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A Polychlorinated Biphenyl (Aroclor 1254*)
in the Water, Scdiment, and Biota of
Escambia Bay, Floridal
by T. W. Duxr, J. I. Lowe and A, J. Wicws, In.

Bureon of Comuercial Fisheries, Conter for Estuorine
. and Menhadea Rewarch, Pesiicide Vicld Stoton,
Culf Brevae, Flurida

We have detected a polychlorinated biphenyl (PCB), Arcclor 1254,
in tho biota, sedimenc, and water of cstuarine arcas near Fensa~
cola, Florida. Only one source of the chemical, an industrial
plant on the Escambia River, has been located, Ilowever, the
chemical occurs fn tissues of pelagic and secsile organiems that
arc widoly distributed wicthin tha estuary. This distribution of
Aroclor 1254 could be due to dispersion of the chemi{ecal from the
river by currents aud biota to other parts of the system. Al-
ternatively, it could have entcred the system {rom more than ona
cource, In this paper we report the occurrence of Aroclor 1254
in the estuarine environnent and discuss its possible ef{focts on
somge ostuarine orpanisms,

PCB's are considered industrinl pollutants and, unfortunately,

arc relatively persistent in an aquatic cecosystem. Aroclor 1254,
onc of a serics of chlorinated biphenyl ceoopeunds manufactured by
the Monsanto Company, {s a light yellow viscous oil wich a
ehlorine content of 54%. They are used in {ndustry as plasti-
cizers and resins for chlorinated-rubber-based lacquers, varniashes
and paints, lubricants, hecat transfer fluids and {nsulators.

Alto, PCB's arc uscd as carrfcrs for some insceticides, They are
gtablo, {nsoluble {n watecr and highly soluble in lipfd, Structur-
ally they rescmble chlerinated hydrocarbon insecticides such az
DDT. Thus, it is not surprising to find YCi3's sorbed onto scdi-
ment and accusiulated fn the tissues of animale cxposed to water
containing this chemical, '

Polychlorinatcd biphcenyls occur in fish and wildlife from other
parts of the Unfted States, Creat Britajin and the Netherlands,
Riscbrough (1) reported thece compounds to be widely discributed
in marine ccosystcts of the Pacific Ocecan. Marine birds had
higher concentrations of PCB's than {ish, and animals {rom San

(%)chlctctcd tradenark, Honsanto Co., St. Louis, Mo,
Contribution .No. 101

' :

i m

Ralletin of Eavienaaicatal C--M-r;niunb--n & Tosieadiops,
Vol S, N 2, 1970, publobied by Spranget-Verlag New Yord, b,
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Frauncicco Bay contained more of the cliemfcals than those frox the
ocean, A rccont gurvcy by this laboratory of the pesticide con-
tent of cstuarine auirals from Charleston, South Carolina, re-
vealed less than 0.1 ppn (ng/Kg) of FCE in £ish and blue crals,
Aloo, fish and shellfich from Texae and Ceorgia, eollected aa
part of the Purcau of Commercial Fisherics National Monitoringp
Propram, contained vcziducs of thesc chemicals, as Jid coastal
birds and bird epngs {rom England (2) and mussels, fich, and bLirds
from 1hc YNotherlands (3).

¥icld Scudics

We {irst detected residucs of Aroclor 1254 in oysters in April
1969 at a newly established pasticide monitoring station in
Escambia Bay. Subscquent sampling in this arca showed residucs
of the chemical fn water, sediment, fish, blua crabs, and shrimp,
We traced one source of Avoclor 1254 to the outfall of a local
industry (located 6 miles upstream from Statioen 1, Figure 1)
after analyzing 30 watcr samples {rom Escambia Rfver and Bay.

The Aroclor roportedly entered the plant's effluent through acci~
dental leakage of a hcat-exchange fluid.

icthods, Samplcos of biota, water, and scdiments were collected
from April through October, 1969. Some of the animals were dead
or moribund when collected. They were taken from the water
{mmedintely after "fish-k{lls" that were reportedly duc to lack
of oxygen in the wator, Others wera captured slive by trawl.
Water was collccted 'in l-pallon glass jupgs. Sediment was taken
with a modified grab sampler,

Tho tissucs of fish, crabs, oysters, and shrimp were mixed with
anliydrous sodium sulfate in a blender. The mixture was extracted
for &4 hours with patroleum cther {n a Soxhlet apparatus. Extracts
were concentrated and partitionnd with acetonftrile. The ace-
tonitrile was avaporated Jjust to dryncse and the résidue transe
ferred to a Florisf{l column (4) with petroleum cther., Aroclor
1254 was eluted from the column with 6% cthyl other-i{m-petrolcum
ether. '

Sedirment camplec were drfed at voon temperature and extracted {or
4 hours with 107 acetone in petrolcum cther in a Soxhlet appa-
ratus, Extracts were cvaporated just to dryncss and the rcsiducs
cluted from a Florisi{l column,

YWater samples ware extracted with potroleum ether., The extracts
were dried with sodium sulfate and reduced to an appropriate
voliune, ’

13

DSW 026620

STLCOPCB4010581



e titimr WS s e VL o

2750 _f _'
500 |~ . -
=
: - : -
! 1
g 100
50 - |
" .
lo 2 A r A A
A M J J A S (o]
Figure 2A. Aroclor 1234 In vsater from outfall in Eacambla River.
=
o
a

A M 4 J A S o
Figure 28. Arocior 1254 in live oystars from
Eacambia Bay (Stallon 8).

174

DSW 026621

STLCOPCB4010582



The extracts of all rubstraten wvere fduntif{{cd and meagured Ly
cleetron capture pas chromacorraphy. Three columns of differ-
ent polarity (DC-100, qF=1, mixed DE-200 and Qit-1) were uzed to
confim fdentiflcation., In a few samples, thin layer chromato-
graphy wag employcd for add{tional confin:ation and to assens the
umount of DDT precemt, Interfercnce frvom DOT was ncglipible, due
to the reclatively high residucs of Aroelor 1254 found {n the
samples. Quantitatiun of thia »multiple peak compound vas anprouxies
mated by averaping the peak height of five major peaks, Labora-
tory tests indicated recovery rates above 80%. Data {n this
report do not includec a corrcction factor for percentage xecovery,

Residucs of Aroclor 1254 in Diota, water, and sedirent of Frcambia
Bay, Evidently, Aroclor 1254 moved from the water of Escambia
Rivor to biota and scediment in the lay and contipuous watcrs
(Table I), Oystcrs arc excellent indicators of the prescnca of
the Aroclor in the cenvirennent and reflect, in goneral, the

amount of the chemical in the water (Fipure 2B). Fish, shrinp,
and erabs contained higher concentrations of the chemical than
oysters but because of their mobilftry they are not as useful as
monitors for a partfcular area. MNighest concentxations of Aroclor
in water during the sampling period occurred at the outfall in
Eseanbia River in August and deercased abruptly wvhen leskape fronm
the plant wvas correeted (Figure 2A). Less than 0.1 ppb (hg/l) of
the Aroclor occurred in the water at Station 2 (Figure 1) but it
was not dectected in lower bay water. Continued presence of the
chemical in river water presuniably is a result of leaching frou
scdiments, Aroclor residucs i{n sediment samples taken near tho
outfall rcached 486 ppm in August but have decrcased since that
time,

Laboratory Studies

The presence of FCB's in terrescrial and agquatic aninal tivnues
i1 well documented, but to ocur knowledpe, there are no publirhed
data on the toxicity of these compounds to marine life, 1In order
to evaluate the concentrations of Aroclor found in wvater and
animal tissues Iin rclation to toxieity, we conducted Lioassays
under controlled conditionz in the laboratory. ¥Yich, shirinp, and
oysters were exposed to Aroclor 1254 in acute (96 hours or less)
laboratory bicassays. Also, juvenile pink shrinmp, Fenmacus
duorarva, and blue erabs, Callincctis sanidus, were exposed to
concentrations of Aroclor 1254 fox 20 days., The animals were
analyzed for residucs of this PCL,

Yioassay procedires., ‘The acute toxicity of Aroclor 1254 to
marine anirals was determined by exposing separate populations of
Juvenile fish, shrimp, and oysters te thrce concentrations (100.0,

24
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Residues of Aroclor 1254 in eamples from Escambia 3ay and River
Sazple (shringp colleeted Nuzbor ol anfmals Date Location Resfdues of
live; erab and {i:h wire or organs in collected (See Fig. 1) Aroclor 1254
decad vz roribund)” sample (D=1-7%) pra
Fi=h
Floundez liver 1 5-6-69 ¥ulacto Bayou (4) 76.
Flayadar ruscle 1 " 4 /8.1
Flounder gills 1 o " 19.
Crouaker -3 " " 12.
Merhaden 5 " " 11,
Pinfizh 5 " n 10.
Menhaden 3 1-7-69 " 12,
Speckled trout gills 1 14-8-69 Pensacola Bay (7) 7.5
Sgeckled trout liver 1 " " 21,
Speckled trout 3 J1-3-69 Northern Escacbia Bay (3) ... 20,
Flcunder liver 1 " " 184.
Mcuhaden 6 10-10-69% . Mulacto Bayou (4) . . __ 5.7
Lfrustaccans
Sarinp 10 1-7-69 Mulacto Bayou (4) . 1.5
Shrizp 5 31-8-69 Northera Escambia Bay (3) 2.5
Blue crab 6 13-8-69 e 7.0
Blue crad S 31-8-69 " 6.3
Blue c¢rab 6 9-9-69 Mulacto Bayou (4) 1.0
Sedineng
" 8-7-69 Righway 30 (2) 1.7
" 15-8-69 Garcon Point (6) <.03
" " Outfall 6 niles north of (1) 486,

* Scientific names: trout {Crnoscion rchulosus), eroaker (Micropocon urdulatus), zenhaden (Brevoortia
patrosus), pinfish (Lagadon rhomboides), flounder (Paralfchthys sp.), shrimp (Penacus setiZerus

(Pcracus aztecus), arnd blue crad (Callincctes sanidus).
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10.0, and 1,0 ppd) of this PCB for 43 hours (96 hours for the
oysters)., The bloascay techniques uscd are those routincly em-
ploycd at thic laboratory to study the relacive toxieity of pesti-
cides to marfne life, The animals arc held in aquarfa with flow-
inp sca water to which ucetone stock solutions of the pollutant
acvc added (with stopcocks or metering pumps) to give tho desirced
test concentration (5,0). .
Biocassay animals were eapturcd fn local waters and acclimated to
laboratory conditfions, Ten pinfish, Laredon rhemboides (1 -

1 1/2" long), 10 pink chrimp, Penacus ducvarua (2 - 3%), and 12
oysters, Crassostrea viveiniea (1 - L 1/27) wvere exposed in
soparate aquaria to cach concentration, Frequent observations
wore made on the fish and shriup and pexcencape mortality recorded
at the ond of 24~ and 4B-hour periods, Rate of shell growth of
cach experinental oyster was measured at the end of 96 hours and
percentage decrcase (as cempared to controls) calculuated. The
valve cdpes of the young vynters were ground smooth before the
test, We have found that the rate of shell deposition in young,
fast growing oysters i8 A convenicnt and objective method for
evaluating eifcets of chemical pollutants on this mollusk (7).

The 20-day bioassays with juvenile crabs and shrinp were made
unider conditions similar co those used in the acute biocassays
except the anirals wore bonfined in corpavtmented aquaria and
acctone stock solutions of the Arocler were added to the water
with a dual channel metering pump. The desired concentration of
Aroclor was 5.0 ppb in both experiments, and was sclected on che
basis of residues found in water samples from the lower reaches
of Cscambia Niver. Water samples taken from experimental aquaria
at periodic intervals during the 20-day tests ranped {rem 3.5 to
4.2 ppb of Aroclor 1254. Control aquaria rcceived the same
amount of acctone (1 ml/min) as the expcrimental. Four hundred
liters of sce water per hour flowed through cach aquarium,

Shrinp were exposed from July 24 to August 13, 1969 and crabs
from August 21 to Septembar 10, HMean water temperature and
salinicty vere 27°C and 2E5 during the {irst peried and 28°C and
27% during the latter period,

Twenty-f{ive juvenile pink shrimp (1 1/2" - 2 1/2") werc uzed in
ecach of two (control and experizental) compartmented aquaria and
20 blue crabs (1/2" = 2") in cach of two aquavia, Individual
shrimp and crabs must be {nolatied during A long-tern experiment
because of carnibalism. They are especially vulnerable to pro-
dation frmediately after molting. All animals were fcd picces of
fish at least twice a weck,

m
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Boowlts oof ccute bioassars,  Tables IT, ITX, and IV swe-arize the
rewules of acute toxicity tects aud the Qarount of Avoclor 1254 (n
the anirsds, This PCB appeared €0 have no effvet on Juvenile
pintfsh exponed ta 100 ppb of the chemical for 43 hours, Resfdue
analysts of thexe Lish {vhole budy) revealed 17 ppm of the coc-
powad s As {adleared dn the tables, shriizp are suseeptible to
relatively low levels uf Aroclor 1254, Shell prowth of oysters
eapnned to 100 pob ol the PCY for 96 hour: was completely in-

" hibiced. Hawever, the oysters did servive and their shell groweh
Cequaled that of coutvols after I weeks in water that contained no
Jugectable PC2's,  Exposure at 100 and 10 pﬁb were vepeated with
altwout fdentical results to those shown fna Table IV, All animals
concentrated tto PCH, ' -

Resules of 20-day bloaszays, Seventy~two percent (18 of 25) of
the juvenile shrimp exposcd to 5.0 ppb Aroclor 1254 died during
the 20-day exposure, Tha {irst shrinp dicd on the tenth duy of
_enposure, and a few diad cach day during the next 10 days, A
copasite sample of these shrimp contained 16 ppu of the ICB,

The experinent was terminated afteor 20 days in order to have live
shriny for residue analysis, A composfite sample of the scven
surviving shriemp contained 33 ppa of the PCB. The shrimp did not
exhithlt eynical syaptoms of insccticide poisoning before death;
that {3, extreme {rritability followed by loss ol equilibicsum,
Several of the shrimp died {mmaediaccely alter molting, ilonc of 2§
control shyimp Jiad during the 20-day cxperiment. Residue
analysis of & composite sample of soven eontrol shrimp revealed

no I'Ch, !

0

Juvenile blue crabs were not as sensitive as shrimp to Aroclor
1254, Only one of 20 crabs died during the 20-day exposure to

$.0 ppb. Onn control crab also dicd. The most strikin anpect

of this experiment was the relatively large amount ot FCH concen=
tvated in tisszucs of live crabs during the 20-day cexposure and

tho Ligh levels of PCH still prescut after the erabs wore held in
clean flowing sea vater for 4 weeks, Five erabs removed for
anilysis after exposure contained an average whole body veulduo of
23 ppm Avoclor 1254 (vanpe 18 to 27 ppn), Residues in five cvabs
held in c¢lean water for 1 weck averaged .22 ppm (vange 10 to 37
prm). Six crabs held in elean water for & wecks, follouing the 20-
day exposure, contained an average of 11 ppm (xanpe 3.0 to 14 prm),
an oxample of the porsistence of this compound in animal tiscua,

. Inplications of Study

From our data, we have gained insight into the movenent of Aroclor
1254 in an cstuary and its accumulacion by the biota, Our labora-
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TARLE 11
Acuta toxicity of Aroclor 1254 ta juvenfle pln(lshl

Tost covne. tiumbev of _Fortalfty - « Rus fducs aftaer
ppb -(ng/l) animals per 24 hrs 45 hrs 48 hirs cxvanure
concantration pra (1m2/kg)
100.0 10 0 0 17.00
10.0 10 0 0 3.80
1.0 10 0 0 0,98
1l

l'

T TARLE IXI 1
Acuto toxicity of Aroclor 1254 to juvenile pink shrimp

Mcan temporaturc and salinity of sea water 16°C and 267

Test cone, Rumber of Morcality - 7 Resfdues after
ppb (ug/l) animals per 24 hrs 48 hrs 48 hrs _cxpoture
eoncentration : ppa (mo/ky)
100.0 10 80 100 3.90
10.0 10 0 0 1.30
1.0 © 10 0 0 0.14

1 Mean temporature and salinity of sca water 16°C and 2067,

TABLE IV
Acute toxicity of Aroclor 1254 to oy:cc:cl

Test cone, Number of Deereasa in rate Residuas after
ppd (ng/l) animals per of shell growch 96 hrs
concentration in 96 hrs eyporure
% pp {imnp/kp)
100.0 12 100 - .
10.0 12 41 )3.0*
1.0 . 12 19 8.1

} yean temperature and saliuity of sea water 19°C and VL

* Residues after 4 days fn water that contalned no detcctabla

rcisa.
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tory studics chowed that juvenile ghrimp were the most sensitive,
aand were killed when expuscd to 5.0 ppb of Arvclor 12954 in flow-
fny sca water, The Aroclor coentent in water from Escanbia Bay,

3
aven near the mouth of the river, contained less than 1 ppb, N IF) /Y R

Shrimp cullected from the bay contained a maximua of 2,5 ppa.
Thus, the chrimp in Eccambia Bay probably were not exposed to
lethal levels of the chemlcal during the sampling perfod,

This study demonstrates the urgent nced for continuad surveillance
of our cstuaries in order to pruscrve these nursery prounds for
our valuable fishery resources. Also, the study shows a need for
conducting long-term tests on the cffcct of sublethal eoncentra-
tions of Arocler 1254 on cstuarina orvganisms in sensit{ve stages
of their lifo history.
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