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A Polychlorinated Biphenyl (Arorlor 125-1*) 
iu the Water, Sediment, and Biota of 

Escamhia Bay, Florida1
by T. W. Duke, J. I. I.owg and A. J. H'il'On, Jn.

Barron «/ Ciintinrrrinl f'hhrrirt. Crnt’-r j„r htU,urine 
, oiul Mi'nhuJrn l*r\iicitlr I'irld Sfviujn,

Cut] Rrrrtc, FluriJa

We have detected a polychlorinated biphenyl (rCB), Aroclor 1254, 
in the biota, sediment, and water of cetuarino area* near Pensa­
cola, Florida, Only one source of the chcnical, an industrial 
plant on the Escambia River, has been located. However, the 
chemical occurs in tissues of polagle and secsile organisms that 
aro widoly distributed within tho estuary. 71)is distribution of 
Aroclor 1254 could be due to dispersion o£ tho chcnical Iron the 
river by currents and bloca to other parts of the system. Al­
ternatively, it could have entered the system iron more than ono 
source. In this paper we report the occurrence of Aroclor 1254 
in the estuarine environment and discuss its possible effects on 
some ostuarino organisms.

PCB's are considered industrial pollutants and, unfortunately, 
arc relatively porsistcut in on aquatic ecosystem. Aroclor 1254, 
one oC a eerie:; of chlorinated biphenyl compounds manufactured by 
tho Monsanto Company, is a Light ye lien/ viscous oil with a 
chlorine content of 542.. They arc used in Industry as plastl- 
ciicrs and resins for eh lorinated-rubber-based lacquers, varnishes 
and paints, lubricants, heat transfer fluids and insulators.
Also, PCIi's aro used as carriers for some insecticides. They aro 
ctablo. Insoluble in water and highly soluble in lipid. Structur­
ally they resemble chlorinated hydrocarbon insccticldos such as 
DOT. Thus, it is not surprising co find l’CD's sorbed onto sedi­
ment and accumulated in the tissues of animals exposed to water 
containing this chemical.

Polychlorinated biphenyls occur in fish and wildlife from other 
parts of the United Staten, Great Britain and the Netherlands. 
Rischrough (1) reported these compounds co be widely distributed 
in marine ecosystems of the Pacific Ocean. Marine birds had 
higher concentrations of PCB’c than fish, and animals from San

OyKegictcrcd trademark, Monsanto Co., St. Louis, Mo. 
* Contribution So. 101
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I
Francisco Boy contained wore of die chemicals than those from the 
ocenn. A rccont survey by this laboratory of tho pesticide con* 
tent of estuarine animals from Charleston, South Carolina, re­
vealed less than 0.1 ppm (ng/Kg) of I'CB in fish and blue crabs. 
Also, fish and shellfish fron Texas anJ Georgia, collected as 
part of tho Bureau of Commercial Fisheries National Monitoring 
Frogram, contained residue* of these chemicals, as did coastal 
birds and bird eggs from England (2) and mussels, fish, and birds 
fron Tho Motherlands (3).

Field Semites

We first detected residues of Aroclor 1254 In oysters In April 
1969 at a newly established pasticlde monitoring station In 
Escambia Bay. Subsequent sampling in tills area showed residues 
of die chemical In water, sediment, fish, blua crabs, and shrimp. 
We traced one source of Aroclor 1254 to tho outfall of a local 
Industry (located 6 miles upstream from Station 1, Figure 1) 
after Analyzing 30 water samplos from Escambia River and Bay.
The Aroclor reportedly entered the plant's effluent through acci­
dental leakage of a heat-exchange fluid.

Methods. Samplos of biota, water, and sediments were collected 
from April through October, 1969. Some of the animals were dead 
or moribund when collected. They were taken from the water 
lnncdlntoly after "fish-kills" that were reportedly due to lack 
of oxygen in the wator. Others were captured alive by trawl.
Water was collected 'in 1-gallon glass Jugs. Sediment was taken 
with a modified grab sampler.

The tissues of fish, crabs, oysters, and shrimp were mixed with 
anhydrous oodium sulfate in a blender. The mixture was extracted 
for 4 hours with petroleum ether in a Soxhlct apparatus. Extracts 
were concentrated and partitioned with acetonitrile. The ace­
tonitrile was avapornted Just to dryness and the residue trans­
ferred to a Florlsil column (4) with petroleum ether. Aroclor 
1254 was eluted from tho column with 6Z ethyl other-ln-petrolcum 
ether.

Sediment canplcc were dried at room temperature and extracted for 
4 hours with 107. acetone in petroleum ether In a Soxhlct appa­
ratus. Extracts were evaporated just to dryness and the residues 
eluted from a Florlsil column.

Water samples wore extracted with potroleum ether. Tho extracts 
were dried with sodium sulfate and reduced to an appropriate 
volume.

m
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TiQuro 2A. Aroclor 123-4 In v/ater from outfall in Escambia Rlvar.

P'tjur® 23. Aroclor 1234 In llva oyatori from 
Escambia Day (Station 6).
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The cy.cr.icct of all substrates wore identified Jnd measured by 
electron capture gar. chromatography. Throe columns of differ­
ent polarity (DC-2.50, QF-l, mlxcJ |>c-200 and QF-l) were ur.cd Co 
confirm Idcntl f ic.it Ion. In a few nappies, tliln layer chromaco- 
p.tnpliy was employed for addlLion.il confln-..itlon and to ass,•«* the 
Uinount of DDT present. Interference from DDT vac negligible, due 
Co the relatively high residues of Aroclor 1254 found In tbc 
camples. Quantitation of this multiple peak compound vac approxi­
mated by avcmr.ii>!; the peak hclpl.t of five major peaks. Labora­
tory tests indicated recovery rates above 80V., Data in this 
report do not include a correction factor for percentage recovery.

Residues of Aroclor 1254 in Mot.i. water, and sediment of Ere.mMa 
Day. Evidently, Aroclor 1254 moved from the water of Escambia 
Rlvor to biota and sediment in the Day and contiguous waters 
(Table I), Oysters are excellent indicators of the presence of 
the Aroclor in tho environment and reflect, in goners 1, the 
amount of the chemical in the water (Figure 2D). Fish, shrimp, 
and crabs contained higher concentrations of the chemical than 
oysters but because of their nobility they arc not .16 useful as 
monitors for a particular area. Highest concentrations of Aroclor 
in water during the sampling period occurred at the outfall in 
Escambia River in August and decreased abruptly whon leakage from 
the plant was corrected (Figure 2A). Less than 0.1 ppb (pg/1.) of 
the Aroclor occurred in the water at Station 2 (Figure 1) but it 
v.io not detected in lover bay water. Continued presence of the 
chemical in river water presumably is a result of leaching from 
sediments. Aroclor residues in sediment samples taken near the 
outfall reached 4Q6 ppm in August but have decreased since that 
time, ,

. Laboratory Studies

The pvescnco of TCD's in terrestrial and aquatic anlrtal tisanes 
is well documented, but to our knowledge, there are no published 
data on the toxicity of these compounds to marine life. In order 
to evaluate Che concentrations of Aroclor found in water and 
animal tissues in relation to toxicity, we conducted bioasr.ays 
ur.Jcr controlled conditions in the laboratory. Fish, shrimp, and 
oysters were exposed to Aroclor 1254 in acute (96 hours or less) 
laboratory bioassays. Also, juvenile pink shrimp, IVnarus 
dtiorarum. and blue crabs. Cal 1 inertr.-s r.anidus . were exposed to 
concentrations of Aroclor 1254 for 20 days. The animals were 
analyzed for residues of this PCX.

hi oar, say procedures. The acute toxicity of Aroclor 1254 to 
marine animals vas determined by exposing separate populations of 
juvenile fish, shrimp, and oysters to thtcc concentrations (100,0,

in
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TABLE I
Res id*::es of Aroclor 1254 in camplc-s frora Es cam.bla 3ay and River

Sample (shrinp collected Number or animals Dace Location Residues of
live; cral* and fish were or organs in collected (Sec Fig. 1) Aroclor 125-
dcad ur moribund)' sample O-M-i) ppm:
rich
Flounder liver 1 5-6-69 Mulacto Bayou (4) 76.
Flounder nuscle 1 II •• 4.5
Flounder cl1Is 1 «l II 19.
Croaker 3 It ft 12.
Menhaden 5 II n 11.
Plnfish 5 H ti 10.
Menhaden 5 1-7-69 n 12.
Speckled trout gills 1 14-8-69 Pensacola Bay (7) 7.5
Speckled trout liver 1 ft •• 21.
Speckled trout • 3 31-8-69 Northern Escacbla Bay (3) .... 20.
Flounder liver 1 II ft 184.
Menhaden 6 ... 10-10-69 ... _. Mulatto Bayou (4) ___ 5.7
Crustaceans
Shrimp 10 1-7-69 Mulatto Bayou (4) , 1.5
Shrimp 5 31-8-69 Northern Escambia Bay (3) 2.5
Blue crab 6 13-8-69 N S 9 7.0
Blue crab 5 31-8-69 It 6.3
Blue crab 6 9-9-69 Mulatto Bayou (4) 1.0
Sed inc-nt
II 8-7-69 Highway 90 (2) 1.7

15-8-69 Carcon Point (6) <.03rt Outfall 6 nlles north of (1) 466.

* Scientific names: trout (Cvnomcion rohulosur.). croaker (Micropoton urdulatus). m-enhaden (Brevoortla 
patro.-.us). plnfish (La^edon rho-.h.-'idcs). flounder (Pnralichchvs sp.). shrimp (Pcnacus seciferus) ar.d 
(Pcnacus a?, tceus). ar.d blue crab (Cal Iinectes sanldus).



10.0, and 1,0 ppb) of this rCR for 43 hours (9G hours for clio 
oysters). The bloassay techniques used ore those routinely em­
ployed ot this laboratory to stuJy tlio relative toxicity of pesti­
cides to marine life, 'the animals arc held In aquaria vith flow­
ing sea water to which acetone stock, solutions of the pollutant 
arc added (with stopcocks or metering pumps) to give tho desired 
test concentration (5,6). .

Bioassay animals were captured in local waters and acclimated to 
laboratory conditions. Ten plnfish, l.a rod on rhomhoidcs (1" - 
1 1/2" long), 10 pink shrimp, Ponaous duor.irtn (2" - 0"), and 12 
oysters, Crassor-trea vln-.tnica (1" - l 1/2") were exposed in 
separate aquaria to each concentration. Frequent observations 
wore made on the fish and shrimp and percentage mortality recorded 
at the end of 26- and 48-hour periods. Hate of shell growth of 
each experimental oyster was measured at the end of 96 hours and 
percentage decrease (as compared to controls) calculated. Tho 
valve edges of the young oyr.ecra were ground smooch before Che 
test. We have found that the rate of shell deposition in young, 
fast growing oysters is A convenient and objective method for 
evaluating effects of chemical pollutants on this mollusk (7).

The 20-day bioassays with juvenile crabs and shrimp were made 
under conditions similar co those used in the acute bloaxsays 
except the animals were tonfined in corrpartmentcd aquaria and 
acetone stock solutions of the Aroclor were added to the water 
with a dual channel metering pump. Tho desired concentration of 
Aroclor was 5.0 ppb in both experiments, and was selected on the 
basis of residues found In water samples from the lower reaches 
of Escambia giver. Water samples taken from experimental aquaria 
at periodic intervals during the 20-day tests ranged freer. 3.5 to 
6.2 ppb of Aroclor 1254. Control aquaria received the same 
amount of acetone (1 nl/nin) as the experimental. Four hundred 
liters of see. water per hour flowed through each aquarium.

Shrimp were exposed from July 26 to August 13, 1969 and crabs 
from August 21 to September 10. Mean water temperature and 
salinity were 27‘C and 26’, during the first period and 28*C and 
271, during tho latter period.

Twenty-five juvenile pink shrimp (1 1/2" - 2 1/2") were used in 
each of two (control and experimental) compartncntcd aquaria and 
20 blue crabs (1/2" - 2") in each of two aquaria. Individual 
shrimp and crabs nusr be isolated during a long-term experiment 
because of cannibalism. They arc especially vulnerable to pre­
dation immediately after nolting. All animals were fed pieces of 
fish at lease twice a week.

m
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I'.--Illy. •'!' .’cuto htivi-.ii.r-’s . Table:. II, HI, and IV i vi:—. \ r i rc Che
re:ai 1 C:t of acute toxicity tests ami the amount of Aroelor 1254 In
tho. .iiiir-.ils. Tills I’CU appeared tn liavu no effect on Juvenile 
pin: Uli exposed to 100 ppb of the clicnlc.il for 43 hour*. Residua 
analysis of these fish (whola body) revealed 17 ppm of the tnt- 
ivu.i.l, As indicated In the tables, shrimp are susceptible to 
relatively low levels of Aroolor 1254. Shell growth of oysters 
exposed to 100 ppb of the TCb for 96 hours was completely in­
hibited. However, the oysters did survive anJ their shell growth 
equaled that of controls after 3 veche in water that contained no 
detect able l*C:’/a. Exposure at 100 jnd 10 ppb were rcpoaced with 
alnost identical results to those shown in Table IV. Ail animals
concentrated the PCB. , ■

Rcsulfi of 20-il.iv M <i.i.is a vs. Seventy-two percent (IS of 25) of 
the juvenile shrimp exposed to 5.0 ppb Aroelor 1254 died during 
the 20-day oxpnyuro. The first shrlnp died on the tenth duy of 
exposure, and a few died each day during the next 10 days. A 
composite sample of these shrimp contained 16 pp:.i of the 1’CU.
The experiment was terminated after 20 days in order to have llvo 
shrimp for vesiJue analysis. A composite s.unplc of th.c seven 
surviving shrlnp contained 33 ppm of the FCB. The shrimp did not 
exhibit typical symptoms of insecticide poisoning before death; 
that is, extreme irritability followed by loss of equilibrium. 
Several of the shrimp died immediately after molting. hone of 25 
control 6hrinp died during the 20-day experiment. Residue 
analysis of a composite sample of seven control shrimp revealed 
no I*Cb. 1

Juvenile blue crabs were not as sensitive as shrimp to Aroelor 
1254. Only one of 20 crabs died during the 20-day exposure to 
5.0 ppb. One control crab also died. The most strikin’, aspect 
of this experiment was the relatively larsc amount of I't'll concen­
trated in tissues of live crabs during Che 20-day exposure and 
the high levels of PCH still present after the crabs were held in 
clean flowing seawater for 4 weeks. Five crabs removed for 
analysis after exposure contained an average vholo body vcslduo of 
23 ppm Aroelor 1254 (range 18 to 27 ppm). Residues in live crab* 
held in clean water for 1 week averaged .22 ppm (range 10 in 37 
pi>m). Six crabs held in clean water for 4 weeks, fol lowing the 20- 
day exposure, contained an average of 11 ppm (range 3.0 to 14 pjm), 
an oxample of the persistence of this compound in animal tisruo.

• Implications of Study

From our data, we have gained insight into the movement of Aroelor 
1254 in an estuary and its accumulation by the biota. Out lahora-

irs '
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TABLE II

Acute toxicity of Aroclor 1254 to juvenile plnflsh*

Test eonc, 
ppb (he/1)

Number of 
aninals par 
concentration

|!nrt a I 1 ty 
24 lira

m '*
4b lira

Residues after 
48 hrs exnnr.urc 

ppm (lrg/kg)

100.0 10 0 0 17.00
10.0 10 0 0 3.80
1.0 10 0 0 . 0.98

* Kean temperature and salinity of sea water 16*C and 26^.

TAJiLE III
Acuto toxicity of Aroclor 1254 to Juvenile pink shrimp*

Test cone. Number of Horcalltv - 7 Residues after
ppb (ufi/l) animals per 

concentration
24 hrs 48 hrs 48 hrs exnosurc 

ppm (nr./kr.)

100.0 10 80 100 3.90
10.0 10 0 0 1.30
1.0 10 0 0 0.14

Mean temparature and salinity of sea water 16*C and 26T..

TABLE IV
Acute toxicity of Aroclor 1254 to oysters*

Test cone. Number of Decrease In rate Residues alter

ppb (PC/D animals per of shell crou'cb 96 hrs

•
concentration In 96 hrs

X
erpof
ppm (i«E/kr.)

100.0 12 100
33.0*10.0 12 41

i.o . 12 19 8.1*

* Kean temperature and salinity of sea vatcr 19*C and 3L-.
* Residues after 4 days In water that contained no detcetsblo

rcu's. ! ...

i
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tory HCudle* shoved that Juvenile shrimp were the moit sensitive, 
and vcre killed vlicn exposed to 5.0 ppb of Aroclor 1254 in flow- 
ins sea water. Tho Aroclor concent in water from E&canbla Bay, 
oven near the mouth of the river, contained less than 1 ppb. 
Shrimp collected from the bay contained a maximum of 2.5 ppca. 
Thus, the shrimp in Escambia Bay probably were not exposed to 
lethal levels of the chemical during tho sampling period.

.s’ it o X . I

This study demonstrates the urgent need for continued surveillance 
of our estuaries In order to preserve these nursery grounds {or 
our valuable fishery resources. Also, the study shows a need for 
conducting long-tern tests on the effect of sublcthal concentra­
tions of Aroclor 1254 on ostuarina organisms in sensitive stages 
of their life history.
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