoxification enzymes for redbreast sunfish 
from each of the reference sites compared with Mitchell Branch (the zero line). 
Values above or below the zero line indicate that the response for fish from each of 
the reference streams was higher or lower, respectively, than that for fish from Mitchell 
Branch. Asterisks indicate values that were s i g ~ ~ f ~ c a ~ ~ ~ ~  

itchell Branch. 

darnagc, with elevated levels reflecting 
cirrhosis or obstructive jaundice. ALT 
activity in fish at all reference sites was 
slightly lower than that of tish from 
M ~ t ~ h ~ l l  Branch. Nowevcr, these differ- 
ences were not $ i ~ n ~ ~ c a n ~  (Fig. 5.3). 

protein ~ ~ t ~ ~ ~ c ~  metabolism in mammals 
BUN k the major end product Of 

agnose renal disorders. 

~ n c ~ ~ d ~ ~ ~ ~  but not limited to, ammonia and 
urea. Pn addition to being excreted by the 
kidneys, some a~~~~~~~ and urea is also 
excreted through the gills. 

~ ~ ~ ~ n ~ ~ s ~ n ~  the elffecls of stress on fish, 
abnormal levels of urea in the blo 
S C W ~  as an important indicator of 
dysfunction. In fish from Hinds Creek 
and Brushy Fork, BUN levels wcrc signifi- 

Branch. BUN lev& in fish from Paint 
Rock Creek were lower than in fish from 

an&, but the diffcrcncc was 
ally significant (Fig- 5.3). 

canlly lowcr than in tish from ~ ~ t ~ ~ e ~ ~  

Because creatinine, an indicator ~f kidney 
dysfunction, was not elcvated in Mitchell 

anch fish, it i s  pos 
ality conditions in 

be affecting gill [unction and not kidney 
function in these fish. 
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Indicators of histopath~logica! condi- 
tion in Mitchell Branch fish showed differ- 
encrs ~0mpare9 with referenee €ish, but 
thcsc differences wme not significant 
(Fig. 5.4). The percentage of the liver 
composer! of encysted paasites (LPARS) 
was lower in Hinds Creek asad Brushy Fork 
than in Mitclnelll Branch but was slightly 
elevated in Pairri Rack Creek. ?'he per- 
centage o€ liver occupied by melanophage 
aggregates (LMACA), which are indicators 
o€-ciiscam.i ur intected arcas in the tissuc, 
was lower in Hinds Crcck anid Brushy Fork 
than Mitche'rl niagrck but a h  was slightly 

clevated in Paifit Rock Creek rsdbacast. 
The percentage of liver actually occupied 
by functional parenchyma (LEIPMA) was 
similar at all sites. There does seem, 
however, to be somc indication of liver 
impairment in Mitchell Bsmrh fish as 
indicated by elevated parasite !Dads and 
rmelanophage aggregates. 

Three condition indices were 
mea.sured as indicators of thr, general 
health of fish. The visceral-somatic index 
(VSI) prsvidcs information? on energy 
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Fig I 5.4. Relative differences in histopathological condition for redbreast sunfish from each 
of the reference sites compared with Mitchell Branch (the zero fine). Values above 
or below the zero line indicate that the response for fish from each of t 
streams was higher or lower, respectively, than that for fish from Mitchell 
Branch. Asterisks indicate values that were significantly different @ < 0.05) from 

. LPARS = her parasites, ~ M A ~ A  = ~ ~ l ~ ~ o ~ ~ a g @  ~ ~ ~ r ~ ~ a t ~ ~ ,  
nai parenchyma in liver, 

stored as lipids in the mesenteries of 
se lipids are Important 

use and gonad 
IS and McHxan 1985). 

SI generally reflects 
the level of total body lipids, which is 
used lo indicatc overall fat storage and 

ritional siatm of the f"HSh. 
r e a t  from ail three refetenec 

g n i ~ ~ c a ~ t ~ ~  higher than in tish 
h m  Mitchell Bran 
Cat levels in haitchel 
indicate that metabolic stress caused by 
c ~ n t a ~ i n a ~ ~  exposure is greater in 
these tIsd.1 and/or that less food is 
available. 

e liver-somatic index (LX) 
reflects both short-term ~ ~ t t ~ t i ~ ~ ~ ! ~  status 
and metabolic energy demands ~ ~ e i ~ i ~ ~ e r  

and liver enlargement resulting 
yperplasia (increase in cell number) 

and hypertrophy (increase in cell size) has 
been repr tcd  in fish exposed la toxic 
 omp pounds (Fletcher 
1987, Addison 1984). 

licahle to r d h r e a  
because the LSI was higher at this site 
than for redbreast from all three refcrenc;e 
streams, although the diffcrcnce was not 
statistically s ~ g n ~ ~ ~ c a n t  (Fig. 5.5). 
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Relative differences in the condition indices far redbreast sunfish from eac 
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below the zero Bine nse for fish from 

than that for fish fr 
Asterisks indicate values that were significantly diff~rent (p 
Branch. 

0,051 from 

The condition factor (CDFC) is a 
generalized indicator o€ time overall health 
or "plumpncss" of a fish and can reflect 
the integrated ef€ect of both siutritional 
status and metabolic impairment caused by 
stress. The condition factor is relatively 
insensitive to changes in lipid stores 
(Padamns and M c k a n  1985). Tliis feature 
of the index may explain why the CDFC 
values were similar for fish from Mitchell 
Branch and the three scfcrence sites. 

An evaluation of the nutritional status 
of the organism is irngo~tmt for interpret- 

irig the nature of the effects of contanni- 
nant stress on fish. 'rhree indicators were 
used as measures of nutritional condition, 
inckarding thc percentage of the stomach 
and intestine containing food and the level 
of serum triglyccrides. Fish from Hinds 
Creek and Paint Rock Creek had at least 
45% more food iim their digestive systems 
than fish from Mitchell Branch, whereas 
fish from Brushy Fork had slightly less food 
(Fig. 5.6). Nonc of these diffcrcnces, 
however, were statistically significant. 

Serum triglycerides wcre much higher 
in Brushy Fork and Paint Rock Creek fish 
than they were in fish from Mitchell 
Branch, indicating either higher feeding 
levels (food quantity) or bztter i-nntritional 
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Fig. 5.6. Relative differences in the response of the nutritional indices for redbreast sunfish 
from each of the reference sites compared with Mitchell Branch lithe zero line). 
Values above or below the zero line indicate that the response for fish from each of 

e streams was higher or lower, respective than the same response for 
itchell Branch. Asterisks indicate those lues that were ~ ~ ~ ~ ~ ~ c a ~ ~ ~ ~  

different (p < 8.05) from Mitchell 5ranch. 

content (fond ~ ~ a ~ ~ t ~ ~  of available food for 

The higher levels of triglycerides in fish 
from the reference sites suggest that these 

from ihme reference sites (Fig. 5.6). 

Canonical ~ i s ~ ~ ~ ~ ~ ~ ~ n ~  analysis can be 
an informative ~ p ~ r ~ a ~ ~  for determining 
the overall respnsc of fish to stress. T h i s  

all the bioindicators within 
context and provides a 

n of the positions 
sites relative t o  

than ~ ~ a ~ ~ ~ ~ a l  indicators. 

responses shown in Fig. 5.7 is that the 
integrated response o 
reference streams is 
redbreast from 

The most ~~~i~~~ featwe ~f thc site 

sponses of fish from Brushy 
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breast from Paint 

nated betweern the health status of fish at 
the various sites. The variables examined 

t important in discrimi- 

indices, and two nutri~iona~ indices. This 
analysis illustrates the i 
including bioindicators at several levels of 
biological organization when evaluating 
the integrated responses of tish to environ- 
menta! stress, 

Length-frequency histograms indicated 
that tructure of redbreast 
sunfi ranch is different from 
that at the reference sites (Fig- 5.8). Only 
25 fish could be collected Ernm Mitchell 

ranch, all of which w 
1 crn in total length. 

bution of sizes in the Milchcll Branch 
population may indicate a problem with 

r recruitment. The habitat 
arm& appears inadequate 
~ ~ ~ w ~ ~ n g ~  Like most species 

of sunfish, rcdbreasl prefer sand and 
er other substrate types, such as 

for nest eonstruc- 
eyer, much of the 

ccaversd with silt, with accumulations 
several centimeters deep. Even if hatching 
were successf~l, predation by larger fish in 
the system axdd limit suwival oC young. 

ave to do .k/a.tR t 

though 227 fish were collected 

selected for scale analysis. All scale 

Mitchell Branc 

parisons were made only far growth rata  
of fish in age elasses 2 and 3, a ~ ~ ~ ~ ~ U ~ h  

&cause strcam arca is limited and sub- 
strate is not ideal for benthic food 
production, habitat does not seem tn bc 
wnducive to Faxorable growth sates. Lack 
o€ competition for rcsotirees could bc a 
reason for 
fib. at Mit 
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Table 5.1 

Sample site A@ Sample size 

itchell Branch 1 
2. 
3 
4 
5 

Brushy Fork 

Hinds Creek 

n = 2  
p% = 13 
n = = 8  
n = l  
n = l  

Total = 2s 

n = 32 
bz = 23 
n = 28 
n = 3  
n = 3  
r t = 2  

Total - 91 

n = 3s 
n = 53 
n = 58 
n = = b  
n = O  
n = 3  
n - 1  

Total = 159 

sampIes revealed that no competing species 
of fish were prcsent in substantial numbers. 
Only a few small bluegill and green sunfish 
were found; therefore, redbreast basically 
compete with each other for availabie 
food. Redbreast sunfish at both reference 
sites must also compete with bluegill, 
rockbass, suckers, and several species of 
~ ~ ~ ~ ~ ~ i ~ .  ~ i t c ~ e ~ ~  Branch redbreast could 
also have attained their size in the largcr 
Poplar Creek system before immigrating 
into Mitchell Branch. 

The mean instantaneous growth rate 
(6) of age 1 redbreast sunfish in 1988 was 
significantly higher @ < 0.05) at Mitchell 

Branch than at thc reference sites 
(Fig. S.11). However, no significant 
difference in the growth rate was found 
among the rcfercnce sites. Age 2 fish in 
Mitchell Branch grew at a significantiy 
lower rate in 1988 than did fish at either of 
the reference sites. As for age 1 fish, 
there were no s ~ g ~ i ~ i ~ a ~ ~  differences in 
growth rates of age 2 fish among the 
reference sites. This pattern suggests that 
in 1988 there could have been unequal 
availability of food resources for different 
size fish in Mitchell Branch. The smaller 
age I tjsh grew well, hut the larger fish 
were apparently less able to benefit from 



ORNL-DWG 92-12929 

~PIlf ihg.  Fork 

-di- Hinds Creek 

-%- Mltchall Branch 

Q 1 2 3 4 5 8 7 8 

Age at Time of Capture 

Fig. 5.9. each age group in 

ORNL-UWG 92-12930 

0 1 2 3 4 5 6 T 8 

Age at Time sf Capture 

Fig. 5.10" Mean in each age group August 1 
the three sample sites. 
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Fig. 5.1 1 Mean instantaneous growth rate (GI of redbreast sunfish in 1988 at 
the three sample sites. 

the same resources. Because of the need 
for larger prey items and the limited area 
of habitat, competition may have been 
greater between iargcr Cih. 

Several conclusions can be drawn 
from the comprehensive analysis of the 
1989 bioindicator data from Mitchell 

ranch. Kdhreast  sunfish in Mitchell 
Branch appear to  he physiologically 
stressed. On a short-term basis, the 
effects of contaminant exposure are 
reflected in gill and possibly liver dysfunc- 
tion Cor fish inhabiting Mitchell Branch. 
Longer-term stress is manifested by 
changes in ~ i s ~ o p ~ ~ ~ o ~ ~ ~ g ~ c a l  condition 
and overall condition or health. The 
reproductive eornpetencc of the redbreast 
sunfish population in Mitchell Branch may 

have been compromised, as evidenced by 
the lack of small individuals in the 
population. Some of the stress responses 
may have been the result of the indirect 
effects of water quality manifested through 
the food chain. 

The integrated response of fish from 
Mitchell Branch was distinctly different 
from that of fish from the three reference 
streams. Although the integrated response 
was not the same for all three reference 
sites, they were all dissimilar to Mitchell 
Branch by approximately the same amount, 
indicating impaired health of fish in this 
strcam. 

reprcsentative of four functional groups 
permitted Mitchell Branch fish to Ire 
statistically separated from ifish at thc 
reference sites. is analysis demonstrates 
the importance of incorporating bioindi- 
cators from several lcvels of biological 

When integratc 



organization into biological monitoring 
programs. Such an integration is needed 
to effectively evaluate the effects of 
cowtaminantdated stress on fish 
pogula tiom, 

The annual bioindicador study of fish 
in Mitchell Branch will. continue with onc 
major change initiated during the 1 
sampling period. At that time, reproduc- 
tive studia were initiated to assas the 
effccts of contaminant stress on reproduc- 
tive success. Reproductive competence 
will be evaluated based on measurements 
of gonad condition (e.g., quality and 

histology 

health ~ ~ ~ ~ ~ s ~ ~ ~ t  index) of evaluating 
fish health is currently being devel 
to supplement the quantitative hi 
cator studiess. This system, which pro- 
vides a general health profile of a fish 

In addition, a new system (fish 

general homeostasis, nutritional status, 
and presence of infectious agents. This 
evaluation will be used to help t a t  the 
hypotheses that bioindicatar rasponscs 

ish result directly from contaminant 
osure and are not mediated indirectly 

through the food chain. 
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J. G. Smith and M. 6: Hyon 

The objectives of the instream em- 
logical monitoring task (Task 4 of BMAP 
as described in b a r  e t  al. 199lb) are to 
(1) characterize spatial and temporal 
patterns in the distribution and abund- 
ance of the benthic macroinvertebrate 
and fish populations and (2) document 
the effects of new pollution abatement 
facilities on c ~ m m ~ n i ~  structurc and 
function. This task consists of two 
componenb: (1) benthic macroinverte- 
brate studies (Subtask 4a) and fish 
population studies (Subtask 4b); results 
to date for these studies are presented 
in Sects. 6.1 and 6.2 respectively. 

6.1 BENTHTC UACROXNVERTE- 
BRATES (J. G. Smith) 

During the initial year of B 
(August 19% t ~ r ~ ~ ~ ~  July 1987 
benthic invertebrate community of the 
middle and lower reaches of Mitchell 

anch extaibitcd characteristics indica- 
e of moderately to severely degraded 

water quality (Smith el al. 1993). These 
affected reaches were generally charac- 
terized by low taxonomic diversity and 
richness and the absence or low relative 
abundance of some major taxonomic 
groups that are relatively intoicrant of 
p ~ I l u t ~ o ~ 9  (e.g., Ep 
and Trichoptcra). 

rtebr-ak studies eon- 
tinued as in the first year with the specific 
objectives of (I) further characterizing the 
benthic macroinvertebrate community in 

Mitchell Branch and documenting the 
impacts on this communi 

2988; thus, in the absence si' a complete 
year of data, c ~ ~ c i u s ~ o ~ 9 s  drawn from these 
data are considered tentative. 

3cnthic ~ a c r ~ i ~ v c r t ~ b r ~ t ~  were 
sampled at a p ~ ~ ~ x ~ ~ a t e ~ y  monthly intervals 
€rum August 1987 through July 19% at six 
sites in Mitchell Branch (see Fig. 2.1); the 
upstream-most site (MTK lA3) sewed as 
a reference site. Three random qdantita- 
tive samples were collected lrom each sitc 
with a Surbcr bottom sampler ( 
fitted with a 3 ~ 3 - ~ ~ - m e s ~  cnlle 
Each replicate sample was plac 
prelabeled, glass jar and prese 
ethanol; the ethanol was replaced with 
fresh ethanol within f week of collection. 
The laboratory procedures used tet proccss 
these samples arc descrihcd in Smith cct al. 
(1993). 

Supplemental infbrniation on water 
quality and stream characteristics were 
also rccorded at the time of sampling. 
Temperature, cond 
oxygen, pN, and tu 
with an Horiba Model TJ-7 Water Quality 
Checker. Water depth, location within the 
riffle area (distance from permanent bead- 
stakes on the stream hank), relative stream 
velocity (visually determined as very slow, 



slaw, modenate or fast)? and substratc type 
'csscd m 3 modified Wenbwcsth particle 
s i z  scale (Low et a]. 1385) were recorded 

.MI calculations and statistical analyses 
fo1 each sample 

were performed with the. use nf the 
Statistical Analysis System (SA@ 198Sa, 

was uscd to calculatr: taxonomic diversity 
of kmthic; miacroinvertebratcs at each site 

198%). The Shan~l~n-Wiener En 

(PiCl0.U 1977): 

M' 1= c Pi (log, BJi), 
where Pj i s  the proportion of the bcnthic 
invertebrate community made up of species 
j .  The M' valucs of 3 or greater are typical 
of clean-water communities, whereas 
values of 1 to 3 are usually associated with 
moderate pollution and values of less than 
1 characterize h e a d y  polluted watcr 
(PlatLs et al. 1983). 

Statistical conrpasisons were per- 
formx! on transformed data [log,,(X + l)] 
(Elliott 1977). Mean values for density; 
biomass; nuanher of taxa (taxonomic 
richness); number of Eghemeroptera, 
PBecoptera, and 'Trichsptera taxa (EPT 
richness); and taxaonomic diversity were 
cotxparccd sepnaatety with a two-way 
i4LNCWA with site and date as the inah 
effects. Significant site diffcrences 
(p < 0.0s) wcre then separated with a 
Tukey studentized range test. Between- 
yzar comparisons within each site werc 
madc with a oneway ANQV,4 with year 
as the main effect. 

A checklist of thc benthic inverte- 
br atcs collected from Mitchell Branch from 
hugtisf 1987 through January 1988 is given 
in App~c~dk E, Table E.1. Over 143 taxa, 
of which 124 were insects, were collccted 

in quantitative samples ~ I Q ~ T I  Mitchell 
Branch. Ten orders of insects were 
collected, including Collembolla (sprii~g- 
tails), Ephemceoptera (mayklics), Odnmnata 
(dragonflies and darnsclflics), Plecopera 
(stoneflies), Wemiptm-a (true bugs), 
Megaloptera (alderflies a d  Gshfllies), 
Trichoptera (caddisflia), CoIeoptera 
(Dcctlcs), Hymenoptera (wasps), and 

was thc faasst taxonomically rich 
with 77 representative taxa, of which 55 
were from the family Chironomidac. *he  
remaining insect orders were represented 
by nine or fewer tam. Several insect taxa 
were not collected f m n  sites downstream 

cularly notable at these do 
was the absence or rare occurrence of 
most or all representative taxa that are 
generally intolerant of pollution, such as 

Trichoptcm. 

Diptera (truc flies). 'Thc order 

of the reference site (MIK 1.43). Parti- 

the Ephemeroptera, Plccoptera, and 

noninsect taxa collected 
Turbellaria (flatworms or 

planarians), Ncrnatsda (roundworms), 
Oligochaeta (aquatic earthworms), 
Copepoda (copepods), Ostracoda (seed 
shrimp), Isopoda (aquatic sow bugs), 
Amphipods (sideswimms-rs), Decapoda 
(crayfish), Hydracarina (water mites), 
Gastropoda (snails), and Bivalvia (nnussells 
and clams) (Table El). As for thc inseasis, 
several nominsect taxa (e,g., Isspnda, 
Amphipods, Bivalvia) collected at 
MIK 1.43 were not collected at those 
sites further dswnstueam. 

Mean density and biomass of the 
benthic anacroinvertebrates at each saxmpl- 
ing site in Mitchell Branch during the first 
6 months of the second year of B I "  
arc presentcd in Table 6.1. Both density 
and biomass were significantly higher 
at MIK 1.43 than at each downstream 



Table 6.1. Benthic maaobvertebrab density, biornass, taxonomic richness, lEpT richex, 
and taxonomic diversity in MitchcM Branch, August ZSJanuary 1987 (Year 1) 

a d  August 1987-January 1988 (Year Zy 

Em 
Density Biomass Richness Richness Diversity 

Site (numberm.3 m') (m0.1 m2 wet wt) (taxa/sample) (taxa/sample) (H') 

MIK 1.43 
Year 1 
Year 2 

MIK 0.86 
Year 1 
Year 2 

MIK 0.78 
Year 1 
Year 2 

MIK 0.71 
Year 1 
Year 2 

MIK OS4 
Year 1 
Year 2 

MIK 0.45 
Year 1 
Year 2 

88.7 f 2 6 9  
298.5 f 63.5 

34.9 f 13.4 
28.2 f 5.8 

30.6 f 8.2 
46.6 f 22.1 

1.1 f 0.7 
10.5 f 4.5 

30.9 f 12.9 
105.8 -f: 48.1 

21.2 & 7.4" 
270.2 f 57.0 

138.1 f 3 8 9  
247.6 & 70.7 

310.6 f 145.i.F 
30.5 f 12.0 

21.5 k 4.0 
18.7 f 7.9 

2.3 f 1.4 
2.8 f 1.4 

37.0 & 18.6 
69.8 f 16.6 

89.1 f. 38.7d 
146.0 f 47.3 

20.1 * 3.g" 
32.3 f 3.0 

5.7 * 1.1 
7.4 f 1.0 

5.4 f 1.0 
6.3 f 1.2 

0.6 f 0.1" 
2.3 4 0.5 

2.2 f 0.4" 
6.6 f 1.6 

1.9 f 0.2' 
7.2 f 1.1 

.7" 3.5 f 0.3' 
5.6 jc 0.7 3.8 f 0.1 

0.2 & 0.1 
0.4 f 0.2 

1.6 4 0.1 
2.0 f 0.2 

0.3 * 0.1 1.5 jt 0.2 
0 1.6 rt: 0.3 

0 w 
0 fl,8 f 0.3 

0 0.7 f 0 2  
0 1.4 & 0.3 

0.1 & 0.1 
0.1 f 0.1 

0.5 * 0.1 
0.6 f 0.1 

"Values are thc means 2 1 SE, with n = 18 
'Ephemeroptera, Plecoptera, and Trichoptera. 
Significant between-year difference, p < 0.001. 
dSignificant between-year difference, p < 0.05. 
Significant between-year difference, p < 0.01. 
ISignifiant beaween-year difference, p < 0.001. 
Nos:  MIK = Mitchell Branch kilometer. 

site cxcept for MIK 0.45 (Table 6.2). 
Although biomass ab; MIK 0.45 did not 
differ statistically from biomass at 
MIK 1.43, the biomass at MIK 1.43 was 
almost two times greater. MIK 0.71 exhi- 
bited the greatest difference in density 

density and biomass were about 28 times 
and 96 times lower respectively. Densities 
at MI& 0.54 and 0.45 were considerably 
higher than at MlKs 0.86 and 0.75; how- 
ever, only the densily at MIK 0.45 was 
significantly higher than at MIKs 0.86 and 
0.78. and biomass Crom MIK 1-43; at MIK 0.71 
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MIK 0.45. Biomass can be greatly influ- 
enced by the occasional collection of a 
few large taxa such as Decapoda (crayfish) 
and Tipulidae (Diptera: craneflies). 
The significant reduction 
N I K  0.85 during the s e a  
a minor change in density, shows that 

her absent or collected 
large increase in density 

at MIK 0.45, coupled with a slight change 
in biomass, was probably the rcsult of 
(1) higher densities of small t m  (e.g., 
oligochaetes and c ~ i r o ~ o m i ~ s ~  that add 
little to the biomass and (2) the infrequent 
occurrence of larger taxa (e.g., Decapoda 
and Tipulidae). 

Considerable spatial and tcmporal 
differences were obsetved in taxonomic 
composition of the benthic community in 
Mitchell Branch. Insight into the possible 
reasons for these differences may be 
gained from considering the dominant 

ic groups because these laxa 
ceount for most of the between- 

site difference,s. 
The most d o ~ ~ n a n t  taxa at all sites in 

chiruncmids; these two taxa combined for 
more than 80% of the total density at all 

they accounted for more than 60% of  the 
total density (Table 6.3). Oligochaetes 

ranch were oligochaetes and 

sites, except for IlKs 1.43 and 0.78, whcrc 

*Far the benthic macroinvertebrate section of 
this report, the term dominant is used synonymously 
with numerical dominance. Taxa were considered 
numerically dominant if they were collected at 50% 
or more of the siudy sites and comprised 2 10% of 
the average density at two or more siks. 

became more d o m ~ ~ ~ n ~  with distance 
~ ~ ~ w n s t r ~ a ~  from 

~ ~ ~ ~ ~ ~ ~ ) ~ ~ d s  tended to 
istance dswnstream fro 

IM 1.43- In addition to their ~ ~ ~ ~ e ~ ~ ~ a ~  
ominanee, these two groups also contri- 

buted ~ n s ~ d e r a b ~ y  to the total biomass at 
all sites; their combined c ~ n $ ~ ~ ~ ~ t ~ o n  to 
biomass was greater than 
except for MIIC 1.43. 

tiafiy to either the density or biomass 
of the invertebrate ~ m m ~ ~ i ~ y  at w m e  
sites, or some taxa [e.g., Ephemeroptera, 

ra, and Trichoptera (EPT) taxa] 
useful ~ ~ ~ ~ ~ ~ ~ t ~ o n  for assessing 

LK 1.43, whereas the 

Other taxa also contributed substan- 

the water quality of the stream because 
of their overall sensitivity to changes. 
Dipterans ~ e x c l u d ~ n ~  Chirotiomidae) 
were moderately abundant at most sites, 
accounting for up to  7.9% of the total 
density and up to 22.2% of the total 
biomass (Table 6.3). EPT taxa ccimprised 
a substantial part of the total density 
and/or biomass at MIX. 1.43 only 
(Table 6.3)- These taxa were not collected 
in ¶ u a n t ~ t a ~ ~ ~ e  samples from MlKs 8.78, 
0.71, c x  0.54, and they c o n ~ r ~ ~ ~ t e ~ l  very 
little to either density c x  biomass at’ 
MI& 0.86 and 0.4.5. 

Taxonomic richness. Spatial patterns 
in taxonomic richucss were similar to 
those observed h r  density and biomass 
(Table 6.1). ’Thc site having the greatest 
number of taxa per sample was 
where richncss was more than four times 
greater than rat any of the other sites. The 
site with the fewest number of taxa per 
sample was MlM 0.71, where therc was a 
15-fold difference frrorn that for MlK 1.43. 
Richness at the remaining four sites was 
similar and s t ~ ~ ~ s t ~ c a ~ ~ y  ~ n ~ ~ s t ~ ~ ~ u ~ ~ ~ ~ ~ e ~  
whereas richness at MTKs 1.43 and 0.71 
was significantly greater and less, 





respectively, than at all ~ther sites 

r sample were never 

r e ~ a ~ ~ ~ ~ g  5 sites, richness never exceeded 
12 taxa per sample during any sampling 
period and was usuaiiy less than 10 taxa 

K 1.43, whereas a t  the 
ichnas similar to those of 

between sites (Fig. One striking 
difference between 1.43 and the per sample. ~ u ~ ~ ~ ~ ~ r n ~ ~ ~ ~  variability 

iornass, with few similarities 

ORNL-DWG 92-12434 
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bctwcen neplicate samp!ec w2s generally 
much greatei at MIK 1.43 than at thc 
o t b  sites during each sampiirlg pcrloid, 
which may reflect a mor@ ccmplcx 
community structure at this site ( i s - ,  
variability between replicatcs should 
decrcase as the number of taxa that can 
potentially he collected decreases). 

Cornparisofis t;actwce;s years slrowje3 
that rickwess values at all sitcs were higher 

~ T O ~ F B I T I  then h y  ~ t r e  during the first 
These e"€ k 2 L  erences were 

very highly signiEcant (p < 0 . 0 1 )  at all 
sites except MI% 0.86 and 0.78, where the 
values did not diiier signif1cant:y between 

d1aing thc semnd year of elnc Enlonitiseiapg 

year (Table 6.1) 

6 -  

4-  

2-  

EPT ridmess. During the second 
year EBT taxa were not ~ b t a i n ~ d  in 
quantitative samples from MIKs 0.78, 0.71, 
and 0.54 (Table 6.1). EP'T taxa WCE rate 
at MI& 0.45 and 0.86, w h e x  they were 
collected in oniy 2 and 4 of the 6 months, 

the number of EFT taxa per sample was 
ncvcr lcss than three and exceeded five in 
4 of 6 months. Statistical comparison oE 
the theec sites having EPT taxa showed 
that there were significantly mare EBT 
taxa at MIM 1.43 than at the two down- 
streani sites and that the naambclr of EPT 
taxa at the two downstream sites did itst 
differ (Tahle 6.2). Bctkveen-year differ- 
enccs were minimal in EPT richness at all 

iespe&/ely (Fig. 6.4), while at MIK 1.43 

ORN1,-DWF 32-12935 



1.43, where the value for 
as s i ~ ~ ~ ~ e a n t ~ ~  greater 

ar (Tabic 6.1). 

iversity at MIK 8.71. 
ally, MIK 1.43 exhibited less 

dramatic ~ ~ c t ~ a t ~ ~ ~ s  in diversity than the 
other sites, and never fell below 3.0 

other sites, however, 
more dramatic monthly 
n e r d y  remained at 2.0 

diversity between years, but the increases 
were ~ ~ ~ ~ i ~ c ~ ~ t  at only MIKs 1.43 and 0.54 
(Table 6.1). 

less. All sites exhibited increases in 

ic invertebrate c o ~ ~ ~ ~ ~ t y  
nch within the boundaries 
ge M-25 Site continued to 

shraw evidencc (of severely degraded water 

earn sites were in taxonomic and 

any of the other sites, and EPT taxa, which 

generally tend to be seasitivye to changes 

either absent or ve 

any of the other sates, 

four affected sites 

community at thcse sites clearly rcfIectc=xd 
highly stressed ~ ~ 9 n ~ ~ ~ ~ ~ ~ s .  Far example, 

and in stresms in 

exclusively of ~h~~~~~~~~~~~ a d o r  
oligschaetcs, whercas ~ ~ ~ $ - ~ ~ ~ ~ ~ u 1 ~ ~ 9 ~ -  
tolerant taxa such as Ephemcrs 
and Tricbsptera are rar 

with distance d o ~ ~ t r ~ ~ ~  of efflwmt 
discharges, the relative ~~~~1~~~~~ of t 
chironomids and ~ ~ ~ ~ o ~ h a ~ ~ ~ ~  
the relative abundance of E 
and Triehogtera incr la relatively 
unaffected sites, the two t~~~~~~~ 
groups and Plemptera ~~~~~~~~~ camtribute 
s u ~ ~ t ~ ~ t ~ a ~ ~ ~  to the total dcnsity. In 
Mitchell Branch, EBT taxa wxc rare or 

and the chironomids and oligochaetes 
absent ham all sites except for 1.43, 
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accounted for over 65% of the total 
density at all af%ectd sites. 

trends indicative of recovery. Most sites 
exhibited increases in density, biomass, 
taxonomic richness, and taxonomic diver- 
sity, and in many cases, these increases 
were statistically si 
on the other hand 
years at any site except for MIK 1.43, 
wbcre the value was significantly higher 
during the second year. 

invertebrate csmmuiities 
exhi a1 year-to-year changes in 
~ m ~ o s ~ t ~ o n ,  richness, relative abundance 
of t‘axa, etc. (q., McElravy et  al. 1989). 
However, numerous factors including the 
biota present, the location and types of 
effluent discharges, the extent and type of 
streamside vegelation, substrate composi- 
tion, and other abiotic factors make i t  
unlikely that even sites as close to each 
other as those in Mitchell Branch would 

cant. EPT richness, 
need little between 

it similar changes between years 
substantial increases at mast sites 

in density and taxonomic richness). Thus, 
the magnitude of most of the observed 
between-year changes in Mitchell Branch 
was probably not the result of natura! 
variab~~ity alone, but to other factors, 
such as improving or orsening conditions, 
and/or between-year f f e r e n ~  in lab<)- 
ratorgr sample processing efficiency @., 
thc percentage oT organisms removed 
from a sample). A preliminary analysis of 
some quality assurance checks of sample 
processing efficiency of JAYCOR per- 
sonnel indicated that processing efficicncy 
has improved from consistently ~ 7 0 %  

the Tennessee Vallcy Authority, the 
rocessing subcontractor, to con- 
>%% by JAYCDR, the current 

processing subcontractor (J. 6, Smith, 
ESD, ORNL, u ~ ~ u ~ ~ ~ s h e d  data). at 
least same of the between-year di Ct2S 

observed within each sitc 

this difference did not appear to have 
much effect on d i s t ~ n ~ u i s h ~ ~ ~  spatial trends 

spatial trends were evident in 

E ~ S  in p ~ ~ ~ ~ ~ ~ ~ n ~  efficiency 
did reduce the ability to detect between- 
year differences within sites, which reduced 

an attempt to idenbi es that may be 
indicative of recovery, the data for each 
affected site in each year were first 

ormalized” to the rcfcrence site by 

nCh dulkig both years). HOW- 

thc ability to detect amo\7ery. In 

parameter value (Le., 
, lmt~nomic richness, and 

EPT richness) fr-om each affecled site with 
thal of MIK 1.40 and then dividing the 
largest of the two values (Le., affected vs 
reference site) by the smallest value to 
obtain a diflerence Factor between the 
sites. For ~ ~ ~ u s t ~ a t ~ ~ ~ n ,  the resulting valucs 
were designated as negative when the 
parametcr value was highest at the affected 
site and positive when the parameter value 
was highest at the reference site. Assum- 

cessing efhiency had no 
agnitude of difference 
thin each year and ( 2 )  the 

reference site remained relatively undis- 
turbed, the m a ~ n ~ t ~ ~ c  of change between 
years was then determined for cark para- 
meter by subtracting thc difference factor 
for thc second year (August 1987-January 
1988) from the difference factor for the 
f i s t  year (August l ~ ~ - ~ a n ~ a ~  198’7). 

Thm, for a site that exhibited no 
between-year change relative to its refer- 
ence site, the resailting value was zxo, 
whereas a positive (9 

tively. For example, in the first year mean 
density at MIHCS 0.86 and 1.43, the  refer- 
caw site, was 34, d $8.7 ~ n d ~ ~ ~ ~ ~ a ~ s  per 
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0.1 m2> respectively, giving a difference 
factor of 2.5. In the second year, mean 
dcxasities at these sites were 282 and 
298.5 individuals per 0.1 m2, resgcctivcly, 
giving a difference factor of - 10.6. The 

years in density at MIK 0.86 would then bc 
thc first year difference factor (25)  minus 
the second year dilference factor ( 10s6)9 
which would equal -8.1. This value would 
indicate that, rclative to the reference site, 
density declined at MHK 0.86 during the 
second year, which may be indicative of 
worsening conditions 

cnnditions, between-year changes occurred 
in most parameters at most sites (Fig. 6.6). 
Biffere~ces in parameter values hetween 
the reference site and MI& 0.86 and 
0.78 tended to be greater during the 
second than the first year, whereas the 
trend was generally just the opposite at 
MI& 8.54 and 0-45. However, the magni- 
tude of betwecn-year changes at these 
four affccted sites tended to bgp. minor 
(k, magnitude of change <lo). Thus, 
the data suggest that these sites changed 
little beheen years aiid that these changes 
cauld be, at least in part, the results 
of natural variability. 'The most dramatic 
betwcen-year ckaiigcs occurred at 
MIK 8.71. This site showed substantial 
increases in both density and taxonomic 
ricliiicss (magnitude of change >20) and a 
substantial dedine in biomass (magnitude 

tude of change in density and taxxoiiormic 
ikhAesS implies that improvemcnts may 
have occurred at this site since the first 
year of B M N ,  records on sample pis- 
casing efficiency do not support this. 
Records on processing e€ficicmcy of 
samplcs indicated that in most cases lower 
efficiency was associated with sainylcs 
having ]OW numbers of organisms (< 100) 
(J. G. Smith, ESD, OWNL, unpiihlished 
data)* This was probably because most of 
the organisms collected at this site are very 

c of change between the two 

As would be expected under natural 

of change of 35.6). Although thc magni- 

small (i.ea9 chironomids) and thus more 
easily swdooked. For a site such as 
MIK 0.71, where very low numbers of 
organism were eolhected ( - 30 individuals 
per sample), differences in sample prt~cess- 
ing efficiency c ~ i d d  result in substantially 
greater magnitudes of change between 
years than for a site having much higher 
numbers of organisms. 

No substantial changes were evident 
in the benthic comniuiiity between the first 
6 months of the first and second years of 
B M M .  This finding indicates that neither 
significant improverncnL3 nor further 
degradation have occurred in Mitchell 
Branch during this period. As hypothe- 
sized in the first report on Mitcbell 
Branch, siltation is probably one of thc 
main perturbations; particularly at 
MI% 0.84 and 0.78, which are upstream 
of all major effluent disc arges. Construe- 
tiorn activities along Mitchell Branch have 
restilted in the removal of riparian vegeta- 
tion and the exposure of surface soils, 
both of which can contribute to erosion 
and thus increase the silt load in the 
stream. Removal of riparian vegetation 
also inc~eases the rate of surfacrac@ water 
runoff, which in turn affects stream dis- 
clnaige during periods of rain and further 
rcdtaccs habitat stability within the stream. 
A sut9stratum dominated by mud and silt 

1982). The substratum in Mitchell Branch 
becoanes increasingly covered with and/or 
dominated by silt with iticreasing distance 
from the h e ~ ~ ~ ~ t e r s ~  which nay partially 
explain why oligochaetes become irncreas- 
ingly dominant with distance downstream. 

important impact on thc lower three sites 
in Mitchell Branch, the structure aiad 
composition of the benthic invertebrate 
ccssmmlanity indicate the presence of toxi- 
cants in addition. This was particullasly 
evident at MIK 0.71, where total density, 
biomass, and taxonomic richness aver& all 
very low, a condition characteristic of 

tends to favor oligochaetes (Whitley 

Although siltation appears to have an 
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richness, and richness of Ephemeraptesa, Plecoptera, and Trichoptera W T  
richness) in Mitchell Branch. 



bmtkiic commainitics cxposd to tsxieanb 
(c g.. Wiederholm 1984). Baszd on the 

in the toxicity monitoring 
program (Scci 3; see also Sect. 3 in Smith 
e: al. l%>), chloriiic is thz most likely 
toxicant affecting the hvestebiate mm- 
munity at these sites, originating primarily 
from SI9 170. The domina 
are capab?c of producing several genera- 
t i o x  per year @., olijpshetcs a i d  
chironomids), suggests that thc benthic 
mrnrrrunity at t'rucsc sitcs is probably 
exp'icd iraterinittcmtly to the *nxicant(s). 
Thew tam picbddy have mistlent (eg., 
egg) or  unexpased (iq terrestrial adult) 
stages 'T the stream at most timcs. Thus, 
bctween toxic releases such organisms are 
capable nf  rapid sccdonizatisn. This 
"intermittent hypothesis is sup- 
ported by water qraality daia collected 
concnrrently with the toxicity monitoring 
program, vhich found that high concern- 
tratims of chiorine occurred periodically 
(Sect. 3 .23) .  

tuics, WOW augmentation, and elevated 
concentrations of metals an4 axganics) 
identified and disciissed in the first report 
continue to be poSential perturbations 
(Smith et al. lW3), and reductions in  
C?~odap?&~ fecundity at all sites down- 
stream of MIK 1.0 provide evidence of 
chronic toxka'ty (Sect. 3.2). However, it 
is not eurrcntly possible to determine the 
extcnt of i [ i f l w n x  of these factors from 
the availahle data. 

Other factors (e.g., elevated teimpcra- 

'ihc structure and conposition of the 
benthic invertcbrate community in Mitchell 

Oak Ridge X-25 Site continue to indicate 
that water quality in this portion of the 
stream is sewrely degraded. Maxiinurn 
impact occuis just dcbynstieam of SI> 140, 
brit within a shcrt disiancc minor improve- 

Branch within the bsnnandary of ths  

nmcnt is  evident, thus, SD 140 clearly 
continues to  bc thc m a j m  souscc: of 
impact. 

Sm-e:al factors are probahly itivolvcd 
iii the degradation of thc invertcbrate 
ccrmr;.,;inity, but the -0 most important 
factors appear to be silt and the pscsenee 
of one or more toxicants chlorine). 
f icasive quantities sf silt were evident 
at all sites and may taa,ve been the major 
came of impact to  the invertebrate com- 
munity upstream of SZ, 19'0. Silt also 
appears to be an important cam@ of impact 
to the invertebrate cornmunity dowe-nstream 
of SD 170, but the presence of one or  
more toxicants also appears to be affccting 
this portion of the stream. 

'nie initial bcrnthic invertebrate 
monitoring program in which the sanipling 
f requenq was monthly was completed in 
July 19%; the sampling frequency was then 
reduced to quarterly. Qualitative samples 
will continue to be collected anauadly 
during the spning of each year at the non- 
rcfcr-ence sites, but a qualitative sample 
will1 no longer be collected from the refer- 
encc site unless the site shows evi 
innpact, Data analyses in; futenrc rcports 
will coiltinare to incorporate information 
obta;:icd from other monitoring prngrarns 
on the QRW wherc appropriate, and 
effot ts to obtain more sensitive parameters 
to help ascertain the status of the benthic 
community, such as EPT richness, will also 
con tin BS e. 

Fish population arid community 
studies can be used to assess the ecological 
effects of water quality and habitat. 'I'hcse 



~ n t e r r e ~ a t ~ o ~ h ~ ~ s ,  the w ~ ~ ~ - ~ e ~ ~ ~  of fish 
lations has often been used as an 

r w o n  et al. 1977; Karr et al. 1991). 
Moreover, statements about the condition 
of the fish community are understood by 
the general public (Karr 1981). 

fish monitoring task (Subtask 4b of B M M ,  
as described in b a r  et al. 1991) were to 
(1) characterize spatial and temporal 
patterns in distribution and abundance of 
fishes in Mitchell Branch and (2) document 
possible effects ow fish community struc- 
ture and function resulting Crom imple- 

of water ~ ~ ~ ~ ~ t y  (e.g., Weber 1973; 

The initial objectives of the instream 
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The fish c o m ~ ~ n i ~ y  in Mitchell 
Branch was evaluafcd at five sites 
(Fig. 2.1 and Table 2.X), h u r  (if which 

me most ~ l ~ s t ~ ~ a ~ ~  si 

s a ~ ~ ~ e d  also (Fig. 2.2). 

as an unaffected refe 
~ e ~ K ~ y  reference site 

itchell Branch sites were sampled four 
icc in 1989, and once 
(Table 6.41, Grassy 

Creek was sampled threc times during 

e at the end o f t  

mesh) t~  all^^ the 

site in an ~ ~ s t ~ ~ a ~ ~  directian, 
consecutive passes. Sturmncd fish were 
collected and se arated by pass in buckets 
prior to processing. 
fish captured durin 

before another pass was started, 

tilled, measured to 



MIK 0.45 

MIK 0.54 

MIK 0.71 

MIK 0.38 

MXK 1.43 

GCK 2.4 

30 
31 
30 
31 
29 
33 
29 

42 
44 
40 
42 
40 
76 
42 
50 
51 
NS' 
58 
55 
56 
47 

44 
44 
45 
48 
43 
43 
43 

31 
31 
31 

59 
59 
NS 
38' 
50 
61 
61 

1.8 
1.8 
1.8 
2.0 
1.8 
1.7 
1.9 

1.3 
1.3 
1.3 
1.2 
1.2 
1.4 
1.4 
1.0 
0.9 

1.1 
0.9 
1 .o 
1.3 

0.7 
0.3 
1.1 
1.0 
1 .o 
0.9 
1.2 
0.9 
1 .o 
0.4 

1.8 
1.3 

1.4 
1.9 
1.4 
1.6 

18 
18 
15 
24 
15 
11 
10 

10 
12 
9 
13 
11 
6 
8 

10 
14 

22 
15 
9 
11 

9 
13 
4 
14 
11 
9 
9 

6 
4 
3 

12 
8 

11 
13 
9 
8 

54 
56 
54 
42 
52 
56 
55 
55 
57 
52 
50 
48 
50 
59 

50 
45 

44 
50 
55 
61 

31 
40 
50 
48 
43 
39 
52 

?A 
31 
12 

106 
76 

52 
114 
85 
98 

NM 
NM 
NM 
NM 
0.5 
3.1 
0.3 

NM 
N U  
NM 
NM 
ob 
1.4 
0.2 

NM 
NM 

NM 
0.9 
1 .o 
0.3 

NM 
NM 
NM 
NM 
0.5 
1.3 
0.5 

NM 
NM 
NM 

NM 
NM 

NM 
0.8 
1.8 
0.8 

"MIK = Mitchell Hranch kilometer; GCK = Grasy Creek kilorneler 
bStrcarn S C C ~ Y O ~  contained only p o l s  
'Site not urnpled during this pernod 
dl,ength reflects only pods; riffle areas were diy and not measured 
Note. N M  = not measured for this sanapk. 



~~~~~~~~ Ct  al. 1989). 
f possible to deter- 

skeletal deformities, etc.). 

occurring as a result of' ~~~~~~s~~~~ was 
otcd at that t ime 

physical and chcmi 
Also recorded were data os% selected 

was used to measure pH, temperature, 
dissolved oxygen, and ~ o ~ ~ ~ c t ~ ~ ~ ~  h 
HF I Model DRT-15 turbidi- 
mete to measure t ~ ~ ~ ~ ~ ~ ~ ~ ~ y ~  The 
duration of the electrofis 
recorded, and a visual ~ s t i ~ ~ t ~  was made 

mver. Followin 

estimated at each site by using a six- 
ency method (Garman and Waters 
). Total numbers, bica 

~~~~~~~~i~~ were divided by the surface 
he s~~~~~~~~ site to calculate 

of sampling rcach 

prisons of condition factors between sites 
and between ~~~~~~~n~ periods were made 
with an AMOVA on ~ ~ ~ t r ~ ~ s ~ ~ ~ m ~ ~  data 

of the variance 

During the first 2 years af  sampling 
(October 1986 to October 1 



Sui-veys from 19% to 1990 indicated 
that f6h pOyPUli3hMlS hdd dkapp@Med horn 
sitzs other than MIK 0.78 (Table 6 5 ) .  
’ ihe  only 5d-i taken outside of this site 

the u p p a  erd of MIK 0.71. ?‘his large 
crcck chiah nay havc hecar displaced from 
a section jclst upstream of SD 170. The 
cffluent from SD 170 enters Mitchell 
Biailch in the bnci  K F C ~  of fish sampling 
site MIK 0.711. In the  l?B to 1990 surveys, 

e3 in the Mzy lWd) sarrryle at 

no fish were collected in ithis sit6 below 
\v)r?c:e this effluent enters Mi tc l~ l l  Branch. 
‘T’his effluent is comistently toxic io fathead 
minnows in laboratnq toxicity tests 
(l’ablc 3.6). Episodir releasas of chlorine 
(Sect. 3.2.3) may prevent fish from estab- 
l i~hing prsrrnancnt residency in thc section 
of Mitchell Branch below the ST1 170 
outfail m d  above the e m b a p e n t  n m t  
Poplar Creek. ‘I“he greatest impact on 
the benthic invertcbrata commixnity also 
occurred at this site (Table 6-21. 

Ip”mc 1988-90 surveys also dr~cumernted 
dedi~es in the fish p p u l a t i m  at MIR 0.78 
above §93 170. ]In the first year’s sunreys 
(1986 to 198’7), the population dcnsitics at 
MIK 0.78 averaged 3 2 fish p a  square 
mcter (Rym 1993). During 1988, the 
average population density dropped to 
1.5 fish per square meter before increasing 
somewhat to 2.3 Fish per square meter in 
1989-9Q samples (Table 6.5). Also notice- 
able in the 1388--W sampling pcriod was 
thc gradual disappearance of redbreast 
sunfish from the population In eompari- 
SOU with the reference site at GCK 2.4, 
the fish density at MIK 0.78 was slightly 
1iigh.m (1.6 vs 1.2 fish per square me:er). 
Both reference sites and MIK 0.78 szaftered 
from low-watcr conditions as a result of a 
drought in 1987-88. Another factor that 
inay h a w  a€€ectcd fish densities was a fish 
kill in Mitchell Branch in Novcmber 1988 
that was traced to SD 170 (J. M. b a r ,  
ESD, ORNL, Maich 17, 1989, pcrsmal 
communication). N thaugh  the Rill 
occurred dowmstrcarn of the section of 
MIK 0.78 where fish were absaat, it 
probably adversely affected immigration 
into the site from the lowermost ici_llche:s 
of Mitchell Branch downstreatrz o f  the 
toxic zone. 

Fish biotnass values (in grams wet 
weight per square meter) parallelcd the 



M K  IK MIK MlK MIK GCK 
Species” 0.45 0.54 0.71 0.78 la4?ib 2.4 

Blacknose dace 
Creek chub 
Redbreast sunfish 
White sucker 

To tal 

Blacknose dace 
Creek chub 
White sucker 

Total 

Blacknose dace 
Creek chub 

Total 

Blacknose daw 
Creek chub 
Redbreast sunfish 

Total 

Creek chub 
Striped shiner 
White suckcr 

Total 

0.5 
1.9 
0.2 

_I 

NP NF NF 2.6 

NF NF 

March 6988 

NF 

Ju3) 1988 

0.2 
0.9 

- 
1.1 

0.2 
0.3 

NF NF NF 0.5 
- 

0.S 
1.0 
0.1 

NF NF NF 1.6 
- 

0.7 
I .3 

- 
N F  N F  NF 2.0 

0.4 
0.1 

q0-1 
0 5  
__ 

0.5 
0.1 

<8.1 

0.6 

NSd 

0.9 
0”7 

1.6 
I_ 

0.1 
0.1 

<0,1 
K0.2 

0.2 
_I 



I-,-. . ..... ..... ___ .................... .............. 

MIM MIK MIK MlK MIK GCK 
Species" 0.45 0.54 0.91 0. TR 1 .ab 2.11 

1.3 2.2 
1.5 0.5 
0.1 
0.3 

co.1 
co.1 
co.1 

N P  N F  3.2 NS 2.8 
ss__ 

Blaeknose dace 
Crmk chub co.1 
Central stotieriplier 
Striped shiner 
White sucker 
Baildrd sculpiri 

~ 

Total N F  NF co.1 

0.7 0.9 
1.0 0.3 
0.1 

<0.1 
co.1 
co.1 

1.8 NS 1.3 
II_. p__ 

.................. .......... ......... I 

trends &servcd in population density 
(Table 6.6). Biomass at MIM 0.78 occlined 
a h i t  SO% between the first year's surveys 

(mean of 5-61, furthcr ipdicating that 
advzrse impacts affected Csh p p b i i o n s  
in Mitchc:! Branch Wbea cnmpnicd 

(GCK 2.d)" biomzsr, at MIK 0.78 WRS high. 

(mean of 10.6) and th:: surveys of  19<%4--9C 

site on Grassy Creek 

, h n u a ?  productiom (g wet avt.rn-*. 
ycar-') of individual specics and the fish 
commuiii.ty was calculated for MIR 0.78 
anel GCK 2.4 from spring to spring for 
1987 -90. In ge:Treralj production increascd 
cach y a r  for both individual species and 
the whole cor;lzliuniiy (Table 6.7). ' lhe 



MIK MIK MXK MIK MIK GCK 
Species" 0.45 8.54 0.71 0.78 1,43b 2.4 

January 1988 

Blacknose dace 
Creek chub 
Blacknose dace 
Creek chub 
Redbreast sunfish 

bite sucker 

0.4 
1.8 
0.4 
5 .o 
0.5 

<0.1 

<0.1 

0.4 
0.1 
0.4 
0.5 

0.2 
Total N F  NF NF 5.9 

March 1988 

Blacknose dace 
Creek chub 
White sucker 

0.2 
4.1 

Total NF NF N F  4.3 

Ju& 1988 

Blacknose dace 
Creek chub 

Total 

lacknose dace 
Creek chub 
Redbreast sunfish 

Total 

Blacknose dace 
Creek chub 

White sucker 
Striped shiner 

Total 

€0.1 
0.2 

NF NF NF 0.2 
_I 

0.4 
2.1 
3.4 

~ 

NF NF NF 5.9 

1.4 
7.2 

- 
N F  NF N F  8.6 

<0.1 1.1 

0.3 
0.2 
0.6 

NF 1.1 

- 
NF ' NSd 

NS 

NS 

0.9 
1 .'3 

- 
2.8 

0.2 
0,4 
0.1 
0.2 

0.9 
__ 



M K  MIK M IK MIK MIK GCX 
SpM:& 0.45 0.54 0.7 1 0.78 1.43' 2.4 

Riacknose daw 
Creek chub 
Stoneroller 
Strips-,d shifier 
White saokccr 
l h 1 3 1 i ~ '  ScuIpipL 

Total 

NF NF N F  

1.4 
4.5 
0.1 
1.6 

- 
4.6 

1.2 
0.3 4.9 

0.5 

1.5 
2.1 

0.6 

0.7 

NS 5.1 

0.2 

1.1 
1.6 

0.5 

0.3 
<0.1 

NF NF 0.3 6.6 NS 3.5 

excrpiorrs wierc a dedine in prndirctirm 

198') -38 xid a dip in prodiicticn for creek 
chub and hlacknose dace at GCK 2.40 in 
1938-89. The pattern of  incicasing pro- 
diictioii may be part of a gsncral recovery 
from drought conditions in 1985' and 1988. 

Total production at MIK 0. its was 
7 to 11 times h 
'fhe highci pidu&ity of the 
Mitrhell Crailch site may reflect irrcreased 

)t sui~lrlsk at MIK 0.78 after 

cr  tinair at G C M  24. 

primary production icsulting from nntri- 
ea t  cnrichmcnt andlor canopy icmoval. 
Elwood e t  al. (1981) denioastratcd 
increased primary production foll~wing 
pkcsphorm cniichlneini of arn nonpolluted 
stream. Such an eerichmexnh may bc 
eccteriing in Mitclacll Branch as a rcsult 
of FAaiit discharges. Minshdl (1978) 
p r ~ ~ t ~ i t ~ ~ d  some data for xitinpolluted 
streams showing that mcan aiinLra1 gross 
piina1-y production was gieatcr in o p m  



Table 6.9. Annual uction (in grams wet Weight, per square meter per year .1: 1 SE) an8 
produdion to biomass (PB) ratios, in garenthcsis, in Mitchell Branch and Gmsy 

c3Heele from spring 1987 to spring 1990 

Site" 

MIK 0.78 GCK 2.4 Production 
Speciesb period Production P/B' Product ion P/B 

Blacknose 
dace 

Creek chub 

Redbreast 
sunfish 

Stoneroller 

White sucker 

Total' 

1987-1988 
1988- 1989 
1989- 199Q 

1987- 198.8 
1988-1989 
1989-1!990 

1987- 1988 
1988-1989 
1989- 19!W 

1987- 1988 
1988- 1989 
1989-1990 

1987- 1988 
1988-1989 
1989-1990 

1987- 1488 

1989- 1W 
1988- 1989 

0.18 rf: 0.04 (1.3) 
0.83 f 0.05 (1.0) 
1.38 1 0.05 (1-1) 

0.0 
0.0 
0.65 f 0.17 (2.4) 

3.06 (0.6) 
4.73 (0.7) 
6.85 (0.9) 

0.06 f 0.03 (0.2) 

0.41 f 0.05 (0.6) 
-0.02 f 0.06 (0.1) 

0.17 f 0.03 (0.3) 
0.10 (0.3) 

0.19 (0.21 

- 0,02 ( ~ 0 . 1 )  
0.19 (0.5) 
0.31 (3.1) 

W I K  = Mitchell Branch kilometer; GCK = Grassy Creek kilometer, 
'Species are blacknose dace, Rhinichthys alraruhs; creek chub, Semotilus ntromaculatus; 

striped shiner Lurcilus chlysocephalus; central. stoneroller Cumpostoma anomalum; reclbreast 
sunfish, Leponiis auritus; and white sucker, Cutostomus carnmcrsoni. 

%iomass (B) is a mean of beginning and ending spring values for that production period. 
d§tandard error could not be calculated because some size classes have only one fish per 

'Totals include miscellaneous species (green sunfish L. cyanellus, and handed sculpin, Coltus 
class. 

carolinae) not listed. 

streams than in streams with a closed 
e Grassy Creek canopy is 

rnorc closed than that of Mitchell Branch. 
Higher primary production should sustain 
higher levels of secondary production, with 

greater numbers of benthic invertebrates 
available for consumption by fish species. 
However, secondary production of benthic 
invertebrates in 19% sampling of MIK 0.78 
was generally lower than other published 



values (Smith 1993). Secot~dar-y production 

than productinn cstirmtes for irnaffccted 
headwater streams in i k  Oak Ridge arm 
(Smith 1W.3). Data to dcfcrrnins, whether 
this trevd in bcnihic production continues 
for lS&%-?O are r a t  yet available. 

1389- 90 dmonstratc that iimimigration 
(also sec Sect 5.3.3) provides an a d d 4  

< 
Altlsough aew species wcrc also rrdded to 
tbe fauna at GCK 2.4, tlieir occurrence 
W B S  not as sastaiiied ax that at PcdK 0.71%. 

The annual fish productinn values 
for MIM 0.78 arc in the I d d k  of the 
range of othc; publislred production in 

e% for MIK Q.78 were also !o\ver 

New fish spt:s"ies faun$ at TkfIK 0.78 in 

cnmpment of the F.rcduction vaalarc 

warmwater streams (Table 6 3 ) .  Tle 

than that reported by Ncvca and Pardue 
(1983) for semnd-order streams in Virginia 
but Ir~wcs than production in secnnd-order 
streams in Kentucky (Intrich 1973, Small 
1975). The same treeid bcld for compari- 

blacknose dace was w r y  similar between 
MIR 0.78 (0.18 10 1.38 g wet wt- i~~ '~*yeaf ' )  
and Virginia streams (0.30 to 0.38 g 
wzt wt,m-*.year-'). For creek chub, the 
productioia rate at MIR 0.78 (2.45 to 
4.83 g wet wt.rn-2.year-') was lower than in 
~eastetcky streams (7.28 g wet wt.mv2.yeai', 
h t r i c h  1373j, The production to bisanass 
(PB) ratio at MIK 0.78 was 0.6 to 0.9; 

MEM 0.78 production was generally higher 

sons of species. me prodcraiorm rate of 

Production 
Stream (g rn-2.year-' 

Stream (state) order wet wt)  Reference." 
I .. . . . 

J. Carpenter Branch (Ky.) 1st 8.55 Lotrich 1913 

Clemmons Creek (Ky.) 2ad 10.55 Lotrich 1973 

Steeles Run (Ky.) 2nd 12.P Small 1975 
2nd 15.8' 

Guys Run (Va.) 

c Little @nom Prairie (Ga.1 17.09 Freeman and 
Frceinan 1885 

o ( & ~ ~ p k t e  reference citations way be hilnd in Sect. 7 of this document 
(J. G. Smith et al., 19993, Second Report on the Oak Ridge 16;-2.5 ,Citf Riok@cai 
Morsi;sring a d  A~Pcltemmf Program for Mitchell Branch, C)WNL~M-12150, 
Oak Ridse National Iahorarory, Oak Ridge, Tcnn.). 

*Values converted from diy wt by using the coonversisn factor in 
T. F. Waters 1977, "Semonda~y production in inland waters9" Adv. Ecol. Res. 
1@91-164. 

'Biack\va!er swanlp; part of the Okefenskee Swamp. 



these values were much lower than the 
other published value, 3.2, for a blackwater 
swamp in Georgia (Freeman and Freeman 
1985). 

Comparisons of condition factors ( 
should provide ~ n f ~ ~ ~ a t ~ o n  on the relative 
well-being of the fish because those with 
more weight per length have a higher 
condition factor (Everhart e t  all. 1975). 
Data were available for a statistical corn- 

[ condition factors fo 
creek chub between 

during January 
1988, OctoberLNovember 1988, ApriVNay 
1989, October 1989, and AprilMay 1990, 

For the blacknose dace and the creek 
chub, condition factors were significantly 
greater at NIK 0.78 than at GCK 2.4 in 
four of s k  comparisons (Table 6.9). Both 
species demonstrated significant differ- 
ences at the same sampling periods- Mow- 
ever, a consistent trend for improvement 
or decline was not apparent over the 

period (also see Sect. 5.3.1.4). 
factors of fish in 
rassy Creek suggest 

that individual tish surviving stressful 
conditions in Mitchell Branch generally 
remained in good health. However, 
caution must bc exercised in the inter- 

retatinn of condition Dctors beei~usc 
they may be relatively insensitive to 
environmental conditions or nutritional 
status ( b a r  et  al. 1985). 

Table 6.9. An anatySiS of varbce  comparhn of fish condition 
factors between Mitchell Branch and Grassy Creek, 

January 19S8-ApriVMay 1990 

Site" 

Species Sampling date MIK 0.78 GCK 2.4 Pb 

~ l ~ c k ~ ~ s e  dace January 1988 
March 19% 
Oct/Nov 1988 
AprilMay 1989 
October 1989 
April,&Iay 1990 

Creek chub January 1988 
March 1988 
Oca/Nov 1988 
AprilMay 1989 
October 1989 
AprilNay 1990 

1 .cK) 
1.17" 
0.9s" 
1.07 
1.15' 
1-04 

1.03 
1.17" 
0 . 9  
1.18 
1 .or 
1.1@ 

0.9'7 
0.83 
0.85 
1 .M 
0.89 
0.89 

0.97 
0.96 
0.92 
1.10 
0.91 
0.98 

0.40 
0.c1001 
0.004 
0.90 
O.OorJ1 
0 . m  1 

0. 10 
0.005 
0.04 
0.07 
0.0801 
0.ooC)l 

IM = Mitchell Branch kilometer; GCK = Grassy Creek kilometer. 
bP = ~ r ~ ~ ~ ~ ~ l ~ ~  Bevel. 
M T M  0.78 values that are statistically significantly different from 

GCK 2.4vaIues. 



g t h ~  i988 ?O sai~~plit~g i f ~ ~ i o d ,  
tioas in Mik3-~dS h a n c h  

r m d c d  substantial, advcrsc irnpaa.i.s. 

of fish in Mitchell Mraach were 2!! !ow, 
with the cxtent of i 
to operations at tk 
Additionally, a steady decline :?a the  

o b s c ~ c d .  The abscncc of fish below 
ST) 170, whirb eatcis Mitchd Branch 
at M K  0.76, strongly suggests that toxic 
efflumts are cnte-riq tks. st rcar  a: this 
sitc. Toxkmts may have also ente~cb 
through discharges from the M- 14W-EE 
ponds: SD 180, and/or SD 1%. Although 
residual chlmiue is a toxicant in Mitchell 

Sect. 3 ) ,  other stressors suck 
as siltation  mild also colpilli~~ic to tine 
cbse:vrd effects on tile fish pop:ations 

Specks ri~hi:rss, dmsity, and 5. 1. Iorlass 

act re!atc:d spatially 
ak Ridge K-25 Site. 

rohustncss of tXZ fish COlYlmllnify was 

Earlier plans for assessing tl1c fish 
coinniunity in Mitchell Branch involved 
quarterly samphg  of t k  fish popula- 
tians for the first 2 years ( Ixar  et al. 
191, kyon 1993). Bccazrse fish ppu!a- 
t k r s  in meat of Mitchell Bramh have 
disappezred, sawrpliag was restricted tn 
t b i  spring and fall periods. Future 
sasinpling w!! corshue nail this fiapenq. 
Data indieate an adverse impaci From 
MIM 0.78 downstream tcr MIK 8.45, but 
because tis$ arc taken in an impounded 
atea of lower Mitchell Branch, an attempt 
will be made to define the dnmstream 
edge of tc~xie conditions io iuwer Mitchcll 
Biaiach 

Plans to assess impacts at the 
icdividual level, by cxarninkig fecundity 
Q; feeding patterns; will Sc img!emlcrated 

stabilize. Because irimigratiotr OT 
iradividnals a d  species in to Mitchell 
Branch from Poplar Creck is occurriiig, 
further qualitative sampling will be 
conducted. to assess immigration. ’T’his 
sampling may be a cooperative effort 
with sampling for the bioaccumrilation 
task 

only if poplatian densities and hi- urnass 
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Appendix A 

WATER QUALITY DATA FOR M I T ~ L L ,  BRANCH 





per liter no 
IS in the water from lawer Mi 

Parameter 

1986 1987 1988 1989 

Median Ma Median Max Median Max Median Max 

Aurninum, total 

Arsenic, total 

Barium, total 

BelylIium, total 

Beta, total pCi,'L 

Boron, total 

Cadmium 

Cesium 

CtremicztI oxygen demand 

Chromium 

Cobalt, total 

Copper 
Flow (Us) 
Fluoride 

Iron, total 

Lead 

Magnesium, total 

Manganese, total 

Mercury, tutal 

Molybdenum, total 

Neptunium 
Nickel 
Nitrate as N 
Oil and grease 

0.1900 

NAP 

eO.1 
<0.0010 

NA 

0.0410 

<0.0020 

1OO.oooO 

7.oooo 
0.0100 

NA 

NA 

NA 

0.2OOO 
NA 

0.0040 

NA 

NA 

<o.m2 
NA 

.= 1 . m  
NA 
0.3400 
2.m 

2 . m  
NA 

d 

<0.0010 

NA 
d 

0.0020 
* 

7.oooo 

0.0180 

NA 

NA 

NA 

1.oooo 
NA 

0.0070 
MA 

~ N A  

0.#02 
NA 

NA 
5.7280 
4.oooo 

e 

0.1300 

NA 

NA 

<0.0010 
NA 

NA 

0.0020 

1OO.oooO 
75000 

0.0100 

NA 

NA 

NA 

0.4000 
NA 

. 0.oo.u) 
NA 

NA 

0.0002 
NA 

6 Loo00 
NA 
0.4500 

c 2 . m  

1 2 . m  
NA 

NA 

<0.0010 
NA 

NA 

0.0120 

100.m 
38.oooo 

0.0230 
NA 

NA 

NA 

6.oooO 

NA 

0.03m 

NA 

NA 

0.0010 
NA 

6 Loo00 
NA 
3.6800 
2 m  

0.1800 

NA 

NA 

<0.0010 
NA 

NA 

<0.0020 

0.oOoQ 

7.7500 

<o.0100 
NA 
NA 

231ooO 

0.7000 
NA 

<0,0040 
NA 

NA 

c0.oo02 

MA 

0.1200 
NA 
0.3300 

< 2 . m  

5.1080 

NA 
NA 

<0'0010 
NA 

NA 

0.0026 
1OO.oooO 
588.m 

0.0180 

NA 

NA 

43.6008 
14.oooO 

NA 

0.0290 
NA 

NA 
0.o007 

NA 

1.oooO 
NA 
3.7000 
5.5900 

0.2500 

60.005@ 
<0.10oO 
<0.0010 
18.5000 
0.0720 

<0.0020 
0.oooO 

4.0800 

<0.0100 
aO.1OOO 

0.0110 

25.1OOO 
0.3000 

2.0200 

<0.0040 
5.9080 

0.0938 
u0.0002 
< 0.0100 

0.0950 
aO.0500 

0.4000 
<Loo09 

9.4000 
L 

I 

<0.8010 

36,ooOo 
d 

0.0030 
0,oODo 

159,oooO 

0.0250 
d 

d 

585000 

1.7OOo 
3 . m  

0.0130 
d 

d 

0.00045 
d 

0.1600 

4 . m  
< 2 . m  

d 



K-1700" 

19% 1987 4958 1989 

Parameter Median Max Median Mm Median Max Median dM&x 

P H  
Phenols, total 

Phosphorus, total 

L :&xiurn 

Seieniurn, iota1 

Silver 

Technetium @Ci/L) 
Temperature 

Titanium, total 

Total disalved solids 

Totar suspended solids 

Turbidity (N1W)' 

Uranium 
Zinc 

3;. 

NA 

NA 

NA 

1 .coo0 
<0.0050 

<0.0100 

i 10.OOMl 

NA 

<O.M)30 
NA 

S.OMKJ 

s . m  
0.0270 

<0.0200 

NA 

NA 

NA 

b 

<0.0050 

c&S.o150 

1 1 o . m  
NA 

NA 
5 4 . m  
7 9 . m  
0.0470 

8.0420 

NA 

3.00 
NA 

1 .m 
<%#SO 

<0.01uo 

3 4 9 . m  
NA 

NA 

522.0rm 

7.0800 

4.05 

0.0230 

0.0200 

NA 
* 

NA 

2 . m  
<0.0050 

<0.01m 
229.ocx)I) 

NA 

NA 

i264.ooOo 
2 9 2 . m  

l d 0 . M  

0.0350 

0.3200 

8 . m  
NA 
NA 

3 7 . m  
9.0059 

0.w240 
2 9 5 . m  
32.sxBoo 

N A 

NA 

129.wa 
3m.m 

0.4300 

3.M20 

7.6000 

NA 

< 0.2m 
0.0750 

<o.m50 

<o.o1(K1 

6 3 . W  

15.5000 
0.0570 

3iB.rm 

4 . m  

7 . 4 m  
0.0270 

6 0.02cK) 

8.5080 

NA 
d 

0.5932 
0.0050 

0.07m 
1 5 7 . m  
30.3m 

d 

%.cH)Ixj 

50.8001, 
146Kb.0m 

0.2Q70 
0.0750 

" b a t e d  at Mitcheli Bran& kilometer {MKK) 0.12. 
'NA = not available. 
'Less than (<) values werc assigned if more ihan SO% of the initial observations had (<) values. 
'One observalron. 
T w o  observations. 
rNTu = nephelometric turbidity units. 
Note: For information on sampling frequency and type, see Table A8 in this report. 



K-1700" 

Parameter 

1986 1987 1988 1989 

Median Max Median Max Median Ma Median M G  

1 1 1-Trichlotoethane l.m 
1 1 2 2-Tetrachloroethane c5.OOW" 

1 I-Dichloroethane 

1 1-Dichloroethene 

1 2-Dichloroethane 

2-Hexanone 
Acetone 

Acrolein 

Benzene 

~ ~ o r n o d i c ~ ~ o ~ o ~ e ~ h ~ n e  

Bromoform 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Cis-1 2-dichloroelhene 

Cis-I 3-ciiehloropropene 
Dibromochloromethane 

Dibromome thane 

2-Butanone 

1 2 . m  
5.oooo 

5 . m  
5 . m  

<5.oooo 
16.oooc1 

1O.oooO 

25.oooO 

NA 

4 0 . m  
5 . m  
5.oooo 
5 . m  
5 . m  

l o . m  
9.oooO 

1O.MKNl 
NA 

5 . m  
5 . m  
2 . m  

2.oooo 
c5.m 
e5.oooO 
c 5 . m  
c 5 . m  
65.5000 

NAd 

15.oooO 
HA 

c5.ooOo 
< 5 . 0  
c5.ooOo 

< 5 . m  
< 5 . m  

< 1o.oooo 
5 . m  

< lo.@-#K) 

28.Oi300 

< 5 . m  
< 5 . m  

NA 

8.oooO 

C5.QiIOO 

3 5 . m  
5 . m  

<5.oooo 
1 ~ . ~  

NA 

48.oooo 
NA 

5.oooo 
5.oooo 

< 5 . m  
5.oooo 
5.oooo 

< 1 o . m  
17.ooO 

< 1o.oooo 

C 5.r3ooo 
<5.oooo 

NA 

e 

39. 

e5.oooO 

6 . m  
14.0080 

e5.oooO 
c 

C 

E 

NA 
5,oooO 
5.oooo 

< 5 . m  
< 5 . m  

5 . m  
l o . m  
l o . m  
1o.oooo 

NA 
< 5 . m  

NA 
65.0080 



Paramezea 

K-17W 

1386 1987 19% 1989 

Median Max Median Max Median Max Median Max 

Ethylbenzene 

F:eon 913 
Methylene chloride 
Telrachlor~ethmc 
Toiusne 
Trans-1 2-ilichloroerhene 
Trans- 1 3 - d i c h k 1 ~ 0 p r ~ p ~ ~  
Trichloroeahane 
Vinyl chloride 
Xyie:1es, to4,ai 

C 5 . W  
2 . m  
5 . m  
2 . m  
1.GKKl 

4 3 . m  
<S.EKE 
5 5 . m  

8.0800 
l.CKB3 

c 5 . m  
9 2 0 . m  

6 . W  
29.KMI 
4 9 . m  

140.WB 
c5.t)gm 

5 1 o . m  
1 7 . m  
8 l . m  

c 5 . m  
7 . m  

<5.oOc50 
2 . m  

C5.KXM 
33.5m 
e5.0tw 
4 3 . m  

6 . m  
1.mi 

c 5 . m  
NA 

c 5 . c m  
2 . c m  

C5.XW 
30.ma 
< 5 . m  
3 4 . m  
6 . m  

<S.CDXl 

"Lomaed if1 Mitchell Branch kilometer (MIK) 0.12. 
b L e ~ ~  than values (c> were assigned if more than 50% of the initial observations had I< j values. 
'One obsewatioai. 
WA = Not available. 
Two observazions. 
Nore: Fob infoorrmion on sampling frequiercj and typc, see Table A 8  in this report. 



K-1407-B" 

19ab 1987' 19SSd 

Parameter Median Max Median Max Median MaX 

Alpha, total (pein.) 

Aluminum, total 

Ammonia (as N) 

Antimony, total 

Arsenic, total 

Barium, total 

Beryllium, total 

Beta, total (pCi/i,) 

Boron, total 

Bromide 

Cadmium 

Cesium 
Chemical oxygen demand 

Chloride 

Chlorine, total residual 

Chromium 
Cnbalt, total 

C S P F  
Cyanide 

fluoride 

Iron, total 
Kjeldahl nitrogen 

Lead 

Magnesium, total 

Manganese, total 

Mercury, total 

Molybdenum, total 

Neptunium 

Nickel 

&W (us) 

Nitrate (as N) 

Nitrogen (total organic) 

Oil and grease 

pH (@I units) 

Phenols, total 

Phosphonw, total 

Plutonium 

NA' 
0.2300 

<0.2oo06 

<o.osoo 
0.0050 

€0.1OOO 

€0.0010 
78.oooo 
0.1200 
3.oooo 

< 0.0020 
c 100.oooo 

14.oooO 

25S.oooO 
<O.lOOo 

<0.0100 
<O.loOo 

0.0042 
O.oOCi0 

NA 

0.3500 
1.5ooo 

0.4000 

€0.0040 
23.0000 

0.1800 

<O.OOo2 

.r0.0100 

€ 1"ooOo 

0.2300 
0.6300 

NA 
< 2 . m  

N A  

0.0010 
NA 

<1 0000 

Polychlorinated biphenyls (&,) 
Aroclor-1254 BD' 

NA 

0.6200 

0.SQIWJ 
0.0420 

0.0070 

<0.1OOo 

€0.0010 

93.oooo 

0.1600 

6.oooO 

<0.0020 
I 

66.oooO 

366.oooo 
<O.lOOo 

0.0130 

0.1800 
0.0910 
0.0070 
NA 

3.oooo 
3.8000 

1 ..3wo 
0.0070 

27.ooOo 

0.27fH) 

< 0.0002 

0.0140 
h 

0.8500 

22.3000 
NA 

3.oooo 
NA 

0.0840 

NA 
h 

RD 

7.oooo 
0.2000 

<O.aooO 
i0.0500 
<0.0050 
<O.lOOo 

i0.0010 
16.1000 

0.0765 

€ 2 . m  

<0.0020 

< 1oo.oooo 

1l.uooO 

288.oooo 
co.10M) 
<0.0100 

<O.lOOo 

<0.0840 

<0.0020 

NA 
0.8oOo 
0.4350 
0 6 W  

<0.0040 
15.5000 

0.0560 
<0.0002 

<0.0108 
< 1.0000 

< 0.0500 

0.5500 

NA 

c2.000 

8.1ooo 

€0.0010 
< 0 . m  
<l.ooOO 

€1.0000 

29.2000 
2.10oo 
0.7400 

0.1300 
0.010 

<O.lOOo 

ao.0010 
52.9000 
0.1300 

3 . m  
0.0500 

<100.ooOO 

146.oooO 

1 0 9 5 . m  
0.5Ooo 
1.9ooo 

< 0 . 1 0 0  

2.oooo 

0 .100  

N A  
21 .m 

5.oooo 
1.6200 
0.0680 
35.oooo 
2.oooo 
0.0010 
0.0250 

<l.ooOO 
2"ooOo 

26.2000 

NA 
3.Cmm 

8.4000 
0.0250 

1 . 4 M  
1.4000 

1.2000 

5. 

0.2:xo 
€0.2000 
<O.OSW 

0.0050 

<O.l(KM 

<0.0010 
19.0090 
0.1050 

< 2.oooo 

<0.0020 
O.oo00 

16.0000 

476.SoOo 
<O.lOOo 

<0.0100 
<0.1000 

0.0043 

0.mo 

1.3000 

2.5000 
0.3800 

0.8508 
<U.0093 
2 0 . m  
0.0580 

<o.m2 
<0.0100 

0.2650 
<0.0500 
<0.5500 
0.9500 

€2"ooOo 

7.9000 
0.0025 

a0.2800 
-0.0200 

< 1.0000 

f 

1 .m 
2 . m  
0.2700 

0.0210 

40.1oOO 
0.0011 

f 

12.ooo6) 

3.7000 

0.0250 

100.oooO 

S6.oooO 

9 9 4 . m  
0.7ooO 
0.0210 

<0.1ooo 

0.0450 

0.1 9.30 

165.5000 

,s7.oooo 

7.u(m 

4.4200 

0.21 00 
27.oooO 

0.6300 

0 0023 
0.0360 

1 .oooo 
1.6OOO 

15.oOoo 

1.4000 

s1.oooo 

8.9000 
0.0300 

8.4000 

1Boo 

1.9080 



K-1407-€3" 

19Gb 1947' 1 8 W  .._. . . .. . . . .- 
Parameter Median Max Median M;rx Median M a  

Selenium, total 

Silver 

Saallate (as SO,) 

Sulfide (as S )  

Sulfite (as SO,) 

Technetium (pCt/P,) 
Tcrnper,ituse ("C) 

'l'hallium, total 

Tin, total 

Titanium, total 

Total diswlved solids 

Total organic c a r h n  

Total suspended solids 

Uranium 

zinc 

c0,051)6) 
co.0100 
585.oooo 

<l.ocx)o 

C?.oooO 

276.5000 

NA 
<0.0100 

co.0100 

<0.0030 

1594.oooO 
19.8000 
12.5000 
0.0518 
0.0240 

0.05m 
co.0100 

85'4.0000 
c l.m 

3 . m  
444.oooo 

NA 

<0.0100 

co.o1o(D 
0.0093 

1922.WOO 

5 4 . m  
3 9 s . m  

0.1620 
0.0320 

c0.0050 

<0.0106) 
3 3 9 . m  

1 .0000 
2.oooo 

<214.5000 
N '4 

co.0100 
co.0100 
c0.0030 

1196.0000 
4.3000 

21.0000 
0.0455 

~ 0 . 0 2 0 0  

<0.0050 
0.0140 

752.0000 
1.oooO 
7 . m  

327.oooO 
NA 

co.0100 
0.0150 
0.0230 

3204.oooO 
63.oooO 
21 .m 
0.1820 
2.oooO 

<0.0050 
co.0100 

507.0000 
C1.0000 
c 2 . m  

2 2 2 . m  
23.oooo 
c 0.01 00 

<0.0100 
c 0.0030 

1680.oooO 
11.8500 
9.oooO 
0.1900 

<o.om 

<0.0050 
0.0210 

1410.8000 
2 . m  
4 . m  

3004.oooo 
3 3 . m  
0.0100 
0.0230 

0.0280 

14032.9008 
43.oooo 

52.0000 

4.3400 
0.1100 

"A holding pond. 
%ampiing period Novemkr-Decmiher. 
'Sampling period March-December, January and February not availahle. 
?3arnpling docs not include January or October. 
%A .: not available. 
'One observation. 
g h s  than values (<) were assigned if more than 50% of :he initial parameters had (<) values. 
'TWO obsermtions. 
'BD = be~ow detection limit of <1.0 u g ~ , .  
Nore: For infomation concerning sampling frequency and type, see Table A8 in this report. 



B A 4  

K-1407-B" 

1986 1987 1988 - 
Parameter Median Max Median Maw Median Max 

1 1  1-Trichlomethsne 

1 1 2 2-Tetrachloroethane 

1 I-Dichloroethsne 

1 1-Dichloroethene 
1 2-ISichlorwth.hane 

ZBuhnnone 

2-HtXi3tlOW 

Acetone 

Acrolein 

Benzene 
Bromcdichloromethane 

Bromoform 

Carhon tetrachloride 

Chlorobenzene 

Chlomethane 

Chloroform 
Chloromethane 

cis-1 2-dichlomthene 

Cis-1 3dichloropropene 

Dibrornochloromethane 

Uibrornomethane 

Ethylbenzene 

Freon I13 

Methylene chloride 

l'etrachloroethane 

Toluene 

Trans-1 2-dichlornethene 

Trans. 1 3-dichlompropene 

Trichlaroethane 

Vinyl chloridir 

Xylenes, total 

2. 
< 5. 

<5. 

< 5. 
.= 5 . Q w J  

i 1 o . m  

N A' 

C 5 . W  
c5.oooo 
<5.oooo 

S.oo00 
<lO.ooOo 

S.oo00 
c1o.oooo 

NA 
<S.ooOO 

<S.ooaO 
1 .m 
5 . m  
2.ooo8 

6 5 ,  

18.0WO 
4. 

11. 

c5. 
33.500 

3. 

62. 

50. 

50. 

50. 
50. 

100. 

1 0 0 . ~ ~  
550.oooo 

NA 
50.QiMQ 
5 0 . 0 0  
50.oooo 
50.oooo 

50.oooO 
100.00 
5Q.oO(x) 

100.oooO 
NA 

50.oooO 

5O.oooO 

2.8ooo 

5o.oooo 
6.OOOQ 

S0.Lxx)o 

12o.oooo 

SO"ooo0 

50,ooOO 

50.oooo 
55.ooo 

1oO.oooO 

50.oooo 

c.5. 

< 5 . m  
4.ooOO 
<5. 

C5. 

lQ.oo00 

1 .OO 

26.oooo 
e 5 . W  
15.oooo 
15.oooo 
<5.ooOo 

c5.oooo 

<5.oooo 

< 1o.oooo 
4.oooo 

<lO.ooOo 

N A  
<S.ooOO 

c 5.oooo 
1 .ooo8 

c 5.oooo 

2 . m  
5.0000 

3.oooo 

3.oooo 

7.oooo 
c5.oooo 

14.oooO 
€ 1n.wm 

1 .oom 

25. 
5. 

5. 

5. 

5. 
3J.ooo 
6.oooo 

1m.m 
100. 
8. 

€S.oooO 

5. 
5 .  

5"ooOo 

10.oooO 

20.oooo 

1O"oooo 
NA 

-3.8000 

c5.ooOo 
e 

< 5 . 0 0 0  

1 8 . m  
240.Q8)oo 

23.oooo 

5.oooo 

120. 

< 5. 

SO.TK)QQ 

10.OOOQ 
43.oooo 

15. 
<5. 

9. 

7. 
< 5. 

2 0 . t m  
c 

610.oooo 
NA 

5. 

5.oooO 
5 . m  

c 5 . m  
5. 

1o.oooo 
5.uQoo 

1O.oooO 
1O"ooUo 
5.08oO 

< s . m  
NA 

5. 

5 .  

5. 
12.oooo 

5 . m  
240.oooQ 

c 5.oooo 
91 .m 
17.0086) 

"A holding pO13d. 

bLrss than values (<) were assigned if more than 50% of the initial observations had (c) values. 
%o observations. 
dNA = Not available. 
"One observation. 
Note: For information concerning sampling freqcicncy and lypc, see Table A8 in t h b  report. 



Parameter 

K-1407-ElF .. 
~ I - _ _  

1988 1989 

Median Max Median Max 

Auminum, l0hl 
Antimony, total 

.4I'Senk, total 

Barium, total 

Beyllium, total 

Boron, total 

Cadmium 

Chromium 

Cobalt, total 

Copper 

Flow (Lfq  
Iran, total 

1XEtd 
Magnaiim, total 

Mzngancse, total 

Mcrcuiy, toial 

Molybdenum, total 

Nickel 

Oil and greasc 

pH (pII units) 

Plicasphorun; total 

Selenium, total 

SibJer 

Sulfatr (as SO,) 

Temperature 

'I'itanium, total 

Tofal strspended solids 

Zinc 

TUlhiditY ( N r n ) '  

<O.lOOo 

~0 .0500  
co.oo5o 
<0.1000 
co.0010 

0.0750 

< 0.0030 

<0.0100 

<0.1000 

<0.0040 

2.7523 

0.6800 
0.0270 

18.oooo 
0.1350 

<0.0002 

<0.0100 

co.0500 

c 2"ooOo 

8.ooOo 

c0.2000 

co.0050 

<0.0100 

914.oooO 

8.4000 

0.0110 

7 . m  

NA 

< 0.0200 

0.4700 

<0.1008 
<0.0010 

0.1500 

<0.0030 

<O.Q100 

< 0 . 1 m  

0.0130 

5.8372 

0.9700 

0.0500 

63.oooO 

0.2000 

co.0108 

C O . 0 5 ~  
<2.oooo 

9.1000 

c 0.2000 

<0.0100 

1100.oooO 

14.7000 

0.0150 

1o.ooOo 

NA 

0.0260 

<0.1000 

NA' 

<0.0050 

co.1000 

<0.0010 

0.0580 

c0.0020 

co.0100 

< 0 . 1 m  

0.0168 

2.1403 

0.5100 

c 0.0048 

1 2 . m  

0.0835 

N.4 

<0.0100 

<O.O§OO 

c 2 . m  

9.8WO 

co.2m 

co.0050 

c0.01m 
6 3 4 . W  

16.9000 

< 0.0030 

8.0000 

2.4500 

<0.0200 

0.5500 

NA 

co.0050 

<0.1000 

10.8010 

0.1300 

0.0030 

0.1000 

<0.1000 

0.0640 

12.1352 

4.7000 

0.0500 

2 4 . m  
0.1400 

NA 

<0.0100 

6.3000 

2.7000 

11.5000 

<0.0050 

0.1000 

1710.oooO 

33.3m 

0.0180 

65.oooO 

3.3000 

0.3200 

"i-lolding ponds. 
'ks than (<) values were assigned if more than 50% of the initial observations had (<) values 
'One observation. 
%A = not available. 
TWQ obscwations. 
&Nephelometric turbidity units. 
NG?c: For information mnrxming sampling frequency and type, see Table A8 in this report. 



Parameter 

K-1407-3" 

Median Max Median MXX Median MaX 

Nov-Dec 1988 NW-DE 1989 Year 1989 

Alpha, total (pCi/L) 
Aluminum, $otal 

Ammonia (as N) 
Antimony, total 

Arsenic, total 
Barium, total 

Beryllium, total 

Beta, total (pCi/z,) 
Boron, total 

Bromide 
Cadmium 
Cesium 
Chemical oxygen demand 
Chloride 
Chlorine, total residual 

Chromium 
Cobalt, total 

Cyanide 

Ftuoride 

Iron, total 
Kjeldahl nitrogen 
Lead 

Magnesium, total 
Manganese, total 
Mercury, total 
Molybdenum, total 

Nickel 
Nitrate (as W) 
Oil and grease 

Phenols, total 

Phosphorus, total 

Plutonium 
Selenium, total 

Copper 

Row (Ins) 

Neptunium 

pIiI (pH units) 

NAb 
0.2000 

c 0. 

co.osoo 
0.0054 

C0.1 

KO.0010 

NA 

0.040 

c 2 . m  
<0,0020 
. NA 

9.0800 

905 .0800 

0.1800 

0.01 10 

<0.1#0 
0,0420 

O.OO90 
1.smO 
25.oooo 
2.1ooo 

0.3900 

0.0185 
16.0000 

0.0850 
0 . 0 2  

0.0 1 m 
NA 
0.0650 
1.2000 

< 2 . m  
8.3500 

~0.0300 
c0.2000 

NA 
<0.0050 

NA 
0.7400 

'CQ.2OOO 

0.0880 
0.0063 

<O.lOOo 

0.0024 

NA 
1.1800 

< 2 . m  
0.8048 
NA 

46.m 

1740.oooO 

4 7 . m  

0.0410 

<O.lOoI) 

0.4 100 

0.0240 

2, 

124"oooO 

6.5OOO 

0,7300 
0.0370 

2 1 . m  

0.1500 
0.00 10 
0.0380 

NA 
0.1500 
2.4000 

< 2.0001) 

9.3000 

0.03rfl 
0.8oOO 

NA 
<0.0050 

3 2 0 . m  
0 . 4 m  

<0.2oOo 

<0.0500 
€0.0050 
<O.loOo 

682 .m 
0.0655 

c 2 . m  
uo.0820 

O"oo00 
13.sOoo 

128.oooO 

0.0200 

<0.0100 

€O.lOOo 
0.0175 

<O.tOOQ 
0.5 

1 . 3 m  

0.49s0 

0 . m  
0.0046 

l s . m  
0.0635 
0.0004 

<0.0100 
1 .oooo 
0.1700 

0.SOOO 

< 2 . m  
8.2000 

<0.0100 

0.7400 
0.2400 

<0.0050 

c 

2.5000 
a 

r0.0500 

0.01 10 
KO.1 

<0.0010 
e 

0.1100 

< 2.oooo 
0.008&i 

c 

153. 
0.1400 

0.0740 

<0.100 
0.0910 

0.1Ooo 
5.4 
2.1000 
7.9OOo 
1.0000 

0.1290 

20.oooo 

0.3500 
0.0065 
0.0400 

c 

0.8SoCs 

3 . m  
4.m 

8.7000 

0.0600 
2. 

c 

<0.0050 

247.oooO 

0.2850 

€0.20W 

<0.0500 

< 0.0050 
c0.1 

<O.Oolk) 

27 1.01w) 
0.1200 

c 2 . m  
<0.0020 

0. 

14. 

183.oooO 

<Q.Q200 
<0.0100 

<0.1m 
0.021s 
0.00314 
3.7MM 

16. 

0.8650 

0.8oOo 

0.0047 

1 s . m  
0.1050 
0.0082 

<0.0100 
0.6600 

8 . m  
uo.0100 

0.4050 

0.0900 

< 0.0050 

5 8 0 . m  
15.oooO 

<0.2000 

<0.0500 

0.15 

0.14 
0.0016 

1349.aooO 

1.1 
c 2 . m  

0.0086 
0. 

157. 

356. 
0.O600 
0.4400 

<O.lOhM) 

0.4908 
0.1oOO 
6. 

95.0008 

42. 

3 . m  
0.1290 

30 0080 
0.GlhM) 

0005w 
0. 

1. 

2. 
1390. 

i 2 . 0 0  

3.3008 

0.wm 
9.3 

1.8500 

<0.0050 



Silver CO.OIOO ~o.0100 <a0100 0.0100 c0.01m 0.0100 
Sulfate (as SO,) 

Sulfide (as S) 

Sulfite (as SO,) 

Technetium, pCiL 
Temperature 

Thallium, total 

Tin, total 

'I'itaniurn, total 

Total dissolved solids 

654.ooOO 
c l.m 
€2.0800 

NA 

9.3000 
co.0100 

<0.0100 
0.0150 

2619.QOOO 

12OO.oooO 
2 . 0 0  

< 2 . m  
NA 

100.oooO 
CO"Ol00 

0.0100 
0.0440 

6924.oooO 

307.5000 
< 1.08oO 
c 2 . m  

1304.oooO 
7.8OOo 

co.0100 
co.0100 

0.0080 
7 2 0 . m  

471.8000 
c l.m 
c 2.8000 

c 

11.5oOo 
c 0.0 1 .00 

0.0100 
0.0560 

1go4.oooO 

447. 
c 1. 
c 2. 

526. 
13.1W 

<O.Ol@Q 
c0.01w 

0.0100 
1358.0000 

1 5 0 0 . m  
c 1.000 
c 2.oooo 

1719.OQOO 
31.9000 
co.0100 

0.0310 
0.2200 

4o!%.m 
Total organic carbon 1 2 . 0 0  1 2 0 . m  5.oooO 8.oooO 8.0008 2 0 . 0 0  
Total suspended solids 11.5Ooo 21.oooo 9.oooO 118.oooO 9.0080 3 5 9 . m  
Uranium 1.0950 2.8ooQ 0.6380 0.9070 0.3380 8.5940 

Zinc 0.0500 0.4400 0.0360 0.2000 0.0465 0.3600 

"A basin. 
%A = nab available. 
"One observation. 
%x than values (c) were assigned if more than 50% of the initial observatians had (<) values 
blkm observations. 
fSIE. 
Note: For information concerning sampling frequency and type, see Table A 8  in this report. 



K-1407-J" 

Parameter 
- Nm--Dec 19% Mov-Dec 1989 Year 1989 

Median Max Median Ma Medial., Max 

1 1 1-Trichloroetlhane 

1 1 2 2 - ~ e t r a c ~ ~ o r o e t h ~ ~ e  

1 1-Dichloroethane 

1 1-Dichlorwthene 

1 2-Dichloroethane 
Benzene 

Bromoform 
Carbon tetrachloride 

Chlorobenzene 
Chloroethane 

Chloroform 

Chloromethane 

Cis-1 34ichloropropene 

Di brornochlororne t hane 

Ethylbenzene 

Methylene chloride 

Tetrachloroethane 

Toluene 

Trans-1 24ichloroethene 

Trawl ~ ~ i c ~ ~ ~ ~ o ~ r ~ ~ ~ e  

. ~ ~ i ~ ~ ~ ~ r ~ ~ ~ ~ ~ e  

Vinyl chloride 

r o ~ ~ ~ e h ~ ~ ~ o ~ e ~ h ~ n ~  

<5. 
*: 5. 
<5. 

<5. 

4. 
<5. 
<S.ooQo 
4. 

< 1o.oooo 
5. 

< 10. 
< 5. 

<5. 
< 5. 

<5. 
13.oooO 

.rS.ooOO 
4. 
4. 

3. 

< 10. 

< 5.0808 

19.oocK) 
€5. 

< 10.OOOO 
13. 

< 10. 

C 5 . m  
<S.oooO 

<5.oooO 
5 .m 
%.ooOo 
S.oo00 
5.oooo 

<:.m 
17. 

< 10. 

6. 
i 5. 

i S. 
5. 

<5. 

< 5. 

<5. 
<5.oooo 
<5.oooQ 

< 10.oQoo 

5. 
< 10. 

<5. 
< 5. 
<S.o(Hxs 

< s . m  
11. 

22. 

<s. 
60. 

< 10. 

< 1o.ooo 
11. 

< 10. 

<S.oooO 
< 5 . m  

200.0000 
<5.00w 

1400. 

12. 

basin. 
%ess than values (e) were assigned if more than 50% of the initial Q ~ S ~ W I L ~ O I I S  had (<) values, 
Note: For information concerning sampling rrequency and type, see 'I'abie R.8 in this report. 



Paranaener Sampling frquen6y" Sample typeb 

Acid mtnpouailds 

Alpha, total 

Aluminum, total 

Antimony, total 

Arsenic, total 

Barium, total 

Base/aaeartral 

Beryllium, total 

Beta, total 
Boron, total 

Bromide 
Cadmium 

Cesium 

Chemical oxygen demand 

Chlorine, total residual 

Chromium 
cobalt, total 

Copp2r 
Cyanide 

Flow 

Fluoride 

Iron, lob31 

Lead 

Magnesium, total 

Manganese, t o?al 

Mercury, total 

Molybdcnum, total 

Nick1 

Nitrate (as N) 

Nitmgen, total organic 

Oil and grease 

ArnptloTpia (as N) 

Neptutnium 

5 

5 

2 
1 

2 

1 

2 

S 

2 
5 

2 
1 

2 
5 
3 

1 

1 

2 

2: 

1 

1 

6 

3 

2 

2 

2 

2 

2 

2 

5 
1 

2 
1 

2 

3 

4 
1 

1 

1 

1 

1 

3 

1 

4 
1 

1 

1 

4 
1 

1 

1 

1 

1 

1 

2 
N'V 

1 
1 

1 

1 

1 

1 
1 

4 
1 

1 

1 

2 



Parameter Sampling frrtquentsy" Sample typeb 

PH 
Pkrcnols, total 

~ ~ o ~ ~ ~ ~ r u s ,  total 
~ l ~ ~ ~ n i ~ ~  

~ ~ l y c ~ l o ~ ~ a t ~ ~  biphenyls 

S&tX 

Sulfate (as SO,) 

Sulfide (as S) 

Sulfite (as SO,) 

Surfactants 

Technetium 

Temperature 

Thallium, total 

Tin, total 

Titanium, total 

Total dissolved solids 

Total organic carbon 

Total suspended solids 

Turbidity 

1JraniuXIl 

Volatile compounds 

zinc 

6 

1 

1 
5 

1 
2 
1 
1 

1 
1 

1 

5 

3 
1 

1 

2 
3 

2 
3 
3 
1 
4 
2 

2 
2 
1 

4 
1 
1 

1 
1 
1 

1 
1 

4 
2 
1 

1 

1 

1 

1 

1 
2 
4 
2 

1 

"1 = once pcr week; 2 = twice per week; 3 = four times 
per week 4 = five times per week; S = monthly; and 
6 = c o n ~ ~ ~ ~ ~ ~ s  sampling. 

*l = 24 h per composite; 2 = grab; 3 = 72 11 grab per 
composite; 4 = once per week; 24 11 composite was analyzed for 
uranium. 

"(NA) Not applicablc. 
Note: The weekly composites were compiled into a 

~~~~~~~ sample and analyzed for Cs, Pu, Np, and Tc. Isotopic 
analysis was conducted on uranium any week that values were 
ahnve 0.02 m&. 
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Appendix B 

CONCENTRATIONS OF SELECTED PARAMETERS 
IN MITcHEL;L BRANCH WATER OBTAINED BY TEE 

DEPARTMENT IN CONJUNCTION WITH 
THE TOXICITY TESTS CONDUCTED 

DURING JULY 1988 THROUGH 
DECFMBER 1989 

OAK RIDGE K-25 SITE PROCESS SUPPORT 





Table 

Mitchell Branch kilometer 

Parameter 1 .0 0.54 0.45 

Aluminum 

Calcium 

Chloride 

Dissolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickell 

Silicon 

Sodium 

Sulfate 

Suspendd solids 

0.56 
(0.22- 1, 10) 

(36-47) 

(4-21) 

4 

15 

259 
(222-306) 

0.13 
(0.1-0.2) 

0.79 
(0.4- 1.4) 

9.6 
(9.3- 10.0) 

(0.032-0.12) 

(0.04%-0.12) 

(0.7-3.8) 

0.06 

0.09 

2. L 

20 
(15- 30) 

33 

(8-96) 

(3-30) 
13 

7.3 
(0.58- 14) 

(43-77) 

(43-77) 

M) 

66 

387 
(286-488) 

0.3s 
(0.2-0.5) 

3.6 
(1.6-5.6) 

11.0 
(11-12) 

0.11 
(0.08-0.14) 

0.19 
(0.15-0.22) 

6.1 
(1.2-1 1) 

34 
(2#-48) 

108 
(65- 15 1) 

143 
(6-280) 

7.5 
(0.9514) 

69 
(65-72) 

a3 
(74-92) 

471 
(450-492) 

0.4 
(0.4-0.4) 

4.7 
(3.1-6.2) 

11.5 
(1 1-12) 

0.17 
(0.16-0.17) 

0.28 
(0.20-13.35) 

8.9 
(2.8-15) 

41 
(37-45) 

( 1 18- 163) 
141 

138 
(13-262) 

Source: M. A. McGaha, 1989, Toxicity Monitoring ut ORGDP July-September 
1988, Report No. WQT-288, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, 
Tennessee. 

and 0.45, and 3 were taken from MIK 1.0. 
Note: Two samples were taken from Mitchell Branch kilometer (MIK) 0.54 



Mitchell Branch kilometer 
_I 

Parameter 1.43 0.71 0.54 0.45 0.12 

MUminllm 

callcium 

Chloride 

Dissolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel. 

SiliCOn 

Sodium 

SUl,fdiaC 

Suspended solids 

0.45 
(0.21-0.64) 

(26-27) 

(1-1) 

27 

1 

150 
(136-172) 

BE9" 
(<0.1) 

0.45 
(0.23-0.65) 

13.7 
(1 3- 14) 

0.05 
(0.03 -0.07) 

BD 
(<0.01) 

(3.4-4.4) 

(0.7- 1.8) 

( 2 - 2 )  

4.0 

0.9 

2 

28 
(6-60) 

0.57 
(0.55-0.58) 

38 
(36-39) 

25 
(24-26) 

242 
(240-244) 

0.15 
(BD-0.2) 

0.60 
(OS-0.63) 

9 3  
(9.3-9.3) 

(0,M-0.10) 
0.0s 

0.03 
(0.03-0.03) 

2.4 
(2.3-2.4) 

22 
(21-22) 

(47-49) 
48 

9 
(6-1 1) 

0.64 
(0.27-1.0) 

83 
(53-150) 

(56-2 18) 
106 

595 
(34% 1 1 16) 

0.89 
(0.4-2-0) 

0.97 
(0.38- 1.1) 

11.7 
(9.9- 13) 

0.11 
(0.06-0.14) 

0.07 
(0.84-0.14) 

3.1 
(2.7-3.5) 

75 
(37-150) 

187 
(93-414) 

14 
(5-22) 

' 0.41 
(0.18-8.79) 

78 
(56-130) 

78 
(37-168) 

514 
(324-922) 

0.93 
(0.4-1.6) 

0.58 
(0.26-0.96) 

(11-15) 
12.3 

0.12 
(0.08-0.16) 

0.05 
(0.04-0.11) 

(0.8-2.6) 
1.9 

42 
(33-120) 

174 
(97-333) 

(2-13) 
8 

0.25 
(0.09-0.68) 

70 
(53-97) 

(28-119) 
58 

463 
(342-664) 

0.66 
(0.4- 1.1) 

0.39 
(0.16-0.76) 

11.7 
(10- 13) 

0.14 
(0.03-0.23) 

(0.02-0.07) 
0.043 

2.4 
(0.5--4.1) 

51 
(25-80) 

143 
(75-239) 

2 

(1-6) 

"BD = below detection. 
Source: M. A. McGaba, 1983, Toxicity Monitoring rat ORGDP Ju&-September 1988, Report 

Note: SCV~ZK~ samples were taken at each locations. 
No. WQT-%%, Oak Ridge Gaseous Diffusion Plant, Oak Widgc, Tennessee. 



Mitchell Branch kilometer 

Parameter 1.43 1.08 0.7 1 0.54 0.45 0.12 

Aluminum 

Calcium 

Chloride 

IXssolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sodium 

Sulfate 

Suspended solids 

1.01 
(0.15-2.8) 

(21-24) 

( < 10) 

(102- 146) 

22 

BD 

121 

BD 

0.99 
(0.22-2.30) 

13.1 
(12-14) 

0.09 
(0.0s-0.16) 

BD 
(€0.01) 

(4.5-8.6) 
5.4 

1 
(0.96- 1.8) 

BD 
(<Io) 

(5- 115) 
37 

0.11 
(BD"-0.35) 

5s 
(30-65) 

11 
(BD-15) 

w3 
(200-274) 

0.20 
(0.1-03) 

(0.09-0.46) 

(9- 18) 

(0.03-0.15) 

0.23 

15.6 

0.0s 

0.0 1 
(BD-0.01) 

3.5 
(1.8-4.1) 

10 
(6.5-21) 

56 
(S1-Go) 

3 
(ZID-6) 

0.89 
(BD-5.4) 

(41-86) 
57 

71 
(13-296) 

639 
(220-1752) 

2.2 
(0.2-9.8) 

0.74 
(0.08-3.9) 

12.0 
(11-14) 

0.07 
(0.04-0.12) 

0.03 
(H D-0.12) 

3.4 
(2-9.3) 

1413 
(17-540) 

134 

(26-46tl) 

18 
(BD-966) 

Q.26 
(0.05-0.78) 

54 
(40-87) 

74 
( 17- 187) 

a 0  
(250-1636) 

2.1 
(0.2-9.0) 

0.39 
(0.16- 1.2) 

13.0 
(11-15) 

(0.09-0.20) 
0.12 

0.03 
(BD-0.07) 

2.9 
(2.4-3.5) 

140 
(20-490) 

169 
(5 1-4 12) 

5 
(RD- 16) 

0% 
(0.05-0.70) 

60 
(40-811 

( 14- 187) 
74 

547 
(238- 1252) 

1.5 
(0.2-6.2) 

0.41 
(0.14-0.69) 

12.6 
(11-14) 

0.16 
(0.12-0.25) 

0.02 
(BD-0.03) 

2.8 
(2.5-3.2) 

105 
(16-340) 

142 
(49-309) 

(1-15) 
5 

0.29 
(0.13-0.44) 

70 
(45-98) 

104 
(1 8-279) 

3-58 
(116-1620) 

2.2 
( 0 . 3 4 )  

0.5 1 
(0.36-0.76) 

13.3 
(12- 16) 

0.24 
(8.18-0.35) 

0.02 
(BD-0.04) 

(2.4-33) 

136 
(20-4200) 

' 2.9 

184 
(48-404.) 

(3-9) 
5 

"BD = below detection. 
Source: M. A. McGaha, 1989, Tmiciiy Munitorbtg at ORGDP October-December 1988, Report 

Note: Seven samples were taken at each location. 
No. WQT-0311, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee. 



_-..__..___I.._ Mitchell. Branch kilometer 
____._--I. 

Barametcr 1.43 1 . 0  0.71 0.54 0.45 0.12 

Aluminum 

C3lcium 

Chloride 

Di&wlv& .solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sddit1m 

Sulfate 

Suspended solids 

0.36 
(0.22-0.58) 

13 
(11-14) 

4 
(BD"- 10) 

53 
(56-74) 

(<0.1) 
BD 

0.38 
(0.26-0.62) 

1.0 
(5.9-8) 

0.05 
(0.05-0.0/) 

(<0.01) 
BE9 

3.8 
(3.6-4.1) 

1 
(1.0- 1.2) 

(ED- 10) 

(3-7) 

6 

4.3 

0.41 
(0.29-0.65) 

25 
(23-27) 

2 

125 
(1 12-142) 

BD 

0.4 1 
(0.34-0.52;) 

9.3 
(8.6- 1 1) 

0.06 
(0.04-0.1 1) 

0.01 
(RD--O.Ol) 

(3.7-4.4) 
3.9 

2 
(1.9-2.4) 

14 
(13- 14) 

3.1 
(2-3) 

0.32 
(0.08-0.54) 

38 
(33-62) 

(8-79) 
19 

229 
(190-432) 

0.14 
(SD--0.40) 

0.32 
(0. IS-0.49) 

10.0 
(9.3-12) 

0.0'7 
O.og--0.08) 

0.05 
(0.02-0.23 j 

3.5 
(2.8-4.2) 

17 
(9.7-54) 

44 
(32-106) 

3.1 
(1-5) 

0.30 
(0.16-0.52) 

(37-64.) 
44 

2.5 
(10-74) 

2.51 
(lN-4lO) 

0.10 
(0.1-0.1) 

0.35 
(0.2-0.55) 

10.4 
(9.7--12) 

0.19 
(0.16-0.24) 

(0.0 1-0.22) 
0.05 

3.5 
(3.2-3.8) 

21 
(1 1-53) 

51 
(34- 100) 

4.6 

(2-7) 

0.22 
(0.11-0.38) 

40 
(39--65) 

(10-72) 
24 

254 
(204-408) 

0.1 1 
(0.1-0.2) 

(0.32-0.63) 
0.45 

10.9 
(10- 12) 

0.25 
(0.20-0.29) 

0.04 
(BD-0.19) 

3.4 
(3.0--4.0) 

20 
(10-52) 

(36-102) 

(2-6) 

54 

3.6 

0.20 
(0.05-0.35) 

52 
(43-70) 

27 
(1 1-78) 

2.90 
(2 14-470) 

0.20 
(0.2-0.2) 

(0.35-8.68) 

(11-13) 

0.50 

11.7 

0.28 
(0.22-0.34) 

0.05 
(0.01-0.22) 

(3.0-3.6) 
3.4 

23 
(10-63) 

21 
(6-103) 

3.3 
(1-5) 

Source, M. A McGaha, 1989, Toxicrty Monktoring at ORGDP January-Mwch 1989, Report 

Note. Seven samples were taken from each location. 
No. K/Q'l~-312, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee. 



Tabk 85. Mean (raage in parentheses) manceatra~o~ of seleded parameters (in mligrams 
per liter) in Mitchell Branch water &tained by the Oak Ridge K-25 Site Pmxss Stnpprt 

meat irn cmjanction with the tmicity test conducted during M ~ T &  1 

Mitchell Branch kilometer 

Parameter 1.43 1 .oo 0.71 0.54 0.45 0.12 

Aluminum 

Calcium 

Chloride 

Dissolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sodium 

Sulfate 

Suspended solids 

BD” 
(~0.5) 

13 
(12-15) 

BD 
(<lo) 

W-W 

(<0.1) 

(BD-0.48) 

76 

BD 

0.22 

6.9 
(6-7.6) 

0.05 
(BD-0. 15) 

( c: 0.25) 

(4.4-8.4) 

BD 

5.3 

4 
(1.8-8.7) 

BD 
(<lo) 

(3-11) 
6.4 

0.60 
(BD-1.2) 

26 

(23-281 

BD 

110 
(102- I IS) 

0.11 
(BD-0.2) 

0.11 
(BD-0.2) 

9.3 
8.2- 10) 

0.04 
(BD-0.06) 

RD 

5. 1 
(4.6-6.2) 

5 
(4.6-6.2) 

11  
(IO- 12) 

(2-7) 
4.1 

0.53 
(BD-0.74) 

43 
(31-70) 

28 
(BII-91) 

23 1 
(146-412) 

0.11 
(BD-0.20) 

(0.24-1.2) 
0.48 

10.5 
(8.6-14) 

0.14 
(0.08-0.20) 

0.25 
BI)-0.28 

5.0 
(4.2-6.8) 

27 
(9.9-81) 

49 
(22- 136) 

127 
(Ha-57) 

0-58 
(BD-0.88) 

49 
(37-76) 

31 
(BD-96) 

269 
(186-482) 

(0.1-0.2) 
0.11 

0.44 
(0.33-0.58) 

11.2 
(9.4- 15) 

(0.18-0.25) 
0.21 

BD 

4.7 
(4.2-5.5) 

31 
(13-78) 

48 
(RD- 116) 

9.7 
(5- 1s) 

0.70 
(RD- 1.2) 

52 
(43-75) 

27 
(BD-82) 

275 
(206-472) 

0.1 1 
(BD-0.2) 

0.44 
(0.33-0.57) 

11.9 
(11-15) 

0.3 1 
(0.19-0-39) 

B D  

5.2 
(4.2-6.7) 

32 
(94-69) 

52 
(32-1 14) 

6.6 
(3-9) 

0.80 
(0.53-0.92) 

55 
(47-80) 

35 
(15-92) 

299 
(2 15-524) 

0.23 
(0.2-0.4) 

0.53 
(0.4-0.6) 

12.9 
(12-16) 

0.27 
(0.22-0.35) 

BD 

4.2 
(3.4-5.7) 

31 
(14-73) 

56 
(32- 124) 

4.0 
(2-6) 

“BD = below detection. 
Some: M. A. McGaha, 1989, Toxiciy Monitoring ut ORGDP Januay-Mwch 1989, Report 

Nofe: Seven samples were taken from each location. 
No. WQT-3 12, (>ak Ridge Gaseous Iliffusion Plant, Oak Ridge, Tennessee. 



Mitchell Brzncla Wlometer 

Parameter 1.43 1 .m 0.7 1 0.54 0.45 0.12 

AlLlminum 

Calcium 

Chloride 

Disohcd solids 

Fluoridz 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sodium 

sulfate 

Suspended solids 

0.86 
(0.3’2-3.0) 

17 
(15-17) 

2 

(1-2) 

($6-94) 

(CO.1) 

91 

11 I)” 

1 .oo 
(0.46-3.3) 

8.8 
(5.2-9.9) 

0.16 
(0.09 -0.36) 

(c0.25) 

(4.3-6.6) 

BD 

4.8 

1 
(0.9-2.1) 

3 
(3-5)  

(3-74) 
16.3 

0.a I 
(0.44-3.0) 

29 
(21 -30) 

(2-3) 

(108-ns2) 

3 

141 

DD 

1.11 
(0.59-2.9) 

(5.5-13) 

(0.14-0.3) 

10.9 

0.20 

SD 

5.0 
(4.5-6.7) 

3 
(1.7-2.8) 

14 
(9- 17) 

14.9 
(4-48) 

0.42 
(0.1-2.Q) 

39 
(20-78) 

34 
(3- 113) 

274 
(102-476) 

BD 

0.58 
(0.19-2.6) 

8.9 
(4.5-12) 

0.06 
(0.05-0.11) 

0.0 1 
(BD-0.018) 

3.1 
(2.6-4.5) 

22 
(2.7-50) 

64 
(12-213) 

(BD-46) 
10.1 

0.75 
(0.03-4.0) 

43 
(20-83) 

34 
(3- 115) 

273 
(138-550) 

0.13 
(0.1-0.2) 

0.96 
(0.2-4.4) 

9.3 
(4.5-13) 

0.10 
(O.W--O. 12) 

0.0 1 
(BD-0.021) 

3.7 
(2.7-7.5) 

22 
(2.4-5 1) 

(15-217) 
67 

12.1 
(3113-69) 

0.98 
(0.1 1-4s) 

48 
(28-89) 

30 
(8-87) 

263 
(98-514) 

0.16 
(0.1-0.2) 

(0.24-5.7) 
0.34 

9.4 
(3.7- 13) 

0.17 
0.1-0.25) 

0.02 
(BD-0.025) 

4.0 
(2.743) 

(5.2-49) 
22 

70 
(20 -. 195) 

20.9 
(BD-88) 

1.05 
(0.27-5.4) 

54 
(17-79) 

43 
(6--88) 

(84-338) 

(0.2- 1.3) 

(0.53-5.4) 

(3.3- 12) 

227 

0.36 

1.26 

9.7 

0.21 
(0.12-0.25) 

0.01 
(3113-0nl7) 

4.2 
(3.1 -4.2) 

31.7 
(4-553) 

78 
(18- 152) 

15.4 
( 1-86) 

“BD = below detection. 
Soruce: M. A. McGaEna, I?8?, Toxicity Monitoring at ORGDPApd-June 1989, Report No. WQT-313, 

Note: Seven samples were taken from each location. 
Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee. 



Table B.7. Mean (mge in parentheses) ~~n~enbration~ of selected parameters (in miUi;p;tams 
per Liter) in Mitchell Branch water obtained by the Oak Ridge K-25 Site Process Support 

e n k  io sonjunction with the toxidty test aonducted daring July 6989 

Mitchell Branch kilometer 

Parameter 1.43 1 .oo 0.7 1 0.54 0.4s 0.12 

Aluminum 

calcium 

Chloride 

Dissolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sodium 

Sulfate 

Suspended solids 

19 
(19-20) 

(1-1) 

(l)fi-l-% 

BW 
(€0.1) 

1 

117 

0.49 
(0.4 1-0.6 1) 

11.1 
(1 1- 12) 

0.10 
(0.07-0.13) 

0.01. 
(RD-0.02) 

(3.9--4.3) 
4.1 

0.8 
(0.7-0.8) 

2 

(2-2) 

13 
(3-41) 

0.50 
(0.15-0.85) 

42 
(34-79) 

8 
(2-45) 

209 
(158-450) 

0.13 
(BD-0.3) 

0.99 
(0.51- 1.7) 

14.1 
(13-15) 

0.30 
(0.18-0.61) 

0.0 I 
(RD-0.02) 

4.6 
(3.6-5.2) 

8 
(12-44) 

(13-131) 

(2-33) 

30 

14 

0.10 
(0.07-0.18) 

61 
(44-79) 

35 
(15-57) 

336 
(246-460) 

0.27 
(0.2-0.041) 

(0.1-0.5) 
0.17 

12.4 
(1 1-14) 

0.13 
0.1-0.19) 

0.02 
(0.02-0.04) 

3.6 
(353.7) 

31 
(16-53) 

92 
(43-166) 

2 
(BD-4) 

0.29 
(0.08- 1.3) 

(43-73) 
58 

32 
(21-56) 

365 

(Z@-@jo) 

(0.1-0.2) 
0.13 

0.54 
(0.18-2.4) 

11.9 
(11-13) 

0.19 
(0.10-0.41) 

0.02 
(0.01-0.0s) 

(3.3-5.3) 

(15- 110) 

(48-246) 

3.8 

35 

105 

1s ' 

(RD-96) 

036 
(0.1 1-0.36) 

64 
(55--75) 

(21-44) 
32 

34u 
(246-5803 

0.19 
(0.14.3) 

0.80 
(052 .2)  

13 
(12-13) 

0.28 
(0.244.28) 

(0.02-0.S3) 

(3.5-4.6) 

32 " 

0.02 

3.8 

(13-87) 

101 
(48-246) 

12 
(1 -4.5) 

0.22 
(0.10-0.4) 

(56-87) 

(20-92) 

67 

40 

349 
(242-610) 

0.21 
(0.2-0.3) 

(0.21-0.88) 
0.57 

12.7 
(12-132) 

0.30 
(0.1 1-0.35) 

0.02 
(0.02-0.03) 

3.5 
(3.4-3.8) 

40 
(46-228) 

126 
(46-228) 

5 
(1-8) 

"NM = not measured. 
b1311 = below detection. 
Source: M. A. McGaha, 1989, Toxicity Monitoring ul ORGIIP JuIy-September 1988, Report 

Note: Seven .samples were taken from each loation. 
No. WQT-342, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee. 



-111 ..I-- 

MitcheiJ Branch kilometer 
Parameter 1.43 1 .oo 0.71 OS4 0.45 0.12 

Aluminum 

c;?lcium 

Chloride 

U i ~ o k d  wiids 

FWKiclle 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

Sodium 

Sulfate 

Suspended solids 

0.95 
(02- 1.9) 

m 
( 17-22) 

(1-2) 
2 

121 
(104-134) 

R D" 
(<0.1) 

(0.4-2.2 
1.1 

10.0 
(8.5-13) 

0.12 
(0.07-0.17) 

BD 
(<0.01) 

5.0 
(4.2-4.1) 

1 
(0.7 .-2.0) 

(2--7) 
5 

20 
(6-44) 

1.01 
(0.47- 1.6) 

35 
(30-41) 

(2-3) 
2 

176 
(138-204) 

0.12 
(BD-0.2) 

1.10 
(0.7- 1.7) 

11.4 
(6.3-17) 

0.14 
(0.0'7-0.33) 

MD 

5.2 
(4.1-6) 

3 
(2.1-3.89 

21 
(14-27) 

11 
(MD-30) 

1.32 
(0.22-2.9) 

50 
(12-94) 

364 
(4-! 16) 

2.62 
(1 10-524) 

(WD-0.53) 
0.16 

0. 16 
(0.28-4.1) 

10.2 
(4.7-12) 

0.14 
(0.07-0.3) 

0.03 
(0.01-0.06) 

5.2 
(3.1-7.6) 

16 
(2.8-4 1) 

52 
(2.8-4 1) 

27 
(BD-88) 

1.m 
(0.1 1-8.1) 

56 
(30-85) 

32 
(10.-96) 

277 
(150-480) 

0.19 
(RD-0.3) 

2.N 
(0.14-9.6) 

10.6 
(6.3-12) 

(0.08-0.24;) 

(BD -0.03) 

0.14 

0.02 

6.0 
(3.1 - 13) 

18 
(7.1-38) 

61 
(33-107) 

41 
(BD-185) 

1.44 
(0.08-6.2) 

(213- 77) 

(7-73) 

56 

27 

30 1 
(14O--418) 

0.20 
(0.1-0.3) 

2.0 1 
(0.3-8.3) 

10.3 
(5.3-12) 

0.19 
(0.13-0.28) 

0.02 
(0.02-0.03) 

5.2 
(3.4-9.8) 

14 
(S.S-26) 

58 
(27-90) 

43 
(4-222) 

3.5 
(0.16-14) 

(%-74> 
53 

16 
(6-32) 

250 
(1 16-362) 

O.?A 
(0.2-0.3) 

4.07 
(0.45--16) 

10.4 
(5.5-13) 

0.27 
(0.17-0.34) 

0.03 
(0.02-0.04) 

8.1 
(3.7-17) 

(3.7-17) 
10 

48 
(24-75) 

74 
(6-319) 

"BD =: below detection. 
Source: M. A. Mctiaha, 1989, Tomkify Monitoring at ORGDP July-September 1988, Repart 

Note: Seven samples were taken from each location. 
No. WQT-342, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennesee. 



Mitchell Branch kilometer 

Parameter 1.43 1.00 8.71 0.54 0.45 0.12 

Muminurn 

Calcium 

Chloride 

Dissolved solids 

Fluoride 

Iron 

Magnesium 

Manganese 

Nickel 

Silicon 

sodium 

Sulhte 

Suspended solids 

.21 
(0.13-0.4 1) 

14 
(13-15) 

( 1.1- 1.2) 
1 

51 
(34-82) 

BD" 
(CO.1) 

0.29 
(0.22-0.45) 

7.6 
(6.8-8.2) 

0.13 
(0.12-0.14) 

BD 
(4.01) 

(3.6-5) 

(0.9.- 1.1) 

3.9 

1 

4 
(3.2-4.1) 

1.4 
(4-12) 

0.29 
(0.18-0.5 1) 

(24-281 
26 

2 
(1.5-3) 

136 
(108-162) 

BD 

0.32 
(0.23-0.46) 

9.8 
(8.9- 11) 

0.14 
(0.13-0.18) 

0.0 1 
BD-0.83) 

(3.7-4.4) 
4.0 

2 
( 1.7-2.0) 

11 
(lets) 

(2-8) 
6 

0.22 
0.12-0.33) 

40 
(32-55) 

23 
(8-91) 

238 
(159-456) 

BD 

0.21 
(0.14-0.35) 

10.2 
(9.1 - 13) 

0.08 
(0.07-0.1) 

0.01 
(nn-0.02) 

3.2 
(2.9-3.5) 

16 
(6.6-62) 

41 
(2 1 - 124) 

2 
(BD-2) 

0.26 
(0.17-0.38) 

46 
(37-66) 

(9.4-79) 
26 

259 
(1784%) 

HD 

0.26 
(0.19-0.39) 

11 
(9.5-13) 

0.15 
(0.144.17) 

BD 

3.6 
(3.2-4) 

21 
(8.2-58) 

49 
(26-102) 

4.9 
(2-10) 

0.20 
(0.15-0.3 1) 

48 
(39-70) 

2.8 
(12-82) 

273 
(206-444) 

BD 

0.35 
(0.3 1-0.45) 

11 
(lo- 13) 

0.22 
(0.19-0.24) 

0.02 
(0.02-0.04) 

(3-3.7) 

(7.5-53) 

54 
(30-1 11) 

(2-12) 

3.3 

19 

6.8 

0.46 
(0.24-0.65) 

54 
(44-76) 

34 
(18-87) 

302 
(230-46%) 

0.7 
(0.44-0.94) 

12 
(11-14) 

0.28 
(0.23-0.31) 

0.02 
(0.82-0,OS) 

3.6 
(3.2-4) 

21 
(IO-56) 

55 
(29- 1 14) 

13 
(5-22) 

"1313 = below detection. 
Source: J. L. Shoemaker, t990, Toxicity Monitoring at ORGDP October-December 1989, Report 

Note: Seven samples were taken from each location. 
No. K/QT-373, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee. 





Appendix C 

RESULTS OF QUALITY ASSURANCEYQUALITY CONTROL 
ANALYSES OF FISH SAMPLES 





c. OF Q U f i W U  ass 
CONTROL ANAL,YSES OF FISH S A M P  

Ten pairs of duplicate samples of 
fish muscle were analyzed for mercury. 
The mean coefficient of variation (CV) 
between sample pairs was 21%, with a 
mean standard deviation (SD) of 
0.07 pg/g. The mean absolute difference 
between duplicate samples was 0.10 pg/g. 
Multiple analyses of EPA reference fish 
(n = 6) averaged (& SD) 2.54 0.09 pg/g,  
vs an expectcd valuc of 2.52 pglg. Mercury 
concentrations in sunfish (n = 10) from 
reference sites averaged 0.07 f 0.02 pg/g.  

The results of PCB analyses were 
somewhat more variable than those from 
mercury analyses. The mean coefficient 
of variation between 11 sample pairs 
was 36%, with a mean standard deviation 
of 0.15 pg/g. The mean absolute differ- 

ence between sample pairs was 0.36 pdg. 
Recoveries of mixtures of PCB-1254 
and PCB-1260 spiked into samples of 
uncontaminated fish and clams averaged 
105 f 9%. PCB concentrations in fish 
(n = 11) from the uncontaminated 
reference sites averaged 0.05 & 0.05 pg/g. 

Other quality assurance samples, 
including split sample exchanges among 
laboratories at TVA, Tennessee Depart- 
ment of Health and Environment, and 
EPA, are run as part of SMAP studies for 
ORNL and the Y-12 Plant. Results of 
thesc evaluations are applicable to 
K-25 site samples and are available 
in Loar (1991b, 1992, 19933 and Hinzman 
e t  al. 1993. 





Appendix D 

CONCENTRATIONS OF MERCURY AND PCBs 
IN IND'NIDUAL FISH FROM MlTCHELL 

BRANCH, POPLAR CREEK, AEJD 
NEARBY REACHES OF THE 

CLINCH RWER 





PCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 
YCK 6.9 
PCK 6.9 
PCK 6.9 
PCK 6.9 

PCK 10.4 
PCK 10.4 
PCK 10.4 
PCK 10.4 
PCK 10.4 
PCK 10.4 
PCK 10.4 
PCK 10.4 

PCK 8.2 
PCK 8.2 
PCK 8.2 
PCK 8.2 
PCK 8.2 
PCK 8.2 
PCK 8.2 
PCK 8.2 

PCK 6,9 
PCK 6.9 
PCM 6.9 
PCK 6.9 
PCK 6.0 
PCK 6.9 
PCK 6.9 
PCK 6.9 

PCK 1.6 
PCM 1.6 
PCK 1.6 
PCK I d  
PCK 1.6 
PCK 1.6 
PCK 1.6 
PCK 1.6 

06/01/87 
Mb)1/87 
06/01/87 
06/01/87 
06/01/87 
06/01/87 
06/01/87 
OGP)1/87 
06/01/87 
06/01/87 
06/01/87 
06/01/87 

11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 

11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 

11/18/87 

11/18/87 
11/18@7 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 
11/18/87 

12/08/87 
12/08187 
12/08/87 
1rn8/87 
1 2P8/87 
12/08/s7 
1z/oSls7 
12/08/87 

1 1i1ai87 

N 
F 
F 
F 
F 
F 
N 
M 
F 
F 
F 
F 

M 
F 
F 
k7 

I: 
M 
F 
F 

M 
F 
M 
F 
F 
M 
F 
F 

M 

M 
N 
M 
M 
F 
F 

M 
N 
M 

F 
M 
M 
M 

r: 

7025 
9177 
9157 
7638 
70S2 
7054 
7061 
7056 
7057 
7055 
7077 
7078 

6348 
6349 
6350 
635 I 
6352 
6353 
6354 
6355 

6340 
634 1 
6342 
6343 
6344 
6345 
6346 
6347 

6332 
6333 
6334 
6335 
6336 
6337 
6.738 
6339 

7043 
7044 
704s 
7046 
7047 
7048 
7049 
7050 

141.5 
48.4 
41.0 
15.2 
93.0 
71.1 

10Zl 
85.3 

104.2 
63.5 
75.5 
42.8 

77.2 
59. I 
72.0 
71.3 
39.0 
37.7 
45.4 
44.6 

59.4 
45.9 
28.1 
40.5 
84.1 
91.5 
57.0 
6x5 

60.7 
41.7 
45.3 
55.9 
48.6 
71.6 
70.7 
95.9 

135.9 
97.9 
85.8 
76.1 
56.2 
99.5 
58.7 

109.5 

19.5 
13.6 
13.3 
9.6 

17.6 
15.6 
17.0 
16.7 
17.3 
15.3 
15.9 
13.8 

16.0 
150 
16.0 
15.0 
13.5 
12.8 
13.5 
15.4 

14.6 
14.2 
11.8 
13.2 
17.3 
17.2 
14.7 
15.3 

15.0 
13.9 
13.5 
14.4 
14.2 
15.4 
15.8 
17.2 

18.9 
18.0 
16.7 
16.2 
15.2 
18.2 
16.3 
18.8 

0.38 
.19 
0.27 

0.57 
0.57 
0.38 
8.24 
0.65 
0.27 
0.38 
0.33 

0.05 
0.13 
0.09 
0.10 
0.09 
0.10 
0.16 
0.11 

0.22 
0.69 
0.38 
0.5 1 
0.60 
0.33 
.so 

0.21 

0.28 
0.66 
0.50 
0.42 
0.26 
0.33 
0.50 
0.48 

0.22 
0.35 
0.30 
0.06 
0.11 
0.09 
0.07 
0.06 

0.46 
0.18 
0.34 
0.40 
0.32 
0.05 
0.19 
0.09 
0.53 
0.29 
0.14 
0.11 

0.11 
8.04 
0.04 
0.07 
0.03 
0.06 
0.08 
0.02 

0.21 
0.25 
0.27 
0.15 
0.14 
0.36 
0.12 
0.11 

0.22 
0.35 
0.20 
0.25 
0.18 
0.29 
0.14 
0.47 

0.17 
0.18 
0.13 
0.10 
0.17 
0.14 
0.37 
0.12 

0.17 
O*W 
0.16 
0.12 
0.13 
0.03 
0.04 
0.02 
0.15 
0.18 
0.07 
0.03 

0.03 
0.02 
0.02 
0.03 
0.02 
0.02 
0.04 
0.0 1 

0.13 
0.10 
0.12 
0.06 
0.0'7 
0.1% 
0.04 
0.05 

8.1% 
0.01 
0.11 
0.12 
0.05 
0.13 
0.06 
0.09 

0.06 
0.08 
0.05 
0.045 
0.08 
0.02 
0.11 
0.03 

0.29 
0,12 
0. '18 
0.28 
0.19 
0.02 
0.15 
0.07 
0.38 
0.11 
0.07 
0.08 

0.08 
0.02 
0.02 
0.04 
0.01 
0.04 
0.04 
0.02 

0.M 
0.15 
0.15 
0.09 
0.07 
0.24 
0.08 
0.06 

0.10 
0.34 
0.09 
0.13 
0.13 
0.16 
0.08 
0.38 

0.1 1 
0.10 
0.08 
0.04 
0.09 
8.12 
8.28 
0.09 



Y
Y

Y
Y

Y
Y

L
Y

 

a
g

:
$

g
r

r
 



PCK 1.6 11/16 
PCK 1.6 11/16/88 

CXK 15.0 1l/l4/88 
C%K 15.0 11/16M 
CRK 15.0 11/16 
C:RK 15.0 11/16 
CRK 15.0 11/16B 
CRK 15.0 1l/l6/@ 
CRK 15.0 11/14/88 
CRK 15.0 11/14/88 
PCX 6.9 03/n7m 
PCK 6 9  0 3 / 0 7 ~ ~  
PCK6.9 03/07 
PCK6.9 03/07/90 
PCIc6.9 03/07/90 
PCK6.9 03/07/90 
PCK6.9 03/07/90 
PCK 6.9 03i07/90 

PCK8.2 03/07/W 
PCX 8.2 03jo7/5H) 
PCK8.2 03P7M 
PCK8.2 03/07/W 
PCK8.2 03D7/90 
PCK 8.2 03/07/90 
PCK8.2 Q3/07/rX) 
PCK 8.2 03jO7/90 

hf 
F 

M 
M 
M 
M 

M 
M 
M 
M 
M 
M 
M 
M 

M 
M 
M 
M 
F 
M 
M 
M 

I 
I 
I 
I 
I 
I 
I 
F 
M 
I 
I 
I 
I 
M 
F 
M 
1h.I 
F 
M 
F 
F 
M 

7656 
7657 

7643 
764% 
7647 
7641 

7M2 
7644 
5210 
523 1 
5232 
5233 
5234 
5235 
5236 
5237 

524.0 
524 1 
5242 
5243 
5244 
5245 
5246 
5247 

Mi3 I 
MI32 
MU4 
MR7 
MU8 
MB 10 
MI3 P 2 
7912 
7913 
79 14 
7917 
7921 
7922 
7377 
7378 
7379 
7479 
7450 
745 1 
7453 
7454 
7452 

59.6 
61.2 

90.5 
69.9 
53.5 
83.6 
54.8 

104.5 
lW.6 
78.2 
80.3 
63.4 

114.8 
69.4 
42.6 
83.1 
59.2 
58.5 

71.0 
70.7 
89.5 
77.5 
65.4 
71.3 
81.5 

1tXI.H 

5.7 
8.6 
4.5 
4.4 
4,4 
3.3 
2.5 

120.3 
9.3 
4.0 
3.3 
3.3 
3.1 

10.4 
3.0 
7.1 

37.8 
34.6 
38.8 
36.3 
46.7 
11.3 

14.6 
14.5 

17.5 
15.6 
14.5 
15.2 
15.0 
17.8 
17.8 
16.4 
17.3 
16"0 
19.4 
14.4 
14.2 
17.4 
15.5 
15.4 

16.3 
16.0 
17.4 
16.7 
15.9 
15.8 
17.2 
18.0 

6.8 
8.0 
6.5 
6.5 
6.1 
5.9 
5.3 

17.5 
7.9 
5.9 
5.7 
5.5 
5.5 
8. I 
5.2 
7.1 

13.0 
12.0 
12.9 
12.9 
13.0 
8.4 

8.11 
0.22 

0.08 
0. 10 
0.02 
0.16 
0.20 
0.16 
QB3 
0.1 1 
0.68 
0.43 
0.33 
0.43 
0.33 
0.42 
0.30 
0.5 1. 

0.14 
0.33 
0.43 
0.30 
0.45 
0.36 
0.24 
0.45 

0.18 
0.16 
0.17 
0.18 
0.18 
0.15 
0.17 
0.40 
0.09 
0.13 
0.14 
0:12 
0.11 
0.12 
0.22 
0.17 
0.20 
0.18 
0.18 
0.2 I 
0.22 

0.18 
0.14 

0.06 
0.12 
0.17 
0.81 
0.22 
0.17 
0.08 
Q.05 
0.10 
0.12 
0.17 
0.14 
0.07 
0.07 
0.15 
0.17 

0.08 
0.07 
0.02 
0.06 
0.05 
0.11 
0.02 
0.1 5 

3.27 
0.97 
1.70 
1.93 
0.50 
2.41 

0.12 
0.09 

0.03 
Q.Q8 
0.15 

0.22 
0.16 
8.02 
0.03 
0.w I 
0.04 
0.M) 1 
0.07 
0.03 
0.00 1 
O.W 
0.05 

0.03 
0.03 
0.01 
0.02 
0.02 
0.0 I 
0.01 
0.05 

2.73 
0.79 
1.21 
1.52 
0.38 
2.22 

0. 
0.05 

0.03 
Q.04 
0.02 
63.01 
8.qq1 
0.01 
0.M 
0.02 
0.10 
0.08 
0.119 
0.07 
0.04 
0.07 
0.06 
0.12 

0.05 
0.04 
0.02 
0.04 
0.03 
0. PO 
0.0 1 
0.10 

0.54 
0.18 
0.49 
0.41 
0.12 
0.19 



MIM 0.2 
MIK Q.2 
MIK 0.2 
MIK 0.2 
MIK 0.2 
MIK 0.2 
MHM 8.2 
MIM 0.2 
MIM 0.2 
MIK 0.2 
MIK 0.2 
MlK 8.2 

03/m/89 
03/29j89 
01/1 lrn 
01/11m 
01/1l~ 
01/16/?M 
01/11~ 
01/16 
01/16 
01/16j90 
01/16 
01/16 

REDBRE 
REDBRE 
REDBRE 
WEDBRE 
REDERE 
REDBKB 
WEDBRE 
REDIRRB 
WEDDRE 
REDBRE 
REDUKE 
B LUGII. 

M 
M 
M 
F 
M 
F 
M 
F 
F 
F 
M 
F 

7455 
54% 
5210 
521 I 
5212 
5217 
5213 
5m 
520 I 
5218 
5202 
5219 

19.1 9.9 0.91 0.79 0.12 
32.1 11.6 1.16 0.82 0.34 
68.3 15.9 0.38 0.85 0.39 0.46 
68.5 15.5 0.31 0.45 0.36 0.W 
36.1 13.0 0.22 1.55 1.09 0.46 
S9.7 16.0 0.39 0.23 0.18 0.05 

38.6 13.4 0.26 0.71 0.51 0.20 
'295 12.6 0.25 0.87 0.57 0.30 
20,7 11.8 0.21 0.74 0.57 0.17 
15.0 9.9 1.00 0.73 (1.27 

72.6 16.5 0.31 0.74 0.46 0.28 

6.9 7.0 0.11 

"Site: PCK = Poplar Creek kkmetm, MIK -L Mitchell Branch kilometer, CRK =: Clinch River 
kilometer, MHL = MCkQn Hill h k e .  Numerical designation is the distance from the mouth of the stream. 

Species (SPP): Bluegil = bluegill (Leptnb macrochinu.), and Redbre =2 redbreast sunfish (Lepornk 

%ex: M = male, F = female, and I = immature. 
"No. = Fish identification number. 
"Wt = Fish weight, grams. 
t g t h  = Fish total length, rmtimeters. 
8PCB := Total PCBs (sum of PCB-1254 and PiL:R-lm) in fish axial muscle, micrograms per gram wet 

"1254 = PCB-1254 (Arwhlor 1254) in fish axial muscle, micrograms pcr gram wet weight. 
'12(io =t PCD-lm (&whloi 1260) in fish axial musc!e, micrograms per gram wet weight. 

r n & L T ) .  

weight. 



< 2.0 
~ 2 . 0  
< 2.0 

c 2.0 
c2.0 
c 2.0 
c2.0 
< 2.0 

€ 2.0 
< 2.0 

c2.0 
< 2.0 
€ 2.0 
< 2.0 

< 2.0 
< 2.0 

< 10.0 
<2.0 

<2.0 

< 2.0 
< 2.0 
< 2.0 

K2.0 
< 2.0 
< 2.0 

c2.0 
62.0 

< 10.0 
K2.0 

< 10.0 
c2.0 
< 2.0 

< 10.0 

< 2.0 
< 10.0 
c 10.0 



Cornpoiand Detection limit" 
I I_.._.......... ~.-- 

Alpha-bhc 

Beta-bhc 
Delta-hhc 

Gamma-bhc 
Heptachlor 

Aldrin 

U 2.8 

c2.0 

<2.n 

C2.Q 

< 2.0 

< 2.0 

< 10.8 

< 10.0 

< 2.1) 
< 2.0 

< 2.8 

c 10.0 

< 2.0 

< 2.0 

< 2.0 

< 2.0 

c2.0 

c2.0 

c 10.0 

< 2.0 

(2.0 

c 2.0 
c 2.0 

c 2.0 

<2.0 
< 2,o 

c 2.0 

< 2.0 

< 2.0 

c 0.02 

< 0.04 

C0.04 
< 0.02 

< 0.04 

c 0.04 



Table: 1D.Z (continued) 

Cmrnpound Detection limit" 

Heptachlor epoxide 
Endosulfan i 
Dieldrin 
4,4"-Dde 
Endrin 
Endosulfan ii 
4,4"-Ddd 
Endosulfan sulfate 

Endrin ketone 
Methoxychlor 

Alpha chlordane 
Gamma chlordane 
Toxaphene 

4,4"-Ddl 

HmLc with fluorescence detection 

Naphthalene 
Acenaph thene 
Phenanthrene 
An thraeene 
F ~ ~ o ~ a ~ ~ h e r ~ ~  

Pyrene 
~ e ~ ~ ~ ~ ~ a n ~ h ~ d ~ n ~  

Benzo[h] f l  uoranthene 
Renzo[kjt'luopantherie 

Benzo [a] pyreene 

Dibenz[n,hjan thracenc 
B e n ~ ~ [ ~ ~ ~ ~ ~ ~ e ~ l ~ ~ e  
Indcno(I,2,3-cd]pyrene 

Chrysene 

< 0.04 

< 0.04 
< 0.04 
< 0.04 
<0.2 

c0.08 

<0.2 
C0.2 

< 0.08 

<0.4 
<0.2 

<0.04 

~ 0 . 0 4  
<2 

c0.12 
K0.03 

€0.01 

x0.10 
€0.2 

< o,m3 
<0.001 
< 0.03 
<0,02 
€0.004 
<0.002 

<0.005 
< 1.0 

<0,003 

Qptimum detection limit in 10-g samplc. Sample 
weights varied between S and 10 g, so detection limits were 
higher in somc samples. Concentrations of contaminants 
~ ~ ~ ~ ~ x ~ ~ ~ ~ ~ ~ l y  ten times lower than these levels ana be 
dctectcd bur are outside the limits of reliable quantification. 





Appendh E 

CHECKLIST OF BENTHIC MACROINVER'TEBMTE 
TAXA COr,T..F,CTED FROM lblITCw1EU BRANCH 

AUGUST 1987 THROUGH JANUARY 19238 
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~ 

Site 

MIK MIK MIK MIK MIK MIK 
1.43 0.86 0.78 0.71 0.54 0.45 

X 

X 
X 
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X 
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X 
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Site 

MIK MIK MIK MIK MIK MIK 
1.43 0.86 0.78 0.71 0.54 0.45 

MdlUSW 

Gastropoda 
Ancylidae 

Fenksia 
Lymnaeidae 

~ h ~ ~ ~ a e  
naeidae? 

PhyseIfa 

Sphaeriidae 
Pisidium 
Pisidhim? 
Sphaerium 

Bivalvia 

X 

X 

X 

X 

X 
X 
x 
X 

X 

X 
X 

"An "X" denotes that the taxon was collected at least once in quantitative samples'. 
Note: MIK = Mitchell Branch kilometer. 
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