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Fate of Bunker C Fuel Oil in Washington Coastal Habitats Following the
December 1988 NESIUCCA Oil Spil l

Abstract
Iirllornrs the l)e.ember lglllJ lpill of 230,t100 gallons ol Bunkcr C 1i,, 1 oil Ironr thr bargr ,\ESla,ac1, a \ear ldig nniitodng

p r l 6 r a n r s a s r r r l u c t e d t o f o l l o i r t h e f a t e o 1 s p 1 l l e d o i l i n 5 . l e ( | d l i n t c r t i d a l r n d s l l . r 1 l r l u s u l

i n r l L r l l i r l g a 1 t | d i 1 c . 1 o n g ; t I i p o | o l r ' m p i c N a t i o n a ] P o r k l o \ P ) . l ] o 1 b w i n g c | l ' a n - r l p . h r l a r h s u r r r l i s

S i l r t r r t , r : r  l9B9 and f .b ruar r  1990 a t  e igh t  coasr rL l  s i tes  ins ide  ONP:  lo r r  o i l c { l  d rcas .  l i r r r  rno i l cd  a rcas ;  and a t  four  o i led  s i tes

( ( 1 , ! s t a l a n d . s t u a | ; j e ) o L r t s i d e 0 N P ' T h e 1 i n d i n g o 1 o n l r t r e c e | e v e ] s ( 6 i 3 2 5 0 f l i g d n r r r ' i g h t l , r i l i | r a r e d s p e c n

sur la r . i  (0 -15 .m nr  depth t  sed iments  assoc i r ted  w i rh  co ls r r l  s iLcs  l3  rbnL l ,s  a l i . r  o i lhg  snggested  tha t  depura t ion  hod occuned

|a | id ] .andthr t l i t t leo i l |esn ] r r r | rena i le r I 'T |ccs

Inasss l rec l ronre lN)o l r rmr t r ' | r rd ror la rbon

i n t l u d l l : | ) t h c t i l l l r l | v r : u r l h r ' n t h r l s p i l 1 o r : c u r r e d . 2 l t h e t I p e o I b e a c h o r ( o . n ] i n . ! l i i . ( | c d . a u . 1 3 t L h . ' t n l c l ' a n d r l i r n ' l t

t | l r n u p . \ l r l s t s p i | 1 r r 1 o i | r ! r I g e a J e d b e i . o r e s t r a n d i n g d i r e t o c o l d a

mdlirtf unrl rrn:rlal(rl oil las casih reoued {Lon affected beaches.

lntroduction

On Dcccnrbcr 23, 1988, the barge,\ESILCC,4
$as accidentlv struck bv i ts to$. a Sousc Brothcrs
'I 'or,; ing 

nrg" rclcasing appro:. imatelv 2i: i0.(X)0 gal-
bns ol Bunkel C luel oil and fouling beaches fronr
(]ravs Harbor. s,ashington. n{)rth Lo Vancouver
lsland. BriLi-"h ( lolumbia. Ai lectccl bcachcs in
srashington indrrded a 40-rni le- long str ip th:rt  re-
centh had bccn adrlcr l  to Olyrrrpic National Park
(0NP).

! ol lolJng thc spi lJ, lhc r: l f ic acv of clean-up. the
{r}. lenl of r leethering and lhe release oi persistcnt
hvdrocarbons to thc t 'alcr column ironr oi l  buried
both interticlallr and subtidallv alonpl L)NI'bcachcs
lcrc largclv unknrx'n. Past elrperience indicated
tn . r t  l , r r r i ed  o i l  f r om t l r ,  sp i l J  , , , ' r 1 ,1  r ,  r r r a i r r  r r r r -

$eathered for several vears or nlorc (Tcal et ol.
1978. Burns antl  Tcal 1979). The potential for
long-term effects of Lhe r\BSTl,rCCA barple spill on
mar i r r "  l i l i  - r :Bc - l e , l  l h r l  r r  m"n i t . , r i n ;  I ' r , ' ; r : , r n
should be initiatecl to assess fale and eflacts ol Lrn-
recoveled oi l  on thc ONI' j  bcaches.

This paper presents thc rcsults of a vcarJong
monitof ing pfogram Lo fol low the fate oi spi l lcd oi l
on selected ONI'bcachcs and on othcr S'ashing-
ton coast habitats. The kev qLrestions addre-.sed
b,- this rese:rrch inclLrded: l) Hol much ojl r-c-

rnained on Washington bcachcs folloving dcan-
r r1 ,  r n , l  s - . r t l r ' r i r r g :  2 t  To  sha t  c \ l c r , l  \ \ e rp  i n l c r -
t iclal and shaLlow subtidal biot ic assemblages con-
leminated; and 3) Hol rapidlv dicl oil lcavc thc
svstern? Factors l ikcl,v inf lucncing weathering and
depulat ion of hrdrocarbon burdens from affectcd
ecosvstem componcnls afc also discussed.

Methods

Study S tes

Pr ,  l im in r r r  t , r  . ;m l , l i r r g  de - i gn .  - t ' r d r  - i t " .  t , . r "
selected b,v consensns of staf{ fronr ONIt. thc
Slincrals Nlanagernent Sen ice (NINIS). ancl Battelle.
\'larine Sciences Laboratorl ([tSL). First-hand in-
formation on the distribution and densitv of oil and
thc implcnrcntat ion of clearr-up l l r .x 'edures was
pror.ided bv ONI'. Additional information on shorc-
Linc contamination (distr ibLrt ion and density o1 oi l)
was obrained lrom the \{ ashington St{tc l}cpar1-
ment of Lcologl (Holcornb 1989).

l l ight si tcs lr :rc sclcctecl frorn irrside the Park;
f ou r  f r om . r r e . r .  r ' i l h  mo , l ,  r . r t ,  u r  h , . r r r  , , , r r l . rm i -
nalion (if l)ossible). and lbur liom no knorrn or vcn'
l ight contamirrat ion. to ser!e as reference si le-r (Ta-

ble l) .  Addit ional ly. ibur study sites $ith modcl-
ate or heat1 contamination \!crc selecled from
outside the Park. Site selection criteria included the
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I A B I  F l L  S t u d r  i i t . s  s , l , ! i r c ( l  r o  l o  o { r h . t u r , , ) l  l h n k e f  I
Jnel oit spill.d ,,n \{'rshington coastal hrachcs in
Dccenber 19u8.

crtcnt ol oi l ing. the prcscnce ofvalrrerJ biological
cornrnurriLics. bcach sl lbstrete tvpc (surd, gravel.
cobblc. rock). ancl:rccessibi l i tv. Although iL ras
part icularly iml)orLant to sample cobble bcachcs
{such areas do not naturally depuratc rapidlv). onlr
onc bcach in 0\P iNorncgian Nlernorial North)
harirg rclat ivelv deep r lelxrsits (> 15 cm) oi gr.avcl
and cobble ras also hcavilv oilecl (HoL.onrb 1989).
This las thc onlv site lburrd bv clcan-up crels and
staf l  l rom ONP to trrntain buried oi l .  On Llre othcr.
cobble beaches sanrplcd. the depLh olcobble and
gralel ras gcneral l ,v ( l i> crn and rra-r tvpical lr
Lrndellaid r i th bcdrock.

Al l  oi led beac,hcs in this stLrd\ u,crc cleuned
rithin thc f irst month lol lo*ing thc spi l l . ,{ t  a mini-
rnLrm. cleaning in, 'o1r'cd the removal or Lrrrning of
oil sp:rllered logs. frlarirnum cleaning inclucled the
col lect ion ol oi l  usinpl porn-poms and absorbcnl

lrarls and the rernoral of oi l  mat,c and oi lecl clcbris.
nI beaches along the \{ashinglon coast mav hare
rcccivccl some oi l ing. i f  not lrom the I leccmber
198li  spi l l ,  then l iorn indiscriminate bi lge pump-

ing and from small .  unreported oi l  spi l ls lrom
coastal shipping in the past.

Figurc I shots the lr lcat ions ol studv s;tcs and
also thc locations of knot'n natural oil sccps. Nat-
ural oi l  and gas sccps occur near thc Pvsht River,
at I Ioh Hcad ne:rr Ruby Bcrch. at Shi Shi Bcach,
east along thc Hoh Iliver (not shovn) and near Ta-
holah on the QLrinault River (Snavclv and
Kre r r ro l , l ' n  l o8q r .  f l r c  n i l  s ,  r ' p  . r r  R r rh r  B , . r ,  h
; -  t h - ,  , , s . - t  t o ,  r \  , , t  , , r r r  { J m I L i r g  - i t c -  l , u l  i -
still 2 km distant. It is not likel;-. thcn, that oil
rclea.sed from this sccp. or other-seeps. confourrded
sarnpl ing and subseclLrenl chrmical analvses at anv
ol the clesigrratcd stud,v sites. Also, bccau-"e of lhc
patchv nature of the oiling of ONP beachcs, the
relativel,- closc location of oiled ancl refir.ence sitcs
{Nonr'cgian Nlernorial \orth and South and
Karostl :r  Beach North) las nol considered a
proDrenl.

Se ect on of Survey Dates

Beach suncvs l ,ere schedulcd during the lo*cst
t iclcs in Julv and Scptcnber l9l l9 and in l 'ebru-
arv I990. Thc Julv ancl Scptcmber survevs \rcr-c
to o(cLrr \rheD lleach accrction 1{as at or rrrirr xlil\
imum annual height. The ! 'ebruarv survcv las ro
coincide Ihcn beach accrel ion t 'as mininal.  i .e.,
$hcn tar'liet beachcs t'cre near lheir-lorrcst height.

Sed ment  Samp ing

As sho$'n in Figrrrc 2. secl irnents at cach ol the
I2 stLrd;- si tcs t 'ere samplcd at the +11.2-f l
t +2 .5 -m) .  + l . I - f t  ( +0 .5 - , n ) .  - I . 7 - f r  (  0 .5 -m) ,
antl  -3.0-iL ( 1.0-n1)t idal conLours alonpl single.
rarrdomlv located transetls placed perlrendicular
to the coasl l inc.

At the designatcd sampling Lrcations. a 0.5-L
sedirnent sample liorn a 0- I -m2 area was <rllctlcd
fron thc top Ii> cm oI thc beach -"urface. Scdi,
ments liom cobblc areas were necessarilv collecterl
from depths shal loter or decpcr than 1.> c rn" dc-
pending on thc dcpth of the crrbblc or the pres-
errce of bcdrocl.  In rnanv cases -cediments ftoln
the lock/cobtr lc bcaches uere crr l lccted l iom sedi-
menl pockets among and under srnall boullcrs and
locks. Secl imenL samplcs lere taken lrcm the
beach using a solvent-r in-qed stainlcss-steel coring
derice ancl placed in labeled ancl dated sarrpl ing
jars. :rlso solverrt-rinscd. Secliment conposition la.
also recorded. To aLlest to thc cleanl iness of sam
pling equipmcnt. a control (blank) sarnple \ras

s ddi , is  Rorks
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F i s l t c 1 . R r | a L i r c l ( n j u | i o | 5 o l ' . ] ! c h s u t r l r s i t e a n r l L l o r r n l a n r r a l l r o l r r r r r i r r g o i J a r l d g l s

col lectecl ontr:  cach clay. Thc sampling ju used
for this JrLrrposc vas handled in the same lav as
, r l  o the r  - ' rm l , t i r r g j a r -  c \ i  ' l ' t  t l , r l  r r , ,  - e r l i r n r  n t  u . r :
placecl in t l rc sampling jar. Lpon return lo the
L rho r r t on -  t l r ' ,  on t f , ' l  t hL r r l l  - . r r r r p l ,  j r r  r ' . r .  '  r -
lraclcd in thc samc 1{av as tho-se jars containing
sedinents. Target sampling reqLrirorcnls for in-
Lertidal anrl sh allorr' subtidal sedinlents are sum-
marizcd in l 'able 2.

For-thc first surrcv. clevation-c (tid:rl height) aL
the lbul posit ions along Lhe tf i lnscct l inc n'crc de-
tcrrnincd bv level and stadi:r rod relerencing known
tidal heights. Dislanccs to cach sampling location

on eaah LransecL also rvcrc rccordcd, and a monu
menl was placcd at thc high tide Jine of each tran-
scct. DudnEi the second and Lhird srrncr 's.
sampling locations on cach t l iusect t 'ere deter-
mined solely b,v distance frorn the high-t idc-l ine

(hrrtpo:iting

Sediment sarnples uere composilccl to lcduce costs
of chernical analvscs and to maintain lalge spatial
covelage. Each sample n'as hornogcnizcd bv mix-
ing in a stainlcss steel borl  unti l  unifolrnlv tolorerl
and slr l i t  in half .  Onc-hal inas composited l i th the

Fate ol Burrker C Fucl Oil  in Washington ( loastal Habitats



+O.5 M STATION

+2-5 M STATION

Figure 2. Scdin,nL afd lli!!ul s,mpling stations {\l i,i,,, lr'l
pendnu ldr  r .ans .c rs  iuch  th r l  e rch  san\n i |g  nar io , i
l i es  s i th in  !  \ t r t i l l c  t i l e  he igh t  cor tour . ,<cd iu  n t
r ! rnp l i ig  sLat ions  u f .  spaced logar i thmica l l r  I i th i I
iltertrlal anrl subridel slmplnig zones lhik thc
friunal sanlrling slerions ore equalh spaced arar
from th. !!l;tu,,,1 slnrpling lransect behre.i, Lh.
+0 . ;  in  and 0 .1  b  t i , l .  h f ;gh l  coDtouf .

lcm ning samples f i-om thc sarne transecl; the
oLhrr half  r ,".as composiled *i th sarrplcs from the
sanle l idal q)I lour from t lanseds \{ iLh the samc
dcsignation of contaminal ion (oi lccl or unoi led).
( iomposiLing sarnplcs from sirni lar columns ( lran-
secls) and rol's (tidal contours) of a latticc clesign
plcsenes inlormation on thc locat;on oi oi l  residue
l i thout reqLrir irrg c,hcnrical analvsis for each sarn-
pl ing stat ion. As sholn in Figurc 3, composit inpl
sarnples from transcct C3. and f iom t idal qrntour

C8 locatcd cont:rminal ion al sampling stat ion X.

Sample-s cornposited in this \ \av lr .ere nol
di luted wiLh r lean scdirncnts below a selectcd hvel
of ( 'onccfn (LC) so that information on lhc loca-
t ion of potcntial oi l  $as nr) l  lost.  Composit ing r, ' : rs

i -1.0 it sTATloN

4_5 M STAION
F a u n a l  S E m p l l n g  T r a n s e c t

t'iFue iJ. Conpositihs ,l( isisn lor ivhlch saniples oe co InNil(rl
&ross .oluDnF ((ll L(, C.1) !n(l Rors lC5 ro C8). lhis

design preser\ es lhe l,! !ti,n, ol (onllmirulioD $i&.ul
r fqu i r ins  chemicc l  a la l \s is  a r . r . rv  sdmpl lng  s ta
t ioD (0) .  l , i  L l r i s  s i rn . r io .  h igh  o i1  re in luc  rus  r l c

recte.l i| .onUns;t, s U;] rn(l C7. nidi.ati,,s
' ' ' ' l - ,  i ' '  u |  ' r  . . , n t , l  r I  r 1 r i .  ,  \ .

clonc rr'ith equal cluantities of matcrials lrorn each
sampling location included in the conposiLc so that
the analvt ical results represenlecl thc mcan con-
ccntration of oil residue for cach location sampled.
To minimize cl i lut ion, the marinrum number (N)
of samplcs that should be compositcd $as derer-
mined bv the formLrla

N = LC/DL
t{ere DI- is thc analvt ical cletecLion l i rnit  (Skalski

and Thomrs 198,1). Data fr-orn Vandcrhorst et al.
(J980) shol 'ed that along rhc Stlait  of Juan de
FLrca, background levels ol tot:rl hvdrocarbon con-
centr-at ions ranged form 20 to 140 &g/g in

' lABl . l l  2.  Iurger Sanphrg I lequir rm nrs of  l f r (dnld ond -shal lo$ SLrbrdal  Hrbirurs lor  L&h SuNe\

sed lment  Sampl lng  Transec t

i . r " t '  l r t '

\o .  Sarp le i i  \ , ) -  S taL ionsr

5 ta l io r  
' l fansc . l  

\o .  T rar i !  l s  Toru l  Sample- . ( i rn t )0s i t (  s  r \ f r l rzed  i . l

SedlnreDt r ln)

T i s s L , , . t G C r 1

I

I

t 2

t 2

I 2

1 B

1B

26

26

l . r  1 , , 1 , , , 1 . '  , l  , l , l  ,  . , r , - .
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inLert iclal sedirrrents. Bascd on this dat:r.  the LC
of 100 pglG was selecled lor thc prcscnt sludv.
The DL oi infrared spcdrophotometry ( lR) for to-
tal hvdrocarbon conccntrat ion is about 20 pglgt
thus. to rr inimize di lut ion. no morc than f ivc sam-
ples vere composiled. For gas chromatographv
(CCJ. thc DL {or both polvcrcl ic aromatic and sat-
urate hvdrrx'arbons in scdirncnts rra-s about I0
ngig. yielding an \ rnuch gr.r:aLcr lhan that for l l l .

Faunal  Sampl ing

FaLtnal sarnplcs lcrc col lectet l i iom lbur samlrl ing
stdt ions along a 100-m transect establ ishccl paral-
lel  to the coasti inc along a t idalJreight contour be-
hreen the +1.I-fL !1.d 3.O-ft  scdimcnt sampling
slal;ons (Figulc 2). 

' fhese 
lbur sampling Lrc,at ions

\rele placed 25 and i>0 rn eithcl sidc of the secl i-
ment sampling transcct.

li a s:rndv beach ras stlcctccl for sampling. ra
zrrr clarns (.Si l iqa.a p atula.) \rere col lected. From
a rock/cobble beach. California musscls ('!-llzilu^s
,  t l i [ "m iunu " r  r ' " r "  - an r1 ' | " d .  l l  t l r i .  - 1 , . ,  i , -  s . u  un -
avai lable. organisms of opportunity (pol,vchaetes.
l imJrcts, snai ls. chitons. crusta(ieans) werc col-
lected. The organisms lere rrappcd in ashed. u-
minum foi l .  placerJ on icc. dnd t lansported to the
labolatorr r,ithin 4B hours of r:ollertion. where thcv
t 'ere immediatelv fr-ozen at l8'C unti l  dissec-
tion. Aftcr lreezinpl. samples ollissLre wcrc obtaincd
through disse<tion and packcd in t'ide mouth glass
jan t ' i th Tcflon' ' -Jined screw caps. These samplcs
lrele relrozen and stored at -75oC unti l  annlv
sis. TargeL sarnpl ing rccluirements lbr t i -qsues are
surnrnarizcd in ' fable 

2.

Cornpositin 1i
' l i s sue  

l i om l l  t o  5 . l ams .  J  l o  12  musse l s .  o r
enorrgh or-ganisms of opportunit ,v to pfoduce a
minimum o{ 10 g let teight. frorn each ofthc tt 'cr
stntions equally distant fron lhe srdirncnt sampling
transect. were corrbincd for a composite chem;-
cal dnalvsis.

Sampl  ng Except ions

Because oI selerc u,calhcr condit ions. high nave
a.t ion. an{l  pcriocl ic unavailabi l i tv of aplrropl iate
organisrns, i t  las not alwavs lrossible to col lcct a
iul l  complemenL of sediment and t 'aunal samples

'" Teflon is a rcgisLr:arl tru{l.Jnark of E I Duponr de \en!,u's.
S ' iL ! i rg t , , r -  l l ,  l !$ r rc .

at each studr'  si tc. Of 12 target secl iment sanrples
pel study site (foLrr irnr rach surrcv). all site-s had
a rninimurn of B target samples col lected, excepl
Sand lsland t 'hich had three targel sanrples coJ-
lected. Sand Islarrd was sunercd onft t t ice (Sep
tenber 1989, March 1990). Al l  target sediment
compo- i t e .  r . e r -  r n r , l - .  r y . r i n  s i t h  t h .  p \ . e f t i ^ r l

oi  Sand Tsland from the l i rst suNev. Of a targct
sir liunal sarnples pcr sampling site (h\,o trom each
sun'cv)" sir sitcs had all six samples colletted. again
cxcept lbr Sand Island wher-e no faLrnal samples
$ere col lecLed. The intcrt idal iauna at Sand Isl:rnd
appearcd to bc l imited to sparse populat ions ol
clams occupving sedimenls loo dcnsc to excavate
using a clum gun.

When possiblc, cxtrr sediments. cores. and/or
faunal samples were collected at sorne of thc sam-
pJing sites during each of thc survcvs. Because oI
suspectcd contamination l iom a small .  vet un-
r lpuned oiJ -f  i l l  oecrrrr ing ol l  t l re S r- lr ingun co.r-t
in Febluary J990, cxtra samples lere col lected
and analyzed fiom Hole-in-Lhr:-Sitll ancl ltubv
Beach. both lcfcrcnce sites. during the thircl sur-
vey. l\r,o sediment sarnples were colk:ctcd and ana-
lvzecl from a sitc fu hcr north olthe Nonlegian
Nlemorial (lcsignated as HNMX). and from Coosc
Island in Crays Harbor during thc thircl  survev.
The HNI\IX sitc is thc location ol inlerLidal com-
rnunitv studies conductcd by thc Llnir.ersitv oi
S'ashingron. Because of the very gradr.ral bcach
slope at Sand Island. sediment sarnplcs were col
l ec ted  a t  +15 .2 - .  +13 .3 - .  +8 .2 - .  u rd  +7 . [ : j - f r
Lidal lcvt ls. ' lhe +?.8-l i  sample $.rs compositccl
as i l  i t  $ere the +l. I- lL sarnJrlc.

Analytica Chem stry

Sediments

Chemical anahsis fcrr scdiments lras conducted in
slages. Compositc samples f irst were screcncd for
u i l  b r  r r r chz ing  l o r  t ( , t c .  , ' i l  . r r l l  c r ,  . r - ,  . r - i r , g  i n .
liared spedropholomctry (1ll). a relativel,v inexpen-
sive method of analvsis. Samplcs lere anatvzert
bv a Bcckman Acculab ' '  Nlodel 4Irr lrarcd Spcc-
trophoLometef rvithin a spcctral range ol 13200 tr-,
2600 cm-l and a scan t ime ol 25 tu 27 rnin. Scdi-
nrcnt r\,.rs efracled rrithin freon follordng Standarcl
! lethod 5Oli (American Public Health Associat ion
198.5). To dist inguish bett 'een lhe target oi l  and

"' t\ccuhb is a registered radenarL ol lir kn,rn Insrmnrents.
I nc.. l'ullenon. California.
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oils of biogenic origin. the cxt lact iras mi\ed wilh
siJica gel to rcmor.c fattv :rcids.

Sedimcnt samples shorring a signal above cle-
tr-'ction Nere anal_'-zed bv CC ftrr a more acrur-ate
. l l l l r r r c l e f i z a t i , , n , , l  t n , .  - o r r r c e , , l  r . r r r t r r n i n r t . u t r
(f ingcr-print ing). Samples tcrc unalvzed using a
HewletL Packard (HP) 5B9AO CC equippcd t ' i th
a HP 76734 automalic samplcr and:r 11arne ioni-
zation deLector '{FTl)) or a 5970 rrass-sclct: t i le de-
teclor (M-S). An HP 5{195A gas-chromatographic
\rorkstation $,as used irr control ofthe OC. integra-
t ion, quanti f icat ion. and plepafal ion of the chro-
malogranls. Sedimenl samples including control
blank-. tele e\tl-actcd using a process dcvcloped
b,-v loahn er dl.  (  l9{t{:}).

Iirsu.cs

Corrpositc t issue sarnples (cnough to produce a
nrinimum of l0 g $ct ! , icight) l iom eech si lc. \rcrc
homogcnizcd using :r Tekmar Tissumizer n. Five
gram subsarnplcs of l,".et tissue r,iere digcstcd l'ith
30 ml of 6 I ' l  KOH at 35'C for 18 hours. then
extracted thrcc timcs rvith 30 ml of ethyl cther,
lolbr,'cd bv llurnina colurnn rlcan-up to remor.e ma-
tri\ interlerences (fJ.S. Environmental Prote<tion
Agencv 1986). As I i th sediment sarnplcs. t issue
sarnplcs lcrc analvzed using thc Hl '5890-4. CC
eqrLipped wiLh an IIP 7673A automaLic samplcr and
an FID. or an HP 5970 NtS. The HP 5895A gas-
cllornatographic lolLstation controlled thc CC and
uas usccl to prepare the chtomatoElrams.

l 'or bolh t issues i lnd sedinlent-q. fetfoleLlm
residue-. *ere c,haractcrized bv relative prak arcus
for lhc conccntrat iorr of individual identi l ied nor-
n r r i  l , r a r r ,  I ' - , 1  - . r t r r r , r t ,  l r r r d  1 ' , , h ,  r , l i r '  . r r omr r t i c
hldrocarbons. the rat ios of nC,,/Pristane arrd
n(lr"/Phvtarrc. and t ire carhon prrfr:rcncc index
(Cl ' l ) ,  i .c..  (odd to eren saturatc rat io). ( ihanges

in one oL tnore of lhcsc characterist ics prol idcd
an estimate r)f Ncathering :rnd/or the dc'grcc of mir
ing lr . i th other potential sorrrccs of hvdrocarbons.
( i h l oma t , ' y r . r r n -  [ r "m  r l l  - " d im- r ' t  111 ,1  1 i - - 11 .  - 51n -
plcs t 'ere conpared with chromatograrns lrorr
idenl ical analyscs ol the spi l led oi l  obtained l iom
thc Vashinplon StaLe I)cp{r'tment of Ecologv.

All analvtical arrd associatcd qualit!-assrrrancc
and 'control proccdtrres (including the usc of stan-
dard refcrcncc materials. cfiernical spikes. and

duplicate analvses) followe<l ReatmnLetded Pro-
tor:ols for Xleasu.ing Seletled EnuironnentaL Vari-
ables in I'uget Sozzd (Tctra Tech. Inr:. 1986).

Results and Discussion

Sediments

n)tuLl Oil .Lnd Crcose

Thosc anal;_tical resulls shor'ing abole deLection
Jirnits ae plcscntcd in fable i : i .  Becausc al l  com
posites @llcctcd cluring the first suncv (luly I9B9)
oontrired essentiallv background levels (( 50 pg/g
dn  r . ' i g l r t t , ' l  t , , t r l  u i l  r r r r l  g rea -e .  t l r ' . .  , '  'mpu - i t e .
t 'cre not analvzed [urlhcr.

Fron thc second sune1, (Septcmber I9B9),
onh'the extr-a sedimcnts from Sancl Islancl con-
tained cletcct:rblc ler.els o{ oil and grrasc. nith con
centrat ions oi 6.255 and 19.015 pglg dr-r,  weight
in the sediments lrorn thc + 15.2- and + 13.3-ft
ticlal lcvcls, respecti\.elv. Oilv rcsidue t'as ctearry
visible in these samplcs, and a strong pctrolcum
(Bunkcr C) odor las evidrnl.  These sediments
$'ere furlher anal-vzccl for aromatic and saturate
hvdrocarbons. Because lerels of Lotal oil and greasc
at Nor-$egian Memorial. Ka1'ostla Beach, ancl
Whale (lreek were belov cletection. extra corcs col-
lcctecl fr-om these sites $cre nol annlvzed.

f)etectable ler'cls of total oil and greasc Iere
foLrnd in several sediment composites and extra
sedimenls from thc thircl  sur\.ev (Febnrarv 1990).
inrloding samples lron Vedding l locks. Nor-
ncgian Mernorial \orth. Ka,vostla Beach and Ilolc-
i r r  t he .S  a l l .  Th '  O i l ,  J  l ' . r r k  B " . r ,  h - -  i , ,mp , ^ i tF .
uhich includcd sediments ffom thc -3.0 I i  t idal
contour at S'edding Rocks, Norlr.egian \Icmorial
\orth, and Kavostla Beach North. suggestecl that
this elevaLion contour"was potentially contaminated
l i th oi l .  These eight compositcs. along l iLh sLrs-
pcct extra sedimenls. rvcre lirrther anallzcd for
aromatic and s:rturatc lN'drocarbons.

Arontatic antl Soturate Hvlrotnr&tnt

Sedimerrt conccntrat ions of aromatic hvdrocarbons
dre plesented irr Tablc 4. l 'he sample from Wcd-
. l ing R," L. r,  rc.r le, l  moderat-h l , ' \1 ,  un, Fntr l l t ion-
(2,875 and 18,236 ng/g dn rrcight. r 'especLirelv)
of both aromatit' and salurate hyclrocarbons. The
e\tra sediment l iom Nonr,egian Mernorial {  + 82)
also contained modrratcly low levels ol both
hvdrocarbon fractions: 1553 ng/g of aromatics
and l .1.t7B ng/g of saturates. Onlv Lhc cxtra

' "  T issumizer  i s  a  reg is t , i ' i .d  t r r r l c rnurk  o l  Tekmar  Co. .  C inc in
nar i .  Oh io .

Stland. CLrl l inan. CreceJius. Fortrnan. Cittcrman. and Fleischmann



T A B | , l ] ] ] . S e r l j r c r l t s 1 r r n \ V a s l r i r r g t r l r c o a s t h r ' a r l l r l s r r i t h a b o r r l d c t a -

tected br nrfrored spectro photornetn .

l .ooL ion  l l i da l  Hc i6h t  i r  l i l Surrer Date lpsigl

\o*egian Nllernorial \orth

KarosLIa  l i ,a rh  \o r t l r

o i l . , l  P r fk  U.a . ln .s  i  3 .01  {b l

liibi N'lar l99il
|cb/ \ l r r  1990
Febll'lar 1990
Feb/Iar  r990

l 2
1 5 1
251

l . o o t i r n  t l i d a l  H l i g h L  i n  l i l Suner  Date (/,c/H)

S a n d  l s l u n d  ( +  l J . z t
Sand ls land (+ 15.2)
\or$.s ian [ ' lerr ia l  l+8.2]
\ , ,N\csiu Ucn!, r ia l  (+ 1.11
I L , l ( ! i n - L h ( ! U  a l  { + 1 5 . 0 1
Rub! Be&h (+l -1.01

StpL l i )89
Sqt lq89
Febrll$ r 990
FebrNlar  1990
Febiltl0 1990
l l b l N l u r  1 9 9 0

1 9 0 1 5
6255

| 5
? 3

1 7 0
u6

(a) Con,rlNit, ol ull lirrr saryncs drlleded frorn ea.h transect.

{b) Cornposite ot :J.0 ft samples frorn teddnig Rocks. \onegian ltemoriol Nonh. Klvosrh Bcac| North- Surl Ucrlh.

T .4 .BLE. | 'Sed imentconcen l r4 t ionsof tou | ! |onra l i c (P{H landsn lur ! l ( ' ( t ] , .C lo ]h l r l ro r r rbo ls (ns lg r

and CCiN'lS.

l .oc r t ion  (T i r la l  l l e igh t  in  l i l Tot'l PAH Sum C9 C36

\onregien tr'lemorial \orth
Karostla Beach North
0i1( i  Pa'L B( j ! .h(  s I  :1.0)  11,)
(  edur Crck
-card lslard

Sud ls ldxl  i+ 13.2r
S a n d  l s l a n r l  t + 1 5 . 3 t
\onegiun 1\ lemor ie l  r+8.2)

l l , , l i ,  i n - r h , , U  r l  1 +  1 5 . 0 )
lubr Beach (+1.1.0)
Od'a.  -sh,)res (+ I l .0r

-{ept 1989
l"r l , l \ lar  I990
Ir ' t , r \ ' l r r  I9 ' r0
I lbr \ {ur  l9 ' )0
Feb/ltar 1990
l i  br \ lar  l t )9t)
Sepl  l9U9

Extro Sedinrents

Sept 1989
S.fr  19B9
l  cb/ [1rr  ]  9 ' t0

l i ' l , i \ far  I990
FeLr\ l r r  l { r ( )0
Sept 1989

247 6
1;u
BO

;9
t61

(q

2 ;621
83399

t268
t ; ; J  { t )

80
:l;

18236
22:]6
l ; 9 2
2 t  5 B

901
2;;a)

135

t570069
,18119;;

8ti9:l
l i r l 7 8  ( d l

31129
2331

j.1ii

t . )  Ornrpo i i l c  o l  t l l  l o r r  sarnp l rs  co l  c ,  L . ( l  l i o t r ,  . rch  t r ! , ,n11.

{b) Colnpolire of i3.0 ft somples from \iedding Ror:ls. \onregien \'lonorill Norlh. Klvosrla U.r.h \r,rLh anrl Srrlrrl Br:arh.

liJ \,)r l)i,t,!,1(ii d,it.ctio,, lirnits $.rf 3 ro 10 ,,grs for i|dividual aromatic hrdrocarbon conrpouncls. and 100 ngrg for indiridual

s l lu f l l c  h ld ro(  u f l tu , ,  (omt ,o , rn , l " .

1 , l )  Dup l ic rk r  rna l rs ;s .
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scdiments from Sand lslanrl showed rclativelv high
conccntrations .rf bolh cateElories ol hvdrocarbons.
The surns of the aromatic hrdrocarbons frrr thcse
sanqrles rrere 27.62,1 and tji].399 ng/g dn teighr.
r'espcctir.el,v. The surns oi the resolfed satur.ate
h1-drocarlrrns lbr these sanplcs r,".cre 48fi.977 and
1.570.069 ng/g. respectivel,v. The extra Ocrean
Shores sampb and the compositr from Sand Island
clcrnonstratecl L:ss than delecLablc colcerrraLr(rns
(<10 ng/g drv hcight) ol individual aromrtic
hvclrocarbons. and rerv lort lcvcls (748 and 455
ng/g drr weight. rcspectirely) of indir. idual satu-
r : r t '  h r J l oc . r r h , , r r - .  Th ,  Ce t l c r  { . r e - l  r , , n rpo - i t e
r,ras used for rlualitv assurancc and contained ]64
ng/g dlv rtcight ol aronratic hvdrocarbons and
2i56 nglg drv r,".eight of saluratc hvorocaroorrs,
both relativelv lot' levels.

Invertebrate Tissues

Ti-.sues frorn Nonleliian llemorial North (+25 rn)
ancl Wcclcling Rocks (+ 25 rn) contained irom 90
to 100 ng/g dry ueight total arornaric hvclrocar-
bons (Table 5). All other tissue cnnccntatrons werr
belot 50 ng/g. ancl most rvere less than 20 ng/g.
'l 

he erLra tissuc sarnple collecerJ from the [iniver-
sitv of Vashington site north of Nonvegian
X'[errroria] North indicatccl a total aromatic
h_-vdror:arbon concentration oi 2.1 ng/g (dara not
shorrn).

Tissue surples from \\ 'hale Creek ancl Poinl
Crenvi l lc had the highrst concentrat ions of total
lesol!ed saturate hrdrocarbons, 23.650 and
22.349 nglg ch1't 'eight. r .espcctively (Tablc 5).
Holerer. t issuc samples irorn Kavostla Beach and

T{UL- l  5.  Scle.red t iss(r '  (1) , ( .n l rur ions of  r .nal  ! r ' rnr ic  {Pr lH) and sar, , rar{  iL,  C* l  h ldr , .a, t ro, .  (ngig dn rc ist rL)

c{) c36Ti-.iu. (br

' f o la l

PAH c l 0  c 3 6

Wed( l ins  Rocks  t+251

\or$egiar \lcnorial \oth

1 + 2 5 r

KarosLla l ] .ach North {+251

H , , 1 ( ! i r  r h .  N J .  ( + 2 5 1

C.drf  Creel  (+ 2;r

$ h u  e  C r e e k  i + 5 0 1

I1.  ( ; r .Ni l l ( .  1+251

0rcrn Shores {+50)

7;:t5
119,t5
2085

10.12:]
5850
3166

56  t9
l3l iJ;
2121

/ -  6 u 7
13,1;u
30;5

;[]i)6

; 6 1 I
121

2:J6;0'1
l t i t

2237.)
1 ( l )

2 1 6 6
1 0 1 4 )
6;Bl l  i i , )

l a r  ( i )  t )os i re  l ron  each o l  r$o  s ta t ions  e i ther  s i r l c  e r r l  equu l  d is ta rcc  (25  or  50  m)  f rom scd i  rn r  surp l iDg fahs l i r .

lb l  C \ f :  Ca l i fou ia  nussr ' |  l . :  sh ie l t l  i i n r rcu , \ ( l  =  assor ted  c , ,sLdccd:  S  =  s ra i l s ;  ( i  :  ch i rons :  I tC  =  'uor ( tnms:L iC:
l )ung.ness  c rabs :  US :  n rud  shdmp:  H =  b |a r  h  hoppers .

l ( ,  \o  o rgaDisms ia t r , t )1 . ,1  , lue  to  serere  $ra th . f .

ld )  \oL  d . t , ! , l .d i  le tec t i
saru f l lp  h rdro . l r l ,on  .onr t ,ounds .

le) Dupli.at.i ar! rsis.

( t['l
cNt
( t [1

CIT
c.-c

cI l .r . .c.s

clf .L
t . . c . s
I . C . S

c N'l_L
{tu.L.c.,s

( ]N'I

C N'I
c\1.L.-s

c11

RC. DC
\IS.H

cM.Itc
RC.XIS

C]'I

RC.C N'I
C\I
(]I'I

JullAus 1989
Sept 198.)
Feb/['ld 1990

Julv lAug 1989
,\epr 1989
Feb/tr'taf r 9q0

JulrrAus 19Bs
Sett  I989
f . i ih iMlr  1990

JulYi.q.trs 19ug
Sepr l9B9
Feb/Uar lgt )0

J u t \  r A u s  1 9 8 9
S.pr l9 i l9
t'rbllfd r9(10

J u h r  { , , g  1 9 8 9
-\jln l9ii()
t fb l \ r ! f  99t)

Ju v/^us 1989
S(tn 1989
|, brX'luf 1990

JuhlAus 1989
s. i tn 1989
S(t) l  L9l l9

1293
1 5 2 3

5592
2 l ( 1 8

9!10

2 t-:1.)
9 8 3 1
l22r;

iJ879
8 j ; I

9 l ;

, 1 1 9 5

i j t  15
88 r

3; XlJ
'1

3 6 1 I
1: lu]

( ( ] t

l 3 ; 7
5:J6

36.1 1 (r.l

43
100
2r)
1)5

90

22
23
( d l

t ;
B

20

B
(,1)
t 9

7'1'

2 l
k l )

l d l
t 2
( , 1 )
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Holc-in-the-\{ 'al l  had t lre highcst concenlrat ions of
er.en salLrrate hvdrocarbons, 98i'i l and 8351 ngig
clry wcight, respeclivelv, u,hich do not include those
oi biogenic origin.

Source dent f cat on

Sediments

(ihromatograms of oi l  (aromatics fract ion) as-
sociated r,ith Sancl lslurd serlinents in Scptember
1989 displav patterns str ikinglv similar to those
ol Bunker (l collected from the barge .\ES7[,|CCA
b,v the Washington State Delarrmcnt of Eco-loga
in December 1988 (Figurc 4). The lower CPI
r alucs (( l )  associated rvith thc Sand Island sedi-
ment samples also arc indicative of an arrthropo-
genic sourcc of contarnination (Tablc 6). The ( lPI

lalucs lbl the IifSZLCCA oil, Alaska North Slope
{ANS) r:r 'ude oi l .  and Sand Island sedirnents arc
al l  esscntial l ,v the ,.ame (0.(10-0.94).

I { l l l . l ' l  6 .  Rr t ios  o f  nCr r?r is ta , r ' .  fC ,s iPhr rane.  aDdth .Car
bon Preferencc lrd,j\ {cpI or Reference ons ard
Selectecl SedirrcrL Samples

9 ,

L

6

5

3 .
2 .

n C , , i  n C , , t
l'.inrn. PhltsDe CPI

Referenre (lils

\r-.s7tcarl oit
Al$kd \o  h  S lope

Crur lc  O i l

la1  Compos i te  o f  i3 .0  f t  san4r lcs  l ron  Sedd ing  Ror :Ls .  \o r -
$cgian Uenrodal North. K!)o(l! U,.ech North, -se.ord

(b)  Nor ,a l , !a re , l  because la rg . l  h \dnn?r lx ' rs  nor  de tecred .

Additionallv. rclativelv little change is obscrrcd
in thc rat ios of nCrr/Pristanc and nCrs/Ph.,-tane
l 'hen the Sand Island samples are comptred l i th

1 -Naphtha  ene I  Py .ene
2 - l n l e r n a l S l a n d a r d  9 B e n z o l a ) a n r h r a c e . e
3 - A c e n a p h l h e n e  I 0 C h y s e n e
4-Fuore .e  i  1 -Benzo(b) f l lo ran lhene
5-Dibenzo lh iophene 12-Be.zo(a)pyrene
6 - P h e n a l h f e . e  1 3 - B e n z o ( 9 , h , ) p e r y e . e
7  F luoranrhene

Figure  l .  T , ,La l  lon  Chronrarogr rms t l t l i n ,k lc l r  l tunror ic

Hrdrocarbonsl n,r Surhcf Sdinenrs from -card ls-

la ,x l  (A l  dnd Nomegia !  \ led , r ia l - t  n j !e rs i r r  01

X a lhnrg td ,  
' l  

rd , ,s i1 r  ( l l )  Conpared l i th  thc  Io t r l

Ln Chromurogran for:\ESZa,tC4 Oil. tC) iThe srm

bo l  I i5  dero tes  \a lu ( js  t inx rs  L0r . )

Lhc I ]ISZLTCCA oil {Table 6). Significant changes
h rv  b ,  en  re l o r t e , l  i r r  t h . s ,  r . r t i u -  r f t e r ' - i r  r o  r r i n ,
rnonths (r1 \ !eathering of intert idal -redimcnls
rmended \r i th ANS cmdc (Anderson et aL. 1978).
suggesting the pr-cscncc of hydrocarbon dcgrad-
ing microorganisms (Blumcr and Sass I972). Thc
finding of little change in thesc kcl hvdrocarhrn
ratios indicatcs that biodegradation plal 'et l  a rela-
t i lelv minor role in the weathering of the Sancl Is-
land sarnplcs. This is not sulprising. since the (r i l

on Sand Island r,ras buried jLrst lrncath the suriirce

t . B 3

l  51

r .27

1 .78

0.90

1 . l  a )

2 .20

1..J3

(b)

0.90

0 . 9 1

0.9,1

0.92

0 . 6 i

0.6 i1

| . o 2

]  t l

0 . 7 8

Sedlnienr Sarnples ( ln l l l  l l . ishr  ln f t )

Sand Is land (+1; .2r  1.33

S.nd Is land (+ 13.3r L 6 , -

Oiled I'arL llcarhr:s
Comtosrtc (  3.01 (r l  (b l

Hole indie- \ \ l l l  1+ 15.0)  tbt

Rubr Be!(h (+ 11.0)  lb l

\onrgirn Uernorlal
Exrr !  (+8.2)  0.31

\orrvegien Mernorial
1 . , \ l r !  t +  l . l  l  0 . 5 1

. 0

Y

I
2 A l 0 4 0 5 0 6 0

T  M E  ( m r n , )

! 'ate of Bunker C Fucl Oil  in Vashington Coastal Habjrars



(( 5 crr in depth) in relat ively coarse sand in thc
h igh  (+ I3 .3  h  +15 .2 - f t l  i n t c r t i c l a l  zone .

The lack oi signiiicant $,eathcling is also cvi-
dcnl in the chrornaLograms of aromatic lrvdrocar-
bons from thc Sand Tsland samples. The onh
signif icant changes that occurled ar.e associ i l tcd
\r i th the more !olat i lc compounds. Srhi le concen-
trat ions of thc rnr)re lolat i le compounds from the
NESI'UCCA oil are rclatilclv lor,;. thc notable
rlifferenc,e uhen comparing the aromatic hvdrocar-
bon liattion of eatfi chromatogram is the absence
of n:rpthalene lrorn thc Sand Island samples. There
are. hone\er. fert other r:hanges. Dibcnzothio-
phe le .  phenan th rcnc .  py r - cne .  ch rvsene ,
bcnzo(b)fluoranthcnc. and benzo(g,h.i.)perylene all
persist in the Sand lsland samplcs at gcncrall,v tlre
samc rclat ive r,oncenLrations as in the,\ lSlt iCC,4
oil.

While not shown. changrs in saturiltc hrdrocaf-
bons rrcrc sl ight. As anticipated. sorne o{ the sat-
. r r r t e  l r r , l r n e , r r h o r r -  r f  .  C ' , r . . r l t h u r r g h  l ' f ' : r r l  i r l
the,Nd^SILCCA o;1. $crc not detectable in either
of Lhe Sand Isl:rncl samples. Hovcvcr, thc rcmain-
ing sahrralc h-vdrrxrarborrs {Cr-C.o) were detected
in the Sand lslancl sarnplcs. gcncrall_,- at the same
relati\e concentrations as in th{r .'\ ESILTCC.4 oil.

Sccl irncnts col lectccl dLrl ing the third sur\.ev
fron the l.nilersit,v of\\ ashinSon stucly sitc north
of Nonlegian Slcmorial (Figulc 21,) and from Wed-
rJing Rocks. Nolwegitrn Nlernorial North, Kayostla
Beach North. and Sctrrnd Beach ( 'hrom:rtograms

nc,t shou'n) rnav contain rcmnanls of weaLhered
Bunker ( l  oi l .  The relat ive concentr{rt ions of f luo-
Icnr. f luoranlhene, pvrene. benzo(a)anthracene.
chlysene. benzo(b)l luoranthcnc, bcnzo(a)p1 rene.
and benzo(g.h. i)pcnlene are comparable to the
IiESTUCCA oil. -{ r:omplication to soulcr idcntifi-
cation, hot'cvcr. is thilt thcse samples conLain other
l r , l l o c . r r l ' , r r . o r n l , o r c n l -  r h i e h . r r "  r r , ' 1 , ' , r r - i s t - r r t
r ' i t h  R r r r r \ ' r  ( . , , i 1  a r ' d  r n " r  l , ' "  o [  . r  b i " g " r r i ,  " r i v i n .

hu,ertebrate T issues

Chemical arralvse's of mussels, razor clams and
other invefiebrates rer.ealed littlc information Lrseful
in dctcrnining thc origin of essential lv trace quan-
t i t ies of aromatic hvrlrocarbons r:onLaired in sorne
of their tissues. While no naphthalcncs ucr-e found
in anv of their Lissues. phenanthrenes occuncd in
t issues f iom sevcn of trrclvc bcaches sampled. in-
cluding Ocean Shores. Point Crenvi l le. Sccond
Beach. Kayostla Beach. \onvcgian l\{cmolial North

and South ( including the transect sampled by the
l.nirersity of Washington). and Wedding Rocks.
However. pheDanthrene concentratrons wcrc
gcncral ly less than 20 ng/g.

Perspective on Levels of Fesidual OiL
Contam nat on

Although relativel_,- high concentrations oI oil

{6,255 arrd l9.OI5 pglg dry t 'eight by lR) rvere
found on Sand lsland in Crays Harbor during the
sccond survrv, the relati,'elr- low concentralions oI
oil (6lt to 250 pglg by IR). essentially trace
arnounts. associated $,ith the coastal stdtions dur-
ing the third surlev suggest that rclativclv littlc oiJ
remaiirs liom the I9BB IES?LCCA spill. The rcla-
t ivcly high conccntrat ions of oi l  founcl on Sancl Is-
land were restricted to a narrolr band 3 to 4 m
lr icle ovcr a l0- to 13-ln slrelch of beach on the
soulhi!'esl side oi the lsland. Attcmpts to relocate
this band of oi l  during thc thi ld survey proled Lrn-
successful. furlher suggesting lhat 1r'eathering and
depuration proceeded rapidly.

Interestinglv, oil $,as not found ilssociated \rilh
bcachr:s hvpothesized to be oiled (Kavostla. Nor-
legian Nlemorial.  Vedding Rocks) unti l  tbe thirr l
surrcr (Fcbruar-v 1990). Low concentrations of oil
were also detected at llub,v Beach ancl at Holc-in-
the-Wall  (both h,rpothcsizcd unoilecl beaehes), al-
though analvscs oI all sarnples collected from botlt
lreaches during the lirst and second surr.cls (Jult

and Septembcr 1989, rcspectively) lai led to de-
tect the (iontaminant. While it is dilficult to totallv
cl iminatc thc possibi l i t t  of altogether missing the
oil on ouf fifst t*o survevs oloiled beaches, ;:r pos-
sible enplanation 1br not dctcct ing oi l  on sancl
beaches is associatcd t i lh lhc norrnal cvcle ol
bcach accrction and erosions. Because the spill oc-
curred in December antl Januarr. n'hcn beaches
vcrc ful lv crodcd. i t  lol lows lhat as beaches ac-
creled sediments during summcr and autumn
months (also al lhe t ime of our i i rsl  and seconcl
surlcvs). oi l  not removed hv the clean-up crervs
potentiallv could have been buricd rnd hcncc in-
accessible to our sarnpl ing. Sie general ly sarnpled
tu  r r  d ' 1 , t h  , ' l  l i  ,  r n .  r r h i l e  hea r -h  ccc re t i on  mr r
total 1to 2 m. Hcncc. . \ \hcn lhr: bcaches agairr
croderl in the winter of 1990 (at the t ime of our
third sun'cy). thc potcntial l ,v buried oi l  coulcl ha, 'e
again bccome acctssible to our sampling methods.
This explanation. however. might not equally ap-
pl1 to rockv beaches.

l0 Strand. Cull inan. ( lrecel ius. ! 'ortrnan. Cittcrman. and Fleischmann



The finding of essentiall,v little more than back-
ground conccntrat ions ol LoLal oi l  and grease dur-
ing the third sun e_v (13 months ulier thc spill) also
suggested that weatheling and depulahon occuned
rrolc rapidiy lhan indicated b_"- the avai lable and
relevant literature. l'ol comparisons, Bunkcl C fircl
oi l  spi l lcd f lorn the ,,{ f tR0tr in Checlabucto Ba,v,
Nova Scotia in Fehruarv 1970, t 'as much morc
persistcnt (Tandcrmculcn ancl Corclrn 1976. Van-
dermeulen et al. 1977). Seven vears aftcr thc spill,
analvses of subsurface sediments (7 to I l  cm in
dcpth) ol lcucd from thc mid-t ide lcvel rerealed
concentration,. of hvdrocarbons as high m 1,281
pglg. In rclatcd sludies. Betancolrt  and NIcLean
(19713) found that Bunker C spilled from thc
ARROM*cathcrcd onl l  20 pcfccnt aftef one lcar
in low energv environments as on the shorclinc
above the l i rnit  of rvave acrivi t ;- .

Concentrat ions ol aromalic hvdrocarbons in
Cali fornia mussols. razor-clams. and other inver-
tebraLcs follos,ing the I?S7UCC,4 spill were also
relativel,v lor,r. All conccntrations vcrc ( 100 ng/g
(r lry wcight);  most concenLraLions \{ere ( 45 ng/g
(dry r,eight). These lcvcls gcncrall,v lrcrc as lo*
as the "cleanesl" sites sampled a.s part of the NOAA
,Status and Trencls I'rogram (National Oceanir: and
Atmospheric Aclministrat ion 1 987). Oi the 100
sites sampled routinel,v. onlv 26 sites resulted in
aromatic hvdrocarbon conccntrations oI ( 45 ng/g
(dn wcight) in oyster or mLrssel t issue. Coastal si tes
at Cape l'latterv and Cravs Harbor in S'ashing-
ton. and Coos Bay in Oregon. r 'anged l iom 20 to
1,11 ng/g (dry weight) lrorn 1986 Lo 19{}9.

In contrast. Vandermeulen et a!.  (1977) found
considerabl,v more oil associrtcd t'ith tissucs of
bivalvcs. evcn seven vears aftef Lhe A 1i-RO Itrl spill.
As determined bv lluorescence. clam trssues lsr-
phon cpidcrmis, siphon" mantle. nantle edge) col-
lected from clrronically-oiled lraches in Sloussilicrs
Passage in Chedabucto Bav contained relatir.elv
high conccntrat ions of arornatic and cvclo-alkane
hvdrocarbons (93 pglg,16 pglg. l l  pglg, and 16
pglg (rvct t'cight)" rcspectivelv. In [o]hrv-on stuclies.
Cillillan anrl Vandermeulen (1978) determined bv
fluoresccncc that clams from Janr'r in T,agoon in
Chedabucto Bav also contained relatively high bur-
dens (up to 200 pglg wet rveight) ol pelroleum
h,vdrocalbons. To cxplain how oil frlrn the,4/i/iOI/
-pi lJ cou|l  r"m.rin b i"er .r i l . rbl,- .  ,  rr-n " ir  . ,r  s '  ' ,  r '
years al lcr the spi l l .  Vandcrmeulen and Cordon
(1976) hypothesized that persistent hydrocarbon
fractions founcl in clams reprcsented oil that diron-

ical ly rc-cntcrcd surf i f ial  sedimenls and irt lefst i-
tial Nater as leachates lrom stranded and
wcathcrcd oi l  ( tar).  The assurnption was that sig-
ni l icant dcposits of oi l  ter-e not cleaned and left
to $'eather naturally.

There ale unlbrlunatel,v fet'other case histo-
lics lrhcrc thc fatc of llunker C {uel oil has beerr
studiecl,  part icrr lar ly in northern lat i tudes. There
arc, holfclcr. othcr relcvant data nol|  begirrning
to emerge liom studies of the spill of North Slopc
crurle oil by the E Y,YON VALDEZ in Prince Wil
l iam Sountl ,  Alaska. While cornparison lo the
NES'I'UCCA spill cannot be rigorous, concentla-
tions of total omatic hydrocabons in rnussels nne

veal after the spill ranged flom 2135 ng/g to 82,1352
ng/g dry rvcight with a mean of 16,236 ng/g and
standard deviat ion of 28,139 ng/g (Houghton et
oL l99l).  Because many ofthe studv sites are clas-
sficd as protcctcd. lolv-cnergl sites. anrl mrrch
buried oil still exists, sediment-bound oil rvill likeiv
continue to bc availablc to intcrtidal rcsourccs for
a relat i lely long t irne.

Factors Influencing Weathering and
Depurat on

There are l ikelv several factors lhal accounled for
the relatively rapid dcpuration of oil follorving thc
I|ESTUCCA spi l l  induding: I)  the t ime of vear irr
$hich it occuned, 2) the type of beach or coast-
l inc affected, and 3) thc t imely and eff icient
clean up.

T me of Year

Because lhe spi l l  occurred in winter ! , ,hen water
and air temperatures $'ere lowest. much of the oil
rtpicllv congcalcd into "blobs," "pattics" and large
"mats" hefore coming ashore. In some cases, the
Ilunkcr C tril from the NESTUCCA was at sea from
I-2 t 'ccks bcforc grounding on some of the O\P
beaches, and it had weathered significurtl,v dur-
ing this pcriod. The rclat ivelv high sea stale at the
tirne o[ the spill also liLely served to enhairce
l,".crthcring; high r,;inds incrcasrd evaporation and
the result ing high seas increased dissolut ion and
dispcrsion. This rr.as not thc casc in cvcrv local ion
aflected b,v the spill, hol'cvcr, as shortl,v alicr tht:
accident. heavv accumulations of fresh (uD

rreathered) l'iunker C (amc ashofe lrt Ocean Shores
and also entered Crays Harbor. llelativelv fresh
oil  also strandecl at Whale Creek on the Quinault
Indian Resen'al ion and on the more southern
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bcaches oi ONP (Second Beach. Kavostla Bcach,
Nonlegian N{ernorial North).

Type of Beach
' lhe 

area of Lhe S.ashington coast nosL affccted
bl the spi l l  is charat:tcr ized bv unprotecled, high
energv. rocky hcadlands and sand beachcs. l 'or-
tunatelt .  lhis tvpc of shorel ine tcnds to cleanse i t-
seJf mosL rapirJlv (Dur.al ei al. t9fll). Nlost Bunker
C struding on lhc rockv shorelines (Kavostla
I'|cach, Nonr,egiarr Nlcmoritl North. Sredcling
Rocks) of the Washinglon coast lras remoled rela-
t ivclv quicklv bv wave acl ion and a series of se-
rcre rdnter storms lhat occurled irnmrdiatclv
folloling the spill. Thc rclativelv Io\'\ concentra-
tions of oil (613 to 250 pg/g bv lR), essentiallr tracc
amounts, associaLed l'iLh lhcse coastal stalions dur-
ing thc thircl sunev, t'onfirnred that $eathering and
deluration proceeded rapidlv. S'hat residual oi l
renained $as restricted 1() the lnorc prctected rock
and cobblc suhstrates associalcd r l i th gently slop-
irrg bcachcs at Kavosl la Brach and Nonlegian
N'[crrrorial. l'he linding oi significaltlv decreased
nCr r/Prist:rnc ancl n(i ,"/Phvtane rat ios associaled
l,ith the ertra scdiments colletted in thc Nonegian
frlemorial alea of ONP iGo suggested that wcathcr-
ing occur-red verv rapidly in selected S'ashington
coa-rtal sedimenls (Table 6).

Although the sand beaches at Occan Shores
(No h Jcttv alca) lrere heari ly oi lcd. oi l  r ,"as noL
delected during anv of the three sun'evs concluctecl
rt  ihis loc: l t ion. suggcsting more rapid depuration
l iom open sand beachcs. Polycycl ic aromatic
hvdrocarbons vier-e :rlso mostlv undeter.table in ra-
zor clarns and mussels from Ocean Shores. Finallv,
even though r 'cry high concentrat ions of oi l  (6,255
and I9,Oli> pglg drv t'eight bv IR) r'r:rc found
on Sand Isiand drrr ing thc second survev. attcmpts
to lclocate this oi i  during thc third sun'ey prorcd
unsucccsslul.  possiblv inr l icat ing that iveathering
and dcpuration in this habitat proceeded rapicl ly.
Shifts in the configurati l )n of sand dunes on lhc
Tsland mediaterl b! inlcnsc storm events dur'ing thc
wintcr ol I9B9-1990 r 'crc l ikelv part ial ly fe-
sponsiblc.

Eff cacy of C ean up

Final lr ' .  clean up uas im!' lcmcnted immediaLelv
and rras cxtensive. (lJean-up crcvs t'orked alJ af-
l i :ctcd bcaches: onlv one "sct-asicle' '  reacrr was

establ ished in ONP to stud,t potrnt ial cffects oIoi l-
ing on intcrtidal ecologl. AbsolbeDt pads rverc
rrsed during the lirst Ier davs of thc spill when the
oil was still fresh. Pom-porns r,'crc installed and
used effcct ivcly o!er cobble substrates containing
burird oi l  at Norwegian Nlemorial North. Intensc
$intel stolms accornpaniecl bv extremell high tides
. r t  t he  l i r n . , ' i t h .  - p i l ]  l e l l oa ted  e r t - ns i r , . r rmoun t -
of stranded dcbris, el l i rr ively adding rnuch natu-
ral oil-absorbcnt material Lo affcctcd vatels. Oil
in the frrrrn of "mats'' and stnaller -'patties" were
easily pickecl-up or scraped-ofi rocks. Oilcd debris
consisting of kclp mats. eel grass. clriftrvood and
other floLsam werc also remolecl for ultimate dis-
posal in a ccrtf icd landl l l l .  I lel icoptcr access to
elen the most remote beaches on thc coast greatl !
facilitated thc clcan-up process. Approximately
.15.000 vd' of oi lcd logs wer-e also burncd on
S'ashinplon coastal bcaches (including thosc oi
ONI') follorving Lhe spill (Lt. I'1. Smith. lllarinc
Safcty Ollice. 1,.S. Coast Cuard. Seaule l)istrict.
pers. comm.). Other logs as tell as large rocks and
boulders tere "brush-torched" to rernovr oi l .  al
though this techniquc had o y limited suecr:ss. (Jil

adhcleDt to logs and locks l,".as heatecl unLil for-
malion of an nsh. bul because rocks olien elrplorled
d r r r i r r g  t h i -  f r ucp - . .  f a i - i nF  ,  nn r l  r n  l u r  o fe fa to r
salety, this trchniclue $as discontinued. Propanc-
fired torches t'ere also usccl on hcar.ilv oiled. cob-
ble bcaches of Vanr:ouvcr Tslancl,  but again with
l i t t lc cffect ivenes-q (Harding tncl l lnglar 19[t9).

Rrlat ivcl-v high concentrat ions of total oi l  anrl
grease (30,000 mg/kg by IR) u,cre also signilicanth
redrrcecl bv clcan-up lbllowing Lhc spill o{ AlasLLr
Nor th  S lopc  c rude  o i l  f r om the  A , f iC0
ANCHOR4CE ir Port Angeles harbor in llecem-
ber l9B5 (S orcl et aL. 19'37a, b). Average clon-
centrat ions of residual oi l  and grcase at the end
oi an intensir.c four month r:lean-up pcriocl were
,150 mg/Lg. Thc marimum observed avcrage con
ccntration in mixecl-soft sediments (0-38 crn in
depth) with;n lrcatcd areas $as appro\imatelv
I l00 mg/kg. Tn contrdst, Vandefhorst e, ol.  ( l98I)
shoued in f ield cxpeiments thal residual Prudhoe
Bay crude oil coDccntations in inteltidal sediments
under nalLlral eondit ions of weathering and depu-
rat ion dccreased from alrout 2000 mg/kg to un-
drtectablc levels vithin ]8.5 months. The Strait
ofJuan de [ 'uca and lhc harbor at Port Angclcs
, .rn Lc ,J"-"r iheJ a. prutr. t ,  J. los errerSr -nr ir ' ,n-
mcnts.

l2 Strand. Cull inan. Crccel ius. Fortman. Cittcrman. and Fleischmann



Clean-up on Vancoulcr lsland lbl lowing the
,\rF)SZLICC,4 spill proceeded in much Lhe samc t'av
as ellbrts along the Washington coast urd or.er es,
sentiall! lhe same timcfrdmc. Canadian oflir:ials
(Harcl ing 1990) also indicated that a rapicl ancl
thorough clean-up program ftrllorving grounding of
thc oi l  in earlv Januan 1989 servcd to rcduce the
impacts ol the spi l l .  Thc grounding of oi l  in loca-
t i , ' r r -  she re  r ra t . r l a l  - . l f - , l . . r n i n !  $ r :  r l  I nJ \ im lm
{high tave acti{ ,n) also l imitcd impacts.

Conclusions

Although relativelv high concentrations of oil (6255

and 19.015 pglg drl  l 'eight) r 'ere lound on Sand
lsland in Oravs Harbor during the second surley,
lhe rclatilclv lorv conceDhalions of 0il (63 to 250
pglg drv weight). essentiallv tracc nmounts. as-
sociated wiLh the <rrastal sitcs during the third sur-
vev suggcst that depuration l,a-s relativel,v rapid ancl
that l i t t le oi l  r-esidrral rcmains from the l9BB
NESTUCCA oil spill. The relativelv lo$' cr)nccntr.t-
t ions of aromatic hvdrocarbons (mostly (45 ng/g
dn t'cight) lbund in in!ertebraLes following thc spill
also represent essentiallv lrackground levels and
indicaLe that oil u,as rapiclly mctabolized :rnd depu-
rated. or is no ionger biological ly alai lable. Thcsc
data tend to confirm results of anilvscs of surli
cial sedimcnts indicating that l i t t le lesidual oi l
remalns.

Factors likclv contributinpl to the lelalively rapid
n'eathering and del lurat i{)n ol 'oi l  from impacted
beaches include l) thc t imc of year in thir:h the
spi l l  occrrred. 2) thc t,vpe of beach or coastl ine
affccted. and 3) the tirnelv and efficicnt clcan-up.
NIosL spi l led oi l  congealed before stranding due to
cold air and 1{ater temperatulcs. Large amounts
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o{floating debris also tended to calch (aclsorb) sig-
ni i icant quanLit ies ofoi l .  The area of the Washing-
lon coast most al l icted is charactcrizccl bv
unprotected, high-energv sand beachcs rnd lockv
he . rd l . r nd . .  s l r i ,  h  r ,  r r J  t u  r r p i , l l r  " l e . r n - "  t h - rn -
selves. Final ly. clean up r,as immecliate and thc
congealed oi] $as ctsily rcmovecl lrom ailected
bcachcs.

Despitc our conchrsion that little oil rema;ns af-
tcr thc I?-S7UCCI  oil spill, the potcntial for bur
ied. virtual lv unweathcrcd oi l  rcsurlacing on Sand
Island and possibly coastal heaches st i l l  exists.
Srmplirrg on Send l ' lun, lan,l  th, V uhinplorr "o.r-t
\ras minimdl (one tansect per beach), and it is con-
ceivable that survevs conclucted by the U.S. CoasL
Cuard, the State of Washinglon. and othcrs, upon
\\.hich our survev design lvas bascd. could have
overlooked somc deposits of buried oi l .  Our con-
clusions. thcrelbre. should be viewecl with that un-
derstanding.
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