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Smo.• the c:arl~ 1970, tlll'rc ha' llcen ..:on..:em alxtut the: tmpacto., 

nl :!.3.-.l->- retra.:hh•r•ll.hllcnlll ·f'·dlll\lll !TC'DDl and related com

pounJ, ~.au'.: ul lhl'H pt~ICIIII;JI ha~o~rd tn hum"'n' ... nd animal<. 

TCDD '' a h~ pr• >\lUll ul .mthropu!!l!llll pnx:~.·,,,:, 'uch a ... paper 
.rnd chellliL..tl m . .nul.u.:IUflllf, 1n.:mcr.lllt1n. the manulacLUriog of 
pe'uude' and herbll'IUl',, 1hc prcx!u~.unn nl •ron and ~teeL and 
enz~ mauc te.n:ll<lll' 111 'e" .1ge ,Judge 1 Rappl' IIJ9:!. Alon ... o et al. 
1996. Poland l'l al IIJX.::! I llw IIIII' I unptll1ant 'our..:e ot TCDD f11r 

human-, " looJ. l''JICliJII~ d1a1~ prnJuch. meat and fi~h t Pohja· 
vina .:1 al I'JIJ..J . I•PA 200!11. 

C'om:.:n1 about I ('1)1) \ lllllltl:lled numcrm1' -,tutlie' w a~\ess ir-, 
behavwr 111 th~.: cu\lrtllllllCill 1111d '' ' dkct'o on ltving organism\. 

Studies COIIducled 111 colllilllllltri!CJ an:n' have ' hown a positive 
corrclalton hl'1Wl'<:l1 din\ill kH:h 111 1111111 tab and their soil contact 

( Pohja\lrta et ul 1911-ll Studll''- 111 aqualll' • mxlcll!cll~) ~tems al&o 

ha\e 'hm' n I hal f('[)J) .111d nlhe1 mganochlonnc pollutants bio

:Jccumulate m urgam'ru' lllL.IIIlt:entratiPih appro\lmatcl) equaJt,, 
lho'l' 10 the wJu11t:nl I hclhCC cl al llJ7'>. Chen .:1 al :!()()~ ). The: 

dkct' nt TCDD 1111 kc:dtn!! gnmth anJ Jc:,dnpment are mo~t 

pronounced 111 ) t>Uil!! f!W\\111\! mganhnh n1mp:u.:tl \\ 1th adult~ 

1AST:'\I llJ9-t Da\1, <\. lt.:ll·•et IW\9 C'ai.Jhrc'e et al. 1973. 
Capuan. l'Jl'\1.1 ( aj1UIIIl 1119lll fk~.lli'C nl the lipvphilkit) of 

lhC\e compound' I he~ .tr~ ,,.,...,1\..I,Uc:d \\ 1Lh hpu.J \l<lre' and high 

lipld-..:onwmmg li"Ue\ I( llllpl'f I 'IS9 r p \ .!IKJI)) Pnllr 10 ~pa\' n

mg. bt\ .11\ ._., ha\ c .1 ht!!h hj11d .1110 gl~ cugcn ..:omem 10 gonadal 

u,.,ue Thereh•re. thc 'Pa" mn!! 'IJIU' ••I the h1\ ah c "ould affect 

lhe .tnlPUnlnl d1o\ln j1re'L'nt mer th\: 'P•I\\ nmg ,.:-... ,on m a "im.ilar 
fa,hwn to that oh-,cr>l'd 111 ll\h (('apullu 1989. \ a\hch.:nt..o eL aJ 

1993. Ba~nl' el .tl 1117.! Ha~n.: ct .11 197Sl 

0) 'ter' r.:le.J'c thcu j!Jillele' llll<l the \\ater t:l•lumn: therefore. 

planktomc I an .tc '' 11l h,l\ e I 11m ted l'\flH'ure hl TCDD \13 '' ater 

due to the hi\\ \\ .11<:1 wluhllll\ ,,1 dll>\111 1 I:PA .!000 l ::'\ewh . . 
'enled hl\.11\c 'Pat and .1duh hl\,the mnllu'..:' nla) be e\po..ed to 

TCDD through th~u 'edunentullll.tl.l .tnd keJmg on re~u~pended 

matenah. \\hlle lhc de\\·lup1nc C!!!!' \\uuld recei\c lhe ffi:lJOrit~ ot 
e\J)(hUre ln'lll the ,Jduh krnalc tC<><>pcr J<)S91 Bt\ahe emb~os 
be!!lll Ill a..:Llllllulatc I{ Dl> .11 the l\\11 Ll'll cmbnomc 'olage - . -
tA T\1 199-t I 1 fll' Ilia~ e\pl,unthc 't.'1hlll\ II) OJ )OUng. gJO\\lDg 

orgam'm' lll hm lc\ciLillll.L'Illl.tiiUll' ut dlll\111\. -
Th<'re ha' been ltnuted "111 t.. on thl! hu1accumulauon of dioxin 

Ill th.: egg' t•l J4U.IIIL lll!!anl'fll' lo,l!n'L:C ... nd Jone~ t1975J re
ported nu cfkc1 111 ~. t7.X I ('I) f) l'\)10'>llrt:' ,m '>nail egg 'ur•h al, 

butthcu: wuo, a 1cdul'lltlll 111 th~ 1111111her ol v.able egg~. Tht:re ha' e 

bet:n \t:\'l'l'al '>!Udil:' 1111 both 1 C\lli.' lll anu llltgraiOI') \pecie& Of fLSh 

and ~:ru~wccwh 111 Nt:\\ .ftor.,cy 1\qu:tlll: nrgan i~m.' in 1he ridaJ 
Pa~.,a 1c River wcr\: louml 111 l'llllt:llll clcvatcd lt.:\ cb of TCDD in 

the cdihlc 11 ~\ ll l.'. J:Htj,t llll:t ln1111 1X parh per trillion lpptrl m the 

Amencan c.: l IAII.I!IIIIItl Wllr(lftl) 10 ·176 pptr 111 the blue crab 

(Caflim•lfn lllflltlllll ht:p.tlllpancn:;l\ (Tud..cr anu Prince L993) 

Cooper Cl .tl I 191H I "•umlthat lht: rct>D lc\ ct ... Ill the Anhur Kill 
organt'nl' .I<:Lumul.lt.:d I\ Hhm IH!!ht:r tr.1ph1L le\ .:Jo.. . For e\amplt'. 
the '<lll-,hdl dam 1 \/111 a,.,,,,,,, ulnt:uncd 6 9 pptr TCDD. anti 

lhe l..tlttll'h 1 f untlulto lwlt 1m IIIIo 1 ..:um.uneJ toO pptr TCDD. 

tutal lx11.h burdt'n 
• 

Ch.utg.: ... 111 the ~nn.1dal u ... wc nl I'll\ .1h c' alt.:r exp<hure to a 
\\ J(k \.met~ t>l pollut.lllh 'u~h ,,, ull. h,',l\) metah. and hfXlphthc 

orgam~: ~·'mpound' h,t\ L' "-:en rt:p•lnl"d 1\ a'h..:hent..o et al. 1993. 
C'apuao 1'196 .. \lt11>1c cl al I'IXO. (,arJnl"r Cl al 19CJI. ume & 
Ptpe I'IS5 I 'ISh I'll\" ( ·IJ'U//!1 ..... L ea\lll 19X : LO\IC. 1988: 

\loore 19!\ll. \\ 1ddo\\' ,\. Juhn"m I'Jl\XI f.nr m ... tance. ooc~1e 

rna" re"1rptu111 nh,t:t\L'd 111 th~ ,~··• urdun ·" \lell a, ot.ber 111\C:r

tebrate, at prl',pa\1 11111!! ' ' lllll\ldcrl·ll 111 0.: a rca .. uon to pollutiOn 
!Va-.hdlcnt..n l'l .tl I'J•n. l ti\\C & 1'1pe 1%5. 1986. 1987. Capuzzo 

llJWJ) The ahnll111lill dl.'\ dnpmcnt nf Ulll')'le\, and altt'red egg 
~hapc and ,,, ... ha1 e hccn co11 cl,ucd wuh polluted -.ue~ (Wimer-

11J)er 191/X, I tlwe ~'- 1'1pt: I<JX5l I he ac<.: lll lllllnii•Jn o l pollutants 1r 
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bn•a h e~ can cause stress. Capuzzo ( 1996) reponed that pollution
lllduced \ites can lower biocbemical re. erve. and contribute to 
poor egg quality and fertiliz11tio n rares in bivalves. Bayne er al. 
( 1972. 1978) similarity rep~med that under srressful conclirions rhe 
mus~e l (Mytilus edulis) produced rewer and smaller eggs. and rhar 
larvae that Jevell\ped from the gr1metes nf stressed adult::. had a 
lower growrh rate. l n a study comparing egg site antl larval sur
vival of the hard-shel l clam (Mercenaria mercenaria ) and the bay 
scallop (Argopecten trradicws). Kraeuter et al. ( 19!Q) reported that 

for both spec ies. smaller eggs (20-::!5 JJ.I11 ) had a ~it!ni lkamly les~ 

than expected survival rate. while larger egg~ (35--44 J.unl had a 
significantly greater than expecred survival rate. Intermediate sit..e 
eggs ( 25-35 l..t,lll) showed no difference between the expected and 
observed survival rates. 

The objecti ves of this study were to rransplam adult oyster' uuo 
si tes contaminated wath different level of dioxin and dioxin-like 
compe>und~ to measure rhe effect5 on egg development :mel fertil
ization, and to evaluate the potential for re Loring oy~ t er popula
tions into Lhe New Je rsey bay area. 

~IETHOD AND MATERIA LS 

Deployment 

Adult eastern oysrers (11 = 180) were purchased from Prince 
Edward Island. Canada, and were transplanted in September ::?.000 
:ll three Mudy sites (11 = 60 per site): Newark Bay. J: Arthur Kill. 
NJ: and Sandy Hook Bay, NJ (referem:e site). The oysters \\ e re 
determined to be disease free by histologic examination prior to 
deployment. Oy~ter bags (n = 1) were <.uspe nded in the water 
column in Sandy Hook Bay located north of the bridge connectmg 
the Highland~> entrance tO Sandy Hook Stare Park. For the Arthur 

~ -
Kill site. oyster bagJ> (n = 2) were suspended in the water cohamn 
from General Anl1ne Work~ building Jock (longitude 7.:!0 1 2.312W. 

~ ~ 

latitude 40°36.6.:j7N) in Eli:rabeth, N.J . For the Ncwnrk Bay ~ite. 
oysrer bags (11 = 2) were ~ u~pended in the w:Jter column from 

New Jersey 

an abandoned dock 0 11 Shooter' s island {longitude 74°09.788\¥. 
latitude 40°38A82N} in Newark. NJ <Fig. I). 

Each oysrer wa~> fi led. numbered ( 1-60\. and weighed (in 
grams). and the dimen:-; i on~ were m easured [i.e., length, width, and 
height (in millimeters)] prior to being placed into marked. mesh 
polyethylene bags (0.5 x 0.5 inch mesh). Each site wa& equipped 
with rwo bags containing 30 oysters each ~uspended into the water 
columJl J .8 to :!.-1 m (6-8 feet) below the water ~urfacc. The deprh 
was ~elected to avoid low-tide exposure and icing during the win
ter. Oyster bags were collected in June 2001. terminating the 10-
mo lie ld study. Oy~rers were wet weighed immediate ly upon col
lection, ::tnd were prepared for tissue chemical analys is, histo logic 
evaluation, and fenili zauon assays. 

Chemical A nal)·sis 

Samples of shucked oysters (50 g. n = 7) from each site were 
sent to Tliangle Laborawries <Research Triam!le Park. NC} for - -
dioxin. furan, and polychlorinated b1phenyl (PCB ) tissue anaJysis. 
Samples were an<llyz.c:d by high-resolution chromatography and 
high-re:,olution mas~ ~pec trometry [me thod 16l3B (9/97) and 
modjfied method 680 ( 11 /85). Triangle Laboratories]. Tissue~ 
were sent in labeled amber-colored jar~ and were frozen during 
shipmenr. 

1/isrologic E••oluation 

Oysters from each site (n = 15) were selected randomly !'or 
h.i~tologic evaluation. Shucked oyster samples were pre~erved in a 
10% phosphare formalin buffer for several days followed by 70% 
ethanol. Transver~e cuts were made wirh a scalpel th rough the 

mid-vi~ceral region of the oy~ ter to obtain a segment approx i
mately 5 mrn thick. Segment!> were embedded in paraffin after 
processing (i.e., dehydration and clearance through an alcohol:xy
lene ~erieb ). Sections (6 J.l.l11) were cut <tnd &rained with Hwri~ · 

hemato xylin and eosin. Hi$tologic grad ing was based on a ~cale 

.,..___ Newark Site 
.._.____ 

Arthur Kill Site 
Raritan 
Bay 

Atlantic 
Ocean 

Sandy Hook Site 

Figure 1. Locations of New J ersey field s tudy sitt>s io the 'ewark/l{!u·itan J3ay Complex. 
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from mild (il to ~evere (iii 1 for le>iun;,. inllammation-ltke re
~ponse~. and infectious J1sea~e.s. 

Gonad ..:oncli tion wao; graded according to Kenncd~ I J 977): 
Stage 0 = resting :. tage 
Srage J = earl) developmem 
Stage II = later developmem 
Stage liT = sexual mmulit) 
Lila = maiurity 
Ulb = spawning 
Ilk = redevelopment 
llld = rccenily spen1 

Tissue~ evtduated were gi ll~. mantle, adductor mu~cle. kidney/ 
heart. digestive gl~uKI. and gonadal condition. 

Fertili~mion Assay: Srrip Spowning 

Field Stud~· 

A toral of si>. ripe oysters from each site were strip spawned 
(male = 3. female = 31. Eggs and sperm were extracted fro m rhe 
gonadal region using n scalpel and lightly lacerating the gonad 
(AJlen e1 al. 1989). CollecteLl eggs were ~ieved on a 15-p .. m screen 
and were washed wi th ~eawater collected fro m the respeciive site. 
Eggs were viewed under a microscope for maturation before being 
ferti li7cd with the collected oyster ~pem1 (~pem1 was diluted to 50 
mL). Once sperm ( I mL) was added to the egg :\u;.pension (200 
egg~ per mL). the eggs were ~et aside for I h before being a~sayed 
to aJiow Cor fertilization. The rourl number of fen ilit.ed and unfer
tilized eggs. in three 1-n"lL rep I icate sample~ . was ascenained be
fore eggs were dispensed into petri dishes. To each l 0-mL glass 
petri di ~h (II = J per site), I 0 mL of the Site-collected waicr ami 
fertilit.ed egg~ (n = 100! from each site were dispensed intO the 
approprime petri dish. Fertilized egg> were allowed to develop for 
-+8 hat room temperature without aeration or food. After 48 h. the 
larvae were sie\ed on a 53-p.m ::.creen. and the number of larvae 
that haLl developed io rhe slr<tighi hinge stage wa:- counteLl . 

Labt\ratory Study 

.In vi vo. Adult eastern oy~ter~ (Cras,wstrea \'irg inica) were 
pureha:-ed fmm Ha&kin Shellfish Research Laboratory < Rutg.er~ 

University. Piscataway. NJ). Oyste r~ 111 = 32! were exposed 10 
two treatments of tritium-labeled :!.3.7.8-TC DD vio adductor 
muscle injections. The study was conducted for 28 dnys to allow 
the circulation and distribUtion of dioxin throughoul the oy~ler. 

This ume period was selected ba .... ed on results obtained from a 
distribution ~tuJy usiog J.:U.S-TCDD (Wimennyer 199!.<). Oys
ters (II = -t8l were weighed (mean weight 50 gJ. numbered and 
notched. and their dimensions were measured <i.e .. heighL length. 

~ -
and width). Oyster!> were notched on lhe left s ide or the vaJve~ for 
access lO the adductor muhcle. Control oyl>ters In = 16 ~ were 
mjccted (via adductor muscle) with I 00 1.1-L (0.1 mL) of 20 parts 
per thousand tiltered ~eawater. The nominal 2.0 pptr treatmenL 
group ( 11 = 16) was in jeered wi th 100 1.1L (0.1 mL) of 0.996 pg/g 
3[H)-TCOD. The nominal :w.o pptr trearment group tn = 16! wa~ 
inject.:d with 100 JJ.L (0. 1 mLJ of 27.7 pg/g 3 [H]-TCDD. 1[HJ
TCDD equivalent!> were ba~ed on radioactivity in 0.1-mL injection 
volumes in a 50-g oy~ter (pg/gJ (11 = 3). Alloy lerl> were placed 
on absorbent paper t'or 1 h before be1 ng put into 76-L aquarittm 
tanks for 24 h. This procedure wa~ performeJ to allow U1e dis
charging and recirculation of dioxin by the oysters. Oyster~ were 
not fed 24 h before or 24 h after the injection&. Treatment group~ 

(i.e .. tomrol. 2.0 ppu , and 20.0 pplr group') were placed into 
~eparate recirculau ng seawater system~ 2~ h after the injections. 
A II oy~ter.'> were reinJeCted on day J .+of the swdy according to the 
procedure dc~cribed above. This procedure wa~ performed H> 

maintain dioxin concen tration~ in the oyste1-,; over 28 clays (Win
terrnyer 1998). Treatment group~ were sinp ~pawned on day 28 
according to the pro~.:eJure dc~cribed above (field study). Eggs ( l () 
eggs per mL) from each treatment group were fertilized with 
~perm ( I mL: sperm wa" diluted to 100 mLl collected From the 
corre~ponding 1remment group. 

Ex 1•ivo. The -t8-h static eJ 1•h·o a~1.-.ay con>isted of control eggs 
(9 eggs per mL) ferti lized with control ~penn ( l mL: sperm was 
tli lmeclto 100 mLJ. Glass exposure beaker<. (150 mLJ (II = 3) 
conmted of 0. I mL of nominal 2.0 pptr TCDD. and 0.1 mL of 
nominal 20.0 pptr TCDD and 0.0 pplr TCDD. respectively. To 
each treatment be:.~ J..er. a 10-mL e.gg ~u~pension <llld a 2-mL ~perm 
~u~pen;,ion were aLlded. and allowed to set for 2 h for fert.ilit.auon . 

Buth 48-h in vivo and ex riP() assays were ..:onducted in 20-mL 
gl :1~~ petri dishe~ . Fenilized eggs ( 10 mL) from each treatment 
group was pipetted inru individual petli Llishes 111 = 20 per group~ 
and were incubated at 22°C for .+8 h. After 48 h. each petn dish in 
both the in Pi l'o and ex ~ ·il ·v assays was examined for the number 
of fertilized and unfertilized eggs, as well a~ for the number of 
living and dead larvae and their devcJopmenL stages. 

Radiolabeled Compounds 

' fHJ 2,3,7,8-TC DD (34.7 Ci/mM , 98 % pure by high
perfom1ance Ji.quid chrommography, with carbons I and 6 radio
labeled) was purchased From Chemsyn Science Laboratories (Le
nexa. KA ). Oysters were exposed to 0.996 pg/g (:2 pprr) or 27.7 
pg/g (20.0 pptr) of ' [ Hj-TCDD via adduclor mu~cle injection. All 
' lHI-TCDD values were ba:.ed on equivalents. 

Rf:SULTS 

Deployment and Retrieval 

ln U1b 1.tudy, a total or <; IX bags wniaining eastern oysters wa<; 
transplanted 10 the Newark Bay and the Rariwo Bay Comple;< 
from September 2000 umil June 200 L Oysters u·ansplanted lo 
Newark Bay for I 0 mo had the second highest increase in total 
weight gain ( +6 g). OyMers transplanted tO Arthur Kill had a 
tl.ecrea>e in tow I weight gain (-I 0. 9 g). and oys ter~ transplnnted to 
Sandy Hook Bay had the highest 111crease in weight gain I+ I 0.3 g). 
There wa~ nN a "ignificant difference in she ll growth among the 
Newark Bay. Arthur Kill. or Sandy Hook t ran~planted oysters over 
the 10-mo field study (Table I). 

Tissue il na(ysis 

Oyster ussues were analy7ed for dioxin, furatL aod PCB ana
lyLes. Newark Bay oysters had the highest tissue levels of 2.3.7.8-
TCDD f3 .2 pptr). tota l TCDD ( 16.:'i pptr). tota.l TCDF (93.8 pptr). 
and total PCBs [l.7 pans per bi ll ion [ppb)j. Arthur Kill trans
planted oyster~ had the second highest 1issue levels of 2.3.7,8-
TCDD 11.3 pptn. total TCDD ( 13.3 pptr), Iota I TCDF (56. 7 pptr). 
and total PCB (64.5 ppbl. Sandy Hook oysters had. the lowest 
le~els of 2.3.7.8-TCDD (0.15 pplr). total dioxin 12.5 pptrJ, total 
furan (47.6 pptn. and total PCB" (35.3 pphl (Table~ 2 and 3). 
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TAHLE J. 

Deplo) ment and reiric,·aJ data from C. virgiuica transplan t.ed to ewark Bay, NJ , Arthur Kill, J, and Sandy Hook Ba y, N.J , field sites." 

Sites 

Deploymem 
Newark Bay 
Anhur Kill 
Sandy Hook 

Retrieval 
Newark B ay 
Arlh ur K11l 
Sand} Hool-

Date 

9/l :!/00 
911 2/00 
9/12/00 

6/L!(I I 
6/1/01 
6/1/01 

No. of Oysters~> 

60 
60 
60 

47/13' r? bag• recovered) 
45/15< 1~ baas recovered) -
25/Sc ( I bag recovered) 

Presented as mean ± Sd. unles.,; olherw1~e mdicmed. 
" H. height: L. length: W. width: ppt. pans per thOU$<ll1d. 
b Number of oysters per sne: two bag;, per sne . 
c Numb.:r of li ve oysters/number uf dead oyMcrs. 

Histologic Evaluation 

Temp. 
(" C ) 

I ~.5 

L 9.5 
18 

14.3 
17.3 
14.6 

Oysters transplanted to Newark Bay showed moderate >.ign" of 
epithelial-severe hyperplasia. whi le oysters transplanted tO Arthur 
Ki ll showed signs of ~evere epithelial-severe hyperplasia 1\ ith 
some cells (>4} showing mitotic division. and connective tis~ue 

displaying areas of foca l fibrosis. Oysters transplanted to Sandy 
1-Took sh0wed ~ igns of slight epithelial-severe hyperpla ia. Only 
the transplanted oysters to Anhur K.iH were observed to have a 
haplosporidirun ne lsoni IMSX) infection in the diges tive gland and 
mantle tissue~ IT able 4 ). AJ I transplamed oysters showed slight
tO-moderate gil l hyperplasia ( .. clubbing"). Oysters transplanted to 

Salinity 
(ppt) 

20 
::o 
J' -" 
16 
16 
20 

Weight (gl H (mm) 

57.5± 15.3 8 1 A± 13.6 
66.8 ± 19.9 118.7 ± J.tQ 

68.1 ±25 89.7 ± 15.0 

635±18.0 8!.7 + 13.2 
55.9 ± 13 88.:2 ± 13.8 
78.4 ... :26 R9. ~ ± 14.7 

L (mm) W (mm) 

45.8 ± 5.0 19.8 ±2.8 
46.9 ± 7.4 '~0 . ? l) - .) ± - · 
46.6 ± 5.0 :w.s .± 4.0 

45.4 ± 4.8 1':1.5 ± 2.6 
46.2 ± 7 . 7 :!0.8 ± 3.0 
46.1 ± 5.5 10.5 + 4 .2 

Newark Bay :md Arthur Kill showed an alteration in gill ciLia 
shape, si7.e. and mientation. The cilia had a thickened appearance 
and an alteration in cilia length resul ting in a distinct wh.i.p-like 
appearance (approximately six times the length of normal gill 
cil ia). 

Gross Body E••aluarion 

Oysters transplanted to Newark Bay had semi-developed go
nadal tissue. The gonadal area had a slightly crearn-coJored ap
pearance, and the oysters appeared to be of moderate health and 
were plump. The shell interior had a whire, iride cent color and 
had no obvious scarring or discoloration. Oysters transplanted to 

TABLE 2. 

Oystc1· tissue analysiB for dioxios/furans at ewark Ba)'. N.J . Arthur Kill , NJ , and Sandy Hook Bay, J , during a Hl-mo water sus pension 
field stud). 

Am1lytes ewark Ba~ Concentration (pptr )" Arthur Kill ConcenlraliHn (pplrl" 

2.3.7.8-TCDD 
1.2.3.7.8-PeCDD 
1.2.3,4.7.8-HxCDD 
1.1.3.6, 7 .8· HxCDD 
1.2,3.7.8.9-HxCDD 
1.2,3,4,6. 7 .&· H pCDD 
1.2.3.4.6.7 .8.LJ-OCDD 
2.3.7.8-TCDF 
1.2.3.7.::1-PeCDF 
2.3..+.7.8-PeCDF 
I ,2,3,4,7.8-HxCDF 
I ,2.3,6.7.8-l·b..CDF 
2,3.-1.6.7 .8-HxCDF 
1.2.3. 7 .8.9· 1-L\CDF 
L .2.3.4.6. 7 .8-H pCDF 
1.2.3.4,7.8.9-HpCDF 
I ,2,3,4,6,7,8.9-0CDr 
Total TEF' 1 

~ .., 
.... "l. -

<DL (0.3J' 
<.DL (0.3 ) 

<.DL (0.3) 
<DL !0.3J 

0.59 
J.8 
6.5 

<DL (0.2) 
0.93 

<DL (0.2) 
<.DL 10.2) 
<DL (0.2) 
<DL (0.2) 
<DL t0.21 
<DL (0.41 
<.DL (05) 

4.3 

DL. de~ecti on limi t: TcF. tota l cqw valent lac tor. 
··s 1 · ..,- ~ - O'"" l ·d amp e s11e. -='· :> g; .;> r 1p1 ~. 

" Sample w .c. 25.17 g: 0 .2€fr- lipids. 
' Sample sizr: 25.1 g ; ().6% lipid~ t~hown in part>nthC>C>}. 
~ Con•·entration I'> below the calibration curve. Value I'<' an C>Limatc only 
,. Value, ~tre fe,, than the de tection lirnit. 
1 En11ronm~ntn l Protection Agency ( 1989a). 

1.3 
<.DL tO.Jl 
<.DL t0.3) 
<.DL (0.3) 

<DL (0.31 
1.0 
4.8 
-1.3 

<DL (0.2) 
0.73 

<DL t0.2) 
<DL (0.2) 
<.DL (().2 J 
<.DL (0.2J 
<DL !0.:!1 
<DL 10.31 
<DL (0.4 I 

.., 1 

Sandy Hf>Ok Concenlration (pptr t 

0.15d 

<DL <021 
<OL IO. I ) 

<.DL (0.1) 
<DL tO. I I 

0.43 
2.3 

<.DL !2.5) 
<DL (0.1 J 

<DL <O. Il 
<DL (0.08) 
<.DL (0.071 
<.DL (0.09) 
<DL (0. 11 
<DL (0. 1 l 
<DL (0.2) 

*"0.4 7 

0.6 
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D 1ox1 -./FtrRA" \~T• Puu n 11 UKI' \11 t> B tPHb' n CoM 1 \ IK \ JIOl\<; I:\ EA~ rLRN Qys 11 K Ttssu ., 7-11 

T.-\ BLE .l. 

0 ) '1cr ti" uc unal~'is for tota l I'Cih at \ c\\urk lla \, \J, ,.\rlhur 1\cill, ;\.] , nnd ~nnd) lluul. Ill!). ~.1. durin)! a lfl-nw \lUter \uspension 
field s tud). 

i lnUI) 'IC\ ew11rk Bay <:nm·cntral inn (ppb)" i\rlhur Kill Conn·ntrutiun (pph)h Sand) llnuk ('unccnlruliun (ppb)' -------------------------------------------- -----~------~~----------~--
Toli1l MnrwC'II 
Tot.ll DIC'B 
Tnwl T11CIJ 
Tllt.ll 1 ct r.1CH 
T cu,tl Pcn1.1C B 
Tutal H.:,aCB 
T11tal I kpt.,( ll 
Tt>t"•l Oda(B 
Tctl.il :-<u11.1ll3 
Dc,JCB I 11::!011) 
Tntal PCB' 
Tntal PCB i J· MPC' 

<DI tO O•n" 
<DI (0 I I 

'ill 

~ .. ~ 
.:! J. !-: 
l.J ~ 

I 7 
<DI Hlll! 

<Dltlll 
<DI 12 ~~ 

N~.h 

?U1 

DL. detcl't ion h 11111. EM PC, eHi mm.:J 111.1 ~ 'mum p,,," hi.: ,·ontcm ration 
·• S:~mrl-' ,,,~. 10 ll g. oy,, hpltl-. 

~ SJmpk '""· :!II ll g. 0.211 lip•d,. 
' s.~mph: ,,,<!, 24 n g.. o M"t lip1d\. 
~ \'aluc, .arc l>dm1 the DL 

<1>1. (11.11 
<DI (ll.ll 

4.5 , .. 
-·' ~ 
.21h 
I HI 
I 'I 

<DI 11171 
<DI IIIlt 
<IJL (I <11 

64.5 
(ll} • .J 

<DI 10 mo 
0 5-I 

2 I 
12 2 
1-l'l 

·I'J 
U.MI 

<OL 10 bl 

<DL t!l.'}J 
<DI I I 6 I 

l5.J 
15.3 

l"c11 arl. B.•) .md .\nhur Ktll towl PCR " •• , ·•PI1r<'\1111.1h.'l} lllll ume' lhJt ul ~;tnJ) Huc1~ 
1 llmmched ,c._ uf peal., 10 Lhe ume \11ndm\ do ll<ll ha1e 1hc appropnate '"" 111.1" rJllu' h1r .1 1ruc PCB 
\lh'<!rll'd pe.tl.' !Tn.Lilg.k L.tbnriltone' Inc. mcld1I1~J m~thnd 6!\0 tll/!15! 

Anhur h: ill h;~tl unJcrde1elopctl gonad'>. "ntl \11m: .:a~i l ) shucked 
and wm~·ry Tht: gonadal area had .t vc in-lilo.c appt:arance and a 
gray colnr:umn. The shell interior had tl white, tri tk:~cenl color an\1 
haJ nn Ph\ i ou ~ 'earring or tli;.c;olurmion. 0) ~wr, 1 mmplanted 10 

Santi) Honk Wl.'fC plump. had a whuish-crcam color:U10n and well
del elopt:d gonad<;, and were 111 a pn::,pa1\ nrng 'talC rTable -l ). 

thai lhc m,qorit) u l egg~ collel.:ktl I rom lcmnlc oy,tcr' a t the 
Ncwarlo. Bay a11d A nhur Ki ll ~i tc:.. were not vi:tbk There was not 

• 
:1 Jifkn.:nce in leni l i:zed egg s ize (64 1)..111} among the Lransplamed 
oy,ICr!>, h(lwcver. oysters transp lant~d to Anhur Kill had a ~maller 

unfcn ilitcd egg ,j,e 148 1.1111) compan:d 1o1 it i111Y~tcr~ transplanted 

111 NC\1 ar~ Ba) t1r Sand~ HooJ... Tht ' 'ludy ,Jlll\\ ~ tho.tt 60.5'1: anti 

7o. 7'1. re,pecu 1 el). of egg~ coil cued from O) 'rcr!> tran,plamed to 

l'\c\\ark 13a} am.l Arthur Kill \\CTI..' nut ten11ited. and of the egg' 

that '~ere lerullted t39.5C:C anJ D . .:V' I unl) II. OJ', artd 0.()..1<'~. 

re,pectl\l'l). of the eggs de\ duped ln 1hc 'lr:ught-bi.nge stage. 

F it'ld Study \lnp .\pmmiug Assay 

Rc,ult' 
plam.:J 1 n 

I rom the ,Lnp-::.p:l\1 ning a-.<oa) ll'lfl!; oy,ter' tran" · 

e\\ :u k Ba). Arthur Kill. and andy lluulo. . NJ. lthuwed 

TABLE ~. 

C. •·irginicn hhlnlnJ:icnl C\ alunliun for IH-mo lit'ld s llltl) tScptcrnher. 2000-J unc . . W(II). 

NC\\411- BJ\ 

fn 151 

!\nhur 1\.111 

In I~ 1 

S3ntll 11•••1. 
tn I~. 

Gill 

+ lntl.un 1 liMY <IT 

i · l · · D~-rb"a 1 Jt•t', 1 

[ If 1 lntlom IIUH"I-1 

I Brill\ 11 crll ( I 01)<'; 1 

fh 'pia" a and i'ilamcnt 
hl,\1\0 tiiMJ'] I 

\lnnll~ 

i · Epnhdto\l "''~"' 
lt) f'I"'J'l."IJ I 711' I 

f lntl,un IIIII', I 

i •- j J ' il) 'f'l·<"·' I liM 1';, 1 

rr. rpnhdtJl ,,,..,~ 

h)')l<'rphi'IJ f Jl~)<' I 
. I n 1 lr11111111 f I !K}r, I 

n-T11 l)y,pfH'tol ( I 011'11 

f lliLI\VIl cell 11 00',d 

11 111 M\:>. t7111.) 

T [pllh•·h.ll '4'\<'IC 

h1 rcrr'·"'" .~u· , 
8'""" cdliiCMr 1 

D)'f'l•-··· I 11111' I 

• Bm\\n cdl1lll 1 

• lnO.ma tlfl' 1 

; ~-"j D} 'I'''""" 
I 1110'1' I 

T lnllo~m I ~H', 1 

TT T 1 i D"J''''"·' 
f IIWV; I 

1\irhwy/H•arl 

T • if ' l:.h<>~HI o:ll 
f 711 i 

• lnll.un 1-ll". 1 

' f 1 • • 0) -pl•"a 
I JIM)' o I 

• lnt1um tl\11') l 

1 T r I I d) ,pia"" 
I liM I'~ 1 

Dii:~>lilo ( ,J:uad l~ lidl(ul I 

1 l Lpuhda.ll '>C'"IC 
b~!"'I'J'ta,IJ ll<ll' I 

lnOo~m 1 ltWI' 1 

l • ·r 1 o, ,rl·"'" , wn , • 

iT't lcf'llhchU( 'C\CI'I: 
h) J>C"ffl.L'Ill til K V ' l 

11-T It lnllunl tiiXl'>J 

i1-T1 i Dy\l'l •"' ''t101l'~ 1 

i Bm"n .:dll IIIII' I I 
11 HI B11111 n cell fl- I 11 ~ I <;\ 1711' <1 

I h()' d ... 
fl1 'f'l•'"•l I I (lfl<', I I rr~•hcli.ll "''•re 

hyp.:rplJ>I~ I 1111 

• Br.m n cclltllll~. 1 
D}'f'l.hl.o f IIWr I 

Gonadu 
C4'1ndition 

'it;~gc .:: a.nd ' 
tl>ll' I 

St.1ge I C 211' I 

'it.II)C I and 1 
t-Ill"• I 

St~ge 3 (b{)<;, I 

'>to~gc 3a and 3to 
180' .. J 

<)1.1gc II IIIII)"') 

'lumhcr' m p.tt't!nth~~ are~ ol '-')'-lCI"'\ I.C'Sion ~r~JJmg. ,kltnH1on' 1-r :.s~em. c i l 'h~hl r • • ,, m,\t.Jcnnc- c .. ~ it. ..,e\.-:re: mltun antl~.uumawn hle rcsponW". broY.n cell 
btal\\n t:CII oJf..'lUtllUI.ttWrJ 

.. Gouud lt.l.tJtntt ~totge U. resung blLtge: , t .. tgc I. l.".trl}' tk\ch•l'lnl.'lll .... wg~ l. l.,Eer Jt!\dupmcnt. \ luge 1, 'C\U.Il m.1tun1}. 't.tgl! 1a. m.HurH} ... tas,tk lh. 'f1t:J\\ntng .,mge 1, 
redt·vclupn•~nt ·. ,1,1~~ d rcccntl) ~pent r 1\cnncd) 1•177) 
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WiNTERr-I YER AND COOPER 

Mo~t fertilized eggs did not develop beyond the 7.ygme stage. The 
strip-spawntng assay from oy~tcrs u·ansplanted to Sandy .Hook 
:-.howed that 53. 79r 0f the eggs were ferti lized. and of t11ose eggs 
t{4o/" developed to the straight-hinge stage (Table 5. Fig. 2). 

Acute S taii<· 48-h In Vi11o and Ex l'ivo Assays 

ln this ~tudy u~ing C. virginica. (here was an observable de
crease in the number of ferri lized eggs in the 2 and 20 pprr TCDD 
groups. In Table 6, controls for d1e in l'il'o and ex pfl·o assays had 
high rates of egg fertil ization and larvae development to the 
straight hinge stage (80.3% ). The 2.0 pptr in t·il·o assay had 48~ 
egg fertilization. but 100o/c mortality rn the zygote development 
stage. rn the 20.0 pptr in l'ii'O assay. to which viable contro l eggs 
were fertilized with :w.o pptr sperm. there was very litlle fertil
ization (0.9%). which resulled in a high egg mortality rate t99.%). 
The 2.0 pprr ex l'ivo and 20.0 pptr ex t•ivo assay~ abo had low 
fertilization rates (3% and 2%, respecti vely), which resul ted in 
high egg monalit.y rates C97% and Y8%. respecth elyl. In both the 
-18-h acute in 1>ivo and ex 11iro studiel>. there were large decrease 
in the number of vcliger larvae compared wilh Lhe controls. Within 
n·eatment groups (nominal '.0 ppLr TCDD and 20.0 pplr TCDD), 
there were 52 LO 99% unfertilized egg~. Eggs that were fenili zed 
had a 98 to I 00% 111011nlity rare and did not develop beyond (he 
zygote swge. In contrast. the comrol eggs had an 80'7o survival rate 
to the ~traight-hinge stage (Table 6. Fig. 3 ). 

DISCUSSION 

PCBs were fi rst commerci:l ll y produced in 1929 ( NJ DEP 
L993). PCBs were commonly used in transfom1er oib. and e lecn·i
cal products. In 1977, the U.S. Environmental Protectiun Agency 
banned tl1e production of PCB~. However. many PC B-laden trftnS
rormers, capac itOr,. and other electrical equipment remain in ~er
vice (NJDEP 1993). PCBs have been and conrinue w be dispersed 
throughout the environment through spi lls, eFnuent discharges, 
and incineration. 

In the 1970s and 1980.s. the levels ofTCDD in Newark. NJ. and 
Arthur Kill. NJ, shellfish approached the no-consumption advisory 
level suggc:sted by the U.S. Food and Drug Administration of 25 
pptr (Belton et al. J 985). The levels of oll1er isomers such a~ PCB~. 

polychlorinate d ibenzo-p-diuxitJ (PCDDs}. and polychlorinated 

Jibenw-p-furan (PCDF~) found in aquatic organisms (~triped bass 
and blue crab) in Newark Bay and Arthur Kil l resulted in the 
closing of the waterways 10 tishing begi nrting in 1984 (NJDEP 
1990). Extens ive soil comamin:uion wi th diox in. speci fically 
2.3,7.8-TCDD. dtscovered at a s ire adjacent to the Passaic River in 
Newark. NJ. prompted an intensive sruJy of dioxin levels in sedi
ments and biota in 1983 and 1984 (NJDEP L990). 

In this study. a total of six bags were deployed in the field in 
September 2000. The field ~ ites were selected based on hi~torica l 

data abom the bay system anJ acces ibility via boat. Sandy .Hook. 
NJ. was selected as the reference site. and Arthm Kill and New~u-l 
Bay. NJ. "' ere selected as the exposure sites due to the high leve.l 
of' intlu:,tria lization along the waterway~. The approximate distance 
between the Newark site and the Arthur Ki ll site is 5 miles. The 
uistance between the Sandy Hook site and the New::u:k-Artl1ur Kill 
s ite is approximately 32 miles. Oysters were put in the l'ield at the 
completion ( Jf the 2000 spawning season :md were collected prior 
to the 200 I spawning season to ensure bioaccumulati<)n levels 
prior to and during gametogenesb. Oyster tissues were analyzed 
for dioxin. f·uran, and PCB analytes. Newark Bay oysters had the 
highest tissue levels of 2.3. 7,8-TCDD (3.2 pptr), total TCDD ( l6.5 
pptr). total TCDF (93.8 pptr), and total PCBs (68.6 ppb). Oysters 
u·ansplanted to Arthur Kill had s lightly lower tissue levels of 
2.3.7.8-TCDD ( 1.3 pprr). wtal TCDD levels ( 13.3 pptr), tOtal 
TCDF levels (56.7 pptr). and a slightly lower total PCB level (64.5 
ppb) than those of rhe Newark Bay oysre rs (Tables 3 and 4 ). Sandy 
Hook oy~ters had the lowest levels of 2.3. 7,8-TCDD (0. 15 pptr). 
totctl dioxin (2.5 ppu·), (Otal furan (47.6 pptr}. and toml PCBs (35.3 
ppbJ (Tables 2 and 3). 

Oysters transplanted to Newark 'Bay showed moderate ~igns of 
epithel ial-~e \ ere hyperplasia, and oysters transplanted to Arthur 
Kill showed s igns of severe epithelial-severe hyperplas;ia. with 
some cells (>4) !>howin!! mitotic division and connect ive tissue 

~ 

displaying areas of focal fibrosis. Oyste rs transplanted to Sandy 
Hook showed signs of s light epithelia l-severe hyperplasia. The 
epithelial-severe hyperplasia could be imerpretecl as preneoplasric 
in narure. however. further research is needed to verify that these 
lesions can progre ~ to a neoplastic condition. Only the Arthur Kill 
oys(ers were observed to ha\re a moderate-to-severe MSX infec
tion in the digesti ve gland and mantle tissues (Table ..!). Sandy 

TABLE 5. 

Summary of the s tTip-spawning assay from Newark Bay, NJ . Arthur Kill, NJ , and Sandy Hook Uay. NJ. 10-mo tield study (September. 
2000-June. 2001 ). 

Wctght of oyster' at tunc of 
<.lt:ployment (g) ~':l/OUJ 

Weight nf oy~ters al termination 
ol >Htdy 1g1 t6/0 I 1 

')l lipid !6/01) 
l:gg si?e fer11lizeu vs. unferLi lt z,cd 

( 1.1. :11 -lOx) In = 5 I 

Tot31 numba of ferHlizecl eggs'' 
Total number of unfeni lized eggs" 
Number of ve lig:u· larvae after 

48 hb 

Newark Bay, NJ 

57.5 ± 15.3 Ill = 60) 

63.5 ± 1 8.4~11 = 45) 

O.J 
64 j.un fertiliz.cd 
56 j.un un terti ltzed 

107 ± 6.00 
164 ± 15.6 

3:!: 1.7 

Prcscmcd a~ mean ± SD. unle'' otherwi'e indicateJ, 
~ Numbers represem the average of 1-rnL replic;uc '<lmples (n = 3!. 

Arthur J(jU, NJ 

66.8 ± 19.9 \n = 60) 

55.9 ± 13.1 (n = 47) 

0.2 
64 f-liTI fertil ized 
48 J.Lill unferll lit~d 

54± 30.1 1 
178 :t IS,CJ 

-1 ± 2.31 

b Number o l ' 'eligar larvae re~u lting from ilpproximatcly 100 ferttliLed egg> (n = 3 replicates). 

Sandy Hook. NJ 

6::l. l ± 24 .\1 (11 = 60J 

78.4 ± 25.6 (n = 25) 

0.6 
64 i.LJU ferti lized 
56 J.Lnl unfertilized 

113± 13.61 
97 + 39.9 
82± 12.2 
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D tOXrN/FURAJ'i AND POLYCHLORINATED BIPIIEN\' L CONCENTRATIONS JN E .-'.STERK OYSTER TISSUES 7-D 
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Figure 2. The percentage of fertilized eggs, unfertilized eggs, and veliger larvae resulting from the s trip-S[>awning assa) using transplant~d 
oysters from Newark "Bay. NJ , Arthur Kill, NJ, and Sandy Hook Bay, NJ (10-nlO field s tudy. S!.'[>tember 2000-.June 20011. Number of fertilized 
and unfertilized eggs are averages or 1-mL replicate~ (three pt~r s ite). Numbers of vcliger larvae a rc those resulting from 100 fertilized ~ggs after 
'IS h Hhree sitesi. #* lligbt). fertilized egg groups tha t arc significantly different IP < 0.05: A OVA): #* tdark ), unfertilized egg groups that are 
s ignificantly different (P < 0.05: A NO VA); 1\, velige r larvae groups tha t are sign ificantly differe nt (P < 0.05: AN OVA l: NB. Newark Bay: A K, 
Arthur Kill: S H, Sandy Hook. 

Hook oy~ter:. had ful ly developed gonads and were in a prespawn
ing state .. Newark Bay and Arthur Ki ll 0ysters were slightly mod
erately tUlderdevelopetl tlue w a lack of gcmadal de' elopment com
pared with ScUldy .Hook oysters at Lhe time of collection (Table 4). 
All trausplamed oysters showed slight-to-moderate gi ll hyperpla
sia (clubbingL Oysters transplanted to Newark Bay and Arthur Kill 
~ howed ~In alte raLion in gill cilia :-hape. size. and oriemation. The 
cilia had a thickened appearance and an alteration in cilia length 
resulriog in a dislinct whip-like appearance (approximate ly six 
times the length of normal gill ci lia). This alteration in gi ll cilia - - ~ 
could be a result of chronic exposure over time. The lesions ob-
;erved in the transplanted oysters would be consistent with those 
resulting from chronic exposure to chemicab. The le:-. ions are not 
p:nhoneumonic but are cons istent with a wide variety of chemical 
and physical irri tants. 

Oysters transplanted to the Newar:k Bay si te had the second 
highest increase in weight gain ( + 6 g), percemage of li pid~ (0.3o/r ). 
egg fertilization {39.5'*>· anti larval development (0.03%). Oy~ tcrs 

transplanted to the Arthur Kill site had a decr.::ase in weight over 
the ] 0-mo rudy (-1 0.9 g). the lowest percenrage of lipid content 
(0.2% ). the lowest percentage of egg fertilization ( 23.3% ), and a 
decrea$e in larval development (0.04% ). Oysters transplanted to 
d1e Sandy Hook site had the greatest increase in weight gain {+ 10.3 
g). the highest percentage of lipids 10.6% ). the highest percentage 
of egg fertilization {53.7%). <Uld the highest percentage of larval 
development (84%) (Table 5. Fig. :2). Weight gain and the per
centage of lipid content of the oyster cont.ribut..: greatly to egg 
development and production. egg fenilization succes~. and larval 
development (Capuzzo 1996, Capuzzo & Leavitt 1988, Lowe 
1988. Moore J 988). Oysters transplanted to Sandy Hook had tbe 
highest level of fimess followed by oysters traosplanted to Newark 
Bay <Uld Arthur Kill , ba~ed on l e~ion grntling, inflammatory-like 
responses. infectious tlisease states. weight gain/loss. and the de
gree of gonadal development. 

Results from the strip-spawning assay using oys ter~ trans
planted to Newark Bay. Arthur KilL and Sandy 1-look, NJ. showed 

TABLE 6. 

Sununary of an acute static '11!-h i11 ••ivo and ex ••i"o strip-spawning bioassay for C. •·irgi11ica exposed to 2 :llld 20 ppir 1.3,7,8-T CDD. 

Initial <Egg) 

Number of umber of Number Dead 
Fertilized Egg~ Unfcrt·ilized Eggs after 48 h 

Control in •·i•·o 196± 143 2 ± 0.63 3') ± I .45 
1 pptr in ••i••o 15~ ± 3. 12 I ()6 ± 3.80 3 IR ± 3.45 
20 pplr '" vimb 6 ± 0.801 660 + 16.2 663 ± 17.9.+ 
Control e.:~ Pil·o 19-1 ± 2.17 4 ± 0.8-l 48 ± 2.10 
2 pptr tU 1'11'0 13 ± OAS9 -120 ± I 0.8 423 ± 11.0 
20 pptr e .. 1 l'i ro 16±0.-110 803 ± 27.3 810+ 27.6 

Presemeu m. mean ± SD. unles. othen' ••c 111dicated. NA. not apphcablc 

i\ fte r -48 h (Ve liger Larvae) 

Stage of Development 

Trochophore, egg. and D->tage 
Ec.g --
Egg 
Tmchnph\1re. egg. and D-St.'\ge 
Egg rLnd D-stagc 
Egg anu 0 -stage 

Number Alive 
after -48 h 

159±1.66 
0 

3 ± 11.52 
150 ± 2.36 

10±0.5 13 
Y + o.s r o 

Stat,:e of Dc,·elopment• 

D·stage 
NA 
D-~taue 

"' D-stage 
Trochophore ~nd D-stage 
D-Mag~ 

fn •·i•·o rcpresenL~ egg~ exposed to TCDD during gametogene<,ts and e.1 vil·o represem egg\ expo,ed to TCDD IJl petri d1she~ during fertili?ation 1 n = 
20 for eoch group). Table taken from Wintermyer ( 19981. 
• Srage of fertilized egg { Loosonoff and Davis 1963). 
b Viable comrol eggs were fert ilized \\'lth 20 pptr sperm. 
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Figure 3. The percentage of fertilized ~ggs. unfertilized eggs. and v~ l igcr larvae resulting from an acute s tatic .t8-h in l'i•·o and ex vivo 
s trip-spawning assay using C. virgiuicn e~poscd tn 1 and 2U pptr 2,3.7.8-TCDO. *in ••ivo, eggs exposed to TCDD during gametogenesis; *ex •·ivo. 
el!,gs expo~ed to TCOD in petri dishes du ring fertilization (11 = 20 for each g•·oup). Table from Wintermyer 11998). 

thar the nnyority or eggs collected from femaJe oysters at the 
Newark Bay and Anhur Ki ll sites were not v1able ( F1g. 2). This 
study &hows thm 60.5% and 76.7o/c. respectively. of egg~ collected 
from Newark Bay and Arthur Ki ll transplantetl oy!>ters were not 
fertilized. and of the eggs that were feni lized (39.5o/c and 23.3<;0. 
respe..:tive.ly) o nly 0.03% and 0.04%. respectively. of the eggs 
deveiOJJed to Lhe straight-hinge ~tage. Most fertilized egg~ did not 
develop beyond the zyg01e stage. The ~trip-::.pawning assay fttr 
oy~tcrs tran.;p lanted to Sandy Hook showed rhat 53. 7<7t:. of the egg~ 
were fertil ized. and of rho e eggs 84c7c developed to the straighr
binue staue <Flg. 2). This study was performeu to evaluate the 

~ ~ w -

potential ror restoring oy~tcrs in to the bay urea. Based on the tield 
s tudy and strip- ·pawning assay. transplan ting oy~ter~ 111 Lo the 
NewarJ.. bay and Arthur Kill sites at this time would not resul t in 
succc~sful recrui tment of the bay area. However. the Sandy Ho0k 
~ire would be an ideal area for oyster restoration. 

In the laboratory ~tudic~. the 2.0 pptr and 20.0 pptr u·eatment 
concentra t ion ~ of 2,3.7.8-TCDD used in the 48-h acure i11 l'i1•o and 
ex l'il ·o Mudie~ were ha,ed on tissue concenrraLJons that were re
ported from th..: soft-shelled clam !Mya arenaria\ li\'Jng in New
ark. NJ . ( 11- 10 pptr TCDD) and Tuck.crton. NJ. (0. 1-0.6 pptr) 
( Brown et al. J993l and on ~edimen t . am pies from Newark Bay 
(20 pptr). Arthur Kill (10 pptr) , and Tuckenon (0.5 lQ 1.0 pptrl 
( Brown et al. 1993). In thi~ study u ~i ng C. rirRinica, there wa~ an 
observable decrease in the number o f fertilir.ed eggs wi thin the :2 
and 20 pptr TCDD treatment group~. Jn Fig. 3, controls for the 111 

1·n·o and ex 1·ivo assay~ had high rates of egg fertilization and 
larvae development tu the ,traight-binge ~tage (80.3%). The 2.0 
flptr i11 1·ivo assa) had a 4-7.81.:t egg fertilit.ation rate, but a JOO'if 
morta lity rate lll rhe zygote de\·elopment !.tage. In the 20.0 pptr in 
l'il·o J),S:JY to which viable control egg~ were fertil ized with 20.0 
pptr ~perm , there was very little fertiliza tion (0.901 %). which re
\ulletl m a high egg mona! 1ty rate ( 99.6% ). The 20-pptr u·earmenr 
group did nut have any iCmale oysters remaining due to toxicant
Induced :>tre,\ and monality [)y the end of the 28-day period. The 
2.0 pptr ex 1'i1•a and 20.0 pptr e., 1·im a~say!> also had low fertil
ization. whit.:h resulted in high egg monality (Fig. 3). In both Lhe 
-18-h acllle in l'il'o and e_\ vil•o ~tudie<.. there was a large decrease 
m the numhcr nf ferti lized egg~ re,pective lo treatment group 
compared With the t:omrnls. Within treatment group:. (no minal 2.0 

pptr TC DD and 20.0 pplr TCDD), there were 52 to 99% unferti l
iLed eggs. Eggs that were J'ertilir.ed had a 98 to 100% mortality rate 
and did nut develop heyond the 1.ygote ' rage. In conrra!l t, the 
control egg!. had an ROo/c survival rate 10 the straight-hinge stage 

tTable 6. Fig. 3). Thi~ laboratory study i:-. impon am in understand
ing the effects of 2.3,7,S-TCDD independent of other lipophilic 

eompounds on oysier gametogenesis antl egg fenilization. We can
not state that the field study resulls were solely due to 2.3,7 ,8-
TCDD. buL laboratory o;tudie~ demonstrate that TCDD can result in 
a signiticaOL decrease in gametogenesis and egg viabi lity. 

CONCLUSJON 

Tn conclusion, this study was designed to investigate two points 
o t in terest: (I) the dioxin/furun and PCB concentrations in the 
eastern oy~ter during gametogenesib and the effect;. on egg fe rti l
il ation and tlcvelopment; and ( 2) tn evaluate the pmentiaJ for 
rc5tonng oysters back into the New Jer~ey bay area~ OyMers trans
planted to Sandy Hook. NJ . had the greates t weight gain. percent
:tge oflipid contenL percemage of egg fertili7.ation, and percemage 
of larval development to the straight-hinge stage. fo llowed by 

oyster~ transplanted to Newark Bay and Arthur Kill. NJ . T he labo
ratory in l'im and ex vh•o ~trip-spawning assay~ showed that ex

po~ure lO t:ompounds ~uch a~ dioxin can aecumulate in animal 
tis~ues and t:an imerfere with normal metabolic processes that 
affect gonadal cle1·elopmem <U1d egg fenilization. While we cannot 
separate the effecrs of different gonadal developmem on strip
spawning fertilization and lan ·al development. the labora tory stud
ies support the effect of 2.3,7 .8-TCDD on gonadal development at 

level' ob en.ed in the lield. 
Thi~ study de monstrated that dioxins. l'urans. and PCBs are sti II 

bioavailable in the Newark Bay cslllar) . The leveb approach con
centrations that in the laboratory result in impacts on gonadal 
ue1·ek1pment and egg viability. This study clearly demonsrrmes 
that LJ.7.8-TCDD effects gonadaJ developmem and egg viability 
in the eastern oyster in a similar fa~hion to tish species. 
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