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In accorc.ance ·with ::m a.gree::;ent bet-..reen the Fec.ere.J. 

liater Pollution Co~trol Ad~inistraticn end the United St~tes 
Army Corps of En;i:,ecrs th:::.t the }'eccral Wate::- Pollutio:1 C:;::::-::... 
Administr~tion vc'..1ld de:te::-::-.ir.e the degree of J-::>llution of :=:.::=. 

· sediffients in h~:-bcrs to be dr?dsed by the CorFs of·E~5ir.eers, 
perso:-iriel of the L:::.1-:e g-ichit;:::....~ B:::.sin 0:'fice surveillz.:1ce z-:t.::-.:' 
made a sedir.-.ent · surver in Shebor62.n Harbor on April 17, 1969. 
The points sa.-npled are shc•,m on the tr..3.p on p_;e 4 and. are 
representative of the entire area of the Federal cha.~~el 
tteintenance ?roject. 
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Members of the S8.mpling_ crew- vere: 

.. 

Robert J. B~den 
Joseph V. Slovick 
Daniel Chor~~icki 
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- Sanita..-y Eneineer 
Hyd.~ulic Technic~ 
Boat Opcrator-s~~pler 
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COl~CLUS ro:,s 

l~ The botto~ sediment in the Shebcyean R~ver 

and in the harbor east of stations SHEB t9-7, SH:SB .69-8 

end SHEB 69-9 are heavily :polluted and should not be 

disl)Osed of in la1:e l{ichigan. 
. ..... . 

2. The bottom sedicents in the outer harbor 

;·near the outer break,rater ;1eht; the south break.iater light 

and. stations SHEB 69-5 a..--:d. S:SB 69-6 consist :pric-.arily of 

sand e.nd are only lightly :polluted • 
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Discu:;sion ------ I .. ... 

consisted of a t~..-,1 z=-nd. with no odor 0J1d little or n6 benthic life. 

!rhis r.aterial p:-ob::.:,l:t drif'te:: into the chc.nr.el from the bed or 

... , 

Ia~e Hichi~an. There is no evidence th~t it has been scr.iously cont~::.:--.:. 

byvas~cs fro~ the inner harbor. 
•. 

All of the other· sa~:ples were dark bro·.m or gre·y, had a se--.tage 
. 

or petroleur.i odor and cont~ined large sluds~worm populations. See 

Table l, :page 5. Three of these {SHEB 69-8, S!G"B 69-12 and Sill:3 69~1~: .. .. 
.... •·---·· - ·-···-

Vere cheoicaJ.ly a."laJ.yzed and tound t·o have hieh concentrations oi' i:;:ic:::~·-· 

D:1trogen, ~D, oil and crease and heavy meta.ls indicating pollution =:-· 
. 

· industrial and s~itar-J ~,..astes. The concentrD.tion of chrco.iu..':l. at 

station s::rz:a 69-16 i·s e>..-tre::1ely heavy. See Table 2 J;Jage · g. The dis~-cs:.: 
. . 

of these sedic:ents in Lake Hichignn vouJ,.d constitute a significant S-··-­..,_, 

(If nutrients and other ;pollutants to the lake. 
. . 

· .. Color l'hotor;r~phs of all of the sa"!lples collected were taxe:r. ar:~~ 

. are on file at the Lake Michigan Basin Office. 
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t. £ O·EN 0 . . 

• 14 ' Sornptln~ Point Shob·69-14 

*l2 Sample Chomlcolly Anoly,ad 

[[:.::.:] Aroo Of Hoovy Pol!u,lon 

F~-·-.-:-:--:-1 A,,,., or u,,1,1 11<-11,,.LH. 
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Sta. Shcb. 69-1 i 
t 

,. Sta. Shcb. 69-2 

. Sta. Sheb. 69-3 . 

• Sta. Sheb. 69-4 

I Sta. Sheb. 69-5 

sta. Sheb. 63~6 

f,'ta.. Sheb. 69-1 

Sta.. Sbeb. 69-8 

Sta. •. $heb _- ""69-9 
. 

Sta. Sheb. 69-10 
\ . 
J Sta •. Sheb. 69-11 

·ma. ~heb. 69:-12 

sta.. Sheb. 69-13 

sta.. Sheb. 69-14 

sta.~ Sheb. 69-15 

Sta. Shcb. 69-16 

Sta. Sheb. 69-17 

.-

.. TABLE l -...... 
FIELD O~ER" .. .:\7!C1!:S OF rcrrrcr-t 

• 

Depth _28 1 

. , 
Depth 24' 

Depth 26 1 

Depth 28' 

De:9th 24 1 

Depth 28 1 

SHEBOYGi'Ji HA.~:.o~ 
· Af>RlL 17, 1969 

- Tan sand., no odor, 

- Tan :;an1,. no odor, 

Ta.-i sa.--id, no oclor, 

Tan sand., gra.Yel, 

no benthic life 

no benthic life 

no benthic life 

no odor, r.o benthic 

Tan sa.~a, nC' odor,. no benthic life 

- Hard. botto::i., no sar1ple s, 3 dips 

life 

Depth 2~' Gray sandy clay, slight sewage odor, ma.-ir s2.t:.:: - :--· 
. . 

t:epth 22' Gra.:rbro.m sandy clay, slight sewage odor, 
many sludGeworos • 

Ro sa.::iple collected 
. 

Depth 26 1 
- Cray sa..-id.y clcy, se'Jcge ·odor, sludgevor.::s, 

!io s2=.:ple collect1=d ... =; .• 

-.. -· - . 

•r,=:.n.-• -.. -w- .... 

. . 
De:pth 26 1 · - l3r0',m clay, SE',rn.ge odor, sludge:,.,or:ns, ve·eetati;;:--. 

-··· ... ···- -
Depth 24 1 - Dar!~ • brO' .. '!l clay, se-,..ase oci~r, oany slud~e<r."or:-.;: 

Depth 24· - Gray ·clay, coal, little cd.or, fe.r slud3'=.,·or=.s 

Depth 26 1 - Grey clay, so~e coal; scwa&e odor, fe-~ slucg'=;::~ 

Depth 24' Biack-b~c-~n cla:,·, stron~ se-~a.ge a.~d F~trol~-= c~­
sludi:;e-r1or.::s, oil. ·. _ 

_ 1 

. 
Depth 15 ~ :- D:.rk gray brc.m c.J.ey, sc-,1age and. petroleu.::: cc!..::·_. 
s.Ludgc-.,,.or::is, oi~ 

.:>ta. tineb. 69-18 Depth J.2 1 
- D.:).!'k bro-.-rn cJ.:~ .. y-, strone :i:~troleu:i. a.rd sc .. ·::i.se 

odor, sluu;e-~c=~s, vecy oily 
. . 

..• 

-· 

. 
. . --
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TABLE 2 ~ 

- - . 

~ RESULTS _O? P.1!:~LY:IS C? !!O:-:c~-! SED:C-::S!;:!' S/:•:•!PLES 

• . · COTT~rrr=:-n r·· ,. ..... -,._ ....... ··,--r-: ..... :'.l=rr, 17 1r:"9 ~ ..... u:.. •• .:i~;..;...:.,..1_::'.,;.-,.;.4 l1n.Lt!:.VZ\ ~~.i-, J ';JO 
. ~- ~ . : . . .. 

. [ •. Station 

-~ 
Para.meter 

t/,_ Total soiicls 
~ Volatile Solids 
Specific Gr.::.vity 
COD ._

1
_ . · TotaJ. ?ho!:ip,horus 

}Ill -11 l.l,t,•,i-rc·,\lt.tr;\ 

lTo3 I·r .-,- + .-c•-' e.. \ 3- II 

Orga."lic lI 
f liexa.'1e Solubles 
· Total I:-on 

Copper 

l Cad.:li u.-:i 
lUckel · .Q · Zinc 

1 
Lead 
Chro.:tlua 

r-. : . 
1 l . 

Sheb: 69-8 
- mg/kg 

. . 

53.8 
6.4 
1.4598 
89,06o 
962 
134 

. 7.6 
2466 

. 3459 
.. 9240 

45 
.NF 
20 
110 
80. 
170-

.. 

. 

' r. 
All results reported on "DRY" basis 

,.; .• .-

. . . 

• 

Sheb. 69-12 
: t1g/kg. 

. 
· ~2.8 
16.7 

. 1.2928 

.• 

. .. 

203,94o 
1058 
250 _· 
ll 
4506 
5615 
13,330 

.105 
lr.E' 
20 
275 
.26o 
-350 

.• 

·, • m' - llone cletected within sensitivity of ~est 

·' . 
' • 
• . . • 

":) _,. 
...... . 

. 

. . . 
; 

• .. 
,, 

.. 

l 
I 

• 
. ,-. 

D-17 

• . 
~ 

. 

• 

,. . 

I 

. .. 

• 

.. 

.. 

.. 

Sheb. 69-16 
.. mg/kg 

•. 39.4 
6.6 
1.2688 
135,150 
1642 

.; 

393 
-9.1 
~98$ 

. 11.637 
-14,8oo 
l.75 
NF 
20 
420 
3~­-:> 
liiOO 
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Sarnple:i Si!E-1, SIIE-lA, and sm:-lB conc:ist of silt and/or sand, t?nd 
l,8d lo,-? sluclge:,-m11,1 popula.ti0ns. Sc,dj_me:nu, ;1t the> other stc1t1ons 

. consfr;tc·d Clf 1,:uck ,d.t h D pudcl:i.ng-H.ke (:(:r.r-i~tcncy, aud h;,,t :,~gh 
r:h!..:i: -.::.-:r .. ~ populat. i::·:1t, (I'ic..1 d l:.!·poi·t). 

. . 
'j'}1:, 1,t.~Jk scdh;ent nn;:Jlys·is d:.?-U\ (f.ci<l:i.::,1.;r,t FulJut::i.r,n r.v~:l•.:----1 io1J 
l!i.;ic·,Hr.: n::,dr!re.te ~•r~"nic ar,cl lt'.'.;c! pc;J.ll·I i:-,n :-.t st"~f.:ioqr., f.'::> lB ;ind 
Slm-2. Za~:-.pJ.cs f ro::i the•. ret::'d n:i 1,g !:t.-.. U.c-r,~ ii1d ic,, :: ~~ h.:i.t;li <;r;_;·r,i.c .:- ,d 
lead pc.-lJ ut ion ;::nd n:odm~ct:c to hi~h :dnc pc:lluti.on. Moc1ct::! .. l' c,:r~:enj ~ 
poJ.lutic.1 · and n::;rkr;Jte to hir,h chrc,ndur1 r,ol] ,:tion ic pr.uH.•nt: ,tt all 

. the s ta:: j ons an~] )'7.(•d. .. . .. \• ... ;. :.·.' 
i 

Cons1uc:dng the data cc,llec t(:d I i"l,•..: polh1d<•nal clc:~d C.C.'.c•.tinnn of • ... :r .. 
t11f! !:Cd_:irn.-:nu; arc- incl:i.cnted on the att,H.:i,c-l ll'~p. Scdi.tn('nt s [rtfol 

the arc.:i indicated a5 "Not polluted" arc suitable f 01· open lt1kc 
dispn5,1J.. Sediments from the areas de~i~nc1t"cd "Hodcr~taly -~.:,lluted". 
ancl "HTa~ily polluted" are unsuitable for orrin lake d:i.s1_>0:.,al. . 

The r.urvcy cqnduc·tcd 17 April 1969· found the car:tcrn half of the 
area ~rcsrntly indicat~d as modcrntcly polluted to b~ unpolluted, and 
the \·11.!Stcrn, half of this area to be hca\':i.J.y polluted. The· classif i­
cat:ions of the two surveys agrc.: .... in ot]1er areas of the h~rbor. 

Con~p_ari~on of the tYo surveys j_ndic.:ites no subsLantial change in 
pollutional levels in the interj.m. 

/ 

. .. 

.. --­' _ .. _, ..... 
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.. o Fir.Lo ncPo;n .•. . 

. . . 

... 

. . 

~ 

. 
, lht·bM· : 't:t_·hn:,''.::n 
State : ,.. . . 

,. 1~:t.Ort~'ill 

S,1mpltd: (11 _1-!•ff :·, H:"14 

.....,. ___ ... ____ . :,---··--·- -·-- ------·····--·-----------------
5:.:i.i". 1 (! v,· I ... 

• Sj.~t i_(.r1 . :_:•'.·. •. _I '~!:~,t_i_s:!_'l__ ··- __ .Q_?_ptl~-- _______ O,l>~r-v11ti_o:15 ___ _ 

s·m .. :1 J,::1° ll'l' !;!i.?." 8.0 rar:ters :i9ht. brO\·m br;-~ch sand m;:tcrial. I-lo 0,1.:.:.· 1 :-:. 

ui1 ,.1• ~~G.O" :lctritu.~, a11d M crg,:rni~.1,;~: ohse>rvC.'d. 

sm:-. ·:1. 

S?l_r .. ;: 

.. .. . . . 
SHE-3 

SHE-4 

SHE-5 

SHE-6 

SHt-7 

'· 
I 

"" ~- ft. I ,.,. G'' •i.! I ;i ;.,,,, , · 

iJjCI -11 1 47.. i"' 

[,/ • 7n 
(2. 7'·' 

:::.': '1,·;· !i:;.G" 
Bi'" ~ :: 1 00·. 8" 

t:?0 l;ll' 5,;,r, 11 

w<1 4;:• o~i.ii" 

'13° 4'1' 57. 7" 
Bio L,2' 00,U" 

43o 44' 56.7 11 

87° 42 1 09.0" 

43° 44' 54.5 11 

87° 42' 32.5 11 

. 13o tit:-' 41. 3" 
87(\ 42' 4u.2" 

9.0 f:l~tc-n. 1r0i-:n m~trrial with r:t-!i1c~, ~c:nd e.r:j ~~~~­
dor. No detritus. Some organisras obscr~~=; 

;ludgcworms. 

r.. 5 mi::tc-rs 

. . 
i. 5 l;lt. :.c:i·~, 

7. !; mc:tcn-
•. 

7.5 meters 

7. 5 meters 

7.0 meters 

7.0 meters 

• .. 

L:·k 1.rin c:olN·t:·c! matei-i~l. !1ost ly s'il i• ... 
.. c,::,,i ffo('! ~and. No dcti ·i ~:•:;. 11i 1 d r.:~;~; t·· :: : · 
-:E.!c..::ctr-:d. S0!,1-:.: ben1J10~ c.k:crvc:d; · sll.'c;c..: · , - . 

.. )i11·k bi"c,:·m 1:..,t·;r·ial. r-:1.•;t1y ~ilt \-:ith ~< ~ 
,vd<linq-lil:e c.onsistc:i,::y. So::ic (!etritt,::. 
:>dc,r dct.e:ct.nl. NumerlJL::; 5 )ucgE:\•:Or,:,5 l't.,s~.-·:. 
?il prt•sent on Si1.mp1c. ·. . . . . . .. . . . . .: . 
1-:rk bro\•m rn,,trrit1l. l-1ci!,ny silt (-,itil .s~ .. -
(grit) •. Mucky puddin~,--lil:c cc:1sist~•:1:; .• -
Jrganic cle:trituc:::. No odo:· di:ti:cted. ::c:-· .. 
ludgcworms observed. Oil sheen on sa~;~~-

ark brown 1112.terial. r•:ostly silt with r:;::-:-i:: 
.On!>istcncy. Some detr"itus. No odor dc.-:::·.-
11mcr0us s l udqe1·1orms ob:';crvr.d. Some Cl i 1 ;:, :-: 

·ample. · 

ftrk brown material. Silt with so~c fi~t !~ 
(grit). Mucky consistency. Mild c3rtr.y :t-::· . 
rganisms; fingernail clam, numerous sh-=~~._ 

Jark.brm·m material. Silt with mucky i:-:.:c::~:-. 
1 ike cons is tcncy. Very 1 ittl e detritus. 
1arthy odor.. Many sludgc\•1orms obscrv~d . 

)ark brown material. Silt with mucky p:.;cd~<:;­
likc consistency. Some detritus. Hild :r;~: 
ldor. Numerous sludgC!·,-:orms observed • 

.. 

.0 •' 
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F ....... ,-----,. ,... .. _..._..:,,;..,• .. • 
Vola t 11 c r :ii~s 

Chem. o~y. Oc-::and 

T. K.jel. :-:!troge:t 

011-Gre~~i: 

~ercury 

lead 

Zfnc 

Arscnfe 

Ca:!::1fo::t 

.. 

SHE-~3 

6,49 

6.00 

0.'2300 

0.050) 

<O.COCOZ 

o.ooso 
o.ocn2 

0.00036 

O.OC03 

o.oosa 

.. 
.. 

. . 

. . rr \'A~tiE AT ~~:-- ~7.~,-:-:oN f-!'; ,\ ;,;:n C!~T o; r:~Y !-i!i'!: , 
SH~-'- J>llf-4 $f.l(.,5 _sHE-6 

s.01 
3.90' 

c. 1000 

C,C700 

<0,00Q02 

C.OC4$ 

c.oota 

c.oc·n 
o.cooos 
0.0044 

• . 
' .. 

.•. 

. . . . 

8.90 

·8,30 

0.29Ct' 

0.0950 

<(). ODD02 

C'.Ol 15 

O.OlSl 

:.o:ms 
C,OCC26 , 

0,0055 

... 

10.q3 

11.00 

0.40::0 

0.0600 

<O.no:oz 
C.C-125 

0,0170 

c.ooc~s 
C.00034 

. ti.0100 

. . 

12.34 

12. t'O 

o.4s,,o 
0,0!100 

,C,0.00003 

C.CHS 

r..0185 

0,0CCJ7 

C,00:>3!i 

0.0100 

.. . ' ' 

- . 
. .... 

l!'!:! 
11.SS 

1".0:> 

C.4300 

'0.27CO 

o.c:ous 
C.02,~ 

C.026S 

0.0"1'·J"' 

' O.GJtO 

. .-
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IN REPI. Y REFER TO 

Planning Division - PF 

Ms. Joan Calabrese 

DEPARTMENT OF THE ARMY 
DETROIT DISTRICT, CORPS OF ENGINEERS 

BOX1027 

DETROIT, MICHIGAN -48231-1027 

December 14, 1984 

U.S. Environmental Protection Agency 
230 south Dearborn Street 
Chicago, Illinois 60604 

Dear Ms. Calabrese: 

As promised by Mr. Jeff Groska in a December 11, 1984, telephone 
conversation, I am providing the following information concerning the PCB 
contamination problems in the Federal navigation channel at Sheboygan 
Harbor, Wisconsin: 

a. Copies of drawings showing the limits of the Federal channel and 
locations of sediment samples taken from the harbor in 1979 and 1982; 

b. A photocopy of the March 1980 report; "Sheboygan Harbor, WI - PCB 
Investigations and Results"; and 

c. A draft copy of an ongoing study on bioaccumulation of PCB's in 
certain organisms. 

I hope this information is useful to you in designing your Remedial 
Investigation - Feasibility Study for the Sheboygan River and Harbor. We 
look forward to close cooperative effort between our agencies in addressing 
this problem. If you have any questions concerning this information, please 
contact Mr. Jeff Groska of my staff at 8-226-2205. 

Sincerely, 

C. AP.GIROFF 
Enclosures Chfof, PJ~_nn~"'" T.l~v1sfon 

~26i 9 t N'f!r 



December 14, 1984 

Planning Division - PP 

Ms. Joan Calabrene 
U.S. Environmental Protection Agency 
230 South Dearborn Street 
Chicago, Illinois 6060~ 

Dear Ms. Calabrese: 

As pror.1ised try f'!r. Jeff Groska in a Dece.:iber 11, 1984, telephone 
conven~ation, I ar-1 providing the folla.-ling inforr:.a.tior, concerning the PCB 
conta."":lination proble;113 in the Federal navigation chz:.nnel at Sheboygan 
Harbor, Wisconsin: 

a. Copies of drawings showing thG limits of the Federal channel and 
locations of sedir:icnt samples taken fran the harbor in 1979 and 1982; 

b. A photocopJ of the March 1980 reJ.X)rt; "Shci:>oys.an P..arbor, NI - PCB 
Investigations and Results"; and 

c. /1 draft copy of an ongoing study on biooccU:ilulation of PCB' s in 
certain organisn,.s. 

I hope this information is useful to you in desi•Jning your Remedic:tl 
Investigation - Feasibility S'cuay for the Sheboygan River ana Hc:i.rbor. We 
look fon,;ard to <;lose cooperati,,e effort between our agencies i.11 addressing 
this problem. If you have any questions concerning this information, please 
contact Hr. Jeff Grooka of ITlf st.ciff at 8-226-2205. 

Sincerely, 

Enclosures 
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sediment PCB concentrations. Uptake occurred regardless of whether organisms 
were in direct contact with the sediments. 

Time-sequenced sampling over the 30-day exposure period enabled calcula­
tion of steady-state tissue residues (C ), and bioaccumulation factors (BAF) . ss 
for uptake of PCB from both sediment and water. Comparison of C levels with ss 
the thermodynamically defined bioac~umulation potential (TBP) of the sediments 
showed that the proportion of TBP actually achieved declined with increasing 
sediment PCB content. Sediment BAF declined similarly. Whole water BAF in­
creased with degree of chlorination of the PCB isomer groups, but did not 
vary with sediment PCB content. 
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Executive Summary 

Three species of freshwater fish and two species of bivalve mollusks 

were exposed to PCB-contaminated sediments from Sheboygan Harbor under flowing 

water for periods lasting up to 30 days. Concentrations of PCB in four homog­

enates (reference, low, medium, and high) of the dredged sediments ranged from 

0.45-44 µg g~~ on a dry weight basis. Exposures of organisms to these four 

homogenates were duplicated at constant water temperatures of 4° C and 20° C. 

Residues in pooled whole-organism samples taken at time intervals up to 

30 days were fitted by a first-order kinetic model to project steady-state PCB 

concentrations. Results showed that bioaccwnulation was minimal in all or­

ganisms at 4° C, but was enhanced by higher temperatures and increased lipoi­

dicity of organisms. Highest steady-state total PCB residues were projected 
-1 

at 8.9 µg g at 20° C in medaka, the organism with highest lipid content. 

Direct contact with contaminated sediment was not necessary for bio­

accumulat-ion ta occur. Most PCB bioaccumulated was. in the i_somer- groups 

tetrachlorobiphenyl through hexachlorobiphenyl with a trena toward higher 

levels with increasing chlorination. Sediment PCB was nearly SO percent 

tetrachlorobiphenyls. Some uptake of PCB in all isomer groups was observed 

including,those which were highest in molecular weight and lowest in absolute 

concentralion in sediments. 

Levels of PCB in all organisms increased with increasing contamination 

of the sediments. However, for deposited sediments, high PCB concentrations 

did not result in similarly high residues in the tissues of exposed organisms. 
-1 Organisms exposed to sediment containing 33 or 44 µg g total PCB often bio-

accumulated to projected steady-state concentrations similar to those of or­

ganisms exposed to sediments containing 4 µg g-l total PCB. 

Both s~diment bioaccumulation factors (sediment BAF) and the proportion 

(p) of thermodynamically defined bioaccumulation potential (TBP) achieved 

decreased as PCB content of Sheboygan Harbor sediments increased. Whole water 

BAF were unrelated to sediment PCB concentrations, but increased with increas­

ing chlorination of the PCB isomer groups di- through hexachlorobiphenyl .. 
-1 

Total PCB residues at steady state (C ) ranged from 0.028 µg g in 
ss -1 

mussels exposed to the benthic surface sediment (R) to almost 9 µg g in the 

lipoidal fish, medaka, exposed to the most highly contaminated sediment (H) 

taken at depths of 6 to 12 ft below the sediment-water interface. 
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Preface 

This report describes work performed for US Army Engineer Division, 

North Central, US Army Engineer District, Detroit, in fulfillment of Intra­

Army Order for Reimbursable Services No. NCE-IA-84-OO83WB dated 3 May 1984. 

The work was performed by the Environmental Laboratory (EL) of the US 

Army Engineer_ Waterways Experiment Station (WES). Principal Investigator 

was Victor Alan McFarland of the Ecosystems Research and Simulation Divi­

sion (ERSD), EL. The work was contracted and generally supervised by 

Dr. Richard K. Peddicord, Team Leader, Biological Evaluation and Criteria 

Team, ERSD. Dr. C.R. Lee was group leader and Mr. D. L. Robey was Chief 

of ERSD. Dr. John Harrison was Chief of EL. The contract was monitored by 

Mr. Les Weigum, Chief of the Environmental Analysis Branch, and by Mr. Frank 

Snitz, Contract M~nager, in the Planning Division, Detroit District. Mr. C. 

Argiroff was Chief of the Division. COL Raymond T. Beurket, Jr. was District 

Engineer, Detroit, at the time ~f this work. . . . . . . . . •· 

Commander and o·irector · of WES at the time of this work. was COL Tilford C. 

Creel, CE, and at the time of its completion, COL Robert C. Lee, CE. Technical 

Director was Hr. Fred R. Brown. 
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Conversion Factors, US Customary to Metric (SI) 
Units of Measurement 

US customary units of measurement used in this report can be converted to 

metric (SI) units as follows: 

MultiElY By To Obtain 

Fahrenheit degrees 5/9 Celsius degrees 
or Kelvins* 

gallons 3.785 litres 

inches 25. 4 millimetres 
ounces 28.35 grams 

square feet 0.0929 square metres 

Equivalents 

million (ppm) -1 -1. 
parts per = mg .2 = µg g 

billion (ppb) -1 -1 parts per = µg .£ = ng g 

parts per trillion (ppt) = ng .£ -1 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read­
ings, use: K = (S/9)(F -, 32) + 273.5. 
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Sediment collection 

5. Sites chosen by Detroit District for sample collection are shown 

in Figure 1. The samples were collected by clamshell dredge supplied and 

operated by US Corps of Engineers Kewaunee Project Office. Pits were dug 

underwater to the depths indicated in Table 1. When the indicated depth was 

reached a full grab was_ taken and deposited on deck. Up to twelve four­

gallon* glass,jars were filled from each grab sample and an 8-ounce aliquot 

was taken from each jar for PCB analysis. Concentrations of total PCB in the 

sediment subsamples are shown in Table 1. 

6. The collected sediments were shipped at once by air freight to WES 

where they were maintained in storage at 3-5° C until further use. All col­

lections were completed on 2 April 1984. At this time acquisition and accli­

mation of experimental organisms was also begun. 

Organisms 

7. Two species each of bivalve mollusk and fish were collected or pur­

chased _from cul.tured stock during the_ first two weeks of April_ 1984. Holding-­

facilities were adjusted to approximate collection temperatures (12-18° C) 

and organisms were gradually acclimated from these temperatures to either 

4° C or 20° C. Accumulation occurred over a period of three weeks immediately 

prior to start of exposures. 

8. Northern mussels, Lampsilis silicoidea ventriculata, were field­

collected and furnished by Detroit District. These ranged from 36-40 mm in 

length, were 15-48 g whole-organism weight, and contained 10-37 g soft tissue, 

fresh weight. Very few mortalities were observed. 

9. Asiatic clams, Corbicula fluminea, were collected by hand in the 

Sacramento River Delta, Calif., from a previously studied population (McFar­

land, 1982). The size range of adult organisms used was 21-29 mm from umbo 

to ventral e8ge, longest dimension. Whole organism weight ranged from 

4.9-10 g and soft tissue, fresh weight was 1.7-5.6 g. Clams underwent a typ­

ical postcollection die-off lasting about one week, after which the population 

stabilized and no further mortalities occurred. All bivalves were maintained 

during holding and acclimation on brewer's yeast and cultured monoclonal alga, 

Selenastrum capricornutun. 

* A table of factors for converting US customary units of measurement to 
metric (SI) units is presented on page 4. 
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10. Japanese killifish or medaka, Orgzias latipes, juveniles and young 

adults were obtained from a cultured stock. Medaka ranged from 20-31 mm and 

0.04-0.27 g whole body, fresh weight. All fish were disease-free and no mor­

talities were observed during holding and acclimation. 

11. Fathead minnows, Pimephales promelas, were also obtained from cul­

tured stock. These fish ranged from 38-46 mm and 0.27-0.87 g fresh weight. A 

fungal infect;on was endemic in the culture and caused persistent die-off of up 

to 10 percent per day. Cold acclimation arrested development of the disease. 

12. Fingerling rainbow trout, Salmo gairdneri, were obtained from a 

hatchery in northern California one month later than all other organisms and 

were acclimated and exposed to the Sheboygan sediments separately. 

Sediment homogenates 

13. Chemical analyses of PCB content of the sediment field samples were 

used to select th~ individual four-gallon portions to be combined for each 

homogenate. Only sediments from the benthic surface at Sta 6+00 were used to 

prepar~ ~he ~eference sed~_ment ~omogenate (~) ~ Up to 15 f~ur g~llon portions. 

were individually seived to.rem~ve la~ge· debris and combined.in a polyethylene 

barrel using a motorized mixer to prepare each homogenate. 

14. The homogenate R was prepared first and distributed in the expo­

sure aquaria. The remainder of Rafter distribution served as the basis 

for prepaiation of the next higher level of contamination, i.e., "low" PCB­
-1 content at a nominal concentration of 5 µg g and designated "L". This proce-

dure was followed for "medium"-PCB (M) and "high"·PCB (H) homogenates as well. 
-1 The nominal PCB contents of Mand H were 25 and 50 µg g , respectively. 

Exposure system 

15. The exposure system consisted of 24, 75-i hemispherical aquaria 

(Figure 2). Each set of 12 aquaria was temperature-controlled by circulating 

aquarium wat,?r continuously through a separate heat-exchanger system. An 

8-ton chiller unit was dedicated to temperature control of the 12 4° C 

aquaria. Temperature was invariant at either set point, i.e. 4° C or 20° C 

as determi~ed by twice daily monitoring. 

16. Each of the four sediment homogenates was randomly assigned to 

three replicate 20° C aquaria or to three 4° C aquaria with the exception 

of R which was replicated twice at each temperature. The two free aquaria 

in which washed gravel was substituted for sediment homogenate served as 

laboratory controls, one at each temperature. 

7 



17. Twenty-five litres of sediment (or gravel) were placed in each aquar­

ium and had a planar surface area at the sediment-water interface of 0.17 m2 . 

18. Stainless-steel mesh floors were placed 5 cm above the sediment sur­

face. Water was withdrawn through a screened port in the side of each aquar­

iwn, passed through a heat-exchanger and discharged through a disperser 

mounted above the mesh floor at the aquarium center. 

19. Make-up water was supplied at a pulsed rate (4 min between pulses) 

equivalent to 95 percent replacement in 24 hr by programmed operation of sole­

noid valves. Excess water overflowed to a drain maintaining a constant water 

volume of 50 I in each aquarium. 

20. All components of the exposure system in contact with water were 

made of noncontaminating materials such as stainless steel, titanium, PVC, 

polyethylene, or epoxy-coated fiberglass. Each aquarium was .covered with a 

transparent_plexiglass lid and a diurnal light-cycle was maintained at a con~. 

stant period of 10 hr light, 14 hr dark. 

Experimental design 

21. Distribution of sediments, organisms, and tempera_tures among the ~4 

aquaria is shown in Table 2. Clams were included in all mussel and in all 

fish exposures. Except for controls, all mussels (and clams exposed with 

them) were exposed by placement in glass crystallizing dishes containing a 

sediment homogenate. Six dishes containing six mussels each (or clams) were 

arranged in an aquarium. By this means clams and mussels were brought into 

direct contact with sediments. Clams exposed with fish were placed loosely on 

the aquarium floors and were not in direct contact with the sediments. 

Sampling 

22. Sediments were sampled at the time of homogenization and placement 

in the aquaria (Appendix Table Al, Trt. A(l) and A(2)) for PCB, total organic 

carbon (TOC)~ and particle size distribution (PSD). After completion of the 

first 30-day organism exposure period the aquaria were drained, the mesh 

floors removed, and the surficial layer(~ 0.5 cm) of sediment taken. All 

samples o( each treatment (R, L, M, and H) at 20° C were composited and are 

identified as Trt. Bin Table Al. Surface sediments at 4° C were similarly 

composited and are identified as Trt. C. 

23. Following exposure of trout the surficial sediments were again sam­

pled and are identified as Trt. D. All Trt. D samples were taken from 4° C 

aquaria and had been under flowing water for 60 days. 
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24. Water samples (unfiltered) were taken once from each 20° C aquarium 

during the first 30-day exposure period and once from each 4° C aquarium dur­

ing the trout exposures that followed. Baker-10 C-18 extraction columns 

fitted to vacuum apparatus were placed in an aquarium and up to 10-t samples 

were withdrawn over a period of several hours. 

25. Tissue samples of all organisms were taken for background PCB resi­

dues prior to the start of temperature acclimation (-17 days) and again after 

acclimation and before placement in exposure aquaria (day zero). Subsequently, 

tissue sampling was done on a schedule of +2, 4, 10, 17, and 30 days of expo­

sure. Tissues were analyzed for PCB and lipid content. 

Chemical analyses 

26. Sediment samples were prepared for PCB and total organic carbon 

(TOC) analyses by air drying, grinding, and sieving to uniformity. 

27. Dry oxidation for TOC analysis was accomplished by an ampule methQd 

using cupric oxide as the oxidant. After treatment with HCl to remove inor­

ganic ~ar~on, exc~s~ CuO_ was added, the ampu~e w~s purged_with o2 , _tlame-s~aled 

and combusted at 550° c· for 4-5 hours in a_· fu~nace. Total o~ganic. carbon was 

measured by purgi~g evolved CO2 through a nondispersive infrared (IR) analyzer. 

The equipment and adapted method used was by Oceanographic International. The 

method is described in Plumb (1981) and elsewhere. 

28. A 10 g portion of the sediment mass as prepared above was extracted 

for PCB analysis with 200 mi of hexane using an ultrasonic cell disrupter. A 

portion was cleaned up with sulfuric acid (Murphy 1972) and taken to the gas 

chromatograph (GC) for analysis. 

29. Unfiltered (whole) water samples concentrated on Baker-IO SPE col­

umns were eluted with 1 m~ hexane for direct injection in the GC. 

30. Tissue samples were prepared for PCB and lipid analyses by FDA 

Method 211.lJf (FDA 1977). Frozen samples were macerated with dry ice and 

extracted using a Polytron. The extracts were concentrated to 10 mi using 

Kuderna-Danish (KD) apparatus. An aliquot was removed and evaporated to dry­

ness for p~rcent lipid determination. The remainder of the extract was given 

cleanup by the method of Murphy (1972) and taken to the GC for PCB analysis. 

31. Seventy-eight pure isomer standards (Ultra Scientific) ranging 

from monochlorobiphenyl through decachlorobiphenyl were chromatographed indi­

vidually to establish peak identification and retention time (RT). Detection 

was by electron capture (ECD) using an HP 5880 GC/ECD equipped with 30-m DB-5 
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fused silica capillary column. The column temperature was programmed at 

10° C/min from 150° C to 280° C and held for 7 min. 

32. Quantitative standard solutions were prepared by mixing all in­

dividual stock solutions of the 78 isomers and taking four dilutions. Of the 

55 chromatographic peaks obtained under the established conditions, 18 were 

mixtures of two or three isomers. Isomer group concentrations were calculated 

by summation ?fall individual isomer peaks for each group. In the cases of 

overlapped isomers, the peaks were added to the appropriate group for the domi­

nant isomer or to the lower-chlorinated group if a mixed pair. For example, 

if a peak consisted of two di-CBP isomers, it would be summed as di-CBP; if a 

di- and a tri-CBP, it would be also be summed as di-CBP; and if a di- and two 

tri-CBP, it would be counted as tri-CBP. 

33. Concentrations were also reported as Aroclors when possible. Ex­

tracts were analy~ed using an HP 5840 GC/ECD with column and conditions as 

described above, but standardized using Al242, 1248, 1254, or 1260 standards 

(EPA, RTP). 

Physical analyses 

34. Aquaria at 20° C containing mussels and clams were monitored by 

gravimetric methods for suspended particulates (SP) until SP concentrations 

caused by activity of the clams fell below the measurement threshold of about 

5 µg !-l Particle size distribution (PSD) of the sediment homogenates was 

determined by a modified hydrometer method (Patrick 1958). 

Curve fitting and statistics 

35. All summary statistics, analysis of variance, regression, correla­

tion, and data reduction were done on the Digital VAX computer using Statis­

tical Analysis System (SAS) programs. All time-sequenced exposure data for 

each organism in each sediment and temperature treatment were fitted using the 

Marquardt algorithm in the SAS NLIN program. 

36. All chemical analysis data are tabulated and included as Appendix A. 

Data tabulated in the body of the text are calculated from Appendix A. In 

cases where PCB concentration was below the analytical detection limit, the 

value was set equal to the detection limit for subsequent calculations. This 

was judged to be the most conservative approach from an environmentally pro­

tective standpoint. 

10 
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Results and Discussion 

Isomers and Aroclors 

37. The fact that PCB is not a discrete chemical substance, but rather a 

complex mixture of differing amounts of 209 possible isomers, vastly compli­

cates measurement and interpretation of data resulting from environmental sam­

ples. The approach taken in this investigation has been to quantitate PCB in 

sediment, water, and tissue as the total present in the individual PCB isomer 

groups dichlorobiphenyl (two chlorine atoms per molecule) through decachloro­

biphenyl (ten chlorine atoms per molecule). The total PCB reported is then 

the swn of PCB in these isomer groups. Wherever a sufficient correspondence 

between Aroclor standards and an environmental sample was found in the chroma­

tographic patterns, the sample was also quantitated as the Aroclor mixture. 

The most frequent.correspondence was with Al242 which is predominantly tetra~· 

chlorobiphenyl. Other Aroclors (Al254 and Al260) could sometimes be matched 

with the chromatographs of t.issue sampl_es and are. reported in Appendix A. 

38. · Monochlorobiphenyls are not included in the data because of their 

poor chromatographic response. These isomers are relatively water sotuble and 

do not tend to bioaccumulate as do the higher chlorinated compounds. The 

groups heptachlorobiphenyl (7-CQ) through decachlorobiphenyl were present in 

low concentrations in all sample matrices and are reported in Appendix A. 

These highly chlorinated isomers are extremely insoluble in water and account 

for a small proportion of the total PCB bioaccumulated. 

39. The most abundant and most biologically available isomers are those 

in groups di-CBP through hexa-CBP (2 to 6 chlorines per molecule). These are 

considered separately in Tables 5-9 in which steady state (C ) and related ss 
data are given on a fresh weight basis in organisms, and in Tables 12-16 in 

which C ~nd related data are lipid-normalized. Data are treated similarly 
ss 

for total PCB in Tables 10 and 17 and for A1242 in Tables 11 and 18. 

Sediments 

40. ·The data of Table Al were subjected to analysis of variance and no 

treatment effects were found within a sediment homogenate block, i.e., R, L, 

M, or H . Concentrations of PCB and TOC in the original homogenates were not 

different than concentrations in any surface sample including that taken after 

60 days under flowing water. Neither was there a difference attributable to 

temperature regime. There were, of course, differences in PCB concentration 

11 



among the homogenates. Since no time or temperature differences were found, 

the sediment samples within each homogenate block were treated as replicates 

and the means and standard deviations are reported in Table 3. 

41. Organic carbon content, PSD, and moisture are also reported. It 

can be seen that TOC content is highly constant in all the sediments. Rela­

tive proportions of sand and clay, however, differ substantially. Clay and 

silt+ clay correlate with trichlorobiphenyl through hexachlorobiphenyl, 

octachlorobiphenyl, total PCB, and Al242 at r = 0.96 to 0.99 , n = 5 , and 

P = 0.0087 to 0.0001 . 

42. Although-organic carbon content of sediment indicates a capacity for 

PCB sorption it does not necessarily follow that such capacity will be reached. 

In the case of Sheboygan Harbor sediments the fine-grained mineral fraction 

appears to be a better correlate of PCB contamination than is organic carbon 

content. 

Water 

f.3, Unfiltered wate.r data in T_abl_e A2 were compar~d. for .treatm_ent (R, .t, 
M, and H) and temperature (4° C,. 20° C) effects by analysis of variance. No 

differences were found among treatment means for the isomer groups di- through 

decachlorobiphenyl, total PCB, or Al242. All groups except octachlorobiphenyl 

showed significantly lower concentrations at 4° C than at 20° C. Although 

some effect of temperature on PCB solubility can be expected, the sampling 

and extraction techniques did not distinguish between solution-phase PCB and 

PCB associated with fine particulate or colloidal material or otherwise in a 

sorbed state. It is likely that the difference in PCB in water samples at 

high and at low temperature is due largely to a higher level of organism 

activity in the 20° C aquaria altering the patterns of water movement over th~ 

sediments and affecting the deposition and resuspension dynamics in the tanks. 

44. 1'nfiltered or whole-water PCB concentrations (C) are given 
w 

Tables 12 through 18 and are mean values for the exposures reported in 

Table A2. 

Lipid cont-ent 

in 

45. The percent total extractable lipid was determined on all tissue 

samples for two reasons. First, alterations in lipoidicity may take place 

over an exposure period lasting several weeks. If loss of lipid occurs, the 

rate of uptake and observed and projected fresh weight tissue concentrations 

of PCB will be reduced, increasing the difficulty of interpretation of results. 
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Second, lipid-nomalization of data is a means of reducing interspecific vari­

ability and can be related to estimations of a thermodynamically defined 

"bioaccumulation potential" (TBP) calculated from sediment chemistry data 

(McFarland 1984). 

46. Regressions of organism lipid content over time resulted in the 

data of Table 4. It can be seen that there was a nearly twenty-fold range in 

organism mean.lipid content between mussels and medaka. Also, the slopes of 

the regressions for medaka and trout were significant at P = 0.0001 and P 

= 0.0225 , respectively, whereas slopes of regressions for all other organisms 

were not significant. In calculations involving lipid-normalized data, the 

means of all values were used for mussels, clams, and fatheads because the 

lipid content of these organisms did not change significantly during the 

30 days of exposure. In calculations on the medaka and trout data, the 

Y-intercept was taken as most representative of organism lipid content since-· 

it was the best estimate of pre-exposure condition. 

Observations on the raw data 

47. ! Fresh weight data reported in Tables of Appendix A in units of 

ng g-l (ppb) are expressed in units of µg g-l (ppm) and plotted over time 

in Figures 3-6 for total PCB at 4° C and at 20° C. An effect of temperature 

on PCB uptake is evident for all organisms contrasted. Mussels (Figure 3) 

show uptaJe after 30 days of exposure at 4° Conly for organisms in sedi-

ment H. At 20° C, however, total PCB uptake was progressive and substantially 

increased for sediments L, M, and H while PCB content of organisms exposed 

to the reference sediment, R, remained at control levels. 

48. The response of clams under the same conditions of exposure is 

shown in Figure 4. The pattern of uptake and influence of temperature is 

similar to that of mussels. The initial residues are higher in clams than in 

mussels and the magnitude of response is about twice that of the mussels. The 

higher initial residues in the clams may be metabolites of DDT or may reflect 

PCB contamination in the environment from which they were collected. The 

higher levels of PCB uptake of the clams are commensurate with their nearly 

eightfold-greater lipid content as compared with the mussels. 

49. Of the three species of fish, none was completely compatible with 

the exposure conditions at both 4° C and 20° C despite acclimation prior 

to exposure. Fatheads and trout were subject to disease at 20° C and medaka, 

because of their small size and the immobilizing effect on them of low 
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temperature, were unable to adapt to the high currents generated by water 

circulation in the 4° C aquaria. 

50. Trout sampled beyond the 10th day of exposure at 20° C were not 

analyzed because of development of disease. Figure 5 contrasts the total PCB 

uptake in trout at 4° C, and at 20° C through the 10th day. Uptake is en­

hanced at the higher·temperature during this period. Residues of PCB in organ­

isms exposed ~o contaminated sediments at 4° Care somewhat higher than refer­

ence and controls at that temperature but the differences were not increasing 

with time. 

51. This apparent lack of bioaccumulation at 4° C may be due to the 

fact that lipid content of the fish was constantly diminishing over the 30-day 

exposure period. Trout lipid content at each sample time is listed in Appen­

dix Table A13. It can be seen that trout lipid diminishes from about 5-9 per­

cent at the first sample time to 2-3 percent at the last in the 4° C fish. 

Normalizing the residue data on the basis of lipid content in trout shows a 

gradual ~et bioac~umula~ion at 4° C rather ~han the apparent lack of chang~ 

with continuing exposure shown in the fre~h weight data in Figure 5; 

52. Medaka_were the most lipoidal organism used in this investigation. 

As with the trout, both cold acclimation and the conditions of exposure caused 

medaka to mobilize lipid stores. High mortality occurred at the start of 

4° C exposures due to physical impact. Fish that adapted to the aquarium con­

ditions were not sufficient in number to provide time-sequenced tissue sam­

ples in the cold exposures. Medaka that did adapt remained in good condition 

throughout the 30-day exposures and furnished sufficient biomass for a single 

tissue sample from each exposure. The results are shown in Table A9. It can 

be seen that PCB residues in medaka after 30 days of exposure at 4° Care only 

slightly greater than background or controls on a fresh weight basis. As 

with the trdut, medaka exposed at 20° C showed temperature and exposure PCB 

concentration-related responses. Figure 6 shows the increases in fresh weight 

total PCB residues in medaka at 20° C for the sediment homogenates R, L, M, 

and Hand for controls over the 30-day exposures. The maximum tissue residue 

at 30 days was in sediment M (33 µg g-l total PCB) and was about ninefold 

greater than residue in controls. 

53. The general tendencies of the two bivalves and three fish to bio· 

accumulate PCB are compared in Figure 7. The temperature pairs (4° C, 20° C) 

were matched by sediment homogenate and day in order to calculate mean total 

14 



' 

PCB for each organism at each temperature. Overall means were calculated from 

all data points for each organism. The broadest confidence intervals (CI) 

were for the 20° C means for clams (no contact), medaka, and fatheads where the 

data consisted of only a few observations. In all other cases sufficient data 

were available to illustrate a consistent enhancement of bioaccumulation at 

the higher temperature. Again, the concentrations of total PCB in the organ­

isms exposed ~losely parallels the relative lipoidicity of the organisms. 

54. The data also show essentially no difference in PCB uptake between 

clams that were allowed to burrow in the sediments (contact) and those that 

had access only to PCB mediated through the water column (no contact). Clams 

in contact with sediments at 20° C caused some suspension of particulates (SP) 

during the first few days of exposure. In all sediments, R, L, M, and H, the 

maximum SP concentration was about 40 mg !-l (ppm) on the first day of expo­

sure. In sediment treatments R, M, and H, the SP was below measurement 

levels (<5 mg t- 1) by the fifth day. In sediment L, however, SP concentra-
-1 

tions were consistently near 10 mg! throughout the first two weeks of expo-

sure. Although no marked differences are evident in ihe contact-no contact 

comparison of clams, examination of Figures 3 and 4 shows a high response of 

clams (and of mussels exposed with them) to sediment L. It is probable that 

suspension of contaminated sediment facilitated uptake of PCB in this treat­

ment for both filter-feeding bivalves. 

55. It was beyond the scope of this investigation to assess the role of 

sediment suspension on bioavailability and bioaccumulation of PCB associated 

with sediment. The existence of mechanisms of chemical uptake facilitation by 

SP can be inferred (e.g., Voice et al. 1983; Voice and Weber, Jr. 1983), are 

probably of substantial importance in the field, and require further research. 

Projections of C ss 

56. The concentration of a chemical contaminant in an organism is said 

to,be at steady-state (C ) when rates of elimination and uptake are balanced 
ss 

such that the net change in body burden is zero. A C requires that chemi-ss 
cal concentration in the medium to which an organism is exposed be constant. 

The conditions of exposure in this investigation were designed so that time­

sequenced tissue sampling would yield results that could be used to project 

C The value of C ss ss 
is that it provides aa estimate of bioaccumulation 

that is not an unknown proportion of potential response requiring reference to 
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a specific exposure duration, but is the maximum response for a given exposure. 

Thus, C ss provides a consistent point on uptake curves at which body burden 

of all species can be compared, regardless of the slope of the curve. 

57. The simple one-compartment kinetic model (Branson et al. 1975, 

Others) integrated for constant exposure is: 

where 

C = 
T 

CT= PCB concentration in tissue 

k1Cw = a constant for rate of uptake 

k
2 

= elimination rate constant 

t = time 

Css. was .calculateQ as the ratio of the constants, 

C ss 

(1) 

(2) 

58. Equation 1 fitted lipid-normalized data more often than fresh weight 

data. Fresh weight C in µg g-l was calculated from the lipid-normalized 
ss 

estimates using the means or regression intercepts reported in Table 4. Fresh 

weight C for each PCB isomer group, total PCB and Aroclor 1242 are given ss 
in Tables 5-11. Mean PCB concentration in corresponding sediment (C) and 

s 
sediment bioaccumulation factor (BAF) calculated as: 

sediment BAF = 

are also &iven in the tables. 

C 
ss 
C 

s 

59. Tables 12-18 show the corresponding lipid-normalized values of 

(3) 

C , the bioaccumulation potential (TBP) calculated according to the method 
ss 

described in McFarland (1984), the proportion, p , of bioaccumulation poten-

tial reached as well as whole water concentration (C) and bioaccumulation w 
factors using C as the exposure concentration. 

w 
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60. Fitted regressions are shown for isomer groups di-hexa CBP, total 

PCB, and Al242 for the 20° C mussel exposures in Figures Sa, Sb, and Sc. Ver­

tical dashed lines in the figures separate the interval over which observa­

tions were made (30 days) from projections beyond the data. 

Potential versus 
projected bioaccwnulation 

61. The thermodynamically defined TBP of a chemical in sediment is a 

hypothetical maximum concentration that would result in organism lipid at 

equilibrium with the sediment. The purpose of TBP is to provide an a p8l08l 

evaluation based on sediment chemistry that estimates the upper limit of 

potential bioaccumlation from sediment as the sole source of contaminant to 

organisms. TBP was estimated in terms of lipid equivalency for sediment 

homogenates R, L, Mand H and the proportional relationship, p, was cal­

culated as: 

C ss 
p =. TBP (~) 

The proportion, p, is an indicator of bioaccumulation potential achieved. 

The idealized maximum value of p is 1.00. Tables 12-18 show a consistently 

lower proportion of TBP projected for organisms at 

of PCB in sediments increases. 

C ss 
as the concentration 

62. In some cases involving mussels and clams the idealized maximum p 

is exceeded for sediment homogenate R. Sediment R contained a mean con­

centration of total PCB of only 0.45 µg g-l which was essentially the back-

ground PCB level of the clams. Mussels had substantially lower lipid content 

than any other organism. Since a fundamental assumption in TBP calculation is 

the primacy of lipid as representing the absorptive capacity of organisms, the 

higher than '1nity p's for mussels exposed to sediment R may indicate the 

lower limits of applicability of TBP. 

63. The very low values of p calculated for more highly contaminated 

sediments -show clearly that for PCB in deposited sediments, high concentra­

tions do not result in similarly high tissue concentrations in fish and bi­

valves exposed to them. Higher concentrations in sediment result in increased 

levels in organism tissue, but the increase is not of the same magnitude in 

sediment and tissue. 

64. The means of treatments (R, L, M, and H) and PCB isomer group 
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calculated data were compared by analysis of variance and the significant re­

sults are shown in Table 19. Over all organisms log-transformed p values 

were significantly lower for sediment treatment L than for R, and the 

treatments M and H were significantly lower than both L and R at 

P < 0.0001 Log-transformed sediment bioaccumulation factors varied simi-

larly to p but did not show a significant difference between treatments L 

and R. 

65. Whole water bioaccumulation factors (log BAF) showed increasing 

magnitude with increasing degree of PCB chlorination up to a point. For neu­

tral chemicals, additional chlorination results mainly in increased molecular 

volume which increases structuring of water. Such structuring is negatively 

entropic and accounts for the diminishing water solubility of more massive 

neutral molecules. Significantly lower log BAF's were calculated for di- and 

trichlorobiphenyls but log BAF's of higher groups were not statistically dif•· 

ferentiated. It is probable that virtually all highly chlorinated PCB is 

present in.the water sorbed ~ith organi~ or mine~al material ~nd not ig true 

solution (Hiraizumi et al. 1979; Hassett and Anderson 1979; Heans and 

Wijayaratne, 1982). If this is the case then the lack of increase in log BAF 

for whole water beyond the levels shown in Tables 14-16 appears consistent 

with their expected low activity in nonpolar media or at surfaces. 

Summary and Conclusions 

66. Two species of bivalve mollusk and three of fish were exposed under 

flowing water for up to 30 days to homogenates composed of sediments from She­

boygan Harbor, Wis. Exposures were duplicated simultaneously at constant tern~ 

peratures of 4° C and 20° C following temperature acclimation of the organ­

isms. Sampl'es of tissue, water, and sediment were taken under various time 

schedules and analyzed for PCB as totals in isomer groups, total PCB and as 

Aroclor mixtures (where possible). 

67 .. Concentrations of PCB in sediments were not detectably diminished 

after 60 days under flowing water. Time-sequenced sampling of organisms per­

mitted use of curve-fitting techniques involving a simple one-compartment 

whole organism-water kinetic model. Steady-state (C ) residues in organisms ss 
in response to the several levels of exposure were projected. Bioaccumula-

tion potential (TBP) calculated from sediment chemistry was compared with the 
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projections of bioaccumulation based on the experimental results. Several 

conclusions derive: 

a. Bioaccumulation was minimal at 4° C and was enhanced at 20° C. 

b. Organisms of higher lipid content bioaccumulated PCB to higher 
levels than those of low lipid content. 

c. PCB o-f all degrees of chlorination was bioaccumulated from 
sediment by aquatic organisms. 

d.- Direct contact with.contaminated sediment was not necessary 
for bioaccurnulation to occur. 

e. For deposited sediments, high PCB concentrations did not result 
in similarly high residues in the tissues of organisms. Higher 
concentrations in sediment tended to result in increased levels 
in organism tissue, but the increase was of a lower magnitude 
in tissue than in sediment. 
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Table 1 

Location 1 Depth 1 and PCB Content* of Sheboigan Harbor Sediment Samples 

Gage = 2.5 ft! All Depths Given Without Gage 

Water Dug Sample 
Depth Down to Taken at Dry Weight 

Sample Location ft ft ft PCB 1 ppmz 

S-1 Sta· 52+00 12 ft 11.3 23.0 23.0-23.S 18, 9' 20, 12 
south of north 
revetment 

S-2 Sta 52+00 122 ft 16.0 22.0 22.0-24.0 84, 81, 46, 85 
north of south 75, 82, 140, 
revetment 140, 130, so, 

47, 34 

S-3 Sta 37+00 90 ft 18.7 24.5 24.5-25.0 34, 33, 37, 25, 
north of south 9.4, 12, 11, 
revetment 41 

S-4 Sta 37+00 25 ft 18.0. 24.0 24.0-25.0 23, 30, 48, 24, 
north of south . 24·, 26, 32, 52 
revetment 

S-5 Sta. 6+00 200 ft 23.0 Sediment 23.0-24.5 1.0, 1.4, 2.3, 
north of south surface 1.0 
breakwater 

* PCB as total in isomer groups di-decachlorobiphenyl. 



Table 2 

Distribution of Organisms in Treatments 

Temperature Aquarium 
1 

1 

oc Treatment No. Organism 

4 Control 16 M, C, K, 

Reference 15 C, K, T 

18 M, c~"" 
Low 13 C, K, T 

19 C, F 

21 M, c··· .. 
Medium 14 C, K, T 

17 

24 M, c··· ,. 

High 20 C, K, r·. 

22 C, F 

23 M, c··· . ,. 

20 Control 1 M, C, K, 

Reference 3 C, K, T 

6 M, c~~ 

Low 4 C, K, T 

7 c, F 

9 M, C* 

Medium 2 c, K, T 

5 C, F 

12 M, c~·~ 
High 8 K, C, T 

10 C, F 

11 M, c··· .. 

M = mussels, C = clams (not in contact with sediment), C* = clams (in con­
tact with sediment), K = killifish (medaka), F = fatheads, T = trout. 

T 

T 



Table 3 

Characteristics of Sediment Homogenates: Means 

(Standard Deviations) 

Total PCB Al242 Moisture TOC Sand: Silt: Clay -1 -1 Sediment l:!S _S l:!S S Percent Percent Percent 

Reference 0.45 0.10 24 1.5 62.1 : 18.8 : 19.2 
R (0.23) (0.00) (0. 77) (0.21) (2.92):(2.62):(1.29) 

Low PCB 4.0 4.6 28 1.6 62.5 : 17.5 : 20.0 
L (0.89) (1.3) (0.20) (0.18) (0.00):(0.00):(0.00) 

Medium PCB 33.0 23.0 48 1.6 43.3 : 20.8 : 35.8 
M (4.3) (5. 1) (0.12) (0.18) (1.44):(1.44):(1.44) 

High PCB 44.0 35.0 46 1.6 37.5 : 27.5 : 35:0 
H (10.0) (3. 7) (0.22) (0.21) (0.00):(0.00):(0.00) 

Table 4 

Regressions of Percent LiJ2id over Time 

Initial Per- Mean Per-
cent Lipid cent Lipid 
(95 percent (95 percent 

Regression Test Confidence Confidence 
Number of of Significance Interval) Inte;nal) 

Organism Observations F p a* X 

Mussels 49 0.040 0.8419 0.26(0.040) 0.26(0.026) 

Clams (contact) 40 0.044 0.8345 2.04(0.243) 2.02(0.150) 
f 

Clams (no contact) 33 0.033 0.8569 2.09(0.295) 2.07(0.199) 

Clams (all) 73 0.069 0.7932 2.06(0.182) 2 . 04 ( 0 . 119) 

Medaka 31 33.210 0.0001 6.75(0.840) 5.00(0.814) 

Fatheads 15 0.062 0.8070 1.04(0.160) 1.05(0.122) 

Trout 39 5.674 0.0225 4.29(0.675) 3.76(0.532) 

* Initial percent lipid is Y-intercept (a) from regression percent lipid 
=a+ b(day). 



Table 5 

Calculated Data Using Time-Se9uence Sameled Residues and 

Simele Kinetic Model for Fresh Weight Dichlorobiehenrls 

in Organisms ExEosed to Sheborgan Harbor Sediments 

C "i'ri<" C Tempera- Treat- ss -1 s_l Sediment 
ture 2 

oc Organism ment>'( l::!S g ± (Ranget) l::!g S BAF 
-

4 Mussels R 0.0092 (0.00092) 0.016 0.58 
L 0.024 (0.0024) 0.37 0.065 
M 0.027 (0.0027) 8.8 0. 003·1 

Trout M 0.28 (0.043) 8.8 0.032 
H 0.26 (0.040) 6.1 0.042 

20 Mussels R 0.016 (0.0016) 0.016 1.0 
L 0.072 (0.0072) 0.37 0.19 
M 0.16 (0.016) 8.8 0.018 
H 0.27 (0.027) 6. 1 0.044 

Clams L 0.40 (0.024) 0.37 1.1 
M 8. 1 (0 .48) 8.8 0.92 
H 1.3 (0.079) 6 .1 0.21 

Medaka R 0.17 (0.021) 0.016 10.6 
L 0.33 (0.041) 0.37 0.89 
M 0.75 (0.093) 8.8 0.085 
H 0.48 (0.060) 6. 1 0.079 

* Treatment: Reference, low, medium, high. 
~~~ See text p. 16 for explanation of symbols. 
t Range based on 95 percent confidence interval for lipid (see Table 4). · 



Table 5 

Calculated Data Using Time-Seguence SamEled Residues and 

Si!!!£le Kinetic Model for Fresh Weight Dichlorobiehenrls 

in Organisms ExEosed to Sheborgan Harbor 

C ··;':-;•~ 

Tempera- Treat- ss -1 turez oc Organism ment-1( l:!8 g ± (Ranget) 

4 Mussels R 0.0092 (0.00092) 
L 0.024 (0.0024) 
M 0.027 (0.0027) 

Trout M 0.28 (0.043) 
H 0.26 (0.040) 

20 Mussels R 0.016 (0.0016) 
L 0.072 (0. 0072) 
M 0.16 (0.016) 
H 0.27 (0.027) 

Clams L 0.40 (0.024) 
M 8.1 (0.48) 
H 1.3 (0.079) 

Medaka R 0.17 (0.021) 
L 0.33 (0.041) 
M 0.75 (0.093) 
H 0.48 (0.060) 

* Treatment: Reference, low, medium, high. 
~~~ See text p. 16 for explanation of symbols. 

Sediments 

C 
s_l 

f:!g g 

0.016 
0.37 
8.8 

8.8 
6.1 

0.016 
0.37 
8.8 
6.1 

0.37 
8.8 
6. 1 

0.016 
0.37 
8.8 
6. 1 

Sediment 
BAF 

0.58 
0.065 
0.0031 

0.032 
0.042 

1.0 
0. 19 
0.018 
0.044 

1.1 
0.92 
0.21 

10.6 
0.89 
0.085 
0.079 

t Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 6 

Calculated Data Using Time-Seguence SamEled Residues and 

SimEle Kinetic Model for Fresh Weight Trichlorobiehenrls 

in Organisms Exeosed to Sheborgan Harbor Sediments 

C ~-:: C Tempera- Treat- ss -1 s 
-1 

Sediment 
turez oc Organism ment'~ l:,!g g ± (Ranget) l:!8 g BAF 

4 Mussels R 0.0024 (0.00024) 0.036 0.067 
L 0.056 (0.0056) 0.79 0.071 
M 0.017 (0.0017) 4. 7 0.0036 

Clams R 0.013 (0.0008) 0.036 0.36 

Fatheads L 0.032 (0. 0037) 0.79 0.041 
H 0.081 (0.0092) 8.2 0.0099 

Trout L 0.22 (0.034) 0.79 0.28 
~1 0.16. .(0.045)- 4.7 0.034 
H 0.25 (0.038) ·8.2 0.030 

20 Mussels R 0.011 (0.0011) 0.036 0.31 
L 0. 16 (0.016) 0.79 0.20 
M 0.13 (0.013) 4.7 0.028 
H o. 19 (0.019) 8.2 0.023 

Clams L 0.31 (0.018) 0.79 0.39 
M 0.75 (0.044) 4.7 0. 16 
H 0.77 (0.045) 8.2 0.094 

Medaka R 0.18 (0.022) 0.036 5.0 
L 0.94 (0.12) 0.79 1.2 
n 3.9 (0.49) 4.7 0.83 
H 1.6 (0.20) 8.2 0.20 

* Treatment: Reference, low, medium, high. 
~ See text p. 16 for explanation of symbols. 
t Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 7 

Calculated Data Using Time-Sequence Sampled Residues and Simple Kinetic 

Model for Fresh Weight Tetrachlorobiphenyls in Organisms Exposed 

Tempera­
ture, °C 

4 

20 

to Seboygan Harbor PCB-Contaminated Sediments 

Organism 

Mussels 

Clams 

Fatheads 

Trout 

Mussels 

Clams 

Medaka 

Treat­
ment'': 

R 
M 
H 

R 

L 
H 

L 
··H. 
H 

R 
L 
H 
H 

L 
H 

R 
H 

C -1..-k 

ss -1 
µg g ± 
b.0011 
0.018 
0.57 

0.053 

0.044 
0.11 

o. 10 
0.12 
0.26 

0.014 
0.30 
0.28 
0.33 

0.33 
0.81 

0.15 
6.3 

(Ranget) 

(0.00071) 
(0.0018) 
(0.057) 

(0.0031) 

(0.0051) 
(0.013) 

(0.016) 
(0.019) 
(0.040) 

(0.0014) 
(0.030) 
(0.028) 
(0.033) 

(0. 019) 
(0.047) 

(0.019) 
(0.79) 

C 
s -1 

µg g 

0.28 
12.0 
18.0 

0.28 

1.7 
18.0 

1.7 
12.0 · 
18.-0 

0.28 
1. 7 

12.0 
18.0 

1.7 
18.0 

0.28 
18.0 

Sediment 
BAF 

0.025 
0.0015 
0.032 

0.19 

0.026 
0.0061 

0.059 
0.010 
0.014 . 

0.050 
0.18 
0.023 
0.018 

0.19 
0.045 

0.54 
0.35 

* Treatment: Reference, low, medium, high. 
~-k See .text p. 16 for explantion of symbols. 
t Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 8 

Calculated Data Using Time-Sequence Sampled Residues and Simple Kinetic 

Model for Fresh Weight Pentachlorobiphenyls in Organisms Exposed 

to Sheboygan Harbor PCB-Contaminated Sediments 

Tempera­
ture, °C 

4 

20 

Organism 

Mussels 

Fatheads 

Trout 

Mussels 

Clams 

Medaka 

Treat­
ment':''" 

R 
L 
M 

L 
H 

R 
L 
H 

R 
L 
M 
H 

L 
M 
H 

R 
L 
H 

C -:..-1: 
ss -1 

µg g ± 

0.0027 
0.0091 
0.0045 

0.048 
0.043 

0.029 
0.036 
0.058 

0.0057 
0.11 
0.28 
0.14 

0.093 
2.4 
0.28 

0.11 
0.66 
0.76 

(Ranget) 

(0.00027) 
(0.00091) 
(0.00045) 

(0.0055) 
(0.0049) 

(0.0046) 
(0.0057) 
(0.0090) 

0.00057) 
(0.011) 
(0.028) 
(0.014) 

(0.0055) 
(0.14) 
(0.017) 

(0.014) 
(0.082) 
(0.094) 

* Treatment: Reference, low, medium, high . 
.,.~ See text p. 16 for explanation of symbols. 

C 
s -1 

µg g 

0.016 
0.37 
2.5 

0.37 
3.8 

0.016 
0.37 
3.8 

0.016 
0.37 
2.5 
3.8 

0.37 
2.5 
3.8 

0.016 
0.37 
3.8 

Sediment 
BAF 

0.17 
0.024 
0.0018 

0.13 
0.011 

1. 81 
0.097 
0.015 

0.36 
0.30 
0.11 
0.037 

0.25 
0.96 
0.074 

6.88 
1.78 
0.20 

T Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 9 

Calculated Data Using Time-Seguence SamEled Residues and SimEle Kinetic 

Model for Fresh Weight Hexachlorobiehenrls in Organisms ExEosed 

to Sheboigan Harbor PCB-Contaminated Sediments 

C ~~': C Tempera- Treat- ss -1 s -1 Sediment 
turez oc Organism ment'': ± (Ranget) BAF l:!8 8 

4 Mussels R 0.084 (0.0084) 
L 0.0093 (0.00093) 
M 0.0061 (0.00061) 

Fatheads L 0.090 (0.010) 
H 0.062 (0.0070) 

Trout R 0.061 (0.0096) 
L 0.048 (0.0048) 
M 0.069 (0. 011) 
H 0.078 (0.012) 

20 Mussels R 0.0090 (0.00090) 
L 0.20 (0.020) 
M 0.50 (0.050) 
H 0.32 (0.032) 

Clams R 0.99 (0.058) 
L 0.22 (0.013) 
M 0.28 (0.016) 
H 0.39 (0.023) 

t1edaka R 0.18 (0.022) 
L 0.91 (0. 11) 
H 2.7 (0.33) 

,~ Treatment: Reference, low, medium, high. 
~~~ See text p. 16 for explanation of symbols. 

~g g 

0.062 1.35 
0.68 0.014 
4.7 0.0013 

0.68 0.13 
7.4 0.0084 

0.062 0.98 
0.68 0.071 
4. 7 0.015 
7.4 0.011 

0.062 0.15 
0.68 0.29 
4.7 0.11 
7.4 0.043 

0.062 16.0 
0.68 0.32 
4.7 0.060 
7.4 0.053 

0.062 2.9 
0.68 1.34 
7.4 0.36 

t Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 10 

Calculated Data Using Time-Seguence SamEled Residues and SimEle 

Kinetic Model for Fresh Weight Total PCB in Organisms ExEosed 

to Sheboigan Harbor PCB-Contaminated Sediments 

C -;'rlt C Tempera- Treat- ss -1 s -1 
Sediment 

ture 1 
oc Organism ment* l:!8 g ± (Ranget) l:!8 g BAF 

4 Mussels R 0.028 (0.0028) 0.45 0.062 
L 0.20 (0.020 4.0 0.050 
M 0.072 (0.072) 33.0 0.0022 

Fatheads L 0.25 (0.029) 4.0 0.063 
H 0.37 (0.042) 44.0 0.0084 

Trout L 1.0 (0.16) 4.0 0.25 
M 0.64 (0. 10) 33.0 0.019 
H 0.85 (0.13) 44.0 0.019 

20 Mussels R 0.054 (0.0054). 0.45 .. . ' 0.12 · 
L 0.83 . (0 .083) 4.0 0.21 
n 0.87 (0.087) 33.0 0.026 
H 1.1 (0.11) 44.0 0.025 

Clams L 1.2 (0.069) 4.0 0.30 
~1 5.3 (0.31) 33.0 0. 16 
H 3.3 (0.19) 44.0 0.075 

Medaka R 0.81 (0.10) 0.45 1.80 
L 4.3 (0.58) 4.0 1.1 
H 8.9 (I. 1) 44.0 0.20 

* Treatment: Reference, low, mediWD, high. 
~h~ See text p. 16 for explanation of symbols. 
t Range based on 95 percent confidence interval for lipid (see Table 4). 



Table 11 

Calculated Data Using Time-Seguence Sameled Residues and Simele 

Kinetic Model for Fresh Weight Aroclor 1242 in Organisms 

Exeosed to Shebovgan Harbor PCB-Contaminated Sediments 

C -;h'~ C Tempera- Treat- ss -1 s -1 Sediment 
turez oc Organism ment* ~8 g ± (Ranget) ~g 8 BAF 

4 Mussels R . o. 0028 (0.00028) 0.10 0.028 
M 0.059 (0.0059) 23.0 0.0026 

Fatheads H 0.37 (0.043) 35.0 0.011 

Trout M 1.2 (0.19) 23.0 0.052 
H 0.88 (0.14) 35.0 0.025 

20 Mussels R 0.047 (0. 0047) o. 10 0.47 
L · 0.88 (0.088) 4.6 0.19 
M. 0.64. .. (0.064) 23.0 0.028 
H 0.89 (0.089) ·3s.o 0.025. 

Medaka L 4.7 (0.58) 4.6 1.02 
M 19.0 (2.3) 23.0 0.83 
H 9.5 (1.2) 35,0 0.27 

* Treatment: Reference, low, medium, high. 
-:rn See text p. 16 for explanation of symbols. 
t Range based on 95 percent of confidence interval for lipid (see Table 4). 



Table 12 

Calculated Data Using Time-Seguence SamEled Residues and SimEle 

Model for LiEid-Normalized Dichlorobi2henrls in Organisms 

E~osed to Shebo;t:gan Harbor 

C -k--k 
Tempera- Treat- ss -1 TBP_ 1 ture 2 

oc Organism ment~·: l:!g g l:!g g 
4 Mussels R 3.6 2.0 

L 9.3 43.0 
H 10.0 1000.0 

Trout M 6.5 1000.0 
H 6.0 730.0 

20 Mussels R 6.0 2.0 
L 28.0 43.0 
H 60.0 1000.0 
H 100.0 7~0 .. 0 

Clams L 20.0 43.0 
M 400.0 1000.0 
H 66.0 730.0 

Medaka R 2.5 2.0 
L 4.9 43.0 
M 11.0 1000.0 
H 7.1 730.0 

~-: Treatment: Reference, low, medium, high. 
'k-k See text p. 16 for explanation of symbols. 

Sediments 

C 
w -1 

E l:!g Q 

1.8 0.011 
0.22 0.02 
0.01 0.022 

0.0065 0.045 
O.OQ82 0.029 

3.0 0.054 
0.65 0.33 
0.060 0.89 
0.14 o. ~4 

0.47 0.54 
0.40 0.66 
0.090 0.46 

1.3 0.058 
0.11 0.74 
0.011 0.42 
0.0097 0.43 

Kinetic 

Whole 
Water 

log BAF 

5.51 
5.67 
5.66 

5. 16 
5.32 

5.05 -
4.93 
4.83 
5.85. 

4.57 
5.78 
5. 16 

4.63 
3.82 
4.42 
4.22 



Table 13 

Calculated Data Using Time-Seguence SamEled Residues and SimEle Kinetic 

Model for LiEid-Normalized Trichlorobi2henils in Organisms 

ExEosed to Sheboigan Harbor 

C ~ Tempera- Treat- ss -1 TBP_ 1 ture 1 
oc Organism ment•': µg g l::!8 g 

4 Mussels R 0.91 22.0 
L 21.0 95.0 
M 6.4 560.0 

Clams R 0.64 22.0 

Fatheads L 3.1 95.0 
H 7.7 980.0 

Trout L 5.0 95.0 
M 3.7 560.0 
H 5.7 980.0 

20 Mussels R 4.2 22.0 
L 62.0 95.0 
M 50.0 560.0 
H 72.0 980.0 

Clams L 15.0 95.0 
M 37.0 560.0 
H 38.0 980.0 

Medaka R 2.7 22.0 
L 14.0 95.0 
M 58.0 560.0 
1{ 23.0 980.0 

* Treatment: Reference, low, medium, high. 
~ See text p. 16 for explanation of symbols. 

Sediments 

C 
w -1 

E µg Q 

0.041 0.0050 
0.22 0.0064 
0.011 0.0075 

0.029 0.0040 

0.033 0.010 
0.0079 0.045 

0~053 0.012 
0.0066 0.012 
0.0058 0.012 

0.19 0.0070 
0.65 0.035 
0.089 0.10 
0.073 0.045 

0 .16 0.056 
0.066 0.072 
0.039 0.039 

0.12 0.0070 
0.15 0.076 
0.10 0.044 
0.023 0.033 

Whole 
Water 

log BAF 

5.26 
6.52 
5.93 

5.20 

5.49 
5.23 · 

5.62 
5.49 
5.68 

5.78 
6.25 
5.70 
6.20 

5.43 
5.71 
5.99 

5.59 
5.27 
6.12 
5.84 



Table 14 

Calculated Data Using Time-Seguence SamEled Residues and SimEle Kinetic 

Model for LiEid-Normalized TetrachlorobiEhenyls in Organisms 

ExEosed to Sheboygan Harbor Sediments 

C J,..-;'( C Whole 
Tempera- Treat- ss -1 

TBP_ 1 w -1 Water 
ture 1 

oc Organism ment'~ ~g g ~g g E ~g Q log BAF 

4 Mussels R 2.7 36.0 0.075 0.0046 s. 77 
M 6.9 1400.0 0.0049 0. 0072 5.98 
H 220.0 2200.0 0. 10 0.023 6.98 

Clams R 2.6 36:o 0.072 0.0033 5.90 

Fatheads L 4.2 210.0 0.020 0.012 5.54 
H 11.0 2200.0 0.0050 0.052 5.33. 

Trout L 2.3 210.0 0.011 0.0087 5 .. 42 
·M 2.8 1400 :o . 0.0020 · 0.015 5,27 

H 6.0 2200.0 0.0027 0.012 5.70 

20 Mussels R 5.2 36.0 0.14 0.0031 6.22 
L 120.0 210.0 0.57 0.044 6.44 
M 110.0 1400.0 0.079 0.013 6.93 
H 130.0 2200.0 0.059 0.049 6.42 

Clams L 16.0 210.0 0.076 0.059 5.43 
H 40.0 2200.0 0.018 0.049 5.91 

Medaka R 2.2 36.0 0.061 0.037 4.77 
H 94.0 2200.0 0.043 0.048 6.29 

* Treatment: Reference, low, medium, high. 
* See text p. 16 for explanation of symbols. 



Table 15 

Calculated Data Using Time-Seguence SamEled Residues and SimEle Kinetic 

Model for Lieid-Normalized Pentachlorobiehenrls in Organisms 

Exeosed to Sheborgan Harbor Sediments 

C ~ C Whole 
Tempera- Treat- ss -1 TBP_ 1 w -1 Water 
turez oc Organism ment•'r ~g g ~g g E ~g ! log BAF 

4 Mussels R 1.0 2.0 0.50 0.00053 6.28 
L 3.5 45.0 0.078 0.00072 6.69 
M 1.7 290.0 0.0059 0.0014 6.08 

Fatheads L 4.6 45.0 0.10 0.0019 6.38 
H 4. l 460.0 0.0089 0.013 5.50 

Trout R 0.68 2.0 0.34 0.00026 6.42· 
L 0.85 45.0 0.019 0.0022 5.59 
H 1.3 460.0 0.0028 0.0024 5.73 

20 Mussels R 2.2 2.0 1.1 0.00069 6.50 
L 43.0 45.0 0.96 0.0097 6.65 
M 110.0 290.0 0.38 0.038 6.46 
H 55.0 460.0 0 .12 0.0091 6.78 

Clams L 4.6 45.0 0.10 0.012 5.58 
M 120.0 290.0 0.41 0.028 6.63 
H 14.0 460.0 0.030 0.011 6.10 

Medaka R 1.6 2.0 0.80 0.00057 6.45 
L 9.8 45.0 0.22 0.015 5.82 
H 11.0 460.0 0.024 0.013 5.93 

* Treatment: Reference, low, medium, high. 
* See text p. 16 for explanation of symbols. 



' 

Table 16 

Calculated Data Using Time-Seguence SamEled Residues and SimEle Kinetic 

Model for LiEid-Normalized Hexachlorobi2hen~ls in Organisms 

Ex2osed to Shebo~gan Harbor 

C -.':-~ 
Tempera- Treat- ss -1 TBP_ 1 ture, oc Oraanism ment'': l:!8 g l:!8 g 

4 Mussels R 32.0 7.7 
L 3.6 . 81.0 
M 1. 7 290.0 

Fatheads L 8.6 81.0 
H 5.9 890.0 

Trout R 1.4 7.7 
L I.I 81.0 
11 1.6 560.0 
H i'.8 890.0 

20 Mussels R 3.5 7.7 
L 75.0 81.0 
11 190.0 560.0 
H 120.0 890.0 

Clams R 48.0 7.7 
L 11.0 81.0 
11 14.0 560.0 
H 19.0 890.0 

Medaka R 2.6 7.7 
L 14.0 81.0 
H 39.0 890.0 

* Treatment: Reference, low, medium, high. 
~ See text p. 16 for explanation of symbols. 

Sediments 

C Whole 

w -1 Water 
E l:!8 .e log BAF 

4.2 0.00042 7.88 
0.044 0.0010 6.56 
0.0059 0.0014 6.08 

0. -11 0.0018 6.68 
0.0066 0.022 5.43 

0.18 0.00062 6.35-
0.014 0.0016 5.84 
0.0029 0.0031 5. 71 
0.0020 0.0045 5.60 .. 

0.45 0.00035 7.00 
0.93 0.016 6.67 
0.34 0.080 6.38 
0.13 0.017 6.85 

6.2 0.00046 8.02 
0. 14 0.024 5.66 
0.025 0.059 5.38 
0.021 0.021 5.96 

0.34 0.00057 6.66 
0. 17 0.032 5 .64' 
0.044 0.025 6.19 



' 

Table 17 

Calculated Data Using Time-Seguence Sam:eled Residues and Simele Kinetic 

Hodel for LiEid-Normalized Total PCB Residues in Organisms 

ExEosed to Shebo_:t:gan Harbor 

C ~ Tempera- Treat- ss -1 TBP_ 1 ture 2 
oc Oraanism ment~'.- µg g l:!8 g 

4 Mussels R 11.0 61.0 
L 76.0 480.0 
M 28.0 3900.0 

Fatheads L 24.0 480.0 
H 35.0 5300.0 

Trout . L 24.0 480.0 
M 15.0 3900.0 
H 20.0 5300.0 

20 Mussels R ·21.0 61.0 
L 320.0 480.0 
M 330.0 3900.0 
H 430.0 5300.0 

Clams L 58.0 480.0 
M 260.0 3900.0 
H 160.0 5300.0 

Medaka R 12.0 61.0 
L 64.0 480.0 
H 130.0 5300.0 

* Treatment: Reference, low, medium, high. 
-Irk See text p. 16 for explanation of symbols. 

Sediments 

C Whole 
w -1 Water 

2 l:!8 .e log BAF 

0.18 0.023 5.68 
0. 16 0.034 6.35 
0.0072 0.040 5.85 

0.050 0.049 5.69 
0.0066 0.18 5.29 

0.050 0.053 5.66 · 
0.0038 0.079 5.28 
0.0038 0.061 5.52 

0.34 0.065 5.51 
0.67 0.43 5.87 
0.085 1.1 5.48 
0.081 0.60 5.86 

0.12 0.69 4.92 
0.067 0.84 5.49 
0.030 0.58 5.44 

0.20 0.10 5.08 
0.13 0.94 4.83 
0.025 0.55 5.37 



' 

Table 18 

Calculated Data Using Time-Seguence Sampled Residues and Simple Kinetic 

Model for Lipid-Normalized Aroclor 1242 

Ex:eosed to Sheboygan Harbor 

C -!;-;'( 
Tempera- Treat- ss -1 TBP_ 1 ture, oc Oq~anism ment'': ~g g ~g g 

4 Mussels R 1.1 13.0 
M 23.0 2700.0 

Fatheads H 36.0 4200.0 

Trout M 28.0 2700.0 
H 21.0 4200.0 

20 Mussels R 18.0 13.0 
L 340.0 560.0 
M 250.0 2700.0 
H 340.0 4200.0 

Medaka L ·6·9 .0 560.0 
M 280.0 2700.0 
H 140.0 4200.0 

* Treatment: Reference, low, medium, high. 
~--f: See text p. 16 for explanation of symbols. 

Table 19 

Residues in Organisms 

Sediments 

C Whole 

w -1 Water 
12 ~g .£ log BAF 

0.085 0.02 4. 74 
0.0085 0.03 5.88 

0.0086 0.19 5.28 

0.010 a.as 5.75 
0.0050 0.05 5.62 

1.4 0.02 5.95 
0.61 0. 17 6.30-
0.093 0.70 5.55 
0.081 0.21 6.21 

0.12 0.38 5.26 
0.10 0.25 6.05 
0.033 0.16 5.94 

Significant Results of Analysis of Variance Comparing Mean Values of 

Treatments and PCB Isomer Groups for Proportion (p) 

p 

Variable 

of Steady State Reached, Sediment BAF, and Lipid­

Normalized Whole Water Log BAF 

Effect Mean < Mean 

log-transformed* Trea tment'h'~ M, H < L, R 
L < R 

Sediment BAF Treatment M, H < L, R 
log-transformed* 

Lipid-nomalized PCB isomer di < tetra, penta, 
whole water log BAF group hexa 

tri < penta, hexa 

* Log tranformation was used to correct heterogeneity of variance. 

p 

0.0001 

0.0001 

0.0001 

~ Treatment: Reference (R), low (L), medium (M), high (H) PCB content in 
sediment. 
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Figure· 2. Exposure System 
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Appendix A: Analytical Data 

Analytical data for PCB in Sheboygan Harbor sediment homog~nates, aquar­

ium water, and organisms are presented in Tables Al-Al4. Polychlorinated bi­

phenyls (PCB) were qµantitated by GC/ECD as totals in isomer groups dichloro­

biphenyl through decachlorobiphenyl (two chlorines per molecule through ten 

chlorines per-molecule) as the tot~l of all PCB and, whenever possible, as 

Aroclor 1242, 1254, or 1260. 

Lower limit values are the smallest amount of PCB that could be reliably 

detected in a sample. A "less-than" symbol(<) means that the compounds were 

not detectable at or above the lower limit value. 

A period(.) in a column headed A1242, A1254, or A1260 means that a 

chromatogram could not be matched with an Aroclor standard and does not in­

dicate that PCB was not detected. 

Al 



Table Al, Characteristics of Sediments; Co~centrations: u~/~ (ppm), Dr~ Wei~ht 

------------------------------------------- -- .. ---- - --------------------
1 

Pol~chlorinated BiPhenuls 
2 3 ------------------------------------------------------------------ 7. 4 

Sed. Trt. [Ii Tri Tet1·a Penta He>ta HePta oc·-t.a Nona Deca Total A1242 TOC 7. PSD 
--------------------------------------------------------------------------------------------

R 

L 

H 

H 

A<l) 
A(2) 
[( 

C 
[I 

. A ( 1) 
(I 

C 
[I 

A< 1) 
(I 

C 
[I 

A< 1) 

B 
C 
[I 

0.04 0,07 0,09 
<0.01 0.02 0.16 
<0.01 <0,01 0,29 
<0.01 0.02 0,31 
<0.01 0,06 0,57 

o.s2 0,9-4 
0,16 0,56 
0,23 0,73 
0,55 0,91 

12. 
7,2 
7,0 
8,8 

4,1 
3.t 
3,2 
1 4 , 

9.8 
6.6 
7,5 
9,0 

2,0 
1,3 
1 • 6 
1 • 9 

10. 
12, 
13, 
12. 

14, 
24 • 
1 1 • 
22. 

0.02 
0.02 
<0.01 
0.01 
0.02 

0,-43 
0,24 
0,31 
0.51 

3,4 
2.0 
2.0 
2,-4 

4,2 
3,5 
3,2 
-4. 4 

0.00 
0.03 
0,03 
0.06 
0,11 

0,71 
0,51 
o.5a 
0,91 

8.3 
6,6 
5.9 
8.9 

0.01 
0.01 
0,01 
0.01 
0.01 

<0.01 (0.01 <0,01 
0.01 <0.01 <0.01 
o.oz <0.01 (0,01 
o.q2 <0.01 <0.01 
0.07 0.03 0,03 

0,05 (0,01 <0.01 (0.01 
(0,01 0.04 (0.01 (0,01 
<0,01 <o.b1 (0,01 <0,01 
o.os o.oe 0.0-4 0.01 

0,07 0,19 
0,0-4 0.12 
0,04 0.12 
0,04 0.12 

0,07 
0,06 
0,05 
0,09 

0.21 
0.22 
0.18 
o._10 

(0,01 <0,01 
(0,01 <0,01 
<0,01 <0,01 
<0.01 <0,01 

<0,01 
<0,01 
<0,01 
0,03 

<o.oi­
<0.01 
<0,01 
0.03 

0,31 
0,25 
0,35 
0,-43 
0 • 90. 

-4 • 7 
2,8 
3,5 
s.o 

40. 
29, 
30, 
32. 

41. 
4-4. 
31. 
59. 

<0,10 1,5 
(0.10 1.3 
<0,10 1,4 
<O .10 1 • 3 

6. -4 
2.0 
4.0 
s.2 

31. 
18. 
19. 
22. 

-40. 
30, 
3-4. 
37. 

1 • 8 

1.5 
1.7 
1,4 
1.e 

1 • 8 
1.-4 
1 • 7 
1 • S 

1 • 6 
1,4 
1. 9 
1. 6 

63:10:19 
61:20:19 

62:10:20 

37:20:35 

-----------------------------------------------------·---------------------------------------
1, Total in isomer groups or by Aroclor standards. 
2. Sediment: Reference, Low, Medium and Hish PCB. 
J. See text, Pt a. 
4, Percent Particle Size Distribution as sand:silt:cla~. 



Table A2. PCB Concentrations in Unfiltered Ac•uarium Water, n!J/1 (f'f't) 

------------------------------------------------~--~----------------------------~----------
1 2 '3 

Sed. TeltP• Ao. Di - Tri Tetra Penta Hena HePta Octa Nona Deca Total A1242 

-------------------------------------------------------------------------------------------
R 4 15 7.1 3,0 1,9 0,26 o.62 0,088 1 • 5 o.oaa <0,088 15. • 

18 11. s.o 4.6 0,53 0,42 <0.10 1,3 <0.10 <0.10 .23, 20. 
20 J 58. 7,0 37, 0,57 0,57 <0.095 0,095 <0.095 (0.095 100. 36, 

6 54, 7,0 3.1 0,69 0,35 <0.12 0.12 <0.12 <0.12 66, 20. 

L 4 13 28, 12, 8,7 2,2 1, 6 <0,043 0,69 0,043 0,043 53, 40, 
19 23, 10. 12. 1,9 1,8 <0,048 0, 48 <0.048 <0,048 49. 50, 
21 20. 6,4 5,2 0,72 1,0 0,036 0.22 0,072 <0,036 34. 30. 

20 4 740, 76. 7J., 15. 32. <1 .-2 1,2 <1,2 <1,2 940, 380, 
7 170, 21. 27, 6,5 13. <0.25 0.25 <0,2S <0,25 240, 110. 
9 330. 35, 44, 9,7 16, <0,28 0,28 <0,28 <0.28 440. 170. 

H 4 14 45, 12. 15, 3,6 3,1 0.13 0,043 0,043 0.043 79, 50, 
17 32. 10. 7,8 1,3 !.4 <0,029 0.12 0.029 <0,029 53. 40, 
24 22. 7.5 7.2 1,4 1.4 0,036 0.54 0,072 0,036 40. 30. 

20 2 420, 44, 60, 18, 38, <0,76 1, 5 <0,76 <0,76 580, 250, 
5 320, 30, 29, 6.1 1 1 , <0,18 0.18 <0,18 <0,18 400, 150, 

12 890, 100. 13, 38, 80. <1,5 4,5 <1.5 <1,5 1100. 700, 

H 4 20 29, 12, 12. 2,4 4,5 0.15 0,31 0,15 o. 15 61, so. 
22 47, 45, 52. 13, 22. 0,48 0,64 0 • 16 <O, 16 180, 190, 
23 23. 20, 24. 5,4 8,1 0.16 0,39 <0,079 <0,079 81, so. 

20 8 43.0, 33. 48. 13. 25. o~.;s 0,67 <0,11 <0,11 550. 160. 
10 280. 35, 48, 14. 27, <0.47 0,94 <0,47 <0,47 410. 180, 
11 480, 45, 49, 9, 1 17. 0.:.2 0,48 <O, 12 <0.12 600, 210. 

-------------------------------------------------------------------------------------------
1 • Sediment: Reference, Low, tied i •Jn, and Hish PCB, 
2. Temperature, de!irees c. 
3. Aouarium no, 



Table AJ, PCB Concentrations BS I SOfftU •• Groups and LiPid Conter,t 
1 

at 4 Itesrees C in Clanis, n!.1/!J ( ppl;I), Wet Wei!:iht 

______________________ ..,. ______________________________ -----------------------~----------------
Pol ~chlo1·inated BiPhen!ails 

2 J 4 s X -------------------------------------------------------------' . . 
EXP, Trt. AB• Ti 11,e LiPid [Ii Tri Tetra Penta Hexa He,=,ta Octa Nona Dl!CB Total 
-------------------------------------------------------------------------------------------

B t -17 1. 8 36. 9.4 33. 40. · . 99. 20. 16. 2,J <0.58 260, 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -

I 0 3,0 77. 11, 24. 40. 170. 15. lol 2.1 <1.t 340, 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C R 18 2 1,5 33 •. 8,7 27. 13, 140, 16. 10. <0.87 <0,87 250. 

18 4 2.1 25. i 11 • 17, <1.1 120. 9,5 1.1 <t .1 <1,1 180, 
18 10 1, 9 97, 10. 27. <0,87 120. 10. 10. <0~87 <0,87 270. 
18 17 2,3 77, 29, 54. 49, 130. 8.6 0,95 <0,95 <0,95 350, 
18 JO 2.1 66, 8,5 59. <0,85 200. 18, 12. <0,85 <0,85 360. 

L 21 2 1,9 73, 35. 29. 40·. 130, 12. 3,7 <0,92 <0,92 320, 
21 4 1,7 so. 11. 24, 47. 120. 10. . 7.0 0,63 <0,63 270, 
21 10 2.0 48. 74. .... t 

LA t 41 • 150. 25. 4,0 <1.0 <1,0 360. 
21 17 2,5 37. 14, 22. 6,3 150. 16. 14. 1.0 <1,0 260, 
21 30 2.0 57, 40, 42. 32. 130. 5.0 1 • 7 <1,7 <1.7 310, 

H 24 2 2.3 140. so. 61. 87, 190. 17, 14. 0.92 <0,92 560, 
24 4 2.1 74, 13. 19. 45. 140. 12. 10. 0.92 <0,92 310. 
24 10 2.1 49. 22. 35, 37. 130, 6,2 3,7 <1,2 <1,2 280, 
24 17 2,4 43, 21. 23. 33. 14, 13. 10. 1.1 <1,1 160. 
24 30 3,1 80, 43. 83. 99. 220. 17. 17. 1,4 <1,4 560, 

H 23 2 1,9 110. 42. 63. -66 • · 200. 20. 12. 0.83 <0.83 510. 
23 4 2.1 23, 18, 53. 40, 210. 9,3 6.2 <1,0 <LO 360. 
23 10 1,8 76. 56, 22. 40, 140. 19. 4,0 <1,0 <1.0 360, 
23 17 2,2 140, 32, 50. 42. 190, 17. 11. 0,91 <0.91 480. 
23 30 1,8 100. 49, 48, 34. 120. 5,0 17. 1.0 <1,0 370, 



Table AJ <Concluded>. PCB Concentrations as Isomer Grour-s and LiPid Content 
1 

at 4 Ile!:lrees C in Clams, n~/s <"f'Pb), Wet Weisht 

-----------------------.....-------------------------------------------------------------------
f'oh,::hlo r i nated BiPhem,ls 

2 3 4 5 X ---·---------------------------------------------------------
E>:Pt Trt. Ao. Th,e LiPid [Ii Tri Tetra Penta HeHa HePta Octa Nona [l~ca Total 
-----------------------------------------------------·--------------------------------------

N C 16 4 1 • 6 86. 3,3 13. 19. 110. 9.8 8.9 0,81 <0.81 250. 
16 17 2.1 120. 5.6 12. 42. 120. 13. 12. 0.01 <0.81 JJO, 
16 JO 2.3 53, 7,0 21. 36. 150. 12. 5.1 <1.0 <1.0 280. 

R 15 JO 2.2 19. 10. 55. <1,5 . 160. 10. 1, 5 (1,5 (1.5 260, 

L 13 30 2,2 23, 14, 41. <0,9] 120. 11. 12. 0,93 <0.93 220. 
19 30 2.2 49. 7.7 37. <0.96 150. 14. 15. <0.96 <0.96 270. 

H 14 30 1.9 48, 16. 23, 35. 130, 14, 7,2 <1.2 <1.2 270. 

H 22 10 2.4 57, 56. 71. 52, 180. 28, 6.0 <1.0 <1.0 450, 
20 30 2,3 26. 9,5 33. (1,2 100. 17, 15, 1.2 <1.2 200. 
22 JO 1,9 23, 9.1 20. 45, 140. 14, 5,7 <1,1 <1.1 260. 

--------------------------------------------------------------------------------------.-----
1. Backsround sa•Ple taken at aabient te~Perature, aP~roxi~atel~ 20 desrees C, 
2, Exr-osure: C ~ clams in contact with sediment, N = cla~s not in contact with sedimer,t, 
J. Treat~enl: Backsround, Initial, Controlf Reference, Low, Hediua and High PCB sediments. 
4, Aouariun, no, 
s. In da~s referenced to start of experiment, 



Table A4, PCB Concentrations as Isomer Groups and LiPid Cont~nt 
1 

at 20 De~rees C in Clams, ntl/~ .(ppb), Wet Wui~ht 

----------------------------------------------------··~----------------------~----------------
2 J 4 5 X 

EXP, Trt. Aa. Time LiPid 

C 

IC 

I 

R 

L 

H 

ft 

• 

• 
6 
6 
6 
6 
6 

9 
9 
9 
9 
9 

12 
12 
12 
12 
12 

11 
11 
11 
11 
11 

-17 

0 

2 
4 

10 
17 
30 

2 
4 

· 10 
17 
JO 

2 
4 

10 
17 
JO 

2 
4 

10 
17 
JO 

1.8 

2.5 
2.J 
2.3 
1.7 
t.6 

2.1 
1.0 
2 • 1 
1.7 
1.6 

1.4 
1.6 
3.1 
1.J 
1.9 

2.9 
2.9 
1 • 3 
2.0 
1 .a 

Pol~chlorinated BiPhen~ls 
-- ·---------------------------·-------------------------------
[Ii 

36, 

45,: 

19 .. 
47, 
66. 
33. 
69, 

150, 
120, 
260. 
230. 
330. 

Tri 

15. 
14, 
92. 
25. 
37. 

130, 
86. 
280. 
200. 
320. 

180, 110. 
260. 160, 
630. 350. 
320. 190. 
1100. 770. 

290. 
220. 
410. 
640. 
a::rn. 

200. 
210. 
330, 
500. 
720, 

Tetra Penta Hexa HePta Octa Nona D~ca 

33, 

41. 

45. 
25, 
49. 
21. 
36. 

150, 
fr I, 
270, 
230. 
340, 

120. 
190, 
320, 
200, 
810, 

220. 
750. 
JOO. 
490. 
710. 

40. 

72, 

69, 
63, 
54, 
36, 
44. 

90. 
39. 
120. 
92. 
120. 

57. 
85. 
110~ 
91. 
250. 

100. 
140, 
97. 
150. 
21"0. 

99, 20. 

190, 22. 

200. 
180, 
180. 
100. 
150. 

210. 
90. 
290, 
180. 
250. 

140. 
190. 
290, 
200. 
490, 

240. 
320. 
230, 
300. 
370. 

8.1 
30. 
26. 
3.8 
7.6 

10. 
3,0 
18, 
5.a 
5.9 

5,2 
7.5 
8,6 
13. 
11 • 

13. 
25. 
11. 
7.2 
10. 

16. 

14. 

2.7 
10. 
6.0 
5.8 
11. 

2.1 
1.e 
5,0 
1 1 • 
4.4 

7.8 
1 • 9 
14. 
8,3 
3.2 

5.6 
14. 
4.0 
4.t 
2.3 

2.3 <0,58 

<0.93 <0.93 

<1.4 
o.ao 
<1~0 
0,97 
0,76 

<1.0 
<0,60 
<1,0 
<0.96 
0,74 

<1 • 4 
0,80 
<1,0 
<0,97 
<0,76 

<1.0 
<0.60 
<1.0 
<O ,96 
<0.74 

0,86 <0.86 
<:0.94 <0.94 
<1,7 <1,7 
0,63 <0.63 
<t.6 ·<1,6 

<1,4 
1 • 3 
<1.0 
<1,0 
o.76 

<1.4 
<1.J 
<1.0 
<1.0 
<0.76 

Total 

260. 

390. 

360. 
370, 
470, 
230. 
360. 

740. 
4'10. 
1200. 
950. 
1400. 

620. 
890. 
1700. 
1000. 
3400. 

1100. 
1700. 
1400. 
2100. 
2900, 



Table A4 (Continued). PCB Concentrations as Ison,er Groups and Lif•id Content 
1 

at 20 I•e!lrees C in Clams, n!:1/~f (ppb), Wet Wei!:lht 

--------------------------------------------------------------------------~----------------
Pol l:lchlc, f'inated BiPhe1t~ls 

2 3 4 5 r. -------------------------------------------------------------
EHPt Trt. Ao. Time LiPid I•i Tri Tetra f'erita Hexa HePta Octa Nor,a t•eca Total 
-------------------------------------------------------------------------------------------

N C 1 4 1 • 1 14. 0.s 12. 25. 70. 5,5 2,5 0,50 <0.50 140. 
1 30 2.0 79. 44. 33. 40. ; 140. e.o 12. 0,90 <0,90 360. 

R J 2 2,3 51. 21. 30, 32. 170. 19, 6,3 <1.3 <1,3 330. 
J 4 1,5 27 ♦-- 14. 50. 43, 140. 24. 2,9 <:0.97 <O ,97 300. 
J 10 2,3 35 • · 43. 42, 50. 190. 10. 6,7 <1 .• 7 <1.7 380. 
3 17 2,9 78. 57. 63. 61. 210. 9,3 7,4 <1,9 <1,9 490. 

L 4 2 2.1 45. 36. 34. 46. 160. 17. 5,3 <1,3 <1,3 340. 
4 4 1,7 43. 32. ol, 49. 120. 13. 13. o.79 <0.79 330. 
4 10 1,6 46. 53. 46 • 45. 140, 7.9 2,6 o.ee <0,88 340. 
4 17 2,5 98. 190. 320. 54. 190. s.o 17. <1.6 <1,6 870. 
4 JO 1,3 180, 130. 130. 54. 130. 4 .o 5,6 0.79 <0,79 630. 

" 2 2 2,3 67, 26. 32. 49. 170. 6.5 1 • 1 <1.1 <1.1 350. 
2 4 1,3 31. 26, 49. 54. 130. 22. 6.1 0,56 <0.56 320. 
2 10 1.9 150, 100. 110. 78. 210. 19. 0.2 0,91 <0,91 680. 
2 17 1 • 7 270. 190. 260, 120. 280. 10. 14. 1.1 <.1 .t 1100. 



Table A4 (Concluded). PCB Concentrations as Isomer Groups and LiPid Content 
1 

at 20 Desrees C in Clams, ng/g (PPb), Wet Weisht 

-----------------------~-------------------------------------------------------------------
Pol !:lchlo 1· inated BiPhemsls 

2 3 4 5 % --------------------------------------------------------------
EXP• Trt. Ao, Time Lipid [Ii Tri Tetra Penta HErna HePta Octu Nona [l~c:a Total 
-------------------------------------------------------------------------------------------

N H 8 2 3,6 140. 180. 210. 57. 150. <2,4 2,4 <2,4 <2.4 740, 
8 4 2.1 71. ::rn • 89, 58. 150. 7.1 5.7 <1,4 <1.4 430. 
8 10 0.93 65. 120. 94. 21. 72, <:1. 0 <1.0 <1.0 <1.0 370, 
8 17 2,3 320t" 310, 390. 140 •. 330, 22. 18. 1, 4 1,4 1500. 
8 30 2.0 620. 440, 630. 210. 420. 8.9 13. 0,99 <0.99 2300. 

-------------------------------------------------------------------------------------------
1. Backsround sample taken at ambient temperature,- aPProximatel!:1 20 degrees C, 
2, Exposure: C = clams in contact with sedi~ent, N = clams not in contact with sediment. 
J, Treat111ent: Backsround, Initial, ControH Referer,ce·, Low, Hcdiurr, and Hi.!:lh f'CB sedinit.mts. 
4. Aauari•Jm no. 
5, In da~s referenced to start of experiment. 



1 
Table AS. PCB Concentrations ilt 4 Desrees C, 

as Aroclor Standards in Clams, ns/s (PPb>, Wet·w~isht 

2 3 4 5 
ExP. Trt. Ao. Time A1242 A12S4 

160. 

Al:?60 

C 

N 

B 

I 

R 

L 

M 

H 

C 

R 

L 

11 

• 
♦ 

18 
18 
18 
18 
18 

21 
21 
21 
:.fa. 
21 

24 
24 
24 
24 
24 

23 
23 
23 
23 
23 

16 
16 
16 

1S 

13 
19 

14 

-17 

0 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

~ 
4 

10 
17 
30 

2 
4 

10 
17 
30 

4 
17 
30 

30 

30 
30 

30 

♦ 

• 1so. 
- - - - - - - - - - - - - - - - -

• 
• 

• 
. ... .. 

• 
• 
-. 

• 
• 

♦ 

♦ 

• 
• 

• 
• 
• 

100 • 
140. 
110. 
130. 
120 • 

120 • 
110. 
• 
140. 
120. 

160. 
130. 
120. 
130. 
200. 

120. 
160. 
• 
120. 
130. 

90. 
150. 
140. 

110. 

120. 
140. 

110. 

• 
• 

• 

• 
• 
320. .. 
• 

• 

• 

260. 

• 

• 
• 
• 

• 



1 
Table AS <Concluded). PCB Concentrations at 4 De~rees C, 

as Aroclor Standards in Clam~, n~/s (ppb), Wet Weisht 

------------------------------------------------------------2 3 . 4 5 
EXP• Trt. Aa. Time 

N H 10 
30 
30 

A1242 

♦ 

♦ 

A1254 

• 
170. 
130. 

1, Backsround samPle taken at ambient t~ruPerature, 
aPProximatel~ 20 desrees C. 

A1260 

3SO. 

2, Exposure: C = clams in contact with sediment, N = clam5 
not in contact with sediment. 

J. Treatment: Backsround, Initial, Controll Reference, Low, 
Medium and Hish PCB sediments~ 

4. Aauarium·no. -f 

s. In da~s referenced to start of experiment. 



1 
Table A6. PCB Concentrations at 20 Oesrees C, 

as Aroclor Standards in Clams, n~/s (ppb), We~ W~isht 

2 3 4 5 
E ~-: P • T r t • A a • T i m e 

C 

N 

D 

I 

R 

L 

M 

H 

C 

L 

• 

6 
6 
6 
6 
6 

9 
9 
9 
9 
9 

12 
12 
12 
12 
12 

11 
11 
11 
11 
11 

1 
1 

3 
3 
3 
3 

4 
4 
4 
4 
4 

-17 

0 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

4 
10 
17 
30 

2 
4 

10 
17 
30 

4 
30 

2 
4 

10 
17 

4 
10 
17 
30 

A1242 

• 
120. 
• 
130. 

. 590 • 
450. 
1700. 
1000. 
1500. 

soo. 
680. 
1700. 
890. 
3500. 

930. 
990. 
1700. 
2300. 
2900. 

160. 

• 

180. 
780. 
soo. 

A1254 

160 • 

160. · 

150. 
160 • 

110 • 
130. 

260 • 
100. 

29-0. 
430. 

150. 
240. 
430. 
230. 
1300. 

250. 
330. 
• 
540. 
600. 

60. 
100. 

150. 
100. 
130. 
170. 

110. 
110. 
130. 
310. 
160. 

A1260 

• 

• 

• 

• 

• 

• 



1 
Table A6 (Concluded). PCB Concentrations at 20 De~rees C, 

as Aroclor Standards in Clams, ns/~ (ppb), Wet Weiiht 

.... 3 4 5 ... 
E:-:P. Trt. Aa. Time A1242 A12S4 A1260 

-------------------------·----------------------------------
N H 

.., 
2 • 150. ... 

2 4 90. 120. .., 10 440 • 670. ... .., 
17 840 • 300. ... 

H 8 .., 630. 270. ... 
8 4 1,!>0. 110. 
8 10 490. • a 17 1400. 460. 
8 30 19-00. 560. 

1. Backsiro•Jr,d sample _talt..er, at ambient te1T1Perat,ur·1=, 
~PProx.imatel~.20 ~esrees c~ · 

• 
• 
• 
• 

• 
• 

• 
• 

2. ExPosur~: C = clams in contact with sedimen~, N = clams 
not in contact with sediment. 

3, Treatment! Backsround, Initial, Co~tro:; R~ference, Low, 
Mediuffi and Hijh PCB sediments. 

4, Aa1Jari1Jm r,o. 
S. Ir, da~s referer,ced to start of e:•:r•et·imt:/nt, 



Table A7, PCB Cor,cent rations and LiPid Content 
1 

et 4 Desrees C in H•Jssels, rt!:1/S (ppb), Wet Wei!iht 

----------------------------------------------------------------------------~---------------
2 

Poh,chlorinated BiPhemils 
3 4 5 ., ,. ------------------------------------------------------------------

Trt. All, Time LiPid Di Tri Tetra Penta He:-:a HePta Octa Nona [teca Total A1242 

-------------------------------------------------------------------------------------------
[c -17 0.27 5.9 2.2 4.4 t.5 2.2 0.74 0,74 1.5 <0.74 19. <7.4 

... 
I 0 0 • 16 8.3 1.l 5 • 1 1.0 1. (\ <0.25 1.3 0.25 <0.25 18. <2.5 

·• 

C 16 4 0.19 8.7 o.a1 2.a 1.2 2.?.. <0.20 0.61 0.20 <0.20 17. <2.0 
16 17 0.19 6.5 5.6 9.6 0.42 1 t I,] 1 • 5 0.63 0.21 <0.21 25. 27. 
16 30 0.25 7.1 2.1 1.6 2.t 2.4 <0.26 2.4 1.t <0.26 19. <2.6 

R 18 2 0.38 13. 1.2 6,1 3.8 "') I. 
"'- ..... <0.29 0.87 0,58 <0.29 28. <2.9 

18 " 0.20 e.2 2,3 2.0 1.7 o.as <0,28 o.a::.; <0.28 <0.28 17. <2.8 
1B 10 0. :.rn 9.3 1.2 a.a 1,8 1.2 1,8 0.91 0,30 <0.30 25. <3.0 
18 17 0,31 8,1 3.8 7,2 3.4 6.6- <0.31 t.9 0.31 <0.31 31. <3.1 
l.U 30 0.29 12. 2.6 e.2 4.5 8.4 <0,26 1.8 0.53 <0.26 38. <2.6 

L 21 2 o.34 13. 1. 6 9.4 2.2 3 • 6- <0.27 o.a1 0.21 <0.27 31. <2.7 
21 4 0,24 8.5 5.9 5.6 2.0 2,9 <0.24 2,2 0,73 <:0.24 28. 29. 
21 10 0.23 11. a.o 4.0 2.0 3.0 <0,20 <0.20 <0.20 -:::0.20 28. 20. 
2l 17 0 ...,,, 

t '-L 12. 12. 1-1. 4.1 5.2 <0.23 0.2s 0.91 <:0.23 48. 55. 
21 30 0.25 24, 23. 33. 6.-1 8 • 1 <0.28 0,84 0.28 <0.28 96. 110. 

H 24 'l ,. 0.31 7,6 1.4 6.6 2.4 1.0 <0.34 0.69 0.34 <0.34 20. <J.4 
24 4 0.30 20. 3.6 11. 2.a 3. ·1 <0.26 0.78 0,52 <0.26 42. 26. 
24 10 0.47 45. 13. 26. 4.7 5.7 2.0 2.3 0.68 0.68 100. 68, 
24 17 0.18 22. 12. 1-4. 3.6 5,() <0.23 0.68 0,23 <0,23 58. 41 • 
24 30 o.34 28. 17. 21. S,6 6.7 <0.39 1.t 0.35 <0.35 ao. 67. 



Table A7 (Concluded). PCB Concentrations and LiPid Content 
1 

at 4 Desrees C in Mussels, n~/~.(ppb), Wet Weisht 

----------------------·-----------------------------~-----------------------~--------------~ 
2 

Pol~chlorinated DiPhen!:lls 
3 4 5 ¾ 

LiPid 
--------------------------·----------------------------------------

Trt. Ao, Time [Ii Tri T~tra Penta Hexa HePta Octa Nona Deca Total A1242 
-------------------------------------------------------------------------------------------

It 23 ,., 0.28 9.5 1.a 16. 1 • 1 1 • 1 <0.36 0.73 o.36 <0,36 31. <3.6 L 

23 4 0.21 9,3 1.7 5,4 0,98 O .·73 <0,24 1,5 0.24 <0,24 20. <2.5 
23 10 0,08 e.o 6. <r 7.0 1.0 2,0 <0.20 <0,20 <0.20 <0.20 24. 30. 
23 17 0,27 30, 27 • .. 32. 6.7 9,6 <0,24 0,96 0.24 <0.24 110. 110. 
23 30 o.47 220. 94 •. 110. 23. 34. <0,48 1,4 0,95 1,4 480, 390. 

-------------------------------------------------------------------------------------------
1, Bacluiround 5amPle taken cJt ambient te111i:-erc1t1.1re, ap·,..,·o>dmatel!:I 12 de!Jrees C, 
2, Total in ison,er ~ro•Jf'S or b!:I Aroclor standards, · 
3. Treat~ent: Backsround, Initial, Control; Referenc~, Low, Hediuru and Hi~h PCB sediruents. 
4. (1o•Ja r i •Jo, no. 
5, In da~s referenced to start or exPerirueot. 



Table AS. f'CB Concer,t rations ar,d LiPid Content 
1 

at 20 [lef!rees C in H•J-sse ls, n!J/!i (pp,b), w~t w~isht 

---------------------------------------------------------------------------~----------------
2 

Poh1chl or inated BiPhen~ls 
3 4 5 % ------------------------------------------------------------------

Trt. Ao. Time LiPid [Ii Tri Tet,·a Penta He>:a HePta Octa Nona [leca Total A1242 
-------------------------------------------------·------------------------------------------

[-< • -17 0.27 5.9 2.2 4,4 1.5 2.2 0,74 o.74 1,5 <0,74 19. <7.4 

I 0 0.17 2.2 O ._:44 1.a 0,67 0,44 <0.22 4,2 3.1 <0.22 13. <2,2 . 
• 

C 1 4 0.22 9,5 6,4 7.8 1.2 2.1 <0.21 1.6 0.41 <0,21 29. 10. 
1 17 0,11 8,4 1 1 , 3.0 <0,25 <0,25 <0.25 1,3 <0,25 <:0.25 24. <2,5 
1 30 o. 19 9,3 1. 1 6,7 2.7 2,"/ <0,27 0.00 0,27 <0.27 24, ◄:2. 7 

R 6 2 0,32 1 1 • 6,7 9, 1 1,6 <O ♦-39 <0,39 2,0 0,39 <0,39 31. <J,9 
6 4 0,25 4,8 6,2 19, 1. 0 1. ,7 <0,34 0,68 <:0.34 <0,34 33, <:3.4 
6 10 0.26 19. 10. 18, 3,0 9,0 <0,20 <0.20 <0,20 <0.20 59. 60. 
6 17 0,24 16, 12. 9,3 6.7 8. :5 <0,37 1 , 1 0,37 <0,37 54, 37. 
6 30 0,22 9,6 7.5 7,2 3.6 6 • ')_ <0,.33 0,98 0,65 <0,33 36. 33, 

L 9 2 0,25 23, 37, 48. 10, 
1 "'· <0,27 0,80 0,27 <0.27 140, 170, 

9 " 0,38 83. 200. 280. 71, 110, <:0.31 2,8 <0,31 <:0,31 750, 810, 
9 10 0,11 57. 93. 160. 57. 89. <0.20 0,90 <0,20 <0,20 460. 610, 
9 17 0,28 66, 170, 280. 91, 160, 0,87 4,6 0,58 <0,29 770. 780. 
9 30 0,23 24. 92. 230, 97, 170, 1.9 5,7 0.49 <0,48 620, 520, 

H 12 2 0,27 1.10, 57. 71. 14, 24 •' <0,34 0.68 0,34 <:O, 34 280. 250, 
12 4 0,47 140, 82. 110, 20, 30. <0.67 0,67 0,67 <O, 67 380. 350, 
12 10 0.22 190. 110, 200, 60, 100, 0,75 3,8 0,75 <0.38 670, 530, 
12 17 0,39 310, 190. 320, 110, 200. 1 • 6 6,4 0,96 <0,32 1100, 990, 
12 30 0,19 40, 89, 200. 98. 169_, 4.t 9,3 0,37 <0,37 610. .ii 10 • 



3 4 

Table A8 (Concl•Jded). PCB Concentri:ft:iuns and LiPid Con lent 
1 

5 

at. 20 [le!:lrees C in Httssels, n!:1/s .(r-Pb), Wet Weisht 

., ,. 
Pol~chlorinat,d BiPhen~ls 

2 

Trt. Ath Time LiPid [Ii Tri Tetra Penta He::a HePta Octa Nona t•eca · Total A1242 

u 11 2 0,33 51. 61. 75. 1s. 24. <0,38 l • l 0,38 <o.Ja 
11 4 0.2s 24. 5-4. 95. 20. 29. <0.3-1 t.O <0.34 <0.34 
11 10 0,07 38. 52, ao. 25. 40, <0,20 <0.20 <0.20 <0.20 
11 17 0,42 100. 269, 420. 130. 250. t.2 5,9 0,93 0,93 
11 30 0,37 280. 250 .• 470, 180, 340, 6,1 9,6 o.5a 0,29 

1, Back!:lround saruPle taken ut arubie,,t teruperature, ~~Proximately 12 desrees C, 
2, Total in isomer !:lroups orb~ Aroclor sLandurds, 

230. 290. 
220. 220. 
240, 3'10. 
1200. 1150. 
1500. 1100. 

3, Treatruent: Back~round, Initial, Controli Reference, Luw, Medium and Hi~h PCB sediments. 
4, i\o•Jari•Jm no, 
5, In da~s referenced to start of exPeriruent, 



Table A9. PCB Concentrations as Isomer Groups and LiPid Content 
in Hedaka, n~/1 (ppb), Wut Wei~ht 

--------------- '---------------------------------------------------------------------------
Pol~chlorinated BiPhen~ls 

1 2 3 4 r. 
TemP• Trt, Ao, Ti~e LiPid [Ii Tri Tetra Penta Hu~a HePta Octa Nona Duca Total 
--------------------------------------------------- .. --------------------------------------

4 

20 

(( 

I 

C 

R 

L 

M 

u 

I 

C 

R 

16 

15 

13 

14 

20 

• 

1 
1 
1 

J 
3 
3 
3 
3 

-17 

0 

30 

30 

30 

30 

30 

0 

4 
17 
30 

2 
4 

10 
17 
30 

8,2 

0.0 

7,8 
8,2 
4,0 
3,8 
4,3 

160. 43, 

310, 67, 

70. 

87. 

68. 

11~., 170. <6,7 20. 

60i" 19, 42. 89, 120. 1.5 

55.. 19, 310. 72. 110. J.8 

160. 82, 72. 75. 100. 6,3 

17, 

7,0 

9.1 

6.1 

260. 130. 260. 110. 140. a.o 

160. 97, 190, 55. 83. 5.1 

130, 38, 

170, 
130. 
81, 

39. 
54. 
200. 
68, 
69. 

93, 
99. 
75. 

39, 
54, 
190, 
68, 
90, 

63. 

110. 
72. 
33. 

100. 
94. 
72. 
63. 
120. 

63. 

80· 
76. 
44, 

76.-
84. 
74. 
62, 
61. 

130. <2.5 23, 

110. 
90, 
67, 

110 • 
130. 
130, 
95, 
96, 

<2,3 14, 
1.4 13, 
J.3 16, 

<2.2 13, 
<2.0 12, 
<2.0 a.o 
<1.6 7.9 
•~2.0 12. 

450. 

760. 

0,75 <0.75 350, 

0,94 3,8 590. 

2.1 0,93 510, 

0.21 1.5 600. 

<2,3 <2.3 
1.4 <1,4 
<1 .t <t. 1 

·C::2.2 <2.2 
<2,0 <2.0 
<2.0 <2,0 
<:1,6 <1.6 
<2,0 <2.0 

450, 

580. 
480. 
320. 

380. 
430. 

. 670. 
360. 
450. 



Table A9 (Concluded). PCB Concentrations as Isomer Groups and LiPid Content 
in Hedaka, n!:ihl ( PPb), Wet Wei!iht 

---------------------------------------------------~---------------------------------------
Poh,chlorinated BiPhen1:1ls ' 

1 2 3 4 7. ------------------------------------------------------------
T emP. Tr t, • Ao. Ti11e LiPid Di Tl'i Tetra Penta Hexa HePta Octa Nona [lf.'ca Total 
-------------------------------------------------------------------------------------------

20 L 4 2 11 • 75. 94. 120. 78. 130. <2,8 a.J <2.8 <2.8 510. 
4 4 7.9 -140. 120, 140. 87. 150. <1.8 20, <1.8 <1.8 660. 
4 10 3.7 230. 200. 260. 150. 200. 6.0 e.o <1.0 <t.o 1100. 
4 17 2.2 120. 89. 130. 320. 180. 16. 2.4 2.4 <0.81 860. 
4 30 2.7 90. 240. 550. 160 • 280. 5,4 22. 0.68 <0.68 1300. 

' 
M 2 2 5.4 110, 110. 110. 9'">. 

L ♦ 130. 3.3 20. <1.7 <1.7 580. 
2 4 5.9 200. tao. 260. 150. 220. 7.7 23. <1.5 <1.5 1000. 
2 10 6,1 320. 400. 630. 2':iO .• 460. 12. 27. 1.4 <1.4 2100. 
2 17 3.4 360. 510. 950. 320. 660. 16. 34. <2.0 <2.0 2900. 
2 30 3.3 320. 690. 1600. 530, 1200. 27, 48. 1.1 <1,1 4400. 

H 8 2 4.6 110. 58. 120. 380. 180. 6.6 12, 1 • 3 <1.3 870. 
8 4 8.7 230. 280. 300, 93 •. 170, <2.J 9.1 <2.3 <2.3 1100. 
8 10 4 • 4 390. 780. 1000. 3; ,, • 610. 10. 26. <2.0 <2,0 3200. 
(3 17 3.6 270. 660. 1100. 300. 520. 6.7 20. <1.7 <1.7 2900. 
8 30 3.0 160. 620. 1400. 360. 740, 8.6 31, 0.96 <0.96 3300. 

-------------------------------------------------------------------------------------------
1. Temperature, desrees Ci back!:iiound sample taken at arubient tem~erature, aPProximatel~ 

20 de~reus c. 
2. Treatment: Backsround, Initial; Low, Medium and ~ish PCB sediments. 
3. Aauarium no. 
4. In daus referenced to start of experiment. 



Table A10. PCB Concentrations 
as Aroclor Standards in Medaka, ns/~ (PPb), Wet Wei~ht 

1 2 3 
TemP, Trt. Aa. Tim~ 

4 

20 

B 

I 

C 

L 

M 

H 

I 

C 

R 

L 

11 

16 

15 

13 

14 

20 

1 
1 
1 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

2 
2 
2 
2 
2 

-17 

0 

30 

30 

30 

30 

30 

0 

4 
17 
30 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

4 
A1242 

<27. 

<67. 

60. 

120. 

360. 

690. 
. , 

420. 

180. 
190. 
200. 

260. 
170. 
570. 

380. 
510. 
890. 
420. 
1100. 

370. 
720. 
1900. 
2400. 
3200. 

A12S4 

170. 

2so. 

210. 

110. 

• 

• 
220. 
260. 

160. 
180. 

280. 
270. 

160. 
490. 

400. 
810. 
1300. 
1800. 

A1260 

• 

• 

• 

• 

• 

190. 

• 

• 



Table AlO <ConcludeJ). PCB Concentrations 
as Aroclor Standards in Hedaka, n~/~ (~pb), Wet· W~isht 

1 2 . 3 4 
Temp. Trt. Aa. Time Al:?42 Al:?54 A1260 

------------------------------------------------------------
20 'H 8 2 290. 180. 

8 4 1400. JOO. 
8 10 4800. • 
8 17 6300, 980. 
8 30 2900. 1300. 

1. Temperature, desrees c; back~round samPle taken at 
arubient temPerature, aPProximatel~ 20 desrees C. 

• 
• 
3SO, 

• 

2. Treatment: Backsround, Initial; Low, Hediuru and Hish PCB 
sedimer,ts. 

3. ACJ•Ja r i •Jm r10. 

4, In da~s referenc~d to start of experiment. 



Table A11. PCB Concentrations as Isomer Groups and LiPid Content 
in Fat.head Minnows, nrJ/!! (ppb), Wet Wei!iht 

-------------------------------------------------------------------------------------------
1 2 3 

TemP• Trt. Ao. Time 

4 

20 

II 

I 

L 

H 

L 

M 

u 

19 
19 
19 
19 
19 

22 
22 
22 
'l rt ,:,.,;,.. 

22 

7 

5 

10 

-17 

0 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

10 

10 

10 

-
4 % 

Lipid 

0,97 

1 • 1 
0.98 
1 • 0 
1.0 
t.3 

o.97 
0.89 
1 • 1 
0.98 
1.1 

o.a9 

0,77 

1, 0 

[Ii 

90. 
.. 

4.4-. 
25. 
45 ,· 
20, 
32, 

100. 
66. 
110. 
67, 
43. 

43. 

46. 

98. 

Pol~~hlarinated BiPhenuls 

Tri Tetra Penta Hexa HePta Octa Nona Deca 

<1.8 20. ·(1. 8 20, <1,B <1,8 

25. 
15, 
37. 
28. 
38. 

42, 
55. 
95. 
82. 
67. 

93. 

27. 
36. 
39. 
32. 
71. 

50. 
69. 
92. 
130, 
110. 

63. 

-40. 
31, 
83, 
25. 
45, 

32. 
35,, 
42, 
46, 
40. 

120. 38, 

98, 

71. 
50, 
180. 
38. 
71. 

49. 
52, 
60. 
59, 
65,. 

71. 

<1,3 
<1,1 
<1.0 
·<1.3 
<0,61 

<1.3 
<1,2 
<1,0 
<:1.0 
o.5o 

2.7 
5,7 
<1.0 
s.o 
12. 

3.9 
5,8 
<1.0 
a.2 
4.0 

<1,3 
<1.t 
<J,O 
<1.3 
2.5 

<1.3 
<:1.2 
<1.0 
1.0 
0.17 

1.3 
<1.t 
<1,0 
<1.3 
<0.61 

1,3 
<1,2 
< 1. 0 
2.1 
<0.17 

<2.0 <2.0 <2.0 (2.0 

160, 300. 34. 77. <3.0 (3.0 (3.0 (3.0 

240. 430. 13u. 190, <2.0 <2.0 <2.0 <2.0 

Total 

140. 

310. 

210. 
160. 
380. 
150. 
270, 

280. 
280. 
400. 
400. 
330. 

370. 

620, 

1100. 

1. TemPerature, de~recs Ci back!!round samPle taken dt·ambient temperature, dPProximatelY 
20 de~rees c. 

2. Treatment: Backsround, Initiali Low, Medium and tli~h PCB sediments, 
3. Aauari1J11, no. 
4. In da~s referenced to start of experiment. 



Table A12. PCB Concentrations as Aroclor Standards 
in Fathead Minnows, ns/s (ppb), Wet WeiSht 

------------------------------------------------------------
1 2 3 

TemP. Trt. Aa. Time 

• 

4 I 

L 

H 

• 

• 

19 
19 
19 
19 
19 

22 
22 
22 
22 ., ., ...... 

-17 

0 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

4 
A1242 

<18. 

<16. 

160. 
• 
200. 

210. 
240. 
4'6-0 .• 
360. 
320 • 

A1254 

• 

120. 
90. 

so. 

110. 
90. 

120. 

A1260 

• 

• 

• 
• 
230. 
• 

• 

~ - - ·- ~ - . - - - - ~ ~ - - - - - - - - .. -
20 L 

M 

H 

7 

5 

10 

10 

10 

10 

430. 

510. • 

1400. 

1. Temperature, desrees c; backsround sample tak•n at 
ambien~ t£mP?rature, aFProximate~~ 2~ de~l~es C. 

• 

2. Treatment: Back~round, Initial; Low, Medium and Hi~h PCB 
sedimer,ts. 

3. Aa1Jari1Jm no. 
4. In da~s referenced to start of experiment. 



---------------~-----

Table A1J. PCB Concentrations a5 I~u-~r Groups a~d LiPid Content 
in Trout, nS/d (ppb), Wet Weitlht 

--------------~------------------------------------ ~---~----------------------------------
1 2 3 

TemP• Trt. Aa. Time LiPid 

4 

D 

I 

C 

R 

L 

H 

16 
16 

15 
15 
15 
15 
15 

13 
13 
13 
13 
13 

14 
14 
14 
14 
14 

-17 

0 

4 
17 

2 
4 

10 
17 
JO 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

5.5 

s.1 
J.6 
2,7 
2.9 
3.1 

6.3 
4.7 
3,6 
2.9 
2,6 

9,1 
5.3 
3.7 
3,7 
2.4 

Pol~chlorinated BiPhenuls . 

[Ii Tl'i Tetra Penta Hexa HePta Octa Nona Deca 

170. 220. 250. 260. 23. 

170. 74. 

aa. 
20. 

140. 
88. 
55. 
55. 
35. 

190. 
220. 
190. 
220. 
360. 

410. 
320. 
210. 
290. 
120. 

280. 
14. 

130. 
200. 
18. 
17. 
22. 

69. 
100. 
66. 
100. 
120. 

100. 
92. 
82. 
110. 
91. 

19. 26. 

12. 23; 
12. 14, 

160. 31. 
2,9 le: 
12. 16. 
20 • 17 • 
18. JO, 

96. 
120. 
46. 
68. 
82. 

190. 
200. 
47. 
95, 
91. 

31. 
32. 
20. 
22, 
30. 

150. 
40,· 
21. 
35. 
44. 

49. 

35. 
23, 

23. 
2-1. 
JO. 
45. 
40, 

46. 
45, 
35. 
33. 
32. 

130, 
52. 
35. 
64. 
56. 

<2,3 21. 

<J.8 
<2.9 
1.2 
<1.3 
6.7 

26. 
1.2 

15. 
5.9 
3.6 
2.6 
6.t 

<3.8 38. 
<4.5 14. 
<1.0 4.0 
J.4 o.as 
1 .1 2. 1 

6.3 
{4.0 
3.9 
5.t 
5.3 

12. 
4.0 
4.9 
2.1 
1.a 

2.3 
<1.2 

3.8 
<2.9 
<1.2 
<1.3 
o.56 

J.8 
<2.9 
<1.2 
<1.3 
o.s6 

J.8 J.8 
4.5 <4.5 
(1.0 <:1.0 
<0.85 <0.85 
<:0.53 <0.53 

6.3 
<4.0 
0.98 
<1.0 
0,59 

<3.1 
<4.0 
2.9 
<1.0 
<0.59 

Total 

930. 

360. 

470. 
84. 

510, 
340, 
140. 
160. 
160. 

480, 
540. 
360, 
450. 
630. 

1000. 
710. 
440. 
600, 
410. 



1 

Table A13 (Continued), PCB Concentrations a~ Isoruer Groups and Li~id Cunte~t 
in Trout, ns/~ (ppb), W~t Wei~ht 

PolYChlorinated BiPhenYls 
2 3 4 

Temp, Trt, Ao. Time LiPid [Ii Tri 

4 

20 

H 

I 

C 

L 

H 

20 
20 
20 
20 
20 

1 
1 

3 
3 
3 

4 
4 
4 

2 
~! 
2 

2 
4 

10 
17 
30 

0 

4 
17 

2 
4 

10 

2 
4 

10 

2 
4 

10 

1.2 
2,5 
4.2 
2,9 
2.2 

230. 
240. 
160. 
150. 
140. 

:rn. 
130. 
130. 
140. 
150. 

78. 
140. 
130. 
170. 
150. 

34. 50. ..,o. 64. 
38.. 53 • 
31. 48. 
40. 46. 

<2.0 
<4.0 
2,8 
<1.2 
0.89 

2.0 
24, 
5,8 
3.-4 
2,7 

<2.0 
4.0 
1.9 

(2.0 
4,0 
3,7 
1.2 
<0,44 

- - - - - ~ - - - - - - - ~ - - - - - - - - - - - - - -

3.9 
1.3 

4.0 
6.5 
2.2 

3.8 
3.8 
2,3 

59. ' 11. 

140. 
77. 

89. 
63. 

24, 

48. 
57. 

110. 
280. 
84. 

51. 78. 
1400. 60. 
42. 49. 

110. 
190. 
140. 

97. 
240. 
180. 

740. 310. 
1300. 520. 
460. 500. 

130. 
270. 
220. 

420. 
750. 
900. 

21. 

32. 
20. 

27. 
52. 
19. 

30. 
44. 
46. 

130, 
220. 
230. 

20. 

41. 
30. 

42. 
78. 
26. 

54 • 
97. 
70. 

160. 
320, 
370. 

<1.8 
<3,3 

<1,4 
5,0 
1.2 

16. 

27. 
3.3 

12. 
. ..,,, .. '. 
7.0 

<1,-4 7.1 
<3 .t 19. 
2.1 0.2 

1.2 
11 • 
2,9 

7.1 
21. 
9,7 

<1_ • 3 1 • 3 

<1.8 
.<3 .3 

<1.4 
2,5 
<1,2 

<1,4 
<3,1 
<1,0 

3,6 
<3.3 

1,4 
2,5 
<1,2 

<1,4 
3.1 
1.0 

<1.2 1.2 
<1.5 1.5 
<0.97 0,97 

Total 

450. 
650. 
530. 
540. 
530. 

150. 

380. 
250. 

320. 
1900. 
230. 

430. 
860. 
670. 

1800. 
3100. 
2500. 



Table A13 (Concluded). PCB Concentrations as Isomer Groups and LiPid Content 
in Trout, ns/~ (ppb), Wat Weight 

------------------~--------------------------------------~---------------------------------
Polwrihlorinated BiPhenYls 

1 2 J 4 % 
Temp, Trt. Au, Ti&e LiPid [Ii Td Tetra Punta H~xa HePta Octa Nona Deca Total 
--------------------------------------------------------------------------------------------

20 H 8 2 4.5 190. 210. 320. 58. 100. 1.7 12. 1,7 i.7 900. 
8 4 4.4 290, 350. 640, 67~ 160, <3.J 27, 3,3 <.3,J 1500, 
0 10 2.1 330, 420, 690. 140, 220. 2.0 5.0 <1,0 <1.0 1800. 

-----------------------------------·----------------- :--------------------------------------
1, TemPerature, desrees c; backsround sample taken at_ arubient tu~1,erature, approximately 

12 de!;Jrees c. 
2, Treato,ent: Bacl'-.sround, InitiaU Low, Hudiua1 and Hish PCB s~diments, 
J. Aa1Jari1Ja1 no, 
4, In daus referenced to start of ex~eriment. 



Table A14. PCB Concentrations 
as Aroclor Standard~ in Trout, ns/~ (PPb), Wet Wei~ht 

------------------------------------------------------------
1 2 3 4 

Temp. Trt. Aa. Time A1242 A12S4 A1260 
------------------------------------------------------------

4 

20 

,B 

I 

C 

L 

H 

I 

C 

R 

• 

• 
16 
16 

15 
15 
1S 
1S 
1S 

-17 

0 

4 
17 

2 
4 

10 
17 
30 

13 2 
13 4 
13 10 
13 17 
13 30 

14 
14 
14 
14 
14 

20 
20 
20 
20 
20 

♦ 

1 
1 

3 
3 
3 

2 
4 

10 
17 
30 

2 
4 

10 
17 
30 

0 

4 
17 

2 
4 

10 

90. 

♦ 

♦ 

♦ 

♦ 

♦ 

• 
·73. 

•· 
• 
2so. 
340. 
440. 

2so. 
280. 
270. 
,,4.") • 

440. 

340. 
600. 
480. 
580. 
570. 

110. 

• 
250. 
1so. 

30 • 

• 

♦ 

• 
22. 

.. 

40. 
30. 
S3. 

40. 
4C. 
41. 

t 

90. 
70. 
88. 

• 
110. 
100. 
so. 

♦ 

♦ 

• 

• 
• 

♦ 

• 
• 

• 

♦ 

♦ 

• 

• 

• 

• 



Table A14 CConclud~cl). PCB Concentrations 
as Aroclor Standards in Trout, ns/~ (ppb), Wet Weisht 

1 2 3 4 
Terr,P. Trt. .Aa. Time Al242 Al254 Al260 
------------------------------------------------------------

20 • L 4 2 370. • 
4 4 910. 
4 10 760. 120. 

M 2 2 1500. • 
2 4 2800. 520. 
2 10 2800. 710. 

H 8 2 770. • 
8 4 1700. 200. 
B 10 1900. 400, 

1. Temperature, desrees c; backsround samPle taken at 
ambient temPerat~re, aPProximatel~ 12 d~!lrees c. 

• 
• 
• 

• 

• 

• 

• 

2. Tres·tmer,U Bac1t.:·sro•Jnd, Itiitiai; Low, M~r.ii•Jn, .and His·h F'CB 
sediments. 

3. Acw;;ri•Jm no. 
4. In da~s referenced to start of experiment. 


