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AhstTAact

The oil barge “Florida" ran aground just off Little Island, west
Falmeuth, Massechusetts on September 16, 156%, About 175,000 galloms of
pumber Twe fuel o0il leaked into Buzzards Bey and the adiecent Wild
Harbor Marsh.

This teport presents the results of analyses done on marsh suds and
arganises collected nearly & year after the spill, We studied the
incorporation af palluting hydrocarbons Lnto, and thelr movement through
the marsh sccgystem.

Analyses of surface muds agreed weil with chservations on piant
growth. The dead areas were the most heavily polluted. A deep mud
core in the dead 2rea showed ci] has penetrated to at least 70 cm.

Virtuwily all the marsh argenisms living in the conteminated area
were affected by the oil at least to the sxtent that they accusulated
oil hydrocarbons in their tissues. Our data suggest that two processes
cay occur &3 the oil passes through the marsh ecosystem, There may be
a progressive loss in the straight chain hydrocarbons in relation to
branched chain, cyclic and arometic hydrocsrbons. There &lso appearcs
o be & selection for the higher boiling fracticoms of the contaminants

higher up in the food chain,



IKTROMAICT 10K

The uval barge "FLORIDAY ron ggrounc just of T Little [&land, West
Pakmeuth, Massachusetts on Seplember 16, 1969, and leaked about 173,000
galbuns uf Huzber Two Fuel wil into Buzzards Bay before it was removed.
'egvy wWincs crove the 0il intc Wild Harbor and Wild llarbor River Marsh
areas,

The must immediete Tesults were massive kills of marine anéd marsh
life. Senders reported chat almoet no animals sorvived iz the most
feayi.y pollutes areas. Chemical analvses of the surviving sheillfish
showed thelr tissues were heavily contaminated with hydrocarbons
characteristic of the spilled fuel -:-1.1.t

Elu=er's subsequent analyses showed little redoction in the amount
ar types of contaminating hydrvcarbons in the sedipents asd shellfish
several menth: after the spill. Weathering and hiochemical depredation
had the sffect of slowly redusing the straight and branched chain
hydrocarhoms an relation to tne cyclie and sromatic compounds; thus,
appaTently incresding the toxicity of the remairing oil, Periodic
sumplzng indicated the harbor was suffering continued contaminaticn by
fresh vndepraded 931 relessed from the subsurface sedisents. Sedizent
arglysiz showed the affected zfes was spreading alomg the seg botrom.

We mezsured the smounts end types of hydrocazhons due o 1he
Pallutian i spedies craracteristic of the salt marsh rather than the
moTE Mardcteristically sstuarine oysters and scallops analyied by
Flumer. For umpolluted control saspies we collected in Sippewissett
Marsh which opens onto Buzzisd: Pey 3 Em south of Litile Islend where

the spiii oscurred &nd 6§ 1/2  Km south of the openlng of Wild flashor



“iver March Qur purpose was to monitar the incorporgtion of polloting

nyvdrvpearbnng into, and their mavement thvaugh, the matrsh food chain,
Methods

HMarsh nrganisms were collected n mld-zummer 1970, almost 4 year
after the amitial kzli e 1o oil, AL sanmples werfe washed with kap
waler and frofen at -20°C untiil aralvzed, Further collsctions wers
made whén Hecessary.

Fedrocarhans were extracted from famnples according to Elumer's
methods,  After being thawed asd weighed 1Tistues were placed if e1ther
& Soxhlet Extractor with methancl for 24 1o 48 heurs o in @ virtis
hamagen_zer Wwith & Time: the tizsue weltht of aahydrous Hﬂzﬁﬂi and
pxtracied witha pentane. Hydraocarbohs were isolated as follows:

Pentone partloning [in the soxhilet techalyue), colisn clironmtography

Mslng an activated copper column [in the case of sedi=ents], and then
colunn chrematepraphy througl a partially deactiveted silice pel and

aluming column with pentane &s mluent. Sssples, were then evaporated
to drypess, takem up tn 1/2 ml cerbon disullide and stoared in tetlan

capped wials until chromatopraphed.

Fxtrects were enalyzied op 4 Hewlett-Packard mocel 700 gas chromato-
graph sbih g flape lonlzatleon detester and lipsar lemparature programmer
Cosumns were packed with 5% aplieron-L [liguid phage) on chromasorh W
AW-DMCS (su.id phasel  Temperatirss weve progzammsd 30° - Z8D°C at
§'Yzin. plus, in some cases, an isothermal pezied az 780701,

Total hvdrocarbor content showrn on the chromatogram was determizied

by plznizetry and comparisen to & chromategram of the standard Mumber



Twee Zuel oil. Concentrations of indlvidual components af the spectra
were ubtizned by seasuring peak helghts and comparisen to appropriate
standards, Blumer has aeted that bicchemnital degradaticn First reduces
straight chaiz and then branched chain hydeocarbons. Cycoiic and aromatic
compounds are destrayed only very slowiy. The tetia af 2 straight to a
branched chein compourd (eptadecane/nristane) provicee a messure of

relative degracation ameny samples.

desults Bnd Digcussion

Toe results of oor asdlyses are shows in the table and Flpures.
Sample numbers in the table correspond to figure numbers. The amounts
of nkvicus bzogenic hydragerbans 2te not ineluded in the tenle. Holling
peints of the mejor compopents of the spacira are listed ssnally ax a
tange. ‘eptadecuns [L,.) to pristane ratics are given az an indication
wf relative degradation among samples.

For examp.e, sdmple nusmber twWo wias surfasce mod teken Frogm wild
Harbor Miersh in Janaary, 1871, [t contained 3,080 g bydrocarbons per
gram of mud [net weight]., The major fractien of thess hydrocarbens
Eriled Berwess 140% apnd 280°C &nd appear from their finger prant (Fig. 2)
te be compused sostly of Number Two fuel oil. The Clepristana ratin
is ].ab indicating only slight biochemical degradation when compared
with the foel oil standard of 1.67. This mud was take:n from a heavily

oilal ared coctaining fpartina patens kiifed in tlie indivial spill.
i (R TR, RLERILE P

Sediments

Gurface mud samples were taken in January, 1571, frem four locations



in the Wild larbar Marsh erea. Chemiecdal anzlyses agreed well with our
rhservations of the plent growth. In Ares Two, whlch had heen & Spertine
sataps area, Lhere were over 3 mp. oil per grem mud, 211 the original
grass was dead and no cther plants Wwere growing. caimple Three was taken
rom a spot where 5. patens had been killed bur Salicernia sp. seeds
germinated and grew, The oil level was less than 6% of that im the dead
ﬁrE&n%ﬂHU apparently unciled adjacent areas, one in 5, pAtenms marsh
(Sample Four}, and pne in 5. alterniflpra marsh [Sample Five] had less
tnat &l pg hydrocarbens per gram mud bur cledrly showsd a small trace of
the fuel oil Finger print on the chromatograms,
A deep nod eore was tawen inm May, 1971, frem the completely dead

S. patens arga. Thera were pff mg pil per gram mud at the surface.
Oil nad penéiratsd to 2t least 70 cm. At V0 cm the serles of pesks froa
high boiling plant widxes equaled those of the fuel oil in intensity.
Below this deptn the plant wakxes domipated the specirz, The comcentration
of ©il in the sediment decreased exponentizlly with depth From the sux-
Faze ta 70 == indicating diffusion was the mechenisa of transport. Since
hlochenical oxidetion of oil procesds only under gerobic condltions,
degrsdation should cease @% soon 2s lt diffuses below Lhe surface in the
highiy peduced zarsh soil. This as evidenced hy the decrease in Ul?f
rristane vatiao with depth. The sz&ll amount of highly degraded fuel
il pregent at 135 to 120 oz may be mttrabuted to some octher process
euch g5 flow through channels or pares in the sediment or some surt of

bialogical transport.



Flants

The green alga, Interororpha clathrata, was one of the =ost highly
contaminated crganisms we analyzed., The spectrum consisted of relatively
undegraded oil with beiling point range identical to the standard. The
red alga, Polysiphonia €ibriliusa, coatained much less, Oreen algae like
Enteromorpha is reported tu huve 3 very large surface to volume ratic
shich ensbles it %o absorb mutrients [asd nil] Faster than ics uuu:r-:.nm:il:u:-rs.‘E
Fro= cursary observation, the green algas appearsd far more abundant and
snidespread in the marsh than the red, Thusz, it may constitulte a wery

significent source for entry of oll into the marsh food chain.

Spertina elterniflors und Sallenrnla sp,. tock up about the same
wneiunt af fael oil per gram of tissue. Thes: twa highsr plants,
especlsally Spartina, provide the bulk of focd for detritus Elul-n:ints.'II
This is snother ypossible patk for entrance of ofil Into the food chein
it the 0il remazns in Tthe plant detritus or associated bacteriz =s the

plants decay.

bnimals

Ritbed mussels, Modlolus demjssus, took 8 large amount of pil into

their tissues. These snimals wre Eilter feeders and may have absorbed
oil directly frem the water Ur d#orbed tc or in their particulate
food. A large ameunt of bicchemical breakdown of the straight and
branched chains was evident which might indicare the lazter pathway.
The oi! temaining in these shellfiszh consizted mainly of eyclic and
Aromatic Rydrocarbons, Blumer has reported the pevsistence of vil cop-

Eamination In sheilfish even when kept in clean cunning ses water for

==



fonihg ° we frumd 2 ug of o1l hydrocarbons per gran in tissue of

specimens of the blue massel, Mvtilus edulis, Froe Wild Masber. Tlhese

anizmals nad heen kept in fresh runmning sea water by George Hamoson from
June, 1570 to April, _9#1;

The fish Fandilus sp. contained nighly degraded uil in their zissues,
(Lach animal wae autted before extractivn.] The beiling poinl range is
slightly higher then the shelifisn.

Eels, Anguilla rostrats were the only marsh animials to show contam-

Inatiof in the eantrol. The slppewisseti mal muscle contained o1i
Si1gNtly dless degroded than the Wild Marbor animals. indicating a
freshet source of contaminztion. Eels are highly mobile and spend much
RT their time oulside the murshes in Buzzards Bay. Bluzer hae Teparted
ihe oil meving seuth through the sedzments of the Bay, toward the
SIppewWissett atws. The control eels weTe probsbly contaminated hy
Fresh oil veleased from the sedimests in she Bay. The bolling rangas
¢ hydrocarbons in the esels tended to he higher than that in Fundilis.
Herring gulls, Larus avpentarus, vepresent the hlphest ievel of
the Tood chain we analyzed. It seemed quite likely becausect the mobility
of the puils and thelr hehit afl Feeding In places likely to be
contaminaced By oil, eg. behiwd ships, awd in garpage dumps, shic =0
upenntaminated guil would be lzpossible ta find. On the other hand,
Incividual guils da have definiis feeding arcas znd we thooght it Likeivy
that thuse feeding in the Wild liarbor area would show a2 differant
petiern ol pullutian, yeflecring the Hunbet Two fuel ail; than gulls
teeding in cther areas, The idea was sunpoTtel by the abtervation that

the gulls feeding un the sninals k:iied just after the 5pill were g1]




jmmatures. These would be the individuals more Jikely to be in an um-
favorable sucial pesition 4n The repular feeding grounds and to be less
gelective in their food fsupposing that neevily oiled animale are not g
preferred gull food). We found no dead gulls in the Wlld larbor sres 2o
we killed ope |omature that fed in The contaminated ares and one adult
from the Weewechet nesting colony, about 15 EKm scuthwest, bBot still iz
rrards Bay,
L Jﬁl: muscie from the Wild flarbor goll showed the whole spectra= of
fuel oLl hyorocarbons bur eoptained moszly straight and slightly branched
cheing a= shown by an infro.red spectrum of the sumple, The brain of
thie animal showed a large high boiling envelope ddentified as aromatics
sy vltraviniel spectrossopy. The muscle of the Weepecket gull contained
very few hydrocarbons bolling below C19 except For C17. There were
three groups of peaks rescived between T10 and CZ5 and an unresolved
envelope in This tame boiling range that accvunted for 67V of the foral.
Such broad uaresolved eovelopes ave not normally found in uvneentamlcated
animels. We sssume this is evicence ol ail poliution from some unknown
spurze. The brain of the Weepecket pull contained hydrocarbons very
lmilar o those in its musele, bearing litele resemblance to those in
the brair of the Wild Marbor goll. The resclved peaks in the C1% - £33
bei ling range 2re also found im the Wild lErbor gull snd are presusably
of blopenic origin The ennlzust berween the thromatagraph pattemrns
fro= the two gulls clearly implicawes the Wild flasbor spill as the m2in

soltee of coatamination in the gull from Thal arod,



Conclusion

This survey of mursh animals shows that virtually ull the marsh
Organisms Living in the contaminited arei ware ztfacted by the oll at
leest to The oxtent thetl they aceumuilated the pil hydrocarbons in
their tissues. The pll has =lso penetrated deeply Inte the marsh =muds
where, because of the anoxic conditions, it will presumably be very lorng-
lasting. Whether or not the effects on the organisms will be lung-
lasting in the sase iLioe s5cale remains 1o be seen,

The amounts of oil we Fuund are comparable to the amcoats found by
Blumer et. tl.l. to those found in agquatic snizsis exposed te oil by
Zitko and Elrﬁun,h and im mellescs from Wild Harbor estwary, What the
affects pf these hydrocarbons are Ls not known except for the chyvicus
kill of many sorts of organisms from the moxt higaly contaminatied parts
ol the marsh, Our data supgest that two processes might occur as thes
oil pesses through the foud chain af the marsh, |liowever, we cannot
seperate the &ffects of food chains Srcm those doe to ciffersmtial ovptzke
from the environment Ly Jdifferent species, without experimental data.
There ==y bé @ prograssive loss of the stralght chain hydrocarbons that
appear in our chromatograms as an unresclved envelcpe, Thers may alsc be
w selection Far the higher toiling fraction of the contuminants higher

Up in the food chain.
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Figure Legends

The vertical lines in the éhromatograms are places where the
records were attenuated by a factor of two.

Number Two fuel oil standard.

Wild Harbor surface mud. Dead S. patens area.

Wild Harbor surface mud. New Salicornia growing where original
S. patens was killed.

Wild Harbor surface mud.

jn

. patens growing.

Wild Harbor surface mud. §S. alterniflora growing.

Sippewissett surface mud.
Wild Harbor mud core from dead S. patens area 0-5 cm.
i i I " 25-30 cm.
W " " 45-50 cm.
LA no " §7-72 cm.
" u 4 " 85-90 cm.
3 i N " 115-120 cm.

Wild Harbor Green Algae, Enteromorpha.

Sippewisset Green Algae, Enteromorpha.

Wild Harbor Red Algae, Polysiphonia.

Sippewissett Red Algae, Polysiphonia.

Wild Harbor Salicornia.
Sippewissett Salicornia.

Wild Harbor Spartina alterniflora.

Sippewissett Spartina alterniflora.

Wild Harbor ribbed mussel, Modiolus.




Sippewissett ribbed mussel, Modiolus.
Wild Harbor Fundulus.

Sippewissett Fundulus.

Wild Harbor eel liver, Anguilla.
Sippewissett eel liver, Anguilla.
Wild Harbor eel muscle, Anguilla.
Sippewissett eel muscle, Anguilla.
Wild Harbor sea gull brain, Larus.

Wild Harbor sea gull fatty-muscle, Larus.

Weepecket sea gull fatty-muscle, Larus.

Weepecket sea gull brain, Larus.




C15
c16
ci4
1 c17
No. 2 Fuel Oil c18
c19
c13
€20
\M\N c21
W\M f c22
c12
PRISTANE
€20
2
Wild Harbor Dead patens Mud
3080 ppm ci12
C16 Ci17 c18
! ;
PRISTANE |
Cie, et |
3
Wild Harbor Salicornia
170
S ci4 €20
4
Wild Harbor S. patens
28 ppm
}E
Figure 1. No. 2 Fuel 0il. Figure 2. Wild Harbor Dead Patens Mud 3080 ppm.
Figure 3. Wild Harbor Saticornia 170 ppm. Figure 4. WiTld Harbor S. patens 28 ppm.
Y




PRISTANE

ci6 Gcao

5
Wild Harbor S. alternifiora 21 ppm
cis
C17 ) co2

cia

5a
Sipp. Mud 52 ppm

c24

CZO1 ca2 L—J\\/

ci8

Figure 5. Wild Harbor S. alterniflora 21 ppm. Figure 5a. Sipp. Mud 5.2 ppm.




Wild Harbor Core PRISTANE

c8
cl4
- 17
O-5cm. 7 ci§ g

7
Wild Harbor Core
25-30cm

ci7 Ct8
PRISTANE

cie

8
Wild Harbor Core
45-50cm ci17
PRISTANE

9
Wild Harbor Core 67 -72cm
& k\
PRISTANE \ )

10

Wild Harbor Core

85-90cm. d

c20 7
) cz2

1
Wild Harbor Core
115-120cm

PRISTANE CI8 g0

Figure 6. Wild Harbor Core 0-5 cm 6500 ppm. Figure 7. Wild Harbor Core 25-30

cm 72 ppm. Figure 8. Wild Harbor Core 45-50 cm 30 ppm. Figure 9. Wild Harbor

Core 67-72 cm 13 ppm. Figure 10. Wild Harbor Core 85-90 cm 13 ppm. Figure 11,

Wild Harbor Core 115-120 cm 11 ppm. A
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Wild Harbor Green Algae
PRISTANE
430 ppm /017

14
Wild Harbor Red Algae

6.3 ppm

Ci7

PRISTANE
N

C16

16
Wild Harbor Salicornia

13 ppm

Ci7
PRISTANE
~

18
Wild Harbor S. alterniflora

15 ppm

ci17

PRISTANE

Figure 12. Wild Harbor Green Algae 430 ppm.
6.3 ppm. Figure 16. Wild Harbor Salicornia 13 ppm.

8. a1ternif1ora 15 ppm.

c22

ca22

Cc24
Cc26
c26
C24
Figure 14,

Wild Harbor Red algae

Figure 18. Wild Harbor
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Sipp. Green Algae

c17

15
Sipp. Red Algae

17
Sipp. Salicornia

19
Sipp. S. alterniflora
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Figure 13. Sipp. Green algae. Figure 15. Sipp. Red Algae.

Salicornia. Figure 19.
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c24

Sipp. S. alterniflora.

c26

Figure 17.

Sipp.
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20 ci7

Wild Harbor Ribbed Mussel
218 ppm PRISTANE:

2p '(;17
Wild Harbor Fundulus 75 ppm

PRISTANE

24
Wild Harbor Eel Liver
85 ppm :

PRISTAN
. Ci7

26 PRISTANE
Wild Harbor Eel Muscle

24 ppm

Figure 20. Wild Harbor Ribbed Mussel 218 ppm. Figure 22. Wild Harbor Fundulus

75 ppm. Figure 24. Wild Harbor Eel Liver 85 Ppm. Figure 26. Wild Harbor Ee]
Muscle 24 ppm. P
' v



21
Sipp. Ribbed Mussels

23 Sipp. Fundulus

25
Sipp. Eel Liver 51ppm

PRISTANE

27 .
Sipp. Eel Muscle 89 ppm

PRISTANE ci8

c20

Figure 21. Sipp. Ribbed Mussels. Figure 23. Sipp. Fundulus. Figure 25. Sipp.
Eel Liver 51 ppm. ‘Figure 27. Sipp. Eel Muscle 89 ppm. o
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28

Wild Harbor Guii Brain
580 ppm

29 PRISTANE

Wild Harbor Gull
(Fatty Muscle)
540 ppm

30

Weepecket Gull
(Fatty Muscle)
10 ppm

Ci17 L\\

31
Wild Harbor Gull Brain

580 ppm

Figure 28, wild Harbor Gu11 Brain 580 ppm.  Figure 29. Wild Harbor Gull (Fatty
Muscle) 540 ppm. Figure 30. Weepecket Gul] (Fatty Muscle) 10 ppm. Figure 31,
Wild Harboy GulT Brain 580 ppm
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