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PC3's are a class of aromatic, chemically inart, nonflam=

irlectric

Iy

nable chlorinaﬁgg hydrocnrtonse They pous~ss hizh

e
> e

corstants, low Polnts pf volatility, are not hydrolired »y
water, and recists alkalies, acids and other corro-ive chemicalr
(Peakall, 1670), Their hoilins poirts range from 275°C for
Aroclor 1221 to 415°C for aroclor 1268, Al1 IC3's ure starle
at 1500C. The lower chleor’nated corrpounds are nors soluble in
water than <he more highly chlorinated ones and arc ;r3fer=
entlally distilled at atmoscheric pressure withcudl ar-reciavle
deccnposition (Hutzincer, 1G7L; Fanel, 1G72). Fn1~ ~oree r2ad
heeler (cited in Fanel, 1772) found ihat the =olu 11i14icr of
Aroclers 1242, 12LB, 12¢:, 124C and 1035 2re 207 v-h, 100 rob,
) pob, 25 neb and 250 rpb, respectively, licwever, the true
solubility is.difficult to delermine accurately, and these
values rar te subject to chanme., rCP's are ver: soluble in
lipids, but the solubilities are not known.

Since their s&snt;¥sis in 1881 and manufacture in 1930,
thousands of toné’of PCE's have escaped into our waterwvarvs,
Uron enté%i?tg streams 2nd shallow lakes, rCi's are zdsorred

to the sediment and onte rarticulate matier (Chol, 1974),
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found that the chlorinated hydrocarten concentration in
sediment is closely related toc both organic content and
particle size., It has a great affinity for particles @pm

or less which is in the slilt-clay range. Sxrerinental
evidence shows that the total organlc carkon as well as humic
and Aluvdc acld content in sediment tears a linear relation= . .
ship to the chlorinated hydrocarbon concentration)and the
amount-of organic material in surficial sedimentis 1is directly
proportional to the clay size fraction. Fine silts and clays
are closely associated with humic substances; thcoy exist as
or-anoclay complexes and have a high adsorbtive capacity for
PC3'se There 1s some environrental verification for the above
experimental findings. PC3's were found azsoclated with the
top 2-3 cm in Escambia Ray, Florida (Duke, 1970), ECE's were
also concen*rated in the top 2-3 cm, hu* accurred commonly

at 6=12 cm in the sediment of southern Lake illchisan and the
hirhest concentrations were found associated with small
rarticles (2un) and hich orsanic content(leland,1372).

Cnce FCB's have adsorted to sediments, there is little
leaching (Haque,1976). PCB's are probably transyoried on the
suspended solids. Due to it's low solubility, the transport
of soluble FCB is prohably negligivle, Due to these »rorerties,
high concentrations of FC3’s are usually found near rcints of
discharrse, Therghas been, however, little environrmental docu-

mentation of the movement of PCE's through a system f{rom 2
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roint source or of the half-life of PIi'zs in 1 iven aqyetem,
The sediment of Zscambia Bay was shown ‘o have 155t much of

it’s contamination within @ months of the initial findirg of

’
{

the pollutant, Munscn ot glv(lg?é) showed *hat arenz of hich-

est contamination in the upper Chesareake 2Zav ~-v have cnan-

o~

formed to the currents fron the 1lnitiz) point =surce,

PC2's in the watar, =uspended solids znd sedizents are
available for bioaccurulation ty means of direct incastisn ancd/
or absor?tion threoush the

eneral intssument and qq%ross the

illz. The main rou*s of entry is difficuli t9 zace~riain,

[ing']

¥

in laboratory experiments that toih inverteryatorm ond Tish
can accunulate PC2'3 to jevels of 103 £t 107 tlmeg the laveln

in the amblent water (Feieral Rec,,1777). In vizu of the

h

low solubility and hirh adnor?tive caracity, the upiais o
soluble PTT's by plankton and inverteibrates nayr he a tro=
cess involving the initial adsorpticn followed

into the cell ( Sodergren, 1273),

\ f N

Tetrahvmena pyriformis, a cill}ated protozcas accumulated

aroclor 125k to 60 tinmes the dosed water level cr 167,%prb
aroclor 1254 (dry weisht) when exposed to 10ppb for 7 duys

(Cooley, 1¢72), Envircnmental rtlanxten camrles taken {rom the

N - s : 2. 3y s i

Atlantic Ccean by Risetroush conteining medlun dry and wvet KL
o ‘.

weight concentrations cn the order cof 0¥5nd O.ﬁﬁpt)r@spec- )
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tively and phytoplankton rich samrles taken by Harvey with
a mean of %;bgiwet welzht, confirm that upiske of 2C3's in
the environment does occur and to a greater degree than seen
in experimental results. Urey showed that both tetrachloro—
and hexachlorobiphenyl were concentrated bty dead Chlorella
cells by 6,000 and 15,000 times the water concentration, re-
spectlirvely. These amounts were greater than in his experi-
ments with living cells, which seems to indicate that the
concentration of FCZ iy Chlorella may he a result of a
simple chemical partition between the water and ine lipid
in the cells.

The short term exposure of invertetrates to sArcclor
1254 resulted in the bicaccumulation of 160 to 6,700 tinmes

the ambient weater concentrations ( Walker, 1976). This

factor is even greater afier long term cxrvosure, Cysters

'
Nad

v/. !
exposed to Sépb Aroclor 1254 for 24 weeks accumulated Uijpm

or 85,000 times the water concentratior (Lowe,1G72), In 1&

day exrposures, Gammarus fasclatus concentrated Aroclzsr 1254

to 27,000 *imes the water level {1.6uz/1) and natrnia con=-
centrated Aroclor 1248 to L8,000 itimes the nominal water con-
centration of BOng/l (Nebeker,1G74), The initial tilccumula-
tion of PCR by inveriebrates is rapid and apre=rs to reach

a cteadr state after the first week of PX:DSUFCX(VQIRET,1975}0
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\n

The adsorptlon of FCi:'s to, and the atcarztion nerec-s the

]

general integument and throuch the ille of shrini,have teen
¢, . .

TAted as rossible mechanisms of inveriebrate uptake of solu-
vle FC2's (Khan,1%76411imm0,1671,1574),

PRSI

Fish also exhi®hit A rapid initial urctawe of ZUI fol-
lowed by a gradual decrcase in the rate urti? a rleady =iate

is aprroached (Fed, #niz..,10773Hansen, 1271 ;2einer, 1770, The
N . . %
quick initizl uptake unn qftrated hr Hangsen's ewverisientz Cet !
(IOLOStoﬂue xan* h)*nv) N
in which srotbaccumULzze 2.7 x 10 tires the amiiont uiter

level in 14 to 28 davr. Lony tern studics with Lt neales®
(P\ mpe rhn 1::-» T\romel 3 x—\
minnows rhowed that re=sidues wexrs 2 to L iimer »i-r oo witar

Q months itran they werr L1 fiecp eamnleld after 30 davn (etokor,
1675;7ed, Bes,,1077:3V+14h,1°70), In 77 aay evyacurec, chinnel

{IC 1‘1"")“ Tuncti 'f‘rj-*.\/
catfisr{co"centratea arocler 124R and 1254 to S¢,270 =nd A1,170

times the concentration in tnhe water, r.srectivelr, wlith the

rmore chlorinated comtounds =2ccumultiinge more tonr tro le-s

chlorinated ones (Hansen,1%7¢). The urnirke of sv

may bp dwe to the permezbilltiy of the fisp tady or 5i1) sur-
/é

face and it s ability to partition ICE directly Ircnm tne

water, Chicrinated hydrocartons have very hi:sh rartition co-

b

efficlents, that is, they are much more soluble in lipid than

in water, Those nors hicrhlv chlorinated rCR's h~ve higher

rartiticn coefficients tharn the lower chiorinut.. oras, The
X

hizher the rartion cceificient, the greater the ahility

N

DSW 030681

STLCOPCB4014643



ticaccumulate (Reinert, 1670), This urtake rechoniem has been
postulated to be a major rathway of FC3 entry into fresh water

fish (Sodergren,l@?}). It can result in hich acceusulation in -
CTLD 1A /L'!,/.L"_(A-’:l /4
a very shcert perjod of tire, Frendas and sndercon?frund the
55
N c A .
after a S minute exyomure to %bpm C™-labeled 20T, aAtlantic
A
#%almon concentratedl 1.55np in the liver and =2}een, After
A i
one hour cf exposure this value reached Vrmm  —————r—

’

+
[

2e Zioccncentration of FCB'c fronm Sucivended 39314+ In

view of the high adrgorptive capacity of FG2's to r-211 rpar-

a
-
W
re
1

ticies and orranic =suilrctances, suspended sglida =y
a major source of FC¥'z to orranisms, There are, however, nc

laborator: experinent: to confirn their involver-nt and ihe

-~
L7

ha
fileld data »=m given conflicting evidence.

A Cheogreake Zay ciudy Ly sunson (1?75) choved that the

~i~

723 cencentration in ruspenied solide & 1 zedine:t sarnles
varied ereatly {ron =stzation to stiatiorn in the eare cnllect-
Inrr period and iIn the sore ztation at different enllecting
reriods., In feneral, theose water samples with hi'h cuspended
collds also had hirh PZE concentritions which usially resem-
bled Aroclor 1254 and 1262 with some arcclor 1ZL2 and 1208,
The concentratioﬁiin tre suspend d solids (drv weirht) were
L to 10 times hicher than in the sedinert {doy wei ki),

“ungon theorized that %iis was rrobably tecause he averngs
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frain size In the susrondsd solids is nuch enaller inhun

he bottom sediment and 2lro because prvtoplarkton was in
cluded in the suspenced £0lids samples. Junson ectinated
from his cata that FCT's are hloconcentrated in rassin-s
fron susrended solids to zooplanktion ©v i facior of &,4 ang
in vassinc from suarerded =0lids and planitcn €5 she2llfish
by a factrr of 4,000, This estlmate, hcwever, did nct teve
iInto account any concenirstion of soluhie TCE ihnt nay have

occurred.

rata on a systenm involving th

[\
it
m
[&2]
[ R
]
]
—
e
s
5
3
3
fo N

a lake fed vy it shnw%’higher PCE levels in £ :h from aress
nf hirher turbidity su vesting that suarended ool ' 3. noy

riay a raie in the rloaccumulation of FUl by Mick { iuck,1077),

In a2 einllier study aren In jiichizan, hevever, 7~i-n {3
pp X0 YD
Y

Tound the nrrosite results. Laénexperihents need fa e done

tn detarnire the biloconcerntraticn factor: of cr ~=irfns in re=-
1az‘on to suspended sollds, as suspended s0lids are 2 verw

irrmortant vehicle for ©C3 disztrivution.

3, Untake of FCB fro- the Zed ment: Sediment cerves as a

sink for PC3 accumulation. In general, FC3 levels are hirher

od bvoboth lae-
‘ > (finacur duoriran)
oratory and field Zata. lllmmo-exposed nink Shriﬁvaﬂd riddler
r N ‘
crabs\to various conceniraticns of Arocler 12855 on =ilt, Up-
rd

in the tiota than in the =sedirments, as confizm
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take was directly related to the amount in the sedinent. The
hepatopancrease of shrimp and fiddler crats excosed to sed-

iment containing 61p5§:PCB for 30 days had an average of

guqébmﬂand 8Q§§ﬁ;respectively, resulting in bioconcentration

factors of 4 and 1.3)respect1ve1y (F'inmo,10971 ). Carzed shrimp ( )
in Zscamhia Bay, Florida, exposed to 1ﬂz; contaninated sed-

iments also accumulated FCB's, howeVer?7their accurnulation

appeared to reach a platea2u which was not dewnnétrated in the

P A
N k(}‘v p)

L/
1ab}’\(|\‘immo,1°/1). Field data from Zscamtla Zay showine that
burrowing shrimp contain higher resldue levels than ron-

turrcwing ones, and samples collected from the llwaukee River

ah

L

and other areas where organisms collected from stations ofw!
high residue levels in the sediment had hiihe rffCQrCOﬂt*dtlorﬁ
than those Tound in cther areas, ccnfirm that w=edinent tlays
a large role in mediating PCE'se. The accumulation of rCi's
from the sediments may be due either to contact and absorp-
tion throuch the skin and gills, or by insection.
b, Untarxe of FCB's from Feods Food ie of major inper-
1
f 3 . 4 = ‘:v /A‘ AR -
tance in the btilocaccumulation cf PCB's,Channel catiish eve

\

Xy
rosed to ngpm Aroclor 17L2 in food for NS82 days accumuialed
-/

FC2's exronentially with exprosure time and remalined relatlive-
ly constan* during periods of FC3-free feed afler B4 dzvs of
exvosure (ansen,1076), Coho salmon frd Aroci-r 1734 Tor 200
days at concentratinns oF 1545 to 14,500 ug/hg dedy welvnt

4

rer day accurulated 0.7 10 5 times the exposure levels on a
whole body weiirhi basis, the highest level-reachel Yeing
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~ ~ . PR
;(Rprm (3+211in,25727),

Laboratory erierimenis seem 10 polnt to diract ujptake
of sclubla I23's from waler as the major route of eniry into

orcanisms, However,
in the environnent,
lower for faond ex;~
in the environment

hirh or hicher conc

rear to

IS

does not ar

uptake cf soluble TCE'-, Alvo, the TC

are expogcad 1o
nztion (hi-har

of FCR'e fram fongd

wihich have a hisrer

to metadboiize and =
acounulation in the

-
=

42
.

~on

have

content, Carp in th

the level of thelr

Sinllar trends involivin~ mussels up throih

and birds have alzo teon found (Therhardt,1%73: 51t -x

Feakall,1770),

[

Tvidence for 7

foud exposure nay rone ine Ui

thourh the biloaeccumulat

;Y
H

sure,

[P 4

exyeriments)

S
anc lab, ) Lleads

en' ritiona in the o oeed or

v .

a steady stot: condizio

L.

-
-

128 ©
Thoetore are
2d (roth
Qi \":11;‘7
nioere, and
in ine
Z e

Fe water are senernlly thove o Tow oohlori-
riliir )y In contrast, the Cloconcoantomtion
;Nuz\l': .
e meneyal] v theme hicqher ol e s
: N :
ravtitlicon conificient, sz - ro 10N eult
. A s R . .
BWereinHre s have 4 ploher ooty ol Thr Yio-
feod ckain,
ood chain wrelaticnerirs in (20 szcurla-
wea in Tish
ant 1inid

o

food orsaniem,.the ma;

DSH

2 Lo & tinmes
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Others have found that bhioconcentr=tion dece= occur, but

that the rosidue levels of orszanisms in the trophic prramid

&2}

nave no relationship (Harver,1673), Rirebrouvch found thot
tlankton eating fish In the atlantic Ccean had higsher con-

centratisns then those occuuving higher tronhic Fevels, Jlan

found thit vlankticn had residue levels an order o7 ~p mi+ude
L
rher than the plankiilvoresz, flying fi:h(fited in Pirerrourch,

)
~
H

IvD

1972), iuncon {1675) and Fowler (1978) alzo Tound evidence

asainst the food chain ralatizsnship,

ted

Thece inconsiq‘f** vealnits are dus to A ormriantton of

toth the availability and retsntion of [I8's, The ~wnilalility
cf FCR's to each orzanira is influenced oy sush “hince as
size, zecrmorrhology, flsw and tubldity of tie wniar syeton,

in conjunction with =20ch orsanism's home range, [ecdlng pabhltcs

and behavior patterns, 2s nreviously discussed. The retention

2P0 tomTcuT)
of PCB's is a result of the storage and netabolic carabili-
ties of the organlsm. also,much of the ahove daiz2 hias Zeen
accumulated in the laboratory and/or assujtians nnve been

N

tased on analyses - of pooled data collected in many raris of
the world. Therefore, ihe nodes of entry of FCE's Into anuatic

T
orcanisms na¥ heen vasue and the ralative imr-riance of

an Ak

nzde of entry has not et bteen ascertained,

pSW 030686
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11,

After uptake, PCB's are stored in the 1ipid. This fact
introducés many variables, The effect of lipids on the con-
centration of PC3's fourd in fish may be the cause of the varia-
tion seen in concentratlions with other factors such as welght
and seéson within specles, and the variaticn of residue levels
between speclies, It has been suggested that PCB ccncentration
increases with size, 2ze or weight. Bache g}_ﬁ}v(lg?z) found
that PCB concentration corre1§§ed significantly to age, length
and weight of troutAfrom Cayura lake, FPC2R concentrztions were

noted to be more variable among older fish than younger. By

Pl T, “7‘) .
contrast,kh°°'2f“bx”found that PCi's in the muscle of snuid

(Loliro fortesi) tended .to decrease in conceniration with in-
creased bedy weight., Clson et 3})(19?3) reported ne correlas
w—
tion of PC2 levels in muscle of Zsox lucius to age or welght
- : s . s & .
using either wet or linid weight basis, Theﬂ\are, trere-
fore, no -reneralizations which can be nade on this weicht=-

pom subject. However, from these contradictory results,

it is clear that the 1lipid -~ weight theory, based on

DSW 030687
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12,

the partitioning of PC: directly from the water, ls not
the only contributing factor for increases or decreases in
FCB concentration wlth weight,

The possibility of uptake rates heing different in
teleosts of different ages or sizes, tut of the same specles,

may also te a contributing factor to the varlability of

WALy

residues of fizh. Laq:studies have shown that the uptake of
ClhDUT was much faster by smaller fish than larcer, This up-
take rate difference may be related to their different meta=-
bolic rate 57""*"7"’31 . 7//»%},]7’7/) LT fihn s /;"/J'J .

PCA's ;ile not only teen shown to vary with size and

é WV e $

specles of fish, 2ome have also found that thers irc sezsonal
differences in PFCD conceﬂtratiogﬂ This may te due ko a dif-
ference in the 1ipid metabolism of fizh of differznt size
with season, or a shift in li»nid content due to zrawning or

environmentzl stress.

The differences in PC2 content in fish in the environ-

e -

nent are probably related to all of the abvove factors, and S
thus they must be sorted out to determine whicnh are the
major factors in PC3 accumulation.
-y .
. -his study was undertaken to determine the ccn-
taninatlion of a river-reservolr system wlth dlstance from
a roint source of contamination as reflected by the residue

levels in fish; +o determine the half-lifebf PC3 in this

DSW 030688
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system; to determine whether a wet weizht-FC3 correlation
exists either on a welght-prm or log-los basis and whether
there are seasonal effects on these relationshins; to de-
termine whether there are srecles differences in ©C3 con-
centration; to correlate these differences with feeding
habits, ablotic parameters and 1lipld content, therebty de~
termié}}ng the major route of entry to fish; and to fo.wMRE
the sample chromatosrams to determine whether there are

great metabolic differences detween the fizh that may account

for speclies differences in PCE concentration,

OSW 030689
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14,

jf. COLLEZCTICH AND ADALYTICAL FROEBLICS

Vg e IS SR |
qunilable Bt

All species of fish were not aldtecioieeeoidweeiad at all
statlons and seasons. Therefore, there is a very "fm/4L num-
ber of samples in some cases., This linited both the statisti-
cal applications~géf£he data and the statistical significance
of many of the resultse.

In the laboratoryfzihe fall and winter samples weres hexane
extract%d 2 times and the spring and summer samples were ex-

. ~s
Plrece

tracted 3 times (see methods). It was thourht that the ¥ re-
N A

covery of ezch method nay cause some problems in the conrvara-

hility of the specie~ =nd seasons. Table 1 gilves the perceng

recovery from the 2-wazh and 3-wash methods in fish from

the spring collection, ké:f?::serGTa,‘ié apcears that the

first 2 washes resulted in hish recovery rates (70-987)in

most cases., The lowest percent recoveries were samples of S wu w fusien
(:Lepomis)and those {ish of very low PCB content. There.is no

consisgﬁat recovery level, elther as related to station,

species or size of the sample and,therefore, no correction

factor for lack of recovery has teen used in the data, The

differences in recovery between the seasons do not avrpear

to affect the relationship within or between species, statlons

or seasons. For example, in many cases those Tish collectad

DSW 030690
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in the fall and winter have the highest residue levels and
the accumulation by each species relative to the others is

consistint throushout the year)i.e. Lepomis generally ac-

cumulates FCB to lower levels than other ficsh in all seasons.
t must, however, te kept in mind when comparine FCB con=-
>
centrations on a seasonal basis(othat the fall and winterxr

levels may be slightly low.

Reduction of DDZ suspected peak: Sample #2903 a sample of

Lenomis mezalotis from station 1, spring collection (Figure 1).-
it

shows great height in a peak which may ke DDZ or some other

G ol ar St g -

substance aside from PCB& This large peak occurs alnost ex-
clusively at gtqtion 1, a control station next to an agri-
cuftural and cattle field. wfter analyzing nan: gamples from
other stations and compéring them to the standards, it was
found that the PCT peak {98-104) which ic overlapred by DDE
nsually constitutes from 20-30% of the Aroclor 1254 measur=-
ed. Therfore, 1o redVeE sme bias'&l‘ne station 1 samples,
this peak was reduced to 2%% of the Aroclor 1254 measured
in all samples where 1t was found to bhe higher than that,
The residual was thought to be DDE, All samples which hac
this reduction are mark~d in the data sheets presented in
Aprendix A, An example of the calculaticns ls prasented in

the section on aralrtical methodse

DSW 030691
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Table 1

Eexane Exiraction Recoverv

oL
Sample 392, Station 3, Fhenfcobius =n, , 5 Frans

% Recovered

ryrst 2 washes 3rd wash  Total in First 2 wazhes
ppm Aroclor 1242 1G.04 2,04 21,09 Q0
ppm Aroclor 1254 b7.76 L.B2 52457 90,8
pom Aroclor 12560 14471 0,16 14,87 99
ppmn Total FCR 554l2 7.03 72445 90.3

ar
Sample 393, Statlion 3, Phendcobdius e»n., 4.1 zrams

75 Recovered
First 2 washes 3rd wash  T3*=1 in First 2 vaches

pom Aroclor 1242 3.66 0.30 3,96 _ G2

ppm Aroclor 1254 9,84 Ne73 10.58 93

prm Aroclor 1260 6.72 0,24 £ .25 <6

prm Total IC3 20,22 1,28 21,51 clL
.

Sample 3Q4, Station 3,Fhendcobius so,, M.68 grans

% Recovered
First 2 wazhes Ard wach Total in First 2 washes
prm Aroclor 1242 775 0471 Be52 €0.9
ppm Aroclor 1254 12.00 0,82 12,22 1
ppm Aroclor 1260 3.19 0,16 3.25 25
opm Total FCB 23 .04 1.70 2,75 23

Semple 414, Station 5, Fimerhales =p., 0.5 grams

% Recovered

First 2 waches 3r4 warh Total in First 2 waches
pom Arocler 1742 0.0? 0.05 0,14 65
ppm Aroclor 175G 0,2 0,20 0oLl cL
pom Aroclor 1240 0,13 0.02 0el5 24
ppm Total PC2 1.11 0.27 1.39 £0

pSW 030692
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ppm
ppm
ppm
ppm

pPm
PP
sy
ron

pom
oTm
PPN
ppn

A
prm
bm
brm

Table 1
(dontinued)

Sample 422, Station 5, Uorosoma cevedianum, 4.7 grams

%5 Recovered

First 2 washes  Jxd wash Total in First 2 washes
Aroclor 1242 0,11 0.02 0.13 83
Aroclor 1254 0.55 0.06 0.62 £9
rroclor 1260 0.04 0.00 0404 o0
Total FCB 0.71 0,09 0.80 88,
Sample 507, Station 2, Levomis sp., 4 crans _
) Recovered
First 2 washes  3rd wash  Totzl in First 2 washes
Aroclor 1242 14,40 7.10 21,60 67
Aroclor l?sa 1b037 1}058 180O5 75.8
Aroclor 1260 b,oy 0.57 5,40 29
Szmple 532, Station 7, leponis sv., 7 <rams :
% Xecovered
First 2 waches 3rd wa~h  Total in First 2 washes
Aroclor 1242 0e31 0,54 0485 36
Aroclor 1254 0.99 0.78 1.78 g5
Aroclor 1260 0.27 0,10 0,2 65
Total FCB 1.58 1.43 3406 5146
Sample 192, Station 2, Levoris sd., 14 grams
<) Recovered
First 2 washes 3rd wazh  Totzl in First 2 washes
Aroclor 1242 1.86 2.78 I Lo
Aroclor 125[1. L‘v”’? 2030 6'87 65
Aroclor 1260 5,77 0426 5.8 ay
Total PCB 12,11 Se5l 17,85 €3
CSW 030693
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Prm
pIm
ppm
PpR

Ppm
ppm
ppa
PEM

pom
pom
pFm
sy

Table 1

(continued)

Sample 401, Station 8, Roccus sp. , 12 grans

. % BRecoversd
First 2 washes 2rd wash  Total in First 2 washes
Aroclor 1242 0,06 0,03 0.09 6
Aroclor 1254 0.24 0.10 0.5 7
Aroclor 1250 0.05 0,02 0.08 72
Toial FCR2 Qb7 0,16 0443 74
Sample 493, Station 2, No*rovis sb,, l.& grans :
% Zecovered

irst 2 waches

3rd wash  Total

in First 2 waches

Aroclor 1242 21.33
Aroclor 1254 24,443
Aroclor 1250 9458
Total FCB 55,36

6.10 R7 Lk
L.es 29432
0,63 10.22
11.63  66.99

Sample L9L, Station 2, No*zoris so., l.% grems

7747
63
2347

[o} 7
OZ W0

“5 Fecovered

First 2 waches 2rd wach Toteal in First 7 waches
Aroclor 1247 13.67 3,72 17,40 78,5
Aroclor 1254 15,24 2,08 13,29 £2
Aroclor 1240 7.82 0.38 £.20 asg
Total PCB 36,74 7.16 43,01 83,46

Sample 4¢7, Station 2, Levomis sp., 13 grams

Pirst 2 warches

Id wash  Total

% Recovered
In First 2 wa=hes

Aroclor 1:‘""2 ,.39 "4’.6(‘” 17;02 é_r)
Aroclor 1754 7 58 250 2.0 7O
» Aroclor 1260 3.10 0,15 2,76 Qs
Total PCB 19099 7051 27 OSO { ;.o?
DSW 030694
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Table 1
(continued)

Sample LOB, Station 2, Levomis sr., .19 zrams
% Recovered

First 2 washes Ard waszh Total in Mirst 2 washes
ppm Aroclor 1242 L,33 1l.51 L Bl TL
prm Aroclor 1254 4,65 1.02 Z 467 81,9
ppm Aroclor 1260 1.22 0.21 1obb 85
ppm Total PCB 10,21 275 12,96 7847

Sample 439, Station 2, Ganbusia affinic, 7 srame

4 Becovered
Firzst 2 washes 2rd wach Totzal in Flret 2 wiches

ppm Aroclor 1242 104,47 3462 la,10 7L
ppm Aroclor 1254 10,71 1,81 12,53 8g,¢c
rpm Aroclor 1260 2e26 Coll 2467 84,6
ppm Total FCBH 23.45 5,85 29,21 £0

Sample 5072, Station 2, Yotroris sn., 18 grams

<5 Recovered

First 2 washes  3rd wash Totel in First 2 waches
rom Aroclor 1242 6.03 2403 8.7 €a
prm Arccler 1254 14,16 7.5 21,51 65,8
pmm Aroclor 1260 10.75 1,49 12,24 7WE
prm Total PCB 30,95 11,47 42,42 7249

Sample 428, Staticn 4, Dorosoma ceredizanum, 2.7 [rams

“5 Recovered

First 2 wa-hes rd wrsh Tota) in First 2 washes
orm Arocler 1202 2425 0ol NG co
prm Arocler 1254 2.82 0.20 3.13 o3
Prm Arocler 1250 0,82 0,03 0.85 o

psw 030695
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Table 1
(continued)

Sample 429, Station 4, Dorosoma,ceredianum, 3.8 srams

¢, Recovered

First 2 washee Ard wash  Totel in Firr4 2 uaches
ppn Aroclor 1242 1.93 O.18 2,11 g1
prm Aroclor 1254 2653 0.15 2.68 cy
Prm Aroclor 1260 0071 0,02 0073 &7
ppn Total PCB 5¢17 0435 5653 93.6

Sample 475, Staticn 6, iicrooterus sp., 7.9 grame

%3 Recovered

First 2 washes 3rd wash  Total in Tirst 2 washes
prm Aroclor 1242 004l 0.08 Ce 9 8346
ppm Aroclor 1254 1,98 0.34 2432 85
prm Aroclor 1260 0,46 0.0u .51 30
ppn Total PC3 2.86 0.h7 3e0k 85.8

Sample 478, Station %, iicronterus sp., 2.7 £rans

7 Recovered

Firat 2 waches 3z wach Totlal in First 2 washes
ppm Aroclor 1242 0,33 0,10 c,u3 70,8
prm Arocler 1254 1,35 0633 1,69 80
rem Aroclor 1260 0.33 0.03 0.37 ze
rpm Total PC3 2.02 0447 2450 £0.8

Sample U8B0, Station 6, Micropterus sp., 3.3 grams

g% Recovered

First 2 washes  3rd wash  Totel in rir=t 2 washes
prm Aroclor 1242 0426 0,05 C,322 SL
ppm Aroclor 1254 1.34 0.13 l.52 25
pom Aroclor 1260 et 0.02 0,27 c0
ppm Total FCRB 1.85 0+25 Z.11 £7.7

DSW 0300696
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pom
Ppm
prm
prm

Aroclor 1242
Aroclor 1254
Arochor 1260
Total PC2

Table 1

(continued)

Sample 489, Station 2, Fhenédcobius sp., 1.0 ¢rams

% Recovered

First 2 wacheg Ird wash Total in Firet 2 waches
21,09 3037 2E.L7 &6
14,01 1.44 15.L6 0]
4,30 0,11 Loup Q7
3G.41 4,93 L35 gg,8
DSW 030697
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23.

II., IN=FIELD STUDY OF PCB CONTAMINATICN

It has been established that PCB's are very hazardous to
aquatic organisms. Attempis to characterize PCB behavior in
the aquatic systems by comparison of data by different investi-
gators, collected at different locations and times of the year
and taken from areas of unconfined, ill-defined contamination
(oceans and lakes) have led to only partial success. The siudy
of many comporents of a more well defined area, such as this
segment of stream and reservoir, previously heavily contaminat-

ed by FCE from a known point source, should lead to more con-

clusive resulits,

A, Methodology:

A stream-reservolr system in Anniston, Ala®ama was chosen
for this study., This site was the location of a major manufac-
turer of FC3B's which result%%;)n high quantities of release in-
to the stream. The study are; is approximately ©0 miles long
including a 51 mile section of Choccolocco Creek and a 30 mile
section of the Coosa River and logan Tartin Lake.(see Figure 2).

The collecting sites were as follows:

Station 1: Choccolocco Creek, Highway @ btridge crossing (control)

Station 2t Choccolocco Creek, Highway 109 tridge crossing o
tation 3: Cheaha Creek, Highway 100 bridse crossing %

Station 4: Choccolocco Creek, Hizhway 77 bridee crossing 2

Station 5: Coosa River, Highway 72 bridge crossing (contrcl) o

Station 6: Coosa River, Stemely Bridge, Logan Hartin Reservoilr

Station 7: Logan iartin Reservolr, above Logan ilartin Dam P

Station 81 Loran Martin RPeaervoir, telow Logan Hartin Reservolir a

Station 9: Chocecolocco Creek,Hizhway 109 bridse crossing

Station iO:Choccolocco Creek, Highway 63 bridge cressing
tation 11:Mouth of Choccnlocco creek
Statlon 12:Coosa River, Just helow the nouth of Foorhouse Creek

STLCOPCB4014661



Station 13: Logan Martin Reservoir, 3 miles south of Highway 34
bridge
Station 1l: Logan Martin Reservoir, 6 miles scuth of Hiphway 2%

bridge

This wa3 a"6ne yenxr survey with quarterly fish =ianples.taken
fron Stations 1 to €.2nd one summer collecticn u~s “aken at Statlion 9,
Stations 1,3 and 5 wers control stations »nd all ~thors wer:

statlons of possible PR contamination. wuarterly water ard
sediment =amples wers taken from Station 1 to 6, Dredged sediment

~

were taken at 3iations 10 to 14 during the summer col-

2]

\ample

’
o

lecting period only.

Ahlotic Qomonrents: PCE's have low solubllity and a2 hich ad-

sorptive capaclity for ~=2diments and susrended «=ol'ls,

1. S0il froir the hankzs of the river was collectwd (7 skin-
1

2, Watar for PCY and witer quality analyses win £okon in b
300 ml1 20D tottles.

3. The fine surface sedinmenis were skimrmed off in <lasc lare,

L, To obtain suspended snlidz a punp was d To collact 5
zallorns of subsurface water in prewasifed rolyeihylenc dr
metal cans and later Tilt=red on 45(u glass filters

DSW 030700
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Zinstic Zomrenents: To stiudy the tioconcentration of FCU's,

12 genera of fish - rerresenting different trorhic levels
were collected, The fish were identified to srecies, but

only the genera were used In the statistical analyses,

v

The following gewera were collected with a 10 focot seine;
Camrontoma am.
Toro=oma sn,
Carmhusia  sh.
Hoypentelium  on,
Tarnnin 89,
:_‘._'_.‘_____.__.__J—
Hicropterus en,
Notemisonus  on,
Yotvoris en,
foraina  sne

- —————— | T
rhenicobius 37,

rimarniles =p,

The srecies are linted

in Aprendix A,

Soemun 8D,
LA A

Flanizten was coll=cted by punping 17 £211an- of water

(02N

throurh a plankten net. Due to lack of plankten, it was col-

lected in the fall onl:.

B. Chemical Analveeg:

alkalinltv, pH, color, chloride, turbldity, sulfite, total

-~

iron, conductivity, suzgpended solids, and carben dioxide were
made with the D,0, meter and Hach Kit.,
* Z 3 a
The organic carton, humic and(Tlu ic acid concentrations
were neasured by the Walkley-3lack Method and Chen's techniques

—

AL
. . . . .y ~ M OB
respectively,., The particle sice analyces were done by Z=uem STivo3RD

A Y td METEN mo T §
i ‘e~:., The extraction and cleanup nethods for PC® analyses

DSW 030702
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of the sediment, soll and fish were done according to Velth's
and EPA's method?)respectively.

A lMicrotek 220 gas chromatograph equipred with a Ni-63
electron capture detector, a 6 foot x 0.25 inch o.d. glass
U-shaped tube packed with OV-10l and a nitrogen carrying
gas. The flow rate of the nitrogen carryving gas was 20 to =~
25ml/m1nute. The inlet, column oven and detector were operat@l Aﬂ-

/,,gg 225, 200 and 350”Cirespectively. The chromatorrams were

interpreted by the Webb-McCall Method.

All of the above mentioned methods are presented in

‘the following pages.

psw 030703
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C. PCB Analvsest In the PCR analyses, the samples must first

be extracted and then cleaned of other impuities before teing

analyzed bty gas chromatography.

" o : 1, Extraction

Water Extraction: Teke 200 ml filtered water, shake in separatory
funnel with 50 ml of hexane (Veith, 1971).

Soil and Sediment Extraction: Use 10 to 5ofi:}wet weight) of

so0ll or sediment. Soxlet extract for 12 to 24 hours with

250 ml néE}rade hexane,

Suspended solid extraction: Take glass filters previcusly used
to filter 5 mallons of sample water. Extract for 12 to 24 hours

in a soxlet extractor with 250 ml nanograde hexane,

Fich Tissue Extraction (EPA Method): A composite sample of fish
(several fish of the same specles and similar length and weig ght)
weirhing 5 to 15 g (wet weight) is put into a ?ffiﬂ)t o/)

teflon capped test tube (155 mm x 25 mm). J

1. Add 5 ml acetonlitrile and blend on a polytron fer 1 minute

2, Centrifuge and decant liguid into 200 mm X 25 mn. syi:y
topped, teflon capved test tube

3. Repeat steps 1 and 2
4o Add 5 ml acetonitrile and vortex mix for 30 seconds
5. Centrifuge and decant. Add liquld to the above

P
6 Repent steps 1 to S DSW 030704
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30,

7« AGd 25 ml of 20% agueous sodium sulfate solution and 5 ml
of nanograde hexane to decanted liguid

B. Shake for one minutee Remove top hexane layer with pipet
and transfer to 25 ml Kuderna Danlsh Concentrator Tube,

9. Repeat steps 7 and 8 two more times

10. Concentrate hexane to 0.5 ml

2+ Florisil Cleanup

Florisil PreparationiActivate florlsil by heating at 130 C
over night, Add 20 gfo a size "B" chromaflex column and top

with qu of anhydrous sodium sulfate,

Sediment, Soll and Suspended Solid Cleanup: The exiracts of
the sediment, soil and suspended solids are transferred

directly to the florisil column,
Tissue Bxtract Cleanup: The tissue extract is transferred to
the florisil column with 40 ml of 5% ethyl ether in hexane

solution.

Do Interpretation of Chromatograms: The Webb-icCall method (1$73),

"Quantitative PCB Standards for Electron Capture Gas Chromatography;
A Technique to Guantitate FCB's in Environmental Samples" was used
to interpret the samples,

The chromatograms of FC3's from environmental samples usual-
1y show some evidence of degradation or metabolism. A sample may
contain a single partially dezraded Aroclor or a combiration
of Aroclors. Such samples can be quantitated bty using the standard

OSW 030705
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P

Aroclors (Figures 3-$) and DDE (Figure 4 ), the data tables
(Tables 1-%) and some computational rules, The key principle
is that the total amount of PCB present is the sum of the
amounts from all individual peaks.
To quantitate PCB's, chromatograph Rnown amounts of the
standards. Measure the area for each peak, Using é%; Tables
2-4 determine the Response Factor (ng PCB/area) for each peak.(Tables 5-7),
Chromatograph the sample and measure thn area of each peak.
YMultiply the area of each peak by the Eesponse Factor for that
peak., |
Environmental Samples Containing lMore Than Cne Aroclor: HMost
FCB~contaminated fish, water and sediment samples contain residues
of several Aroclors. Usually the sample chromatogram can simply
be divided into 3 sef%fate areas and the vpeaks in each area
nuantitated by using the appropriate Aroclore. Feakz with
retentlon times of 11~70 are compared individually t;?gorrespond-
€
ingi}n‘A;oclor 1242, peaks with retention times of 84-174 are
compared to the corresponding peaks in arocleor 1254 and peaks
of larger retentlion time are compared wWith those peaks in
Aroclor 1260. The peak areas of the samples are multiplied by
the Respose Factors from the peaks of the aprroprlate standard.

The following calculations were used:

.

mean welght %
ng/ul in ( ) (represented vy
1. Response Factor _ standard ul teste" 2ach peak

for each peak - area of the standarcd

DSW 030706
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N
-

d
ng PCR in sample reak = (érea of sanple ;eak}{?esfcnse Factcr)

3o rpm PC3 . {total n~ in samtﬂfa} ! total velune of samnle (nln)
in sample ” ul tested ( total weight o: sample (gms)

Table 8 is an example of the FCB calculatidn for sanple #78, (?ﬂg' 7>

Camrosteomn spe fron stationa% fall collecticn.

As described earlier in 'Collecticn and snalyticel Froblenms',
there were numerous s~mples which contained an wnurually large
peak at rotention time 100 (Figure f). lost of theco sccurred

at séaions 1,3 and 5, all contrels ﬁgﬁdlocnthd nerr arriculiurel
and cattle fields, This peak generzlly conntitues 20- 207
of the Aroclor 1254 found,in both stanizards znd nihor szanvles,

In those sanples whers it ie large (greater thun 70 of the

sroclor 1254) it is eidjusted to reprecent no ~ore *han 325G

2

of the Aroclor 1254 mreasured. Table 9 chows how thiz waz dene,

The residual was thouwsht to bte DIE.

DSW 030707
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Table 2

Composition of Aroclor 1242
(Webb-McCall, 1973)

Mean .
: Weight Relative No. of
RRT? l}?ercent Std. Dev. Chiorines:
11 1.1 35.7 1
A16 2.9 . 4.2 2
~>21 113 2.0 2
28 11.0 5.0 271259
- 3 759
32 .61 4.7 3
37 115 5.7 3
40 111 6.2 3
47 8.8 4.3 4
54 6.8 2.9 371337,
4 1679
58 5.6 33 4
70 10.3 2.8 T,
5_]10%,
8 3.6 4.2 4
84 2.7 9.7 5
98 1.5 9.4 o
104 23 ° 16.4 5
125 1.6 20.4 57857,
6 1157,
146 1.0 199 57175%
6 1259,
Total 95.5 -

*Retention time relative to p.p-DDE=100. Measurcd

© from firzt appearance of solvent.

"Standard deviation of six results as a percentage
of the mcan of the results,

*From GC/MS data, 'eaks containing misxtures -f !
itomers of different c¢hlorine numbers ave brachoted.

pSW 030713
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Table 3

Composition of Aroclor 1254
(Webb-ilcCall, 1973)

Mean
Weight Relative Nou. of
RRT Percent Std. Dev.® Chleriness
47 82 37 4
54 29" 26 4
58 1.4 2.8 4
70 13.2 . 27 4752595
5 1757
81 17.5 1.9 )
98 7.5 3.3 3
101 13.6 3.8 )
123 15.0 24 577,709,
6_jau),
116 10.4 2.7 5TU0Ys
) G_J709%
160 1.3 8.1 i
174 8.4 5.5 6
PAVRY 1.8 18.6 6
32 1.0 26.1 T
Total 1000

“Letention time velative to p.-DDE=190. Meastred
from {irst appearauce of solvent,

Standarvd deviation of six results as a percenlage of
the mean of the resulis,

From GC/MS data. Peaks contuining nixtures of
isomers are brackeled.

- e w—
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Table L

Conposition of Aroclor 1260
(Webb-itcCall, 1973)

Mean
Weight Relative Ne. of
" RRT> Percent Std. Dev.b Chlorines®
70 2.7 6.3 5
84 4.7 1.6 5
— 98 3.8 3.5 e
I 104 5 1607
6_ 409
117 3.3 6.7 6
125 12.3 3.3 571159
6_'S5 7,
146 11.1 6 6
160 49 2.2 6 R0
T 1500
74 12.1 21 6
202 9.5 . 4.0 67 100
71906
[T232 -
| 244 9.8 3.4 6 1075
7 _80%
280 11.0 2.4 7
332 4.0 5.0 7
372 4.0 8.6 8
448 6 253 8
528 1.5 10.2 8
Total 98.6 ‘

*Retention time reiative 1o p,p-DDIE=100. Measured
from first appeavance of solvent. Overlapping peaks
that are quantitated as ane peak are bracketed.

vStandard deviation of six resuils as a mean of the
resulls,

cFrom GC/MS data. Teaks containing mixtures of
isomers of different chlorine numbers arve byacketed.

“Composition defermined at the center of peuk 101,

*Composition determined at the centey of peak 222,

- -~ -
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Table 5

Response ractors for Peaks 11 to 144
from Aroclor 1242 Standard ( F:Gymze )
a lpra Concentration (3/22/7R) ‘

area of peak at: mean Weight Response
Feak # attenuation= 64 % Factor
11-21 0,028 1543 27321
28-32 0.062 17.1 13,790
37-40 0.159 22,67 6.686
uy 0.070 8.6 5,286
5l+-58. 0,101 13.4 6,139
70 0,107 10.3 4,813
yRE-ID 0.061 6.3 b,164
CE-104 ' 0.040 3.6 4,750
125 0,010 1. £.0c0
156 0,007 1.0 74143
Table 6°

Reasponse Factors for Peaks 70 to 174

from Aroclor 1254 Stendard (¢ «:% e e ¥)

a lppm Concentration (3/22/73)

area of peak at mean weight Hee..‘é:ponse
T2nk # attenuation T 64 5 Factor
70 0.034 6ol 2,118
al 0.019 463 11.316.
08-10k 0.127 13.2 ot 54197
125 0.177 17.3 % 4,887
146-160 0.300 21,1 = 2,517
17k 0.188 15.0 3 3.989

STLCOPCB4014678



Response Factor for Peaks 202 to 528

from Aroclor 1260 Standard (#/& v/R& $7>
a lppm Concentration (3/22/78)
area of peak at area of resk at nean welcht Response
Feak # attenunation 128 attenuation <5 ractor
203 0,190 0.280 2.3 l.224
232-24L 0.212 0.42h 2.8 l.15
220 04296 0.592 11.¢C 0.929
332 0,114 0,228 L,2 - 0,921
372 0.114 0,228 L,0 0,877
uhR 0.010 0,020 0.5 1.500
£28 0.0k3 C.085 1.5 0.372
DSW 030717
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Table B

Calculation for PCB Content of Sample #78 % + /cuns z)
Camnostora sp., Station 2, Fall
Sample Volume = 34,5mls
Sample Weizht x 11,83 grams

(3/22/78)

area at area gt Respose
Peak # att, 512 att, 64 Factor ne PCB
11-21 0.068 045 274321 14,563
28-32 0.157 1.256 13.7¢0 17.320 1242
37-32 0,270 24160 6,686 14,442 Standard
47 0,241 1.928 £.286 12,119
5458 0.274 2,192 64139 13.457
70 ' 0,310 2.480 5,157 12,864 85,1107n7 A1242
98-104 0.384 3,072 34517 10,804 1254
125 0.242 1.936 3,589 74723 Standard
1L5-160 0,241 1,928 3,343 6 15
174 0,170 1.360 3,000 L ,0BO LY ElLlne AlPS4
203 0,071 0.566 1.224 0.595
223=244 0.040 0,320 1,156 0,370
2570 0,046 0,368 0,929 0,22
32 0,008 0,064 0,21 0,059 1260
372 0.014 0.112 0,887 0,069 Standard
448 --- - - - 1.500 -—-
528 - - - - - - 0,872 - - - 1,565ng A1260
Total 127729

Using Egquation 3 above:

Aroclor 1242 | (8§ 11 ng ) (2525 ml ).~ 49 ,62800cpm
N 83 grams/”

in sample

Aroclor 125h . (u1 41 n%}

24,5 ml ) . 2L.,2808prm
in sanmple

11.83 grams

,—m\.c-*-\

3L, 5 ] ) = 0.9125prm

in sample 11483 grams

Total PCB =

Aroclor 1260, ( 1,565 ng)

.ngng),’ju.< nl N . 74.597pmm
{ 11.¢ B

DSW 030718
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Table §

Calculaticn for PC2 Contentof Sample #2093 ( Friaw sy !

Lenomic ' 272lotiz, Station 1, Sring 7}
Sample Volume T 3¢rls
Sample Velght = 2,8%ms
(9/30/78)
Area at Area at Reszonse
Feak # Att, 8 att, 128 Factor nr FCB
37 0,004 00,0002 Q0L 0,018 Al242
b7 0,015 0,0010 771 0,0077 Standard
54 0,005 0.00C3 7.0 0,0022 :
70 0,007 00,0016 772 1,01727 0.024n~
84 0,052 00,0022 5.17 00165
#0104 0,128 0.00£E0 4,22 0.G337 Al25%
125 0.079 0.00L2 b.C7 0,0109 Standard
186 ) 0.077 0.064Q 3.54 0.C173
170 0,060 n,0077 2,57 (01,0008 0.,0972ne
2072 0,04h5 0,0028 3,84 0.C110
??j CuOBS 0,0nN71 3055 O.C‘Y?Li AlZéO
200 0.030 0,.0018 2,04 0.,70R2 Standard
272 G.033 0,0020 2450 €050
s n.015 0.,0000 2,4 n,0n2 0.030%7
Total CalZ2l
* Teak QE=104 rerresents avrmroximately 2073 of e roeler

12808 pezsured. It ic,thorsfore, reduced to mml:; 270

the arnclor 1254 andé it's new valuve is 0.,022n7. The
amount cf Aroclor 1772 f2und ie therefore, 0.0855rc
and the toial is 0,1404ng PI3,

AL

-

The new fizures are then used in Zquation 3 as in Table 9t

yield the following results:
0,048 prm Aroclor 1242
0.1768prm Aroclor 1254
0.,063%prpm Aroclor 1260

0.,2903ppm Total FCB

DSH

03071
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A+ DATA SUIIMARY
Tables 10 and 11 show the resulte of thre Ty Annlysls

of Variance. Two dif{crent precgrams were uszed, boih rieldings

sinilar recults, Tadle 10, from the South Caroli-a irroram,
shows that both the s*ation locatlon arnd collaectin: seissn
have 2 si,nificant® iniluence on the accunulation nf T2

“ioroanteria and Ketrn-to, The veicht of the (1o o areatly

s r

had no effect., Thne accunulation of FUP by Jo-rri- wnn affact-~
24 hy both the stat'con location and w-i-nt, bub et by seagen,

Cnly lLevsmis, Hlersrtorus end Lo'ronric were te~ted in inhis

nroeTan,

Tahle 11,1s the “F30 Ancva Tablee & 2-wev malyn
ueine total PCB by welsht with siatlon and seascn was done
‘icroricrus

¢n Deorosarma, Ganmbusia, Hywenielium, leronid

~
!

e e e T

ard Wntrenis, There is 2 sirmificant relatisnshin tetueen

weirht and FC3 concentration in all gt tectied excert

Hyventselium, The station locatlon is- <irnific=n® in all

& gemERA while the season is significant in the accumulation

of TCE by Dorasoma, “icvovnt~ru-~ and Matynnin,

Tarle 12 is the .nova {rom another analy<sis of vaeriance
(5P35 Fro-ram) to determine uhether there s & rimificant
Aifferenca in the accunulation of PFCI Tndsasn L QOWER4

Noromoma, Iennmiz, Miarerteris and lNotroris 2t stations

Simmificant- p < 0.0% DSW 030720
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1,2,4,5 and all 4 genera from stations €,7 and 8 csllactively.
Agein 1t shows that weight is simmificant in the accunulation
of PC2 by there genera 2t all stations except 1. It also
shows that there are significant differencesz in the meoan rzsidue
levels of thesze 4 genera at stations 2 and 5.
All of these analyses, therefore, shcw thati the accupula-
.

tion of PCE by fish is related to staticen locaticn, weight,

season and specles of fish,

pSWw 030721
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Table 10

2-Yay Analysis of Variance
. ( so. Carolina Progran)

Levomis SPe

DF 8 F n
Station 7 26172 35,150 D001
Seasnn 3 8.196 1.17% n,020

Hlereoopterus sv.

DF 13 3 n
St=tiecn 7 2172 GG L,007 [P
reannn B! 0,156 3,623 AR
walsh+t 1 0.055 1.003 NGoral

Neotrorvls cop,

oF ) ® o
Station 7 C.618 147,500 0,001
Seascn 3 0,125 1,930 CodZb4
Veicht 1 0.026 15,212 040005

D¥= Decrees of Freedonm
S~ tlean Cauare
p- siymificrnce of F

OSW 030722
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Statien
Season
-delght

{h 1
e
o

\D
P Q)
o
QO
k3 O

=1
I

2tation
Season
Yeight

Station
Season
Weight

Table 11

2-Way Analysis of Variznce
(SPSs Program)

Dororoma 30,

DF MS P D
L 1.122 20.436 0.001
3 0.170 3.0hQe0 £.0Ls
1 0.30¢6 5.578 C.027

Guambunia affinis

5
.
2]
3

|

3 2,766 15,207 cLreT
2 0,034 Q1L O il
1 1,779 2L.114 AT
Hvrentellum <n,
DF 3 F o)
2 2.1456 12,07 0,001
2 0,021 0,105 .00}
1 0.285 1,443 0,251
Teronis en,
DEF B " T
7 G752 12,837 C.001
3 0,087 1,280 0.283
1 8,389 122.8¢6 0,001

DSW 030723
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Tabls k1l
(continued)

Hicropterus st.

DF MS .F . D
Station 7 1.936 22.010 0,001
Season 3 0,240 3602 0.020
Weight 1 2.291 34,329 0.001

Notrovpis sn.

DF 1S _F D
Station 5 8.333 152,282 0,G01
Season 3 0.293 S5e354 0,003

DF=- Degrees of Freedom
MS=- rean Square
p- Slgnificance of F

DSW 030724

STLCOPCB4014686



Table 12

2-4ay Analysis of Variance
(SPSS Program)

Station 1
DF BS F D
Weight 1 0.611 3.727 0,059
Species (5,6,8) 2 0,115 0,704 0,499
Station 2
DF MS F D
Weight 1 0.303 5,709 0.020
Species (5,6,8) 2 0.170 3,203 0.,0L8
Station &
DF MS F _D_
Welght 1 0,329 701 0,008
Species (2,5,6) 2 0,099 24223 0.116
Station 5§
DF MS F T
Weight 1 20336 31.836 0,001
Species (2,5,6,8) 3 0.364 4,059 0,004

DSW 030725
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- Tadle 12
(continued)

Stations 6,7 and 8

DF Mg P o
Welght 1 0,689 8,111 0005
Specles (2,5,6,8) 3 0,154 1,800 0,150

DF= Plecrees of freedom

N5=- Mean Square

p- significance of F

Speciles 2~ Dorcsoma sm,
5= Levonmis sn.

€~ Micropterus smv,
8- Notronis =7,

DSW 030724
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Be THY DICTRIRUTICN CF FCB O THE RIVER-RESLRVOIR ZYITIM AS
RAFLECTZD BY THZ BESIZUE LiVELS COF 4 SPucCIBS CF FICH
PCB levels of all samples are presented in Aprendix A.
The mean Aroclor 12L2, 1254, 1260 and total FCB for ezch
specles at each station and season are
presented in Appendix B. Filgures § to 1t are histosrans dis

Flaying ‘these mean residue levels (total PCE) of Ioroscra,
\'

Levemis, Ficropterus and} ot*onlc\in ‘stations 1 to @ apd all

4 seasons. In general, fish collected at control siation #1
on Choccolocco Creek have very low FCB levels (< 1pim)e Fish
rom the cther control s*ation (#5) on the Coosa River arec in

the 2rwtm ranges There are 2 exceptions, Orne figh ronmnle aich of

Porzscra and licropterus from stations 1 and 5)resyectiva1y)are

in the 10pyn range., Very high levels are found in fich rrom

a sanvie ,\ a S
in*Lercnic Tto 10C . indlotrorin
- v ST
sample with mears rznging Zrom Qppm in Lerenis to %2rrm Iz

~3

station 2. They ranFe {ron

Camvostomna, These levels decrcca with increasins distance from

the outfall to Logan lavtin Dam (Etaticn 7).where mean level

]

are in the 3rom range. rowever, there is a slisht increase
e
iz station 8, just telow Logan iiartin Dam in all L renerz,

There 1s no aprarent high accumulation of FCB in the reservoir

. e
LT L

(gtations 6 and 7). Table 13 shows the £ decr°a°P from station

to station in all U4 specles, ;

Tabléﬂl# and 15 show the humic and £E§9ic acid content,
and the organic carbon content of the sediment from Stntionn
1 to & Tabdlen 16 and 17 give the water quality duata collected
at the survey sites and the UZG3 site resrtectively {see e, 1

)
for collecting sitegs Teblel8 and Figures li to 1§ chow the

DSW 030727
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particle cize analysis of the sediment. The differences ir

particle slze, organic content and humic and fluvic acid ccntents
'.\f mrfL SLc,L\A'Y“‘

of the sediments'do not aprear to affect the distributicn of

AN
FCB in this system. The weter quality fluctuatizne do net seen

pde

4y . -
DT A/\- £ <

to affect the distribution of FCB in the eystem e

czoetoreol The effect of water quality on the untake of FCB
- r N

RS A2 S T e 7 [ i

1s so—ewoyeesrl in section D. Therefore, either the fish con-

centraticns do not indinate the abiotic FC2 content c¢f the
siream or)vr thede rarameiers measured, humic znl luvic acid,
organic centent and varicus water quality znalvses, do not
In thisz grotem,
graatly infinence the distribution of FCX in this ~vriem, The
al {mletdad LA
9» nX‘ u )

PC?ASQ each station 1s closely related to the diztines fron

the outfall,

DSW 030728
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Tatle 13

Percent Decrezse of All Aroclors
with vistance tfrom tne Cutrall
in 4 Gemerac
of Fish
(Dorosoma, Leronis, Micronterus, Motrenis)

Dorosoma sr.

Aroclor l°h° _Azoclor 125& arocleor 1260 Total FC.
bra brm 95 wEm 3 orm &
Station U4, Fall 10,568 13.70, . 3,12 2T
>87 S Ne2 L >
Station 6, Fall 3435 . 0657 543
Station &4, ‘Jinter £,33 6.51\ L,cl 15.8
> 89 67 ol N €
Station 7, Winter 0,62 2414 Qb 06
Lonomis an,
Aroclor 12Uu2 Aroclaor 1254 Arcclor 1260 Total FC
ﬁr~ 5 nrm v 7 o TR e
Ttaticn 2, YWinter 10,7 10,52 Cel7 21,4
> 75 S 60 68 > 6
Staticn L, Winter 2.62 4,04 2,02 7.1
Station 2, Spring 5.01 3,61 (.50 2
>3 56\ PRISIAN > 126N\
Statlon 4, Szring 2.58 86 5.0L 7 2.27  *1sl 11,7 U4
>73/ o7 w” ¢ 21 s > s8
Staticn &, Spring  C.6Q 3.7 0. L.
>76 > > >61
Station 7, Sprinc 0,17 1027 N, sI 1.0

I~ £CB Increace

DSH 030729
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Table I3
(ccntinucd)

levoriz sv,

e

Station 2
Station L
Station 6

Station 7

Station 7
“tation L

Ctation 7

y Dummer
y Summer
. Summer

, Sunmer

y dinter
. Mnter
, ‘inter

T e
y ODTLNG
, 2oring

tation 2, OSummer
Station &4, 3ummer
# J= FC3 Increace

Aroclor 12472 sroeclor 17”0 Aroclor 125G Total Ff
D 4 TTh o i otm 7
S EN 1«\ RN 20,5

\ \ PEENS PEEN
£2 €. << '"\ 2.0 1N 12,3 7
@1 - > I oi. > 6L ao 5 Sy
_.18V// 3,84 ' 1.02//// 640
> € D 6L 275 S E7
OnL"'J'/ 1.31’ (\0?/? 2.0
Flernrterye ~ -,
Arzclor 10242 Arcclor 105l Awneiar 10RO Total |
T 16 .17 EEN}
NEN P BN S 73
P.Ph 0 Loh1 o 2.7 oF 12,7 ¢
> EL > 70 > 5y >ERS
6,12 0,74 Gt 1.0

11,30 11,40 4,20 20,

S e S 7\r\ > Iz > b
1.A2 o©=s 8,05 ch .01 RF 17.7 7
e D> V 7 > 55
P“/ 5ol 5,08 o

£.08 £.35 2437 14,3
E?} > 7 Py D €l
0.03 1.7 0,38 2.2
DSW 030730
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Staticn

Station

Station
Station

Station

Fall

Fall

Summexr
Sumner

Summer

Table 13

(continued)

Notrovis sp.

Aroclor 1242 Aroclor 125 Lroclor 1250 Total FC3
Dom’ - TIm “ _pon % nrm 7
14460 16,30 $¢63 48,1
> 98 > o1 > %6 > 55
0.36 1.82 0,24 C 244
15.59 18,00 R,0A L2,9
5?%\\\ > )»5}?? P NG
0.76 99 2,20 ou 0.5 G 1.6 -
> 65 > 32 > 9 D 39
C.27 1,50 oy | 242

DSW 030731
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Station

N

TABLE 1&

Humic and Fluvic Acld Content of Sedirent
From Station 1 to 6

(Chen, 1672)

Fluy)c Acid Humic Acld

N

me/1 re ke mz/1 ne/RE
117 140 152 183
La £8 221 065
62 74 178 1y
175 210 134 161
123 147 137 1i:d
77 92 141 1423

TABLZ IS

Crsanic Carben

(Walkley-Black jlethod
OF SEdmewaT From
Srarjcas 1 70 @

Statien % Carbten

Ovn Evo -

S

0,711
0.1¢7
0.251
20,3
0,720
0.155

DSW

030736
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Tahle 1%

wWater Quality

Fall Survey (Oct. 14, 1977)

Station DO Alk Temp. DH Colox
1 9.6 60 16.6 7.1 20
2 77 90 16.7 75 48
3 9.1 110 1647 79 30
b 73 20 18,8 7.6 Ls
5 745 60 26.0 8.2 95
6 646 60 25.5 743 55

Total

Station Turd, Cl SOy, Fe Cond,
1 13 2.5 0 0435 115
2 19 20 14 0.22 220
3 16 245 2 0,20 200
L 18 10 L 0.16 1¢0
5 2 245 7 0.20 150
6 2u 5 S 0.23 150

Station SS CO TCC

1 K3 B0 8.3
2 10 20,0 11.5
3 11 12.0 12.9
b 8 12.0 8.0
5 12 4,0 14,1
6 17 1240 -

DO- Dissolved Oxygzen (mg/1)

#lk= Alkalinity in mg/1 as CaCO

Temp~ Tenyperature C

Color- AFHA Flatinum Cobalt Standard

Turb- Turbidiiy in FTU Formazin Turbidity Units
Cl- Chlorid (m(‘;/l )'

SC),- Sulfate (meg/1)

Fe- Iron [mg/1)

‘Cond.~ Concductivity (umhos/cm)

SS- Suspended 3olids (mg/1) DSw
CO_~- Carbon Dioxide (mg/1)

TCC- Total Crzanic Carhen (me/1)

030737

STLCOPCB4014699



Table 16
{continued)

Winter Survey (Jan, 11, 1978)

Station D0 Alk. Temp. cH Coloxr
1 8.9 30 4.4 6.8 55
2 943 35 L4 740 105
3 8.9 65 6.6 7.4 72
4 Q47 50 4.9 7ol QR
5 Q.2 o0 8.8 7ol 88
6 9.5 70 4,9 7ol 160
Total
Station Turb. Cl Fe Cond., 58
1 62 2.0 0,48 67 8
2 75 11.5 0,89 130 21
3 Lp 2,0 0.20 150 22
i 60 8.0 0,39 1490 38
5 55 3.0 0.50 155 18
6 68 345 0.52 112 22
Station CC..
1 16~
2 12
3 20
i 16
5 24
6 16
psW 030738
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Table 16
(continued)

Spring Survey ( April 14, 1578)

Station DO Alka. Temp. oH Color
1 8.8 80 15.8 740 120
2 g.7 100 18.8 7.1 aq
3 9,0 130 19.0 7eS 120
L 7.9 120 21.0 75 70
5 12,2 160 24,0 9.4 180
6 77 80 22.0 8.3 300

‘ Total

Station Turb. C1l S0, Fe . Cond.
1 42 5 3 0,15 119
2 L9 20, 18 0.25 220
3 32 5 2 O.42 152
L 2L 20 15 0.12 230
5 éu 5 3 0,L9 183
6 88 10 8 0,07 138

Station SS COA
1 "162 4
2 2Ls L
3 1140 8
L "122 8
5 202 0
3] 182 - 8

DSW 030739

s
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Table 16
(continued)

Summer Survey ( Aug. 13, 1978)

Station Do Alk. Temn, oH Color
1 - 6.1 60 26 S 20
2 7e2 140 2545 7.3 10
3 6.0 140 26 747 10
4 10.4 130 32 8.7 20
5 7.4 a0 32 70 5
6 €4 100 30 6.5 3

Total

Station Turb. Cl Fe Cond. ss
1 5 5 - 0,19 105 2
2 10 Q0 .08 =05 3
3 10 60 0,05 470 -—
u 30 30 0.08 260 5
5 5 15 0.01 200 8
6 3 10 0,02 180 3

Station Cco,
1 [
2 L
3 8
4 0
5 i
6 L

DSW 030740
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T4

LOCATION.--Lat 33°32's54",

02404400

long 86°05'49", in SOk sec. 15, T, 17 S., R. S B., Tallsdegs County, Hydrolonric Unit
03150106, on left bank st footr of Jackson Shoals, 50 fr (15 m) upstresm *rou Alsbama Power Company Jackson

VAR A

L4

MOBILE RIVER RASIN

CHOCCOLOCCO CREEX AT JACKSON SHOALS, NEAR LINCOLN, AL

Shoals trsnsformer station, 900 ft (274 ») upstream from highway bridge, 1.8 mi (2.9 ka) downstream from

Eastaboga Creek, and 4.5 m»i (7.2 km) southeast of Lincoln.

DRAINAGE AREA.-~-484 mi? (1,254 km?).

PERIOD OF RECORD.--October 1876 to current year,

REMARKS.--Miscsllaneous samples of chemical dats published for water yesrs 1965-68, 1974,

COOPERATION.--¥ater-quality sampies were collected by the U.S. Geologics]l Survey and were

Goological Survey of Alabams.

{ND denotes constituent not detected)

WATER-QUALITY DATA, WATER YEAR OCTOBER 1977 TO SEPTEMBER 19738

anslyzed by the

SPE-
Clric HARD = MAGUNY -
STME AN~ CUN- . HAKD= NESSe caLCium Sium,
FLOw, vuC T~ OXYLENG NLSS NUNCAK~ wis~ 01—
INSTAN- ANLE n TEMPLH= Uis- {nosL BUNATL SULvEu SOLYVED
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MOBILE RIVER BASIN

02404400 CHOCCOLOCCO CREEX AT JACKSON SHOALS, NEAR LINCOLN, AL--Continued

FLUO~-
Wil
vis~-
soLveD
1. 1'74 %
A 1)

CoUAL Ty
ulse
SULviy
u/L
A$ CO)

<}

NV

«

NATER-QUALITY DATA, WATER YSAR OCTOBER 1977 TO SEPTEMAPR 1978
(ND denotes conscituent not detesctsd)

SULIDS. NITHO=  NETWO-
SILICA.  SumM OF SULIVSs SOLIUSS Gt GEM.

vis- CONS T 0is- vls- NLTHATE  NITWATE  AxSENIC  CAUMlum
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TRoLE 1T
[Colv7/"/"":0>

" MOBILE RIVER BASIN
' MOBILE AIVER MAIN STEM
02407000 COOSA RIVER AT CHILDERSBURG, AL--Continued
WATER-QUALITY RECORDS
PERIOD OF RECORD.--October 1962 to current year.
PERIOD OF DAILY RECORD.--
WATBR TBMPERATURES: October 31967 to curvent year.

INSTRUMBNTATION. -~Temperature recorder since October 19612,

COOPERATION. - -Water-quality samples were collected by the U.S. Geological Survey and were snsliyied dy the
Geological Survey of Alahama.

RXTREMES FOR PERIOD OF DAILY RECORD.--
WATER TEMPRRATURES: HMaximum, 38.0°C July &, 1949; ainimun, 2.0°C on several dsys in January 1977,

BXTREMES POR CURRENT YEAR,--
WATER TENPERATURES: Maximum, 33.5°C July 4; sinimum, 3.5°C Jan. 22, Feb. 8, 9.

WATER-QUALITY DATA, NATER YEAR OCTOBER 1977 TO SEPTEMBER 1978
(ND denctes constituent not detected)

sk -
Litic nARY~ HOUNE «
STHEAM=  CUN- HAKD= NESS CaLClun Siun,
FLOwy vuLt- UAYGeMe  NLSS NUNCANS  U{Se V1S~
INSTAN- ANCE “n Te ot he Vise- (LT N wovale SOLve v SuLveu
Tine FANEQUS  IMIUNO- ATumE SOLVED as iMa/L (L1248 thuse
vate (Crs) "~ s ) Wit ey O 8G/L) CACO)) CACUN AS CA) AY RrG)
nan
‘:5.-. Ivas 13700 ied 1.3 1.9 1ie3 k1) 4 1 “ed
L .
1leee avies 6300 is0 1.7 I18.9 .2 [ . 1w “ed
SOVLum POTAS- CakyUn
SUD Tum, Ay~ Siun, BICAR~ . ALRAe  UIUKIDL  SULFaTt
vis- SOMP = 015~ BONATE CAstw Linlty vis= D15~
. SOLvED Tium SOLVED (1" 74 SONATE (rGrL SULvey sSuLviy
"o/ $001un Ratio [ TR AS %G/, AS (/e 180G/
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LALV 2 ®rive. oS~ CONST - 15 24 uisge- NLTRATE MITHATE  AMSEN]C
018~ 018~ SOLVEL  Tuents. SOLVLEU SOLVED 0f%~ VY~ uls-
SOLVED  SoLvty tnG/L oS- (TUNS (TONS SOLYEU  SULVEL  SULvev
196/ 1. 748 (31 50Lve0 PER. . PER [, T4 (L4 (oL
7214 AS CL» aAS F) s10d) (G/L ) AC=IT) LAY) AS N) AY MDD Ay AS)
HAR
1540 8.0 ) 7.2 8 «1) 2890 .42 1.0 i
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1lane $.2 ] [T} 1] +12 1800 le1 “.9 1
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Station

1

[aV]

o] o \n £ W

>4

Table 18

Particle Size of the Sediment

(See Fig. 1 for Station Locations)

%

silt or finer
(. 0,074mm)

.045-3
13-55
10-13
38-65

0.5
19-56
31-79
25-75
"6-U2
56-100

10-L2

% clay or finer
( 0.,005mm)

0.5
8-13
10
18-28
0.5
10-19
12-31
12-25
2-6
23-56
7-10
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FARTICLE ST23

Sample A:
B
C:

D1

Station
Station
Station

Station

: Station

Station

+ Station

tatlion

t Station

+ Station

1 Stzatien

10
11
12

13

14

NALTYZI5 CF SANPLES TAXKEN

COLLZCTING PERICD

DURIYG ThI SULNER

DSHW

030745
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ll‘o

Co THE RELATIONSHIP OF YET WSIGHT TO FCB CONCZINTRATION. (w0 /7t 11

Flgures 17 and 1§ compare the weight-ppm and log welight-
log ppm correlations of all specles combined at_é&ations 2
and 4, The statistics for all stations are summarized in
Table 19, The weight vs ppm plots are significant at §
stations; 1,2,4,5 and 6, Four of the 8 stations are signifi-
cant in the log-log model; 2,4,5 and 6. Therefore, combin-
ing the results of both methods, 5 of 8 stations show a signif=-
icant correlation between weight and rpm PCB,.gtations 1,2,4,
5 and 6, Station 1 is significent in the weight-rrm model
only and stations 7 and 8 are not significant in elther.

The significance levels are not consisfintly tetter in elther
model, The correlation éoefficientsf also are not greatly af~-
fected by either mcdel, Four of the 5 sionificant correlations
show a positive relatlionship between tcdy weipht and FCE con=-
centration (gtaticns 1,4,5 ard 6) while staticn 2 has a weak
but significant negative correlation,

From thlg analysis.then,,there appears tc te an increase
of PCB level with weight,with the exception of étation 2o How=
evcf/the mixture of specles causes the correlations to bte very
weak and in the cace of wgtation 2, to be negative.

To deternine tre accumulaticn trerds of each srecles,

these linear analyses were done on each specles at each staticn.

DSW 030751
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Table 19

Linear Correlation Analysis of A1) Species Combined
at Bach Station
on the Weight vs ppryand Log Welght vs Log ppm\Easis

PCB PCB
Welrht vs o EEB Loo ﬁeizht vs Loz pom PCB

Statlion Coxr. R D _n_ Cerr.R Do

1 0.40 0,0001x 80 0.95 0.31

2 ~0.28 0,006 + 74 -0.31 0.003 »

3 -0.,13 0415 57 =0,21 0,052

4 0.19 0,042 * 78 0435 040007 »

5 0,51 0.00001 * 86 Q.42 0.00002 *

6 0.35 0,005% 52 0443 0,0006 »

7 0.21 0,067 b9 0,16 0.12

8 0,07 0,37 21 0.10 0.33

* Significant, p < 0,05

psw 030752
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79,

The statlstics are summarized in Tables 20 and 21 and Figures
1% and 20 are plots of 2 of the significant relationshipse
Again, there are highly significant correlations between wet
welght and ppm FCB with both lirear models. Thirteen of 29
cases or 44% were significani when combining the results of
both models, Six of the 1) were significant in both models,

Q9 in the log=~log model and 10 in the weight-ppm model, Cf the
13 significant cases @ have a positive cerrelaticn and 4 are
negative. These necative correlations are not specific to any
one station or specles. The correlation coefficlents are

e

greater when analyzing each species seﬁ%;ately than when they
were all anmlyzed tcgether at each stat;on. The lop-log model
gives 2lightly stronger andrmn%highly sisificant results,
In summary, there is a tendency for PCB to accurulate with
welght and the log-log model 1s a slightly better descrirpwion
of the relationship than the welght-prm model,

To determine whether there are séasonal influences cn
this welght-ppm relationShip, therefore, the data :éé:énalyz-
ed on the specles per station per season basis. The results
are shown in Tables 72 and 23: and Flgures 21-23 are plots of
some of the siznificant rvases, This breakdown cf the data re-
sulted in some very small cample sizes and thﬁrzg;ia* only

those cases with 5 or more points were analyzed. Of 41 anal-

were significant, Of the 12, & were sisnifi-

yses 12, cr 30%)

DSHW 030753
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Table 20

The Linear Correlation of Weight and ppom PCB
of Each Genus:: of Fish per Station

Svecies Station Corr. B
Campostomna 2 70,40
o 1] 3 _0'19
Dorosoma L 0,56
" " 5 0‘70
” " 8 -0.10
Gambusia 1 0.014
1] “" 2 0096
Hyrentelium 1 034
" " 3 -0,04
Lepomis 1 0.003
w " 2 _0.36
" " 3 0.36
" " L 0.20
" " 5 0 .56
" " 6 0 .37
”" 1" 7 0.32
Mticropterus 1 0.35
" L1 2 ‘.0.51
”" " in _0.68
W 5 0466
weoom 6 -0.15
" ” 7 _0.118
" " 8 0.206
Notropis 1 0.635
" ” 2 -0.25
" " 3 0.018
Fercina 1 =0454
FPhenocobius 2 =041
Pimephales 5 0.579

¥ Significant, p< 0,05

2 _
0421
0.26

0,01*
0.003%
0442

0.35
0 .OOU*

0.15
0.45

O,k
0.03%
0015
0,06
0.00002 %
0.,019%
0.067

0.1@
0,18
0.045%
0,013«
0,302
0.295
0.328

0.001 W
0.95
0.47
0,13
OJ2ud

0,030 *
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The Linear Coxrrelation of Log Welght and Log ppm PCB

of Each "Genus. of Fish per Station

Srecies Station
Campostcma 2
L1 11 3
Dorosona L
" " 5
” " 8
Gambusia 1
" " 2
Hypentelium 1
" " 3
lepomis 1
" " 2
11) 1" 3
" " u
" " 5
" " 6
" " 7
Micropterus 1
" " 2
“ " u
”"n 11 g
(1] 1] 6
" " 7
"t " 8
Notropis 1
1 " 2
1" (1] 3
Fercina 1
Fhenocobius 2
Pimephales 5

* Significant, p < 0.05

Table 21

Corr. R

~O°50
‘0026

0,70
0.58
‘0009

‘0010
0,97

"0.56
0.04

-0,18
-0.14
0.2
0.6
0,52
0458
O.ju

0.06
~0.68
"O Qél
0459
0,14
‘00077
0,404

0435
'Ooul
"O 006

-0.38
"‘O .28

0.43

ol

T.19
0.18

0,002 %
0.01 »
0,42

0.38
0.002%

0603*

0.19
0.24
0.11
00,0002
0,00009«
0.0003 %
0,0519
O, hr
0,00
0,07
0.02%
0,312
0.35
0.18

O.%l
04013
O‘LLOB

0e22
L

0.32

0,039

13

14
13

11
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Figure 19

The Linear Correlation of Weight and prm FCB
and Log Weight-Log ppm PCB
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86,

cant in both models, 8 in the weight-ppm mcdel and 10 in the
log-log model., Ten of the 12 showed a positive relationship
between wet welight and ppm FCB and 2 had negative correla-
tion coefficilents. Both of the negative correlations were in
different specizs and stations,

From these analyses we again see that there 1sg a tendency
for PCB's to accumulate with welght. The increased strength
of the correlations in these analyses indicates that season
does influence the relationship between wet weight and PC3
concentration,

To determine whetlher a more complex curvilinear model
could better descrite the welght-PCB relationshlip, multiple
regression analyses were done on the fish on a2 sypecles by
station by season basis, Of the 41 analyses, £ had a signifi-
multiple R at the weight squared level (Table 24). All 8 were
also highly significant on the log-lor model. Therefore, there
aprears to be no reason to use a more complex medel,

In summary, the analysls of data collected on a river-
reservolr system in Alabama shows that the lor-log linear
model best descridbes the accumulation of PCB by fish. It
cenerally gives slightly higher correlation ccefficients
and greater significance levels than the simple wet weight-
ppm or miltiple regression models do. Both the strength of

correlation and the significance levels are affected by the

DSW 030763
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Table 22

The Linear Correlation of Welght and ppm PCB
in Kach Genus - at Each Station and Season

Species Station Season Corrs R D S.n
Campostoma 3 fall 0,20 0432 b
" Y 3 spring -0,33 0,25 6
Dorosoma L siimmer ~0,09 0.41 6
" " 5 winter -0457 0.11 7
Hypentelium 1 fall ~0,70 -0.14 5
" N 1 Wwinter ~0.31 0.30 5
" " 3 winter 0.76 0,06 5
Lapomis 1 fall 0,49 0,08 Q
" " 1 spring ~0424 0.23 11
" " 2 winter -0.36 0.20 7
" " 2 summer ~0.35 0.12 12
" " 3 fall 0.83 0,04 x 5
" " L fall 0.51 0,0bx 12
" " L winter 0.62 0.,006% 15
" " L spring -0.12 0,38 8
" " 4 surmner 0.34 0,08 17
" " 5 fall 0.32 0.14 13
" " 5 Wwinter 0,.9% 0,00001% 9
" " 5 spring 0.32 0.11 15
" " 5 summer -0,006 0.4k 9
" " 6 fall 0.40 0,09 12
" " 6 sunmer 0,32 0.11 16
" " 7 summer 0,37 0,050« 19
Micrpoterus _ 1 fall 0,13 0,41 5
" " 5 summer 0.50 0,1¢ 5
" " 6 fall 0455 0.,005%. 5
" " 6 Sumnex ~0417 0.4 8
" . 7 fall -0470 0,02 8
" " 7 spring 0,06 0,40 6
" " 7 summer 0,50 0,12 7
" " 8 summer 0.31 0,30 5
* Significant, p 0405
DSW 030764
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Table 22

(continued)
Species Statlion Season Corr. R D n
Notropis 1 spring ~0,07 0.43 7
" " 1 summer 0.71 0.05% 6
" " 2 fall -0,61 0.13 5
" " 2 winter 0.26 0.29 7
" " 2 spring -0,09 0. 41 7
" " 2 summer -0,10 0.40 7
" " 3 fall -0.74 0.07 5
" " 3 spring -0,08 0.39 11
Phenocobius 2 summer -0,41 0424 5
Pimephales 5 fall 0.53 0.06 9

DSW 030765
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Table 23

The Linear Correlation of Log Welght and Log ppm PCB
in Each Genus-- at Each Station and Season

Srecles Station Season Corrs R D _n

Campostoma 3 fall -0.21 0,31 5
" " 3 spring -0,38 0422 6

Dorosoma 4 summexr ~0,.15 0.36 6
" " 5 winter 0.26 C.30 7

Hypentelium 1 fall -0.53 0.23 5
" " 1 winter ~0,43 0.23 5
" " 3 winter 0,66 0.10 5

Lepomis 1 fall =040 0.1k 9
" " 1 spring ~0,28 0.20 11
" " 2 winter =030 0.2 7
" " 2 summer 0,07 0.47 12
" . 3 fall 0,90 0,01 % 5
" " 4 fall 0,30 0.17 12
’ " 4 winter 0.59 0.001+* 15
" " L spring 0,03 0.45 8
" " L summer 0,69 0,001*% 17
" " 5 fall 0,36 0.11 13
" " 5 winter 0,80 0.0005* 9
" " 5 spring 0,L2 0,056 15
B " 5 sumpner -0,001 0.u40 9
" " 6 fall 0.L0 0.09 12
" " 6 sumner 069 0,001* 16
" " 7 summer 0.,L1 0,03 * 19

Micrproterus 1 fall ~0,30 0.30 5
" " 5 sumner 0.4l Q.24 5
" " 6 fall 0991 0.01> 5
" " 6 summer ~0423 0,28 8
* " 7 fall -0,87 0.002* 8
" " 7 spring 0,16 0,37 6
" " 7 sumnmer 0.2 0, 28 7
" " 8 summer O.41 0.24 5
* Significant, 0,05

DSW 030766
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Table 23

(continued)
Specles Station Season Corr. R D
Notropis 1 spring -0.11 0.L0
" " 1 sunmer 0.29 0,28
" " 2 fall -0.73 0.07
" " 2 winter Oob'5 0015
" " 2 spring -0.32 0,21
b " 2 sunmer 0,02 QW47
" " 3 fall -0,81 0.04
" " 3 zrring -0,24 0.23
Fhenocobius 2 summer ~0.28 0.32
Fimerhales 5 fall 0.39 0.1

psw 030767
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Figure 22

The Linear Correlation of Weight and pum FC3
and Log Weisht-Log prm PCB
— in Leyonis srte. from the Winter Collection
at Station 2
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The Linear Correlation of Weigcht and prm PCB
and Log Weight-Logppm PCB
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in Zach Genus

Table 2u

The Muliliple Regression analysis

of Yelght and FCB
at Each Station and Season

at the Welghtz Level

Multiple
Species Station Season F R R° n
Lepomis L fall 7.26 0,78 0.zl 11
Lepomis 4 Winter .17.00 0.E% 0.74 14
Leponis L sunmer 549 0.67 0,45 14
Lepomis 5 winter 103,0 0.%8 0,97 3
Lepomis 6 sumrer 6.8 0.71 0,51 15
Lepomis 7 summer 3,63 0455 0.731 18
Micropterus 7 fall 8.5 0.587 (Y 7
Motropis 1 summer 7642 CocT 0.7C A
DSW 030772
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number of points per rlnt, the species ard sezson of collecticn,
As the data are consldersd in terms of station, srecies and
season, the sample numbters decrease and =so do the numter of
significant cases. However, greater spcificity increnses toth
the correlation coeffient and %he significahce levels. In

general, FC2's increase with increased welght ia all specles,

DSW 0307723
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D. SPECIES DIFFERENCES IN PCR ACCUMULATICN

Figures 24 and 25 are histograms comparing tne mean FC3
levels of each speclies in all seasons at statiors 2 and ﬁbre-
spectively. They show that there are large differences in
species accumulation. As seen in the Anova Table (# 12), the
PCB concentrations of 4 species are significantly different
at stations d_and 5. Although the relationshlip of each species
to the others 1s not consistiht throughout 2ll seasons and
statlons, there are generalizations about the accumulation of °
PCB by fish that can be drawn., The differences in residue
levels between the species, and the fluggéting levels of each

srecles with station and season may be related to feeding

patterns, 1lipid contents or water quality changes.,

1, Water quality as related to the accumuletion
of PCB by fichy

By comparing the Qater quality analyses (Table T&°)
with the fldggating FC3 concentraticns of fish (Fisures §-
1} and 24-25) the influences of the abiotic psrameter= on -
the uptake of PCB by fish may be ldentified. The changes
in residue levels of Lorosoma, Leveris, iicronterur and

directly
Yotrovis throushout the stations and =easors do notlceincide

+
with the fluﬁuations in dissolved oxyren, rnzrzcn dioxide,

temperature or alkalinity, For example, althourh temrerature

pSW 030774
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may scmehow be afiecting the uptake of FC3, the drcp in tem-
perature Iin the winter coincides with an increase in residue
level in Microvterus and Leromis at.§tation 2, and a decrease
of the meazn FCE levels in the same.2 grtecies atf;taticn Ly
Therfore, no generallzatlons abcut the effect cf thase tara=-
meters can be made. The pH levels are fairly consist%nt
ihroughout the survey and therefore protably have little to
4o with the changes of FCB found in the fish, Turbidiiy and
suspended solids have the same seasonal trends. They are low
in the summer and fall =nd high in the winter and s5-ring. The
sustended sclids as a rediator of FCB would mest crently af-
fect Doroncoma, a filter feeder. Since Corcsemns' hirhart mean
FC2 levels most frequenily occur in the fall :ﬁé~iﬁ‘r9¥nre,’”
suspended sollds rrotarly de rot greatly affect r. % uptake

by fish. The limited nunber of TOC analyses make Lt 21ffIcult
to draw any ccnclusions atout It%: rossible effects on FC3
uptake, The chloride centent follows the same patiern as the
FC3 contaminations It is hirhest at station 2 and decreases
with increasineg distance from the outfall in all seasons. The
2 control stations have similarly low levels of toth chloride
and FC3. However, an Iincrease in chloride atxg;ation 5 in the

surmer does not coincide with an increased FC: cencentration

at that statlion and sezson. Iron alsc follows *he cane vat-

DSW 030777
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100,

,
b
tern of decreased concentration with increased distanceiin

the spring and summer. In the fall and winter, however,
gtation 6 has slightly higher levels than gtation band the
iron corcentration at Etations 1 and 5 i3 weeyy variable,
Seasonally, the ircn concentratior increases frem fall to
winter, and decreases from winter to summer., Again these
trends cannot be correlated with the flﬁ;ﬁations in FCB
levels in any species at any station or season. There is

no cortelation of sulfate or conductivity with the seasonal
flu%ﬁgtions in fish, but again, they follow éimilar spacial
trends which do correlag:with PCB levels,

In sunmary, the mean FCE concentration in ezch srecies
at each station flcﬁuates with the seasons. These seasonal
changes in each species varyv from station to station, and a
ccmparison of the seasonal flé;ﬁations of all species at the

same station show that lLeromis and licronterus have similar

trends atjétations 2 and 4, and Gambusia and Notranis have

a siatler trend at Statton Z.(Figures 24-25), The seasonal
fluguations of PCB concentrations do not appear to be direct=-

ly related to seasonal changes In dissolved oxycen, carbon

dioxide, tempsrature, alkalinity, pH, turbidity,or” suspended
sollds, Those water quality parameters that may afflect PCB uvr7e4¥
by fish are chloride, iron, sulfate and aydr other icns de=-

~

tected 1In the conductivity neas}gfements.

DSW 030778
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l‘.'lo

2+ Feeding patterns and PC3 accurulation:
Both the trorhic relaticnehilps of fich and the different

metheds »f food collection may te related to their FLX bio=-

Noa

concentration,.

The method of fornd ceolliectlion, esrecially “hat of Filter

v

+ . . . .
feeders)may be lmporiany when considered in corjunction with

/

tnhe transport of FCB In woter, Susyended rrlids have often
teen sugrested as 2 nalcr gource cf FCR to fishe. IF thin is

true, the filter “=ed=rs would be most cresily affacted nnd

chould re¥lect the changes seen in turriditr ond sucrended
sollides, As seen in the previous section, *he rusiendaed seolide

and the mean FC2 concertrations of Dorracrz do nod ceorrelate,
Therefore, suspenced ~-1tdz, vhile the nay be & methcd of
TCO trameyart, 4o not acrexy to be a major source of FC3 con-

tamination to fish.

Tatle & lists fke Tich Toon oamash ot Alow ind zesron in

order {rom ihe hizhest mean concentrztion (total i22) o ire

heir troph

ct+

C reia

lungnlps and spawning

[
ot

1 Ak =1
lowast aliong with

ysj

he meagon:i’

o+

seasons. Aithough trerdn~ ta rmqgorcsnanet cnT e

are notrelat2d to PCB concentration in fich, taoizmminetic
’

orvznlisns, howsver, as 3 maisr {ood zource 27 FCh io Tish

have no* teer r:lad out, A close lock a4t ine wn-av nendl b

trat arring collacilion v Jnntion onad

tae sunmor colliacting Sran S&atian N E - e SRR B LA
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102,

h
oxygen and tubldity and low carbon dioxide wich suggests that

there may be a great amount of algae or phytoplankton present.,
Dorosoma, a plankton feeder, however, shows hirh levels of PCB

in the spring at station 5 (based on one sample) but low levels
at gt;§cn 4, summer., there is also no increase in" CB in.Leponmls,
which 'also do some filter feeding, at these same 2 stations.
Therefore, although Dorosoma accumulate PC3 to a higher level
than other flsh, it does not appear to be related to either
suspended solid organo-clay complexes or phytoplanikton, A look
at the other trophic relztionships gives the followineg results;
At statdion 1, the order from hichest to lowest FCB level is
tertiary carnivore, detritavore, lst camivore and omnivore,

In tﬁis low coﬁtaminated control station, there is a nearly
normal fcod chain relationship with detritavore heing second

in importance to tertliary carnivoré. At stations 2 and 9, those
most highly contaminated stations, a similar relaiionship exists.
-HoWwever, t<e detritavore accunulates FCB to the highest level,

At station 4, Dorosoama accumulates the highest levels and the

relationship is herbivore, carnivore, omnivore. As seen above,
Dorosona
however,7probably does not accumulate the major portion of Pt 45
PCB from food, Therefore, the food relationship protadbly does
not hold at thls station. Station 5, the centrol station on the
Coosa Rlver, shows the same trophlc relationship as the other
Lt ('Jk).‘lq‘

stationslon Choccolobco Creek. Stations 6,7 and«8, however,-are

much more variable. At these statlons Leronmis, the omnivore,

psW 030780
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accumul-tes more FCB, relative to the other species, than they
did on Choccolocco Creekes There are no samples of botton feeders
at these stations, so thelr relationshipto the other specles is
not know., It is assumed, however, that they would he relatively
high.

It appears, then, that bloconcentration is occurring in
this system and a trophic relatlonship is evident‘with sédiment
playing a large role in transmitting PCB to fish along with
higher food organisms, while suspended solids probably play
only a small role., As shown by the high concentrations of
Dorosoma, there are other factors which influence the accumu-

lation of FC3 by fish.

DSW 030781
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Table 25

List of Gernera  from Highest Mean Accumulation of FC3
to Lowest at Bach Station and Season
Along with Their Trophic Level
and Spawning Season

Station 1
Fall Micrpterus Percina Hypentelium Gambusia Notropis Lepomis
Trophiz level tert. carm t-camm detrit 1st carm omni, omnli.
Feeding Type slte site. sucker grazer grazer  grazer
Spawnins sp-su sp sn=-f1 su-{1l sp~-fl
¥ean FCB (ppm) 0,61 0.4l 0.20 0.18 0,11 0.11

Winter Micropterus

Trophic Level t-cam
Feeding Tyre slte

Spawning SpP-3U
tean FC3 (prm) 10.25

Srring Fercina
Trophlie Level t-cam
Feeding Tyrpe site
Smawning

Mean PC3 (oprm) 0,57

Summerx Notropis
Trophig Level omni
Feeding Type grazer
Spawning su-f1
fean FC3 (ppm) 0.73

Hypentelium DNotropis Ileponis
detrit. ormi. omni.
sucker grazer srazer
sp su-f] sp~fl
0,87 0.73 0,48

Notropis GCambusia leromis

omni 1st carn omni

grazer grazer srazer

su=-*f] sp-fl sp-f1

0436 0435 0.31

detrit
sucker
sp-5u

Fhenocobius licropterus Hyrpentellum Gambusia 1
t-carn detrit onni c

clte sucker grazer 4

sp~su sp sp~-fl c

Q

0.65

Oeb2 0,35 0.25

fl~ fall
we winter
sp- spring

Su= summer

DSW 030782
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Table: 25,

(continued)

Station 2
Fall Campostoma Cambusia Notropls MNicropterus Lepomis
Trophic Level detrit lst carn omni t-carn omni
Feeding Tyrpe sucker grazer grazer site grazer
Spawning su~f1l sp-~fl su-fl sD-su sp-fl
Mean FCB (ppm) B2.67 51,66 48,415 42430 19,69
Ainter Hypentelium Micropterus Notropis Lepomis
Trophic Level detrit t-cam onni omni
Feeding Type sucker site grazer grazer
Spawning sp sp-su su~f{1l sp-$1
Yean FCS (ppm) 56.83 42,14 32,60 28,41
Srring Camrostoma lilcropterus ZDambusia Notropls leronmis
Trorhic Level detrit t-carn 13t carn onni omni
Feeding Type sucker site grazer grazer grazer
Spawning susf] sprsu sprfl - surfl sp-f1
Mean PCB (ppm) 46,93 29,19 26,56 18.17 22
Surmer Notropis Fhernocobius Gambusia Lepomis lilcropterus
Trovhic Level omni detrit 1st carn omni t-carn
Feeding Type grazer sucker grazer grazer site
Spawning su=-f1 sp-su sp~fl sp~fl sp-su
Mean PCB (ppm) 42,90 37459 21,16 20,89 14,30

DSW 030783

STLCOPCB4014745



Table 25 .

(continued)
Station 4

Fall Dorosoma Percina I{licropterus Lepomis Notembgon@us
Trophic Level plank t-carn  t=-carn omnl onni .
Feeding Type filter site site grazer  grazer
Spawning sp SpP=su sp=fl sSpP-3u
Mean PC3 (ppm) 27.41 2,71 17,52 11.20 4,39
¥inter Dorosoma Micropterus Lepomis
Trophic Level plank t-cam omni
Feeding Tyre  filter site grazer
Spawning sPp sSp-su so-f1
Fean PCB (ppm) 15.87 10.75 2,10
Spring Micropnterus Lepomis
Trophic Level t=~-carn omni
Feeding Typre  site grazer
Spawning sp-su sp-fl
Mean FCBE (ppm) 17.72 11.79
Summer Gambusia Lepomls Dorosona
Trophic Level 1st carn omni plank
Feeding Type  grazer grazer filter
Spawning sp-f1 sp-f1 sp
Mean FCB {(ppm) 19.50 12,37 7.11

OSW 030784
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Table 25

(continued)

Station 5
Fall Dorosoma Fercina tllcrop. Fimeph, Notrop. Lep. Notem,
Trophlec lLevel plank t~-carn t-carn detrit omni omni omni’
Feeding Type filter site site sucker grazer graz grazer
Spawning sp sp-su sp-su su~fl su-fl sp-su
Mean PCB (ppm) 2,86 2.66  2.53 2,32 2.66 1.20 0.55
Winter Roccus Dorosoma Micropterus Leromis
Trorhic Level t-carm Dplank t-cam emni
Feeding Type slte filter slte crazer
Spawning sp sSp~su sp-fl
lean FCB (pmm) 2.86 2.36 1.A1 0.S1
Spring Dorosoma Notropis HMicropterus Leromis
Trorhic Level plank omni t-carn omni
Feeding Type  filter grazer site grazexr
Sravwning sp su-fl sp-su sp-fl
liean PCB (PF{T\) 807“‘ L"OSI 2.27 1.26
Summer Pimephales Micropterus Dorosoma Lepomis
Trophlc Level detrit t-cam plank orni
Feeding Type sucker site filter grazer
Spawning sp-su SP=su s sp-f1
Yean PCB (ppm) 1.84 1,45 1.12 1.02

DSW 030785
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Table 25

(continued)
Station 6

Fall Dorosoma IMicrpoterus lLeponis Noiropis
Trophic level plank t~-cam omni omni
Feeding Type filter site grazer  grazer
Spavning sp sp-su sp-f1 au~-f{1
Mean PCB (ppm) 5435 Loy 4,03 2.4k
Spring Micropterus Lepomis FPercina
Trophic level t-carn omni t-carn
Feeding Typ= site grazer site
Spawning sp~-3u sp-fl
Hean PC3 (prm) 7.98 b,a7 3.88

Surmer Levomis
Trozhic Level omni
Feeding Tyre grazer
Spavning sp-fl
Mean FCB (ppm) 6,09

Yotrepils PFercina HMicropterus

onni t=cam t-carn
arazer site site
su-fl sp-su
3,61 3.88 2452

pSW 030786

Pimephales
detrit
sucker
SpP-su

2.13
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Fall

Trophic Level
Feeding Tyre
Spawning

Mean FCE (pon)

Winter
Trorhic level
Fredins Tyvre
Srawning

Fean FOEB (nrn)

Spring

Trorhic level
Feeding Type
Srawnling

Mean *C3 (prm)

Summer
Trophlc Level
Feeding Type
Srawning

¥ean FCB ppm)

Table 25

(continued)
Station 7
Lepomls  Micropterus
onni t-cam
STrazer site
sp=-f{1 SR-su
256 217
Dororoma ricronterus
plank t-cam
filter site
SD sp-su
3,08 1.25

Mlcroopterus Lepomis

t~cam
site
§D=-2U
2.17

Leponmis
omni
grazer
sp=-f1
2,02

omn i
grazer
sp~fl
1.97

Micropterus
t-~carn

site

ShH=54

1.3

DSW

030787
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Fall

Trophic level

Feeding Tyrpe
Spawning

Mean PCB_(ppm)

Winter

Trorhic Level

Feeding Tyre
Srawning
Mean FCRB

Srring

Trophic Lavel

Feeding Tvpe
Srawming

Nean FCB (pm)

Sunmer

Trorhic level

Feeding Tyrpe
Spavwning

¥ean FCB (prm)

(rrm)

Table 25

(continued)

Statiom 8
Leponis Dorosoma Rocecus Hicropterus
omni rlank t-carn t~camm
grazer fllter grazer site
sp-~fl sD sp-su
6.28 4,71 L,0L 3.01
Dorosona
nlank
filter
sP
6.50
Deresoma  Micronterus Notroris
plank t-carn ornd
filter site cragzer
Sp sSD-su su-fl
L,L6 3.14 0.83
Micropterus 1iotropis Roccus
t=-camm omni t-carn
site crazer site
sp-<u su=-{1
2.87 2422 1,25

DSW 030788
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3. Lipvids and spawning as related to PCB concentrations
The Anova Tatles (10 and 11) show that there is a sig-
nificant correlation btetween season and PC3 concentration in

Microvterus, Dorosoma.and Notrobis, but not in Le-omis,

Gambusia or Evrventelium, These correlations may te due to

changes in 1ipid during spawning seasons. Table 25 includes
both the mean PCB concentration of each species and its
spawning season. Just rrior to spawning, lipid percentage
should be hirhest and therefore FCB's should aico te highest,
if one accepis the lipid-water partition theory as the main
route of PCB entry to fish, Even though some fich in this study
are very snall, the sam~ welght fluctions do occur durire
spawning seasen (Love,1%71).

Microvterus spawn in the apring arnd summer. Figures 1C,
2L and 25 show that the highest FCR concentraticns in
Micropterus at Stations &, 6 and 8 and nearly the hirhest
concentrations at Stationz 5 and 7 do coccur in the spring
collections,.

Notrcpls spawn in the sumner and falland ihe highest
average rezidue levels are also found in these seasors (see
Ficures 11, 24 and 25).

Doroccna spawn in the spring relating ite spawning season
with the correlation beiween season and FCZ conceniraticn seen
in Anova Table 11,

Lepomi~ spawn from soring to fall (April to {cxoter),

Their high residue levels occur over'all®seascns., There is no

DSW 030789
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corrzlation between season and FCB content in lLe-cnis.
The lack of correlation between season and FGR concentra-

tion in Gambusia and Hvrentelium is protably due o a lack of

samples and therefore, no conclusions can be drawn.

In conclusion, 1t seems likely that the fluctuations in
1ipid content due to srawnlinz does affect the PC2 ceontent at
least in some specles,

The differences in FCH accumulation tetween crecles may
also be due, In part, to species differences in lipid content.
Table 26 shows the 1ipid content of various firh, As seen in
earlier sectlions, Lorosoma gencrally accumulate T0C73':z to ysreat-
er levels than other stecles.and this accunmulsation i= probably
not food relateds Zororona's high ICE content are yrevabtly re--
lated” to their relati¥ely high 1ipid content. Thersfcre, the
lipid partitioning means of uptake must te very irortant in
the PCP accumulation by this species,

The differences in lipid content among the other sreciles
is probably not very great and, therefore, their large dif=-
ferences in FCB content must be related to factors other than
lipid partitioning. (NGTE: I am having difficulty finding the
11pid contents of many of my species. When I am able to find
the information, Tatle 0% %will te exranded and thé last para=
craph above will be clarified.)

Table 25
(Thuston, 1952)
The Lipid Content

of Severzl Ficsh
(Central States Area)

Speries % 01l DSW 030790
Doroscnra ceredianum 23,1

Campoetoma T, 1.2-1.9

Perca flavience 0.8-1.1

STLCOPCB4014752
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E+ METABOLIC DIFFZRZNCES IN SFSCIES
Figures 2b-29 show the seasonal differences in the accumu=-
lation of each Aroclor (1242, 1254 and 1260) at stations 1 to 8

in Borosoma, Lerpomis, ilicropterus and Notropis respectively.

All 4 species accumulate similar relative amounts of the 3
Aroclors at all stations. All Aroclors decrease with increasing
distance from the outfall, Table ?§3 shows the p%;;nt decrease
of each Aroclor from station to station in each species. Aroclors
1242 and 1260 decrease most rapidly with distance, while 1254
. Thus,

dissipates more gradually. there.are no metabolic differences
evident in the amounis of Aroclors accumulated by each species,

A comparlison of chromatograms can show possible metabolic
differences by the absence or presence of different peaks
or changes in their rela@ive heights. Flpures 30-3¢ dﬂné%trate
that all fish of the =anme species collected at the same station

and season have the zame peaks in thelr chromatorrams. Figures

¥5-38 compare all species presceznt at.étﬁtion 2y fallrcollectlon,

4gain all have the same pz:aks, Flgures I2-42 ¢ samples of
(¥otroris, , station 2, all season:

the same specles from the same station but in different seasons 1
show that there are no seasonal differences in the reaks present.
The relative heights of all chromatograms discussed atove are
& Conpab“‘”‘)'g"~
also very similar, Finally, wkea ccotaxineg the same specles from
( Hicrorterus, stations 2,4 and 6, fall collections)
the same season but different stations?(Figures L0-L5) sho@fa

loss of some of the peaks of lower retention time with increased

DSW 030791
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distance {rom Stations 2 to 6, Otherwis? all peaks are the same
with similar relative heights,

Therefore, the differences seen in species accumulation
of PCB (see sectlon D)ﬁiikprobably not due to differences in

Ak
metabolic adnaiiy.ﬁ.

DSW 030792
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¥any ravers have atiempted tc show that there iz a cor=-
relation between length, weicht or age of fi-h and their PCB
reaidue levels (Reinert, 1670; Kelszo, 1074, Zache, 10730,
Bache found that all three parameters were sisnificantlr
corrzlated to PCB concentration in trcut from Cayugsa Lake,
fThere was, however, considerable variahilitv arcnc older
fish than vounger and in areas of higher FZR cantaniratlon
than in-areas of lesser. In contrast, Clron ot 2i.,(1672)
rennrted no correlation of PCR levels in muscle of rike
(Zsox lucius Mo age or weisht using either we® cr lirid
welcht htaned concentrations.

Tberharst (1G75) has sucrested that , if trere ir a
correlation tetwecn weieht and FCR concentraticn, 2 linear
model usine leog weilvnt vs log PZE concentraticn deccrites the

re2lationship hetter than the simple weight ve FCT norceniration

medel, Thus, the influence of fish weizht on ¥C3 accumulaticn

faie

wag exanined at ench station in this gysiem uring hoth the
leg weight vs log ppm FCR and weipht ve prm FCS models, The
data were analyzed, first using weight as a tarcis for PC3 ac-
cunulation regardless of epecies, followed hy each sjpecles at
‘"af_’

each statlon and then on a zrecles rer rccasan

~
~ 9

bSW 030813
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The Tirst analveic of TOR accumulation of 21) fich com-

bined at each station was done to detarmire whether weisht

alone 1= the determining Tacter in PC3 accurmulaiion or whether

a clustering of each srecles would beceme arrarent., Thare was

ro clusterine evident, rovever, the weight and TLZ concentra-

tiens were sienificantly correlated, even thourh thelr ceorrela-

tion coetflicients ware very low. This sucresnie that the 1ipid-

ol

water martitioning of PCD may bte contributin. +z the PC2 con-
centraticn, but that other factsrs mar also nave an influence

on I'CZ uptake. To determine whether differencas in srecles

N
< . XV
vwere Influencing this relationship, the data % znrlvred on
ruaSf SINMAFICANT
a2 svecles rer stztion tasis. In wams caces Lthe linesr {14 ve-

came nuch eolaser, novever, there were many which showed no

.

CORNELATION, Therefore, the difference~ in «vecier deo AfTect

the welzht-prm relationshin, but there must te 2irer factors

invnlved, It was thousht thet ceesznzl chanres in YInid con-

tant 5Ayr be a mzajor cauee of the devinnion of areclies frem the

A

w
Tinear merdels, Thus, the data wse broren dewn #ouin to the

sreclies rer stiation per zeacon level wsrnd the lireur annlvrme
&

™

s Egaln nerforned, Thne linear fit of in- rl nilcant cares G40V

“reame clorer, houever, S0 of tre canes weors ned ziernificant-

1y correliced,

DSW 030814
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lationship than the simple welght-pm rocdel, and that,Ain gen=
eral, PFCB concertration tends to lncrease with increasing
weisht and may te related to both specles and season., Fitting
data to a2 linear model 1s often difficult due tc a lack of
samples when the data are broken down i0 the neceasary lavel
of specles per station per season, and *the cmall variation

in the size of the fish. Alco, the increased FC2 corcentra-
tion with incveased weicht theory is based on the ascumptlcn
that thq 1irid percentage increases with fi~h erowth, This is
no* always true., In wild trout, there was no direct correla-
tion hetween Yody lirid content and size (Love, 1771), This
may account for the lacik of any correlation or lack cf sig-
nificance in many of the cases.

The uce of regressign nedels to determine wnether a nore
conplicated relatlionship Yetween weirht and FC2 concentration
exists did not improve the overall resuliz,

Cne can conclude from the above that the lin‘d-water
rartitioning of PCB may te a route of entry to fish, tut
that other factors mzy te influencing thie uptare,

As it wzs ascerteinad that the welght vs rrm TCB re-
laticnship is varlable, and the range of fich sizes is general-
1y emall, the mean valuez of P73 residue in fish were ured tc
Aercrite the contamination of the river srstem =2nd 2 aiow
the influence of ctation lecatisn which was =nown to e a nz
effect on FCR c:oncentration in +he jfzova Takles (10-12), This
stream wasg heavily coniaminated with FCi's Zrom 21930 40 1071,

The fieh reciiuen ndicated that ihe ztirenm Lo ~td

-t

1

DSW 030815
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hi=hly cortnminated nenv the vrior scurss of T2 and
with increzsing dlstance frem the source. It ¢ menre

LS

noe ma’or bulld-up of FCEB in ihe

reservolir,

T

docrercer

neae

findings fndicate that the FCZ's wre hishly frobile, a7 was
~
PR
. O s (1ee vy . .
shour in the latpoy Chodl (1071 ), Althowsh Flo's have 8 hich

affinity

anrear to have 2 rreat effect cn itr; distrivroeis
I "

svrtem, i.e, Tish from areas of hirh elay canrord

loznd “)° do nnat Bave hiher POP oconeent Rt ooas

.

»w in this
L .
‘Jiations

tv~r thore

-~ ~ - / . - .
fram arenc of lewer claw content {Qtatins 7Y, Pocnvilocs cf
confinnd
the radi-ors tyre, arens of cuch Ionvgstandinge 507 crnfominAa«
tinn must b2 a result 28 PCE ~deartticr to stz i-miar cune-
ctoners 1n thore areas. Tha the m2ior soutee o oto
Fian muet -2 the ~ - 33-nnt, How ther are FI8's nele s waiinte
o T Ao osedisoer o Tah? Is LLooniple dhworomorotutlo
4
5 baine Yeached froa- e crdinment,ard suncenently atorted
: ¥ N
throush tne ekin, con the rurrended sclizs-, ne’nr ansorved
taroush tre rilis or directly ingrented?
The Tirst ctep in studyin:: these ~uecsiinrs in wo I2ternire

whother *here are snecia-

dAlfferencer

N
'

. / N \ . s .. . e amn . 2 - N
A-ova Totlen {(Tanles 10-17 0 chow that there nvs < ntfioant
18 e 2 ORI | roamtynt tne at Nms b hl 1 i R
Adi faronrne in crnacier concamtyatlion at 270l - el tyoand
[ L LA TR = Al amt g mmmorea et o =217 [N . NP G T
TTevor onc Fre evViont When CImTerinT el N v TS

. . B . r e -3 ~ 1, ~r N

erier ciztiang In the Ristormrame (pliuren 5-11 ToR=lE 0,

DSH

03c816
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ey

ey
W3
9]
i
a3}

moare thourht ot Te trancrorted maingy on eurnande
ed =olids tre suspended s2lide may te a route -1 entrn irtn

sh, espezin]ly [llter Teederss A comrarizen »f *ne fluctus-

Jorosoma, 5 Tilier foeder, show that thers is no rolatipe-nip,
LDTOmRRR i

a~d therefzre, zuspended eolidz protatly dc¢ n

Tluence FZ? untabe by fizh, A4 comrariscn of the fFluactuatiome

in nther vater qualiiv rtarameters ard the chanqs=a i

3
-
Lo
o
oy
LIRS ]
(@)
(o)

econcentrationg «<how th-= only chloride

may aAffect +thno concentr ticn of FCI by Tish, Di-~ 7"vodl cwerern

carbon dinvide, alkalirisy and temperiturs rec~ i~ fuve -0 re-

Tationshlp 4o the differences 'n FCB lavn’n In 1.7 24 whape-
in =easonsz,

The “rorhic relatisnrhlirs weve the: R o I S AR i o
all speacien wora not froand ot 211 statisne nnd san-aee tha

Lesrhiic rankicen of dtnc s ket wers fournd nre vegavioetle 2ipnilar

hY . v . . . N -
(Takle "2Y, Thov ghouw fhat thoes spegisr  Af Wi e s anonela-

ticn are gener=zlly delriiaveres, planktivares ond terti

arnivorer, Tollcwed v lst carnivoree nrd aveivaros, Thiz lves

b

evideonce of a streng fond chein relatlonmship Jor

tizne Ta®kle 27 shows the

From enllactdd, If 2 fand cboin wrve Tollwed, ths Uen voyld
an~omaladte FI3's din the Tollewing arder (fuem mihuet -2 lowest':

A baete = tovtiars camivere

1:¢ carrnivere

onrivore DSW 030817
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The detritavere 1s reznked so highly because the cediment usuzl-

ly contains zuch hizh levels of FC2. Thi

41}

is the general crder
of accumulation found in this study,

These relationships, however, may not te dus to feeding
habits alone. As seen avove, Doroscoma accumulater very high
levels of FCB. This 1s sirmilar to Risebtrouch's findinre (1672)
in which a planktivore had greater FCE residue levels than dis
firsh occupying higher nositions in the tronhic pyramid. Since
Dorozoma do not attzin most of their residue from either food
or suspended solids and planktivores ucually contain hich lipid
contents , thelr high accumulation is probvably reluied 4o their
high 1ipid cortents{zee Table 26).

If accumulatlon is strictly 1inid bassd, the fich would
accurulate FC3's in the folleowins order {fram nirhent +¢
lowert):

*  Dornsonme
Camrostoma
¥icropterus

Thic ie also the aprroximate order Jound in this studyr,
howwver, when more data 1is available, the reieti-nchipe will
hopefully btecorme more clear,

The correlation of FCB concentratlion to weignht ¢of 21l

grecies and the spawning sezszonz of Dorac-ma, Micronderas

and nitrenls along with the hich accurnuelation o *he P12 v
the hisn 1ipid espocies, T-roerma, all give a very nivirs czge

* Thte fe tansed on the 1i-ited -data fount in Tarle 24

DSW 030818
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for thellpid rartitloning route of uptake ry fizh,

It 15 difficult to determine whether the consistent
relationships of PCR accumulation among fish sheown in Tatle 25§
are a result of a food chain or 11pid rhenomenon.. Since
Dbrosowa have 12 to 205 more 1ipid than do Tarr--*era wrile
toth accumulate similar levels of FCEH, and the variation in
1ipid content of the other fish (Campnstora included) is
fairly smzll (based on orly limited data) while the differences
in PCR accumulation are sometimes very large, it scers llikely
that the lirid conteqt is nct the only factor influencirg FCE
accunmulatiosn v fich,

3oth fcod and lipid partitioning may ©e nsjor routes of
PC2 entry to fish, Detritous feedurs and tertiary carnivores

pieh up =irilar levels cf FUZ throurh thoir fond (3nd rcmo

—t
e
3
e ]
>
H
e
1
s
N
3
}e
3
[}
~
W
"
jon
Q
)
v
-
MY
Y
e
]
-
—
g ]
2
4
}
}
)
1
it
~
+
3
:
2
jon
d
D
!
y ot

partitioninr, It ceems likely, then,that fi=p ¢f ~imdiar redy
commorition would accumulate =imilar amemnintes of FIE from the
vater bty partitionirg, ard this accuruletion iz enrencad bty

that which is accumulated tnrcugh the food.

To deternine whether differences in nmetatolirm amons stecles
are causing the differences in species zccumulaticr =f 0% ',
many chraomatacrams were compared and feund to Ye =21-004 identicle
toth In nunbter of rezls and relative peak Rel hite. 74 war there-
“ove am=umed that there are no zreal metahnliic Ji7Tsrencee arnong

the smecier.

Tn rnoncluriom, FC2'n are ceen t2 he velutivel- i-morile

psw 030819
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maintzinins high levels near trne scurce of the cantaminatlion
and slowly decltinirg with increased distance freop the outfall,
even thou~h the contamination was discontinued sever vears prior
to the study; the FCB's tend to increzse with increasins welght

of the fish; the accumulation of PC2'c by fizh does net seem

to he related to any water cuality parameter

I
(U]
<
(@]
(9]
o]
ot
Q
T
-t
D]
s
&
-

sulfate, lron and other ions which exhi®it similer spacial rat-

terne 0f water concentration as do the FCH's (as reflected by

the firh concentraticns); there are s

Yyt
(]
to

peciee différennes in
aconmulstion; there differences are clorely rel«tad t5 tcth

fordlne hahite and 1ipid rontenta; the food chzin HYao 2

e .

(b

tritavores
and ‘=rti- carnlivares accurulating FCh'e to the hiipest levels

follawad b 1gt gar-ivares and comnivorzrs; the 1irid relatinn=-

mhin 42 POY acoumlaticn ie shown hy the ri-h o =zecurmulation of

Tt v Mapegema (hirher 4dran the tertiFry carnivare), the cor-
cf

ralat ontueicht end ¥C2 concentration.and the cerrelstion 5f

sepracnel ohanges in lipid content due to vrawnirz and ICE

concontyatinrn: an

ferancea o~nvir zpecies which cculd accrunt fav 4ne diiferoncen

ip T72 reciige levels,
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APTENDIX A

PCB RESIDUE LEVZLS OF ALL SaARFLES
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e
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I

°

Ha

XEY FOR THE TABLES

Fish Nomenclature

'

2nomalum.eesees C2APOSLOMA ANOMALETN sssseceensesessSionernlilor

ceredianume.. e D0TOSOMA C2DRdiaNUN sessrveeroseasgizzard shad

. afflﬂia..o.-....caﬁbusla affiﬂia -"'oooctctonc-oomgnnu'to fizh

”towaﬂhn........q «3nt 1ium etOWdﬂ”“....-..-.....-hOS'SULﬁﬁr

SE..'..........Legomis SPs essveserrssenssesenc. Siniizh

gp...-.........Nicronterus SDeveserscrsosnrseses 0AZD

———

CTYSOlRUCASesssstfOronlznnus CTYSOlaUCaSeseveeesnss gOlden shiner

Stilglgi........Notropis stilkivg .-..............Silvﬁrs*”icﬁ shiner

telanUs,.eeeessenilntraonls ﬁDYRUVSCan'Ouo-u-uov-...”eeﬁ sainer

VPnuﬁtu%........”D rngin venustus .t'..'......ll..blachba*l Shlnﬂr

Carrodessesee s P2rcine cANXedag.eeeecsarstariaess 105 Darch

_":' n‘b‘;rqfa(:iqta’ L ’?':rci“a‘ nl"'v”j_a:{_l,‘a. P P00 00 Do .blﬁ("‘{ha{‘."le'i dl’:‘{,?f
Ph“ﬂﬁcgﬁieé iB..........................-.....o......mlnnows

Pf“.(ZPL"E}.‘?S LiRo..-....-.-o.........--....--.-..n......’!‘il“ WOWs

- - ~ i T o oms
Pocous Cth4OFﬁvna-oI.c-o-covoanooca.'r-v-.nnnooo#ooo”h;ue basy

LOCATION OF THE STATIONS

Station 1: Choceolocoo Creex, Highway 9 Eridge crossing. (centrol)
Siation 21 Choccolocco Creex, Highway 109 Tridee crossing .«
Staticn 3: Cheeha Creek, Highwavy 109 Bridge crossinz. (aa:iral;
Station 4: Choccolocco Creex, Highway 77 Brxde crossing.
Statlon 5: Coosa River, Highway 72 Bridge crossing. (contoni)
Statlon &: Coosa River; Stemley Bridge, Logan Mariin Eazsesvoir,
Station 7: Logan Martin Reservoir, a2bove Losan Martin Dam,
Station B:i Logan Martin Reservolr, ba2low Logan ¥artin Don
tation G1 choccolocco Creek, Hignway 109 3ridgze cros:x*g,(c stwsen station 2 and L),
OTHER COMMENTS
1) Average weight - the weight per fish from a composite sample of fish of approximately
the same length & weight; given in grams wet wt.
2) All Aroclors are in ppm based on wet weight. DSW 030822
3) (--) in a column means that the data is not vet available.
4) The DDE column: an (X) is placed in this column if the ng of peak 100 (assumed to be DDE)

represents greater than 30% of Aroclor 1254. When this occurred, the data was adjusted
so that the peak (100) represented no more than 25% of the Aroclor 1254, and this data
is presented in the table. (All) means that only DDE was found in the sample. (This
hopefully eliminates a great DDE influence on the data.)
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Tabliz 1
FALL L0/5/77

Station 1
Canplz Averzrs
Munber - Species Welight 1202 1254 1280 Total Dok
30 Y. macrochirus 2732 LULLO L0000 LG L0000 all

61 " " $2770 07062 L0545 LCO07C 1359 x
€2 ‘ " " JUB5E L0169 L0585 L0070 L0425 X
29 " " L5410 .00C0 L0000 L0000 L0U00 all
64 L. megalotis «73332 +0276 L1435 L GOk, $1733

A0 L. macrochirus JBEPYL L0852 L0952 Dik3 «1958 X
28 " " 1.0123 .0213 L0855 L0013 J0R0 %
63 " " 1.71599 .0329 0829 L0081 W17 x
€5 " " 1.7672 «1199 L0558 L0034 1803 X
57 M. punctulatus L,.8570 +1046 L1403 L0D”Y W2511 X
58 ¥, cocsae 6.7 50k L0814 iR Rele; .0lcd 2972 X
55 M. mnctulatus 8.60121 .5527 1.59R82 0145 242555 X
54 " s 11.8104 0149 L5272 L0007 LOLLD x
55 " o \ 12.9%58 L0171 1705 LOOUG <1925 X
€6 H. elowarun 2,2GEh L4163 Lokl ROMGY <5303 X
€7 " " L,5829 .0030 L0353 J02s L0300 X
a4 v v 6. 710 .04737 L1014 SO0 1553

O " " 7.4993 L01sk 7573 SINEG O3 X
71 No venustus <3340 L0035 L0551 02 L0917 X
e " " AT L0195 NGPPIS L0300 REARP X
e s " S L0128 L0700 R S50 %
£o " ” 1,515 L0052 L1295 TGN L1050 x
75 Py nimprsincinin 2k7 0235 oPs SRR 1.0537 X
h . v NGIIRE .0239 SOl L0245 LOBGL X
73 " v 2.6 0201 L2250 LT J3210 X
52 P. cz=rolas 4,2505 0433 SOSL0 OO L1523 X
53 C. a:tinis g L1056 D778 LU Jdlab X
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Tabvla 2
Winter 1/15/78
Station 1

3armple ‘ Averagn

Namber Specien Welzht 1262 1254 125 Tota DDs
175  H. etowanua LGED 1201 015 5503 e —
o 1.5500  1.4965  1.2519 L5285 2.2774

173 " " 1.9776 <0735 «0577 0225 19550 x
172 " " 2.5081 1505 1548 0826 L3520 X
171 " . 3.L265 .0050 .0320 L0130 L0502 X

167 L. macrochirus L2242
168 " " 187 .019% L0575 L0010 NIREN x
167 " o . 5L .1633 L6067 £1150 L8561

176 Mo venustu: L1047 1975 .2003 RIS LAl
175 " " J4980 L1201 W2U15 L0505 L1224
17" " . 2,1670 5813 . 5436 L9490 1,720k

166 My punctr! st 11.45 1.7163 6.5E70 1,G478 10.25173

Sample Average
Kunmbor Spect - selgnt 1742 124k 1246 Trial Lz
20% L. macrot - L35 030 L1083 Rawes e1412 X
("} Lo m‘:’galo Lis ;Lll""l 00525 .1Q0? »O{":\Q 03\))3‘:3 X
289 L. mzcrochin .f?l? .Co32 « 3325 L0503 Wiz x
294 L. meszalesis LOELD 07202 L1022 L0L7 s 1505 b'S
270 L.macroatfro- ,72C5% , 0UT7 .1521 LOLTA L0838
201 " " 1.0221 '1655 .7Qgg .U7§ﬂ '9}35
20 L. sp. 1.28582 +0375 LJ1A0L7 L Qlisds REREHEONY X
202 L. macroc . ivna 1.3543 03957 «1351 D27 E 02554
2R% 1. sD. 1.,0255 .0220 2015 L0577 Lol
2845 .o 1.7L72 .0253 L1078 L0203 1955 z
287 " " 2.54E8 05372 L0700 L0055 L1154 X
271 N. venusta, ,3190 L0408 .2317 LO570 3223 <
T " " Nk ,G700L L2023 .1297 LOLLE
273 " " -9673 L0755 1532 LOhze $ 27060 x
Tl " 1.8291 L0532 ,1535 L0411 L2233 X
277 M. texanu: 1.72335 LTS J1Z202 AL Lizd X
276 " " ,5472 U7 L2LEG L% L3533 X
275 M., venustos 3.9965 0917 .2732 L0385 L1106 X

DSW 030824
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Sample
fumtar
278
279
260
231

282
283

Sample

Hunker
52k
523
522
521

513
517
51
518
515
515
5G9
510
511
529
525
527

£~
£19

507

Specien
G. atfinis

" "

P, nigrofacizta

" "

Speclae=
G, aftinls
L1] "

" "

N, stilbins
" "
N, venusius
Ne Sti}.{\{. A5
N. venu=*usg
" ”
He etowamm
" "

" .t

.. macracoioes

1" "

coosae

.« PUNC'uiatuc
L

Table 3 (continued)

Average
Waizht 1242 1254
03016 0252 01038
. 5290 .0509 <3015
6122 0483 «1730
«7755 1122 -2700
1.2649 0696 »3399
1.5836 .1166 3040

Table 4

Summer 8/3/73

Statlion 1
Average
vYeleht, 1202 1254
L4732 0537 2234
.5721 0625 1652
L7652 LOLAD 21258
1.1721 .03835 #1240
L4348 1694 +3835
1,84293 .1055 3017
2,178% .1332 e 3650
2.4317 LO3G «1343
H.UCSE W 0H72 $ 2155
3,8¢15 7235 1,1040
1.07¢2 . 0535 +2753
1.6502 .0L90 W2L85
1.8572 0233 .1073
3.0578 .0210 W 1592
1.5488 NS <1350
1.7708 LO75L 2497

L1756 G710

1260
0573
.1C35
.0373
0731

1275
.1530

DSW

Total
24393
JA4521

020_):)

<4553

5374
L6137

Qa)

xxxx[%’

Total - D¢
3455
. 2391
02157
£ 2012

1S
>3

N5
G50
. 5(32(,
2459
L3620
2,031

X PR A T S b XK;

°
(VSIS

A \a
4 U

1) 1~

- . -

LS

O N O

~2 Oy~

W O Wn
>
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Samuvle

Nunher

o
243
2Ll
2u6

25
245

76

7
8o
78
77

83
gl
85
Pl
82

Species

L., cyanellus

"

LS

M

L. megalotis

coosae

”"

affinis

anaaalan

(L)
t

3]

vernustus

"
1"
t

Specien
e B oe it
venusztus

"

. punctulatus

ey kA
megalotis
"

3
er
(D]
2
1Y)
hi
3

»

Averagz

Veis
eight

7.6E03

25,3539
30,6732
35.9327

6.0728
19,3908

2.3741

2.0577
3.0577
5.9165
8.0441

L2146
.3571
4937
s
1.1023

Avarage
welghty
JB7Y
7639
1.4900
2.58?3
3.00e2
4.5071
9.0587

5.1CH%

1.7815
2.4115
3.7003
Q.305%
10,1256
11.6537
14,8732

3.2172

Tahle 5

Fall 10/5/77

Station 2

1242

11.6756

6,7503
9.1720
9.5503

2543957
11.7530

2243513

58.4825
50,6953
49,6289
52.8870

78,1123
17.8513
20,7556
63,7489
53523

Table 6

¥inter 1/15/73
Station 2

12802
Q,2744
15.7656
17.2:27
17.55240
11.8716
12.2032
15.9476

19,14v0

15,3824
15.2825
6.3054
10,7352
13.3570
8.5603
4,643

25.253%

2947584
23.9907
24,2603
2k, 2899

70,3913
21,3318
20,6274
30.431%
5.1282

030826

DSH

Total
25.5510
17.1581
17.3537
15.7319

55,3300
28,2754

1.4610

95.5410
75,5020
74,5970
82,0420

109,4145
40,5730
b2, 8971
G¢3,1767
10.9797

Total

18.61499
36. 0587
39,5106
37.2453
273157
31,1118
34,2385

Q2.1491

33.6252
37,7597
16.6583
30,6880

3.5580
23,0140

17.5577

5.33190

STLCOPCB4014788



Table 7
Spring L4/11/78

. Statian 2

Sanple Average ,

Nunber Stecles Welight 1242 1254 1249 Total
295 C, anomalun 6.2150 21,9168 13.6765 6,3407 L5 ,9342
296 G. affinis 1.0331 11.,78%6 11.5362 3.6411 26,9670
297 N.venustus 8392 13.2897 11.5408 3.7021 28.5327
302 " " . 3.0358 7.8671 5.9867 1.2732 15.1272
301 " v 3.6547 11,1193 749279 1.7042 20,7514
300 " " 5605 8.2131 5.7937 1.5121 16,5190
303 M. chysocephalus 5.,4670 5.0636 3.3106 .7402 9.1 514
0L LS R 6.8252 5,8821 4,9030 1.2389 12.0241
270 N. venustus 11.1828 11.5900 10.232% 5.35%3 27.1773
20R " " 14,2448 8.2627 5.7536 2.0702 16.1055
305 L. megaleotis -5.8778 5.6467 L, k591 .95S5 11,0718
305 " o a,8022 4,3783 2.7771 L8175 7.5730
373 M. couune 80.0912 11.3965 11.4915  5.3075 29,1556

Table 8
Sumner 8/3/78
Station 2

Sample Average

Nunber Sve 3i=2n Weizht 1242 125k 1250 Total
Lol "Phenacabius spe L5723 17.3131 173.6177 3.9523 32303
Loo " " .8847 22,0199 15.33%9 5.0202 b2,3762
409 " " 1.0193 24,4709 15,4%52C L, 1267 L4,3537
L8R " " 1.4740 17.9782 12.2432 3.5661 347345
L57 " " 1.7675 18,9130 12.918i 3.3914 33.2229
Log N. stilbius G782 14,1761 17,8947 5.0064 33.6792
105 T " 1,1343 14,6003 172.28C22 6.4%38 33,8665
1,979 . " 1.5G070 21.3355 20,4323 2.53%0 55,3503
Loy " " 1,.494% 17 4077 15,2987 B.2002 43.9157
Lep " " 2.7637 ?1.1590 76,1909 11,681 570071
504 N. venusius L,8050 15,7528 15,8459 10.4320 43,0317
503 " " 8,5L10 14,1797 12,2629 &,0068 34,5044
502 " " 18.1003 B.671L 21,5143 12,2488 L2,4373

DSW 030827
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Sample

P"uf". [0

497
507
505
506
Lo7
549
552
551
547
546
545
5.8

501

i ele}
500

550

Sample

Number

93
ol
02
a1

ale]
GO

ea
&7

1 %e)

ui

85

L9

26

Sveclns

L.
L.
L,

”

L.

L.
L.

"

L.

G.

"

ile

L.

L. macroshirus

IIF

L. macroachirus

H.
H.

G,

"

sP.
marzinatus
megalotls

[1]

1]
macrochirus

11

"
cyan=1lus
megalotis

\

macrnchirus

affinis

n

munctulatus

cyarallus

"

cyanellu:
etow i
etovanun

afiinia

coora2

Table 8 (continuzd)

Mvidge
Walght
«1913

44,3067
B,8553
11.3385
13,3094
23.102%
25.6936
33.0074
33.7480
37.2835
46,8470
L6 ,8784

2270
7127
.B057

34,6773

1242
5.8472
21,6036
9.5920
8.0930
14,2405
7.8549
8.6778
5.3582
6.9748
9.97k5
2.8570
10,2453

I, 5827
14.1007
12,0705

6.0809

Table 7

Fall 10/5/77

Averapge
Weizht

N
L]
[
O
D
I

Station 3

1242
1.2Co4
L1851
2775
e 2397
02875

»0931
.1192
0352
1533
1827

:1112
L0543

1.3330
05932

0352
.0000

7+1229
9.9947
6.7556
9.3672
5.4105
54700
7.9260
5.7048
8.0663

L.C005

12,5373
10,8732

&, 8507

1254
2.5538
2.5927
1.8724
1.0488
1.2372

w1519
L3087
0375h
1.0373

L5082

5.4531
2.7059
3.1280
30 ?‘378
2.2573
5.5837
3.2930
2.6791
3.95240
L6777
3.4511
+ 53523

2.6769
2.0470

2.3704

o)
N
[SH SO
(-}

(W2l s AW, BLY N it

L L] L]
oAV A Y AL B

KOS N Cl)c’)

m
Y s
oy G O\t

Totxl
12,9672
LE.0557
19,5370
18,3445
27.5032
16.8723
21.6235
17.0618
15,1244
20.5976
13.2395
21,7628

9.1527
2943152
24.9910

14,3022

O
Q
o
M
}..J
—

STLCOPCB4014790



Table 9 (continued)

Sanvle Average

Hunter Spaciers . Welzht 1242 1254 1260 Total

R P, nigrofaclata 2.8013 2,3550  7.6003 .0356 1529550
22 " " 3.4142 .0040 L3003 L0102 A132
39 " " L6827 7104 q.uh27 6507 L.,68y7
98 C. anomalua 1.5232 1.8%91 4,203 .« 5237 6.5008
99 " "o 243961 L1163 L7078 0947 L0166
97 " " 3.2028 .1229 5601 Mol 2074
100 " " 7.1151 .1182 1.2077 +2351 1.5616
101 " " 9.5720 L4750 1.7011 .1850 2.3653
95 . " 11.2848 L0470 Ja22l + 0257 L4950
102 " " 14,1009 .0091 2.07°5 3143 3.1532

Takle 10

Yinter 1/16/78
Station 3

Sample . Avernge

Misber Sprnine delghs 1242 1234 1240 Total DL
202 He €toznun 2.9003 «03350 0032 L0220 .153%0 3
203 " " 3.0511 L0117 L1188 U353 L1859 x
201 " " 5.6232 .02%¢ L0657 L1629 L1420 X
200 " " 7.9L79 L0299 1285 L1539 V1774 X
169 " " 10.2373 L09u7 2560 .1230 L4750 X
198 " " 19.0121 0287 1753 0337 2374 X
197 L. megaloiin 23470 + 5936 g L1047 1.1795 X
196 . " 3.9173 L0247 .1205 L0065 .2178 X
105 " " 10,0416 .09%2 2371 L0917 L4281 X
269 L. macrochirus 70,3218 .2530 65591 21532 1.1155 x
104 N, venustus JLoul LLOGH 1.1603 L5260 2.0225

DSW 030829

STLCOPCB4014791



Table 11
Spring 4/14/78

Station 3
Sample Average
Nunler Specles Velzht 22 1254 1260 Total DDZ,
325 N. texanus 1.7199 3255 1.3586L .5551 2.2575 “‘“
324 " " 2.0627 1,2005 3.4823 1.1332  5.81%2
314 M. stilbius 2.3725 » 5026 2.1819 7252 3.4158
323 N. texanus 2.1045 . 2679 1.6780 . 5486 2654
322 " " 3.7161 3149 1.13569 22927 1,7466
321 Ne. stilktlus 3.7572 «3600 1.0975 + 3195 3.0607
310 N. chysocephalus,0015 +7019 2.6689 .92395 4.,3104
317 N. stilbius L.0391 7624 34515 1.2379  5.4319
320 ” " 5.2842 1.9309 B.1754 1.7471  11.8515
318 " " 5.8106 J2LH7 1.1399 3535 1.7423 %
307 N. venustus 9,5501 23290 572 2438 1.02402 x
308 L. macroachlrus 9,2244 «1135 «3576 .1633 6351
309 M. coosas 6,2905 L1490 1.1311 H357 1,014
319 P, nigrefaciata 1,2640 ,1918 .7353 3605 1.2879
31 C. anomalun . 2.7370 L0347 6033 1639 , BT
315 " " 3.5213 «2391 1.3250 RUR 22,1066
313 " " L, 2492 .C701 <3253 L2275 5281
311 " v 5.6547 L0507 2225 LOi54 3150
312 . " 7.2257 +2333 W25t L1850 L8435
375 " " 20.L525 1316 «3571 L0701 »5593 X
DSW 030830
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Sample

Numbar

104
105
106h
27

117
119
120
3103
122
123
118
124

25
115

108
109
107

111
110

12
113
110
115

M.

Spacles
rmacrochirus

megalontis

"

"

macrochirug
negalotis

L1}
”

"

cryasl=aucas

cerulianum

1"

capralas

€

oune. iator-

Tabl= 12
. Fall 10/5/77
Station b4

Average

welcnt 1202

2.19566 5.1518
2.9817 6.5%07
3.,9124 L,4537
L,8u91 L,.5163
4,8733 2.1854
6.3104 3.0310
7.5704 L,5382
8.730% L2830
11.424G 5.0554

13.7299 7.1843
14,100 6,2773
14.8C35 5,2245

8.074Q 1.2270
§.45HY 1.3788
Q,737% 9.¢501
10,0012 14,2057
11,3495 7.6043
1.6752 6,480
3.3003 - 12,8138
L L5533 5.5770
S.4300 8.4165
8.5202 6.0522
10.4935 31280

123

6.125%
6.ECCS
L2055
5.6 -)l
1.8547
3.5681
4,5078

DSH

)—J
N
N

L]

»
y SN R O S o

.

NN G

‘e
~
o
Y CY

Pt e fed e
»
wiln -3

[QRANS]

YOI GO N D T O U )
SY RO D T 0 b Y NN WD

3
?
o~

030831

“P—lp—i
o]
qr'“
\nfw
[ Pl
T

1610
-3355
0450

« = > =2
(D +T 0 ¢
« N W

.
N
SNV SRV,

.
ANae]

(DWW TAn
[N N E WS R

£ O\

»
~.
[

b RO D ND N e ND R
oL .

AWE RN
.
]
<

2ad.1l20¢

15,7008
25,7790
14,5702
24,3200
<

<t $L*QA

13,7523

STLCOPCB4014793



Sanple

Number
212
204
204
2095
21k
215
208
217
207
215
213
253
252
251
250
249

211
210
209
247

210
218

Sample
Ny -n‘)er'
))L
331
331
329
3710
328
327
326

3

Species
L. megalotis
L.macrochirus

" "

W 11)
Lemegalotis

[y "

L. mazrochlrus
L. mezalotis
L.macrochirus
L. neFalotis

”" L1

L. macrochirus

De cep=dianun

" A1
" e

" "

e €cCcsAe

”" 1]

Srenlaes
L. marginatus
L. nasrochirus
Le marinatus

M, punctulatus

Table 13
Winter 1/16/78

Station 4
Average
Helabt 1242
G900 1.7594
1,2250 . 5055
1.3258 L9
1,7458 1.3363
1.5308 2.3300
2.1524 2.8515
2.4059 1.1450
2.5511 1.41G4
3.4132 1.2149
4.1435 3.5729
5.1205 1.5357

“. 23021;4'8 -

29.8491 542795
39.3579 6.1021
49,6747 6.2332
6L.3015 3.1502
7.3337 W,7863
7,534 6.2321
10,1191 2.6004
34.11kb 7.6749
9.7859 5.63358
14,4092 3.5215

Table 14

spring &/i4/78

tation &4
Average
Welzht 1pi2
247325 1.3951
3.32482 1.0077
3.7239 2.8255
4,334 5,054%
L.8337 2.5223
10,5141 1.3624
13.5351 3.2574
20.G773 3.0553
10.9306 1.6387

DSHW

1260
1.5750
JGuk4
1.2132
1.9391
2.0040
L.,1437
1.4338
1.3360
2.2212
1.7201
Reielold

’_l
N
Y B el RON
(]

9 a . - - L ] .
O LW NS N
A=) OO

oWwW NN T

030832

To

[ad
fo
yd

w\u‘\l
N O)’J
u\O(\) ~J
OO

Y
.7
‘o8
NE

(o)

6. 7769
12.9071
5.3b59
6.4839
6.9671
G.2652
5.,4800
16,4054
16.2020
16,5891
3.7012

Total
11.5555
5.5k
8.9215
2L 7345
1C,507)
9.7743
9.6568

17.7230 )

STLCOPCB4014794



Sample

Numtbter

423
L27
430
29
426
425
Loy

L48

41
Lyé
Ll
435
Lip
4ig
Ly
hhyte
137
149
k31
L43i
L33
432
Ln3
439
437

Specles
D, ceredianum

" ”

Ge affinis

Le maerachirus
Lv Sp.

" t

L. cyan21lusz
Lemacrochirs
Le microlophuz
" . “”

L, maroinsgSas
L. cyanallns
L. macranhi~ues
L. cyanallus

o "

" "

L, megai=tis

Table 15
Summer 8/3/78
Station &4
Average
Height 1242
2.7453 2. 5087
27939 3.3218
345307 2.3174
3.8151 2,1136
4.5503 2.6393
4,9130 3.4383
5.0738 2.,4676
+2859 343761
3751 l.0072
4205 +9603
+5133 1.32255
+ 7155 1.8775
.7595 1.5%93
8277 2.3773
»8332 3439704
1.,0067 2.2503
1.0405 1.3977
1-0956 2-761“
2.2295 1.821¢9
3.1457 3.0221
3.9559 10,986
8.7307 305268
"10.9301 L,0612
10. 9ge8 349904
11,8181 4.3049

\
—

P
[a¥]

1
o™

C AR

] s -*
T 00 =
LILAaw O

OHQ'Q ?“ﬁ o o

(2%
)
]

&N
Ot
[SaN

342355
5.7723
7150
343517
Q. 2nlus
3.8224
h,5257
75557
7.5575
5.9722
21.2335
6.6%C5
T.LGL3
7.1512
73675

DSHW

1269 Totel
.850% 6.5905
1.5121 9.7521
1.2510 6.1887
$7325 545326
7027 6.0649
1.6573 10,0042
0272 547161
G.3333 19,5970
L3938 bha253)
1.0793  s.0087
1,3057 3.57E69
2.4953 10,1L93
1,7222 79987
1-‘!"',’1:5 ’-?255
3.2505 15,5047
11,0408 £.3277
1.5519 T 7RG
2,558 12,6837
515 % 14,0231
Z.2235 13,2427
8.3546 LCLTO7
L, 0ol Liou&00
3.0023 15.:673
3.2618 12,5236
3.5538 15.1551

030833

STLCOPCB4014795



Sample

Number
14}
142
128
146
144
1L8
1k9
32
147
31
150
129
143

137
133
176
139
134

138

~ -

Svecles

L. macrochirus
” [1]
Lemicrolorhus
L. megalotis
L. macrochirus
L. megalotis

(1] 9

L. mierolophus
L.megalotis

Lo microlophus
L. megalotis
L. microlophus
L. macrochirus

Pimephales sp.

" ”

D, cepelianum

” "

Ne Ccryrolaucts
Ne venuztus
M. punclulstug

P. caprodes

Average
Weight
9050
1,L070
2.0400
2.0864
2.1:353
2.7171
2.7849
2.8558
3.1929
345555
L,2168
5.9076

11,4259

1348
1952
+9168
2.1683
2,217k
2,3221
2. 4670
2.61%5
3.3437

5.0249
17,3150

1.5495
1.4312
5,0548

12,1416

Table 16
Fall 10/5/77
Station 5

1242
1674
1057
21187
W1636
2172
.12
.1817
0799
710
1517
.268’4‘
.1082

.1390
SInN
.2438
.1857
1738
+3382
.3901
1939
$5022

L8754

1474
1557
1245

L4592

2.1071

DSHW

1250 Total I

0572 1.0579 -

.0U77 7945

+OELY .7072

L0084 1.1124

.2130 2.5003

.C5C) .9552

.0915 1.2695 . x

02L7 « 554 X

.09350 1.3362

QO‘,il.l -9772 X

L1342 L9356 X

1339 1.7637

V1740 1.5819

L0587 245217

L0278 1.1352 x

L0642 1.868%

.Ca08 1.5767

.Cose 1.4200 X

,1055% 2.3G82

L1771 J 4702

L0706 1,600

2522 5.09583

L5280 2.3157

0966 34237 x

L0886 6530

J3CL5 2.,3201

«3558 2.5370

»0977 2.6640 x
030834

STLCOPCB4014796



Sample

Number

227
228
226
221
225
222
223
224
257

229
232
233
270
230
254

220
255

s

250

M.
Mo

Roccus chrysouns

Specles
macrochirus

megalotis

1"
L

"

macrochirus

cepedlanun

punctulatus
galmeldes

Average

Welznt

v 39350
8707
1.0892
1.3617
1,9668
2.0925
3.2926
3.6123
30,7078

4.2895
L.9291
5.5039
6.2679
9.5379

26,1044 -

2,7074
21,4459

Lg,77:2

Tatle 17

Winter 1/14/783
Station 5

1242 1254
<0032 .00730
L0084 | 1849
0248 W2611
0291 6271
.0315 . 5547
« 0506 6700
.0357 .7059
.0330 . 5618
. 5084 2.5102

+2153 1.2418
L1850 l.2cu6
7791 1.8635
» 5542 1,995k
, Ol52 4733

1.0286  2.6953

.0u03 1,0657
«2243 1.37%5

.3851 33,0676

1250
+00E0
» 0316
064
1036
0784
0700
1059
L0814
6555

L07L2
1.2017
-6975
. 1{’:‘6.!.
OL93
QLY

. 3592

.OL20

Total )
0523
+2250
. 5504
« 7599
55650
.7908
8476
BH763
3.6770

1.5314 x
1.5C13 x
3.5403

2¢?077 . X
. 5583

L.2184L

1.2691
1.9701

L2548

OSW 030835

STLCOPCB4014797



Sample

Number

350

351
378

352
379

360
359
368
362
360
363
347
358
364
355
354
354%
353
355
377

355

Lo

L'

Species
runctulatus

ccogsae
"

cepedianun

"

macrochirus
"

rargirzatun

Lesymmetricus

T
e

L.
Lo

L.

L.

(1]

N

marginatez
symilzriens
markFinatus

"
”"
"
"

macracnliras
1

megals iz
"

Spring L/14/7&

Average
Weight

5.7950

12,5882
35,5847

16.2935
28,0201

1.57€1
2,6700
2.8L85
3.0063

<J.592h

3.878L
4,7420
4,8337
5.6612
7.10731
7.9334

SETIN

11.74L53 -

20,2248

3.7516

TalLle 18

Station 5

12h2
+0520
1355
3545

L3431
L,0385

.12G9
Sk
0510
0559
L0795
.0135
1268
«CO%0
0351
L0875
0215
1713
,0593
L0913
«1379

L0953

1256
0232

1,7023
2.9622

. E5ch

16.77¢2

L8055
8678
7594
L6055
.34643
.81€0
L2377
$ 765G
1.,2764
o387
2.565%
1.0757
1,772

s

g

st

3¢66

DSHW

0972
«3807
« 5359

.0336
1.3719

L1126

L1649
$12G5
0707
oLy
L0358
05852
W 1554
L0352
0520
,0350
23165
2538
W17

#1301

6533

030836

=]
»]

s
hY

[
9]
[
{23

1.3031
16-1667‘ X

1.,0Lgn
1.,0359
1.0395
. 8582
.7E03
162
1,020
1.6931
L850
1.4258
LFRED
34577
1.3708
2.1002

1.,2570

4,825

.

STLCOPCB4014798



Sample

" Nurbter

L12
411
Lob
L10
L07

bz3
L18
k20
L21
L22

L05
L02
Lol
L0o9
503
413
417
4%
416

L1y
408

Mo
”

\
P

M,
M.

D.

L1
"
(1

”"

L.

Specles

punctulatus
"
salmolides
punctulatus
salmoides,

ceradianun

L1}
"
"

114

macrochlrus

nic¥olovhus
macrechirus
megaloniz

ALCTCeCnLIus
i

Pivernzlars sbp.

"

Table 1G
Summer 8/3/78

Station 5
Average '
Weicht 12472
1.7578 «100L
2.6238 1054
9.1917 « 0683
9. 5690 +C56Q
11,0993 .0812
. 3889 -
2.2079 -=
3.401C 1E64
3.7027 «25%6
4,7950 «1352
497 1165
6123 .0707
.7680 .08ul
1.0u64 L0852
1.8527 »1560
7.8234 +1333
8.3555 ,27%0
10,7245 L0618
13.02:8 .0337
»5221 470
1.4726 1663

. 8107
1.0308

5559

501G
« 7435
JL5Eh
. 5786
1.3139
LSeol
1.8357
» 58741

4630
1.7726

DSHW

L1934
L1482

1051
» 0690
.15383
1227
OO0
1008
0327

W56y
<3653

030837

Totzl D
« 702G
1.1665
«Sh74
.B1AL
3.6A58

i3

|

~

1.1G07
1.4798
.7“70 X

$7236
+C558
L0020
« 7519
1.5238
1.2222
2.3175%
L7305
” 2 ’.5%‘3

1.35507
2.3C09

STLCOPCB4014799



Sample
Humoer

20
21

155
L6

1lcl
153
Ls

152
151
155
Ly

260
262
241

253

Lo

%
L5
=0
L7

Sample

Nignher
349
3U4
LIS

345

Spacies
is venustus

Fimephales sp.

.. megalotis
L.emacrochinin

L. megalotis

"n "

L. macrochirus
L. megalopis

" "

" o

L« maccochirus
L. megalotis

Specinsg
M. punctulatus

L. marginatus

L. magalctic

L. marginatu:z

Average
lleight.
1.3038

2,7u64L

3.4635
L,1023
6.3954
7 .6449
7.9668
8.5113
10,3570
11.£250

1k,7L4)

Average

weleh
aeiocht

4,0055

6.3393
7.295%
8.0027

Tatle 20
Fall 19/5/?8

Station 5

5804
J70RS
4553
0043
<3733
1.4133
2672
L0758
1.24C8

1.3533
1.4215

1015
1591
L3700
«23F7
1.0589

Table 21
Spring L/14/73
Station 6

123!

1.8260 .2473
1.5335 1266
1.9740 L0731
2.0330 A8z

1.3308 L2034
1901 L1508
3.7560h 3517
1.0065 L0135
Lokoer D31k
5,0528 LB07L
2.1%%0 2018
2.6150 3503

3.9384 $2G

3.3548 « 575

2.1351 LOTen
2.L943 L1220
2.4385 14527
2.,100730 LRI
Q.63UG LOTA
125k 125
2,053, . 543
L,AER0 1.11¢
3.3095 1.07

DSW 030838

&~
[
3y

ey

AW

:\_ﬁ. L
WU

U351
6.H120

1.32925

5.4803
?.2835
3,60250
3.7355
&, 5061

549347

L]
\s
U
\)

<

3.0878
6.CR02
L, 5782

STLCOPCB4014800



Cample
b5
L84
Les
LR
483
481
ué8
Lzo
470
553

540
543
539
5k
542

479
L7
480
L7l
k79
u72
L7733
L™
556

557

L77-
L76

L.
L.
L.
L.

1]

IJ -
L.

L.
L.
LI
L.
L.
L.

M,

M.

Specles
macrochirus
"
cyanellus
macrochirus
cyanellus

”

marginatus
megalotis

marginatus

"
megzalotis
marezinatus
mezalotis
marginatus
SE.

punciulatus

"

calroiden

”"

pmctulotuz

[

-
carrcles

venustur

Tarle 22 -
Sumner 8/3/78
Station 6

Average
Wz2icht

1.1601

1.8°03
1.8782
2.6563
3.1444
5.1142

12.5237"

13.3776
1644201
25.1057
28,8143
L1 ,3u26
43,0162
59.6801
99.6uL5

2.7292
2,7u82
3,3104
6.989%
7.9340
14,4216
18,3747
18,4907
19.8603

22,1916

6520
1.4G01

125k

+2205
1.1206
1.2305
1.0719
1.7011
L, 59G5
4,0314L
h4,1764
23066
L.,1005
2.1405
9.8712
10,5233
747300
3.3055
2,86573

2.0910
1.693
1.5235

2,3272
1. L5440
652

1.555%
2 » 1851.

2.1023

243840
24L1173

1250
2310
»1582
.2039
1h74
<3173
+8790
1.2183
«1357
«7539
36453
3.5746
31994
« 5170
3375

«3723
3723
«2730
» 5104
L2002
W 2077
<3238
5511

18,3163
173.8258
544062

349525

3+0259
2.5003
241167

DSW 030839
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Table 23
Fall 10/3/77

. Staticn 7
Eamfle Averagce
iumber Srecies heigni 1?&2. { 2
) . ) . 1254 75¢
%Zj ﬂ. pun&ulaLUS 1.3453 1.0318 ¥1133 -%f%% TO;;E
163 . 2.5153 .3365 1.5305 o130 o edes
162 " " 3.6025 4535 1.3513 2767 5.o821
160 " " 3.28{3 «3239 1.7652 1350 3:555'
1o X " u.,ogs « 2267 £ 8315 J1518 1.9i°g
152 ! ’ g.?QJS L4372 1,810 1901 2.0366
158 ’ " +5518 2158 L5001 .0585 1.210%
8.9292 12035 JE516 .3188 1.3009

35 L. m2alotis 17.92438 U055 1.0550 0250

2(6 " " s, Pl 2 .z.r\,;,
< 22,8646 HLEL 2.69L2 S Lei5%0

3.9269

_ Table 24
Winter 1/14/78
Station 7

Samfl3 Avernge
amter Sroatsa Welent :
R R neien prriiel MEs N |
B e g T T T e DS AN 1242 125+ 1770 Toral
o e TINCLUINTUS 2,154 Qé T A Eanow 2y
125 ol S 122505
ar N - !
?:ﬁ D. coi=dianun 54,4145 L£QLD o mens 14 g
41')'3 ” o 6'3366 18&%'. . i.oh/r:~ --J?l }c"‘l O“f
14 “ ~ = O DR 07 : 924
233 1] 8'16/7 997« " ,‘},.: '3,-’.91\ 2.2 {’)U,
. b <2 ‘v')")"\* o:}bt}_) 3 6 ,I.,q
Table 235
Sporing 4/14/78
Staticen 7
§am§13 o Average
unzerc. LERNEALERALS Reldabs 12b2 106k 1740
%;;, ;. rioraicprus 9.1~33 e ST ii}?
. - cvanailus 5 104 e — T
. C 15,2095 J1250 L3TE0 1783
L . atul s tun S
2&% e Buan nctulitus 2.9’)";3 .2’70(_’) 1,51¢2 L,.,-,B
" " -~ o M oot
51;1 " " Z.(r)’;/?-? .1982 1'3377 02851
2, .23i3 10776 L3553
)40 " " . g o -8~ . bL')
330 o pABaCE L2y 2.0505 .35
6,824 L311h 1.1550
338 u " Q O“C? oy ¢ =0~ '3513
9.07¢ . 20732 1.3L71 £041
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Zample

Welght
hAglzhb

534
534
530
535
533

M.

L.
L.
L.
Lo
Lc

Le
L.
L.
L.

L.
Lo
Le

Species
punctulatus
"

« nalmoldes

punctulatus

cyanellus

macrochirus

"
megalatis
marsinatus
macrachisus
nacTochizus
megslotis
marinatis

"
nicratncnus
cyanallux
meg2lotis

"
narzinatus
cranzllus
marroenirss
microlopatus

™
J3
Summ

Cha

[WREI-S

Average
Helght
1.6670
2.0490
2.7576
2.9452
3.2G8¢
3.7885
6,0870

1.2132
2.34448
8.c0oL7
16,9957
11.0052
13,8205
14,0507
1u'hp10
15.9551
17.2815
17,0C"
20,3733
23 qocﬁ
g : [3 d 5
BO.BrJO
31 373

Dle 26
er 8/3/78
tien 7

1242
w1673
1570
23307
. ’23 3.’1
1296
2601
3774

+2352
+3051
24353
«5855
L3386
J41s
« 5471
3182
SLU7h
6ls7
.8508
5557
W1%058
SG21h
oI
« 2602
»7329
0857

1235-
1.5275
.JJQ“\'
605
<9303
. 50314
L8030
1.6627

« 83520
+ 5715
1.3524
L0235
« 7062

© 13725

1.150%
» 4533
1.5513
LE311
1 77(!\;(
1 Ih

pa)
7~

-

ﬁ

N

'“(?)—J(\)!—J\,
‘.{Jr—"“b
\ul,~ [AS )
r.J

}—Juumu-

.
[ RV L IASFRES AN

1250
0593
« 20286
L1084
L1735
LO30H
L1548
2018

,208%
047:
LO747

#2100

0955

0772

DSHW 030841

o )

LIt Ny e
D ON\

Totx ]

Ny

L91
1.0957
1.3354
7277
1.2530
2.2417

1.2358
.91;.“5
»3515
¢.L518
1.3577

-
J

S oN) T
AR

(.4‘
A,
(03]
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Table 27
Fall 10/5/77

Station 8

Sample Average .

Number Svecies Welght 1242 124k 1260 Tatal
165 M. punctulatus 6.4358 Al 2,0140 « 5570 3.0155
23 L. megalotis » 7.1522 1,388z L,4170 4805 642860
265 D. cepedinnum 22,1524 «3510 1.73835 «3315 2.4512
26k " " 3545550 1.6642 L,3738 .9312 6.9692
268 Roccus chrysops 54,5175 RO} 2.50853 . 8044 3.8516
267 " " 57.2133 6684 2,8096 1.1577 4,6658
266 " e 88.5009 095014' 2025?8 L4218 3:6315

Table 28
Winter 1/16/78
Station 8

Sample Averace

Nuaber Srzoiog Welizht 1202 iz 1220 Total
239 D. coodien i TN ¢22959 3.54272 f2750 15,0550
2L0 " " L, 8650 .7835 245252 ¢ 3935 36974 -
2011 " " 6.2158 5.4625 502201 1.0437 11,7285

DSW 030842
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Sample . Average
Nunber Species deirnt 2b?2 126k 1250 Total
372 N. chysocerhalus 12,9255 W1739 05525 L0020 JE3Th

371 M« punctulatus 10.7783 <3537 2.2680L 5156 3,1415

.376 D. cepedianum 23,8031 ,7083 3.0652 6503 RInh

Tahle 30
Suxmer §/3/78
Staticn 8

RQample

Average

Mimter Spzcies Welsht j Rolite) 127k 1280 Tsta]

=55 . ECHCH Siat NN 7555 W-SEE
o599 M. punviuliius 23009 2lul 1,202 RPRVR) 1.%535
399 " " 3.9332 6453 Lo5sis L3205 2.5134
397 " " 4,4987 +9553 34220 G753 b.2349
Loo " " 5.2840 WJA114 1.3%3% 5025 2.0134%
367 M. salmolilzs 5.8758 02675 2,2352 6755 542093
325 N« chysocerhalus 7.,5252 L2715 1.5315% L4186 2.2218
401 . Focecus chrysors 12.0540 .0u3g RS L0500 RIS
558 “ " 20,6318 £ 2B20 1.370A L2573 143712

DSW 030843
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Table 31
Summer 8/3/78

Station ©
' Sample Average )

Nuater Srecias Weight 1282 1254 1260 Total
390 Ne stilblus «3753 L u734 845507 3.5733 15.6379
0L " " 2.5037 549270 13,8479 4,1800 21:.0549
386 " " . 3.7144 2.8595 5.6708 2,850 11.3554
380 N. venustus 14,2972 8.7061 9.1720 3.L903 21 409k
333 L. megalotls I ,2018 4,1511 2.7002 1.@76& 11.4334
387 L. microlophus 5.7074 .1894 1.0516 .19%8 1.b05g
382 1, macrochirus 13.8732 3.5664 5.8833 2.0669 1243156
394 Fhenacobius s7, 6877 8.5290 1209233 }.3595 - 2h,7507
393 " “ © b 1ks? 3,965 10,5334 5,0538 21.5117
392 " " 5.6187 21,0910 52,5743 14.6725 7241554

DSW 030844

STLCOPCB4014806



APPENDIX B.

CAPSULATION OF THE BENTHOS FIELD DATA
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Table 32

Capsulation of Current Benthos Information

Benthos Data*

Concentration of PCBs (ppm)

Sampling
Station Species Period Total 1242 1254 1260
1 Corbricula sp. Fall of 1977 0.14 - 0.039 0.083 0.016
(bivalve musk) (0.08) (0.036) (0.044) (06.013)
1 " Winter of 1977 0.14 0.084 0.044 0.0071
(0.09) (0.064) (0.021) (0.0059)
2 " Fall of 1977 5.65 2.86 2.54 0.25
(1.39) (0.77) (0.67) (0.09)
2 " Winter of 1977 7.72 4.30 3.32 0.29
(2.05) (1.23) (0.70) {(0.10)
2 Sphaeridae sp. Winter of 1977 1.95 1.10 0.68 0.17
(native clam)
5A Corbricula sp. Winter of 1977 4.51 0.76 3.47 0.29
(1.72) (0.395) (1.46) (0.18)
6 " Fall of 1977 1.36 0.42 0.78 0.08
(1.03) (0.32) (0.76) (0.07)
6 Anodonta Imbicillis Fall 1977 0.25 0.09 0.14 0.019
(native mussel) (0.12) (0.11) (0.02) (0.016)
6 Corbricula sp. Winter of 1977 7.97 1.99 5.40 0.55
A (2.41) (0.71) (1.85) (0.23)
6 Anodonta Imbicillis Winter 1977 2.17 1.08 1.05 0.05
(1.19) (1.08) (0.14) (0.02)
*( ) = One Standard Deviation
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APTFENDIX 8
AVERAGE FCB CCRCENTRATICH
CF 2acly GZIUs

G A STATICH FZR SEZASCH ZAZIS
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Total
A1242 Al2sbL "ALZEO ECB
Campostona
Statimn 2
fall = 21.91 18,67 6.3 L6 ,93
Station 3
fall 0352 lafl; 0.21 3926
spring 0.14 0.54 0.20 .88
Dorosoma
Station &4
fall 10.58 13.77 3,12 27 .41
winter 5¢33 6.51 4,01 15,67
summer 2408 3,51 1.06 711
Station 5
winter 0.Lb 1.56 0,48 bl B4
spring 2.19 5452 0,7 2,74
summer 0.1¢ 0.31 0.12 113
Station €
fall 1.42 3435 . 0.57 535
Station 7
winter 0.62 2.1% 0.26 54C6
Station 8
fall 1,02 3,05 0463 L,71
winter 2.17 376 04,56 6.29
Spring 0.70 3.06 0.69 Ll‘nb'é
Cambusia
Station 1
fall 0,10 0.07 0N .18
spring 0.05 0.22 0.5 0.55
summer 0,905 Colt 0.04 0.25
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Gamhusia
Station 2
fall
spring
summey

Station 3
fall

Station &4
sumrer

Hyventeliunm

Station 1
fall
wintar
suwnner

Station 2
Winter

Station 3
fall
winter

Lerccmin
Station 1
fall
winter
spring
sumner

Station 2
fall
winter
crering

sumner

AL2UD Al254
22435 24,03
11.78 11.53
10,25 9.13
0.69 1.10
3.37 11,68
0.11 0,08
0.36 0.35
0,05 0426
25,75 226010
0,06 0.22
0.03 0,13
0,04 0,06
0,00 0,33
0.05 0.21
0.05 0.14
9.":8 ?.13
10,71 10,¢9
5001 ?'61
2,48 8,14

ALZ2H0

SRR
- *
=g N

0,08

433

0,00
Ds18
0.02

~,03
0,07

2,78
0427
0,60
316

Total

EC3

OSH

51 .66
2€ .96

21,15
2426

15459

O.?_r)
057

C.35

0.11
OQUB
04,31
0.23

12,79
~8.41

RN
20,39

030849
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Al L2 Al1254 A1240 PR
Lepnnls
Station 3
fall 0'11 Oou'? Oolu‘ 0073
winter 0.24 0437 0,11 0.73
spring 0,11 0.35 0,16 0.63
Station 4
fall 4,88 582 0.77 11.20
Wint.er 2.62 L‘.L'é 2.02 3.10
sprineg 2458 5G4 3627 11.79
summer 2.97 65.55 2.4 12.37
Station 5
fall 0.13 0.95 0,09 1.20
winter 0.08 0.70 0.13 0.C1
string 0,08 1.06 0.17 175
sumner 0.11 0.81 0.10 1,02
Station 6
fall 0085 2.67 0'35 )1003
srring 0,69 3.36 0.%1 L,o7
Sumrier 1.18 3.88 1.02 .09
Station 7 ;
fall 0,52 1.87 C.26 265
spring 0.17 1,27 0,51 1.97
summeXx O.MI- 1.31 0-2 2.02
Station 8
fall 1.38 L4l 0.48 528
Station @
Sunmer 2.03 3.21 1,56 8.38
Micronterys
Station 1
fall 0.15 on 0,00 061
Wwinter 1.71 6,58 1.G4 1C0.25
sunmer 0.06 0.29 0,07 .42

DSW 030850
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Micropterus

Station 2
fall
winter
spring
summey

Station 3
fall
spring

Station 4
fall
winter
spring

Station 5
fall
winter
spring
sunmexr

Station 6
fall
spring
sunner

Station 7
fall
winter
spring
summex

Station 8
fall
spring
summer

Notroris
Station 1
fall
winter
soring
sumner

A12UL?D Al25L A12€Q PFCB
18,57 19,25 Lo32 L2,30
19,14 16,19 6,80 42,14
11,39 11,49 6.30 29,19
6.08 5485 2.37 14,30
0,01 0,14 0,01 0.17
0.14 1.13 0.63 1.91
5,87 10,03 1,61 17452
2,86 4,61 3,28 10.75
1 063 8006 8001 17 072
0,12 2405 0435 2453
0,13 1.22 0,26 1.A1
0,17 1,76 0.33 2,27
0,08 1,22 0,14 1,45
0.40 381 0.25 4,47
0455 5434 2,08 7456
0,43 1.70 0.38 2.52
0,39 1,57 0,20 2.17
0312 0.96 0016 1025
0.29 1,50 0,37 2.17
002“’ 0095 oolu' 10314‘
0.l 2,01 0455 3,01
0.35 2426 0,51 3,14
0,44 1.91 0,50 2.87
0,01 0,08 Q.01 0,11
0.33 0,32 0.26 0,72
0.06 0.23 0,07 0.36
O.ZO O.u‘l 0011 0'73
DSW 030851
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Notronis
Station 2
fall
wintexr
string
summer

Station 3
fall
winter
spring

Station 5
fall
spring

Station 6
fall

summexr

Station B
spring
sunmer

Station @
summe

A12L? A1DS5L
14,66 19.39
1k b6 13.15
8,91 7.05
15.91 18.03
0.49 1.86
0.40 1.16
0,53 2445
0.15 2,10
0,09 3,66
0.36 1.82
0.76 2.39
0.17 0455
0.27 1.53
5l 7435

AL2A0

5463
h,Co
2420
8.94

042U
0.h5
0.73

0,45

DSW
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