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PREFACE 

This report. published in two volumes, presents the findings and conclusions of a "Study of 
Effects of Oil Discharges, Domestic and Industrial Wastewaters on the fisheries of Lake Mara­
caibo Venezuela", conducted by Oattelle Memorial Institute, Pacific Northwest Laboratories, 
Richland, Washington 99352, U.S A for Creole Petroleum Corporation, Caracas, Venezuela, 
under Research Contract 212800899 

Volume I contains the data on the ecological characterization of the lake and of domestic and 
industrial wastewaters Volume It contains the data on the fate and effects of oil 
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EXECUTIVE SUMMARY 

lh1s program, sponsored by Creole Petroleum 
Corporation, was designed to study the effects 
of o,I discharges on the fishery resources of 
Lake Maracaibo, Venezuela Although the 
assessment of the 1mpdct of the effects of o•I 
was of primary concern, the design also 
included an ev.iluauon of the potenual prob­
lems associated w11h the discharge of domestic 
and industrial wastewaters lh,s was the first 
ma1or ecological and pollution study conducted 
south of the 5tra1ts of Maracaibo 

lhe overall objectives of the program were 
broad, as Indicated below 

• Acqu1s111on of baseline data on water 
qu.ahty, primary product1v1ty, m.acrofauna, 
sed,mt-nis and fishery rMources of the- lake 

to est.ibl,sh the ecologlul characterist ics 
of the lake 

• Acqu1s1ton of data on the ~ ,or sources of 
,ndustnal and domestic wast,ewate~ dis 
charged to the lake 

• Determination of low le-..els of 011 and 011 
compounds in water, sed,ments, and 
organisms 

• Determination of tox,oty of 01 I on selected 
.aquatic organisms by laboratory b,~y. 

• Assessment of the probable and potential 
impacts of o,1. o,I compounds, industrial 
and domMttC .~ate~ on the fishery re• 
sources of Lake M.araca,bo 

'4AP Of LAU MAAACAISO SHO~l, C Oil 
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KOLOGY OF THE LAKE: 
l\.iPACT OF DOMESTIC AND 
11\i/DUSTRIAL DISCHARGES 

Ecologi<•I Chuutuistl<'\ of the ukt 

"-1Nwremt'nl\ of ~l1nity confirmed the pres• 
en~ of • SN~nal cyclic incrN~e ,n surface 
v. atcn from about 2.0 10 3 8 p•m per thou~nd 
pp!) O\'t!f the period of Januuy 10 August A 

b)'t"r of high ~•lm t)' water grca1er th•n 6 0 ppt 
"as dett'CIC'd at 2S meter; depth m an .irei 
southv.e,t of Bach.iquero The concentrat10n of 
nutrierm 1ncrN'led m 1h1!> l•ter during August 
through Smcmber, but v.as slov.1y eroded by 
the ovcrlyini: frl!'sh v.at~ The relea,e of the,e 
nutnents to the photos;nthettc zone contribut~ 
to the al~I bloom ob~nt.•d in late v.1nter and 
early spm1g 

Water qu•h1y •n•I>~ demomtra1e-d the 
presence of subst,1n11,1I conce-n1ra11on, of both 
pho,phorou, and nnrogen ,n the lake w.iter 
The high~t coricentrat1ons of both nutrients in 
surf.~ v. •ten are louted nt>.ir thl' popul;ited 
.ireil\ Chloroph) II ;inal~ ha\e confirme-d 
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the observation that .ilga( growth 1s most 
prold1c in the ,ame areas The phosphorous 
concentra11ons in the l•kc water are se11eral 
1,me, h,ghN in the surface w,lters than \'ter, 
mN\ured in the mid 1950's 

Rt-.,er water analyses showed th.it rivers 
discharge s1gnifoc-ant .imounts of nutrients into 
Lake Marau1bo Some of the\e nutrients resuh 
from domestic and tndustn.il wast~ entering 
the rners upwcam from lake M.iracatbo low 
dissol-.,cd oxygen le-.,els were mearnred in 
se-.,eral mers During the wet season the 
mer wastes are high in SU\pended solids For 
example, the Calatumbo River plume can be 
detected many kilometers into the lake!' during 
the period of high runoff Marked deltas exist 
at the mouth of the m.iior r111ers 

Benth,c (bottom-living) flora and fauna are very 
\par\e in the lake X>me polychaetes, snails, 
and clams arc present, The fine, unconsol,dated 
\ed,ments and the periodic low oxygen cond1-
11ons in the deeper regions of the l.ike offer 
limned habitat\ for benth1c organisms 

The populauon of phytoplankton 1s dominated 
by the blue-green algae. An.icyslts cyane;i 
At the primary level, the lakt> 1s probably tht­
most productive body of w.ater in the world 
w,th mt-asured "'•lues grt-ater than 5 grams 
carbon f1~ed per \quare meter per day Tht­
c:oncentra11ons and d1vers11y of the phyto 
plankton community are lower .ind less diverse 
tn the summl"r•f.ill than during the "'inter• 
spring period /ooplankton populauons .ire 
abundant but have a low d1vers11y 

Stomach content\ of a range of species v.ere 
e-xamined !,hrimp and small f,sh are the ma1or 
food sourcl· for thl" urn,vc.re f,sh such as 
cul\1na (Cyno1non marac.i1boen111) Lisa 
(Mug,/ spp J and bocach,co (Proch,lodus re11-
r-ul"u,) and ,Jrd,na are plankton and detriul 
feeders The ma,or food sourct'S for \hrimp are 
alg.il, zooplankton and detrual material of 
orgJn1c and ,norgan,c origin 

f1sht•11es data for commercial landings .ire 
only •va,lable for the past eight ye-ars. and arc 
basically l,m11ed to total catch These data 
,nd,cate th,11 there has been a continued 
increase ,n annual c•tch Th"re app«",lr\ to be 
poten11al for incrNst'd landings However 

-
AVEIIAG( 1'111"4-'RY , 11o o uCl tVITY!(UltlSS[O ASGAAMS 
CAIIIO N flX[O , c11 SQUAIIE Mflllt , c11 OAY) 

11 1s not possible, e"en on a quahtat,ve bam, 
10 \late- "'hNher the f ,sh populations of the 
l.ike have markedly changed over the lasl 
three dcudes, either m total or by species 
hen ,f there had bt"en l hange,. the lack of 
standard detailed dat.a u\ed 1n f1sheroe, stock 
asse-s\ment doe, not allow apportionment of 
chJnge<. between fishing 1nte-n,11y on the one 
hand and effects of pollutant load, be 11 011, 
domestic, or mdustro•I w,1stes, on the other 

Impact ol Oomeilic .ind Industrial Wlllew•ters 

Domestic "'astes from more than 1 S m,11,on 
people m the lake bas,n arl" discharged dirt>ctly 
or 1nd,rectly ,nto th<' lake without treatment 
As a re\ult, bacte11olog,c-at and Ol(ygen demand 
problem, occur ne-.ar the poput,11ed areas 
t,m,1t>d ba<:te-r,olog,cal analyse-, Indicated 
that ,n the..e art'a, fecal cohform conct'ntra­
uons exc"t-<l rec omm,•nded US s1and~1d, 

The s11mul,u,on of .ilgal growth by the add t1on 
of nutnents from these w,1s1es, part,cularly 
ph~phorous and nitrogen, appe,1rs to be .i 

sign,f,c,1111 ,.nd growing probkim The concen­
trations of 1he\e nutrients are high wnh me•n 
winter valu~ in surf.Ice wo11ers of -40 µg/e 
ph~phate phO\phorous o1nd 180f-'g/e ammonia 
nitrogen These v,lues e•c('ed th<Xe of the 
Nonh Amencan Great Lakes and suggest an 
.iccelerated r,11e of eutroph1c.it1on 

Industrial wo1stes from t,1nneries, meat render­
ing plant\, breweries, d,mlleries. dairy and 
food processmg plants In thf' Mar.ic~1bo city 
.irea d1sch•rge subst•ntl.il qu•ntot,es of org,1n1c 
material .ind nutrients into the Str.t ts of 
Mu;ica,bo To a les~r degree there rs •lso 
d"charge of 1oxtc m.iteuals low o•ygen zonC'I 
were detected nt'ar the bottom in the Stril ts 
of M.1r,1c,1,bo, and the nonhern pari of the 
l,1ke These zones appeu 10 pen1s1 10 some 
extent during the wet ,eai.on Tempor•ry 
depletton of d1ssol,ed oxygen w.is also detected 
,n the southe•st area of ttM- l.ilr.e offshore of 
the ,nd,rect d,sch•rges of m,lk processing 
plilnts, an agricultural 1mg.it1on return water 
and a sugar processing plant Low d,nol,ed 
o•ygt'n levt'ls were .oho meawred at the 
mouths of se,e-r•I ,mport•nt rf\t'IS d,~harg,ng 
into the southern rt"gion, of the lake 

Thermoel«-ctrlc power plants oper•tmg on rhe 
lakeside not only drsch•rge ,. therm•I effluent 
to the lake, but •dd,tton•lly, at lent !'Ao of the 
pl•nts use a toxic chemical, iod,um pent.i­
chloropht>nate .is • b1oc1de to reduce b,olog,c.il 
foul,ng In tht'ir cooling sy1,tems Tolloty tests 
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condu(1!.'d \\1th commcrNI ,peC'ics of fish and 
shrimp m efiluen1 water ihov. l'<l 1hl, m.ttl'nal 
10 be ('\tremel I0\1C, C\<'n after $Ubstan11al 
d luuon "uh la~.c w.ilt'f To reducl'the cone en• 
1ra11on In the <f,schu'&C from a 250 mega.-all 
pbnt 10 nonto,tc IC\el\ (i e O 2 ppm) would 
require dilution "1th 1/10 to 1 f20 of the tot.ii 
v.ater pa"tng through the ,;,1r;i11s of Maraca,bo 
ma da) 

FA TE Al'\0 EFFECTS OF Oil 

In 1he 60 yea~ ~mre 1he slut oi commerrn1l 
j'.lf'troleum oper.1t10ns m 1he Lal-e Maracaibo 
~ ... n, \ enezut"b has ~e onti of the I' orld 's 
le,dmg oil producen. The production h.i1I• 
able from Lal.;e \araca1bo alone 1s C)tumted 
10 be about 2.S00.000 barrels per day In v1l'W 
of 1he magnltudc of these operations, ~me 
d~rges of petroleum into the lale l'ateh 
.ire 1nc\ uable fro.'TI p1pelme breaks and other 
iccidents modental to p•oduct1on ind tram• 
pon opem1ons There n no qu~uon that large 
spills of oil mto .iquatic envuonmE"nts can 
ause l0Clll11ed, adverse eftect> This has been 
v.'CII documented by• number of 1nv~t1gat1om 
mto the t-ffPCU of large 011 spills on marine 
~stal communrues mother pam of the world 
Hov.evcr, 1he more comprehemi.e problem of 
~ermm1ng the long-term eff~isof peuoleum 
d&harges on the overall aquat,c ec0<,~rem of 
Lille ~racaibo 1s much more d1tficulr long 
~lore e1plorat10n for 011 v. as contemplated by 
man, the fale v..is expo~ 10 petroleum con• 
urmnatoon through m•.ural seeps In add,1,ori, 
there ex&~ no re~ant ba~hne chl".m1c•I or 
b,olopal d•ta from c-arly or preproduction 
c-ras agamst which to compare present ddy 
results 

Thus, at 1s not possible 10 quan1,1a1,vely rtl•te 
the influences of pt!lroll'Um dlSch•rge 10 tnv,­
ronment.il di•nse. How~l'r, 11 1s highly dt"s,r­
llble 10 ,II le•st qual1u11vely es11m•te the 
cffetts of ~oleum on the tale <'<os~tem 
•ncl to compare them wuh other factors only 
ind1realy ,ebted to the pt!troleum ,ndu\try, 
such .is rapid 1ndunnal gro,.,lh and popubt,on 
increase. 

lwo parallel m,ewg•t,ons ~ere conducted. 
The fmt wu to determine- the fate of petrolf'um 
drsdiari;ed into u~e water\, the second w•s to 
determine the possible effects of the pelroleum 
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d,sch.irgc\ on 1hc indigenous b1ot.i The 
studies on the f•te of 011 were directt'd toward 
measuring level, of J)('troleum prest'nt in lhc 
waler lOlumn, biota, ,and sediments of La~, 
Maracaibo Smre em11ng arialyt1cal mNhod. 
ology for de1erm1n1ng trace quant11ics of hydro. 
urbom in env1ronmen1al \amplcs was ohen 
incomplete or inadequate, com1derable effort 
was made 10 develop tt'chn1qul's In adcl11,on, 
l1m11cd studies were conducted on 1he "weather­
ing" charac1em11" of pl'lrolt!um, on lhl' po1cn-
11al for m1crob1al u11l1zat1on of petroleum 
compont'nls, and on the effert1veness of stt1ble 
Cllrbon isotope ratio measuremt'nts as an 
md1cator of petroleum contamm.it1on. 

Concurrcn1 w11h the analytical mc>asureml'nls 
on field samples, laboratory s1ud1c.-s designed 
to mt'asure the effects of 011 and 011 components 
on lake b101a of commercial 1mport.irice 10 the 
Mart1ca1bo region were undertaken. These 
studies were more comprehem1ve than Sliln• 
dard b,oassay me1hodology. They not only 
•1ttmp1l'Cl 10 quantify, bul also to 1den11fy and 
char•cterize the propert1l's of the toxic com­
ponents of petroleum in order to estimate the 
prob.ibll' effl'Cls of these on the aquauc envi­
ronment 

Studies on the hte of Oil 

Extr•ctablt" Org.inic Material and Hydrocarbon 
in the Lake Maracaibo Water Column 

Tht w•ten of Ldke M.iraca1bo were perrod1cally 
\ampled over severi months from September 
1973 lo March 1974 at 27 loc.illons Samples 
taken at one meter depth and one mPter from 
the lake bouom were extractl'd w11h carbon 
1e1rachloride and the total extractable organic 
material determined using infrJred ~pectro­
photomttry. More thdn 90 percent of the 
s;,mples contained le\, than one part per 
m1ll10n (ppm) of ex1ract.ible organic material 
M,my of the dt"ep samples having a higher 
content of extractable organics also conwned 
SU\pended solids Such contamination 1s allri­
buted 10 the mong currents and generally 
uncomol1d.ited sediments Samples t•ken ill 

one mttrr depth and containing more than 
O.S ppm e~trdctable organic material were 
subJccted 10 detailed inves11ga1,on lf'SS 1han 
15 percent of the ex1rac1able orgdn1c material 
could be class1f,ed a\ saturate or aromJIIC 

.. -CONCl'ITllATIONS Of ElO'llACTAllE o•GANICS IN 
LAKE WATUI ISl:'1--0CT 1'73), 1m Dl'1H co .. a .. . 
T•ATIONS I'll PPM 

hydrocarbons, .ind no meth) ln.iphthalenes or 
other aromatic matt'rrals were dett'cted Thu\, 
the bulk of the org.in1c material in these 
~mpte, could not be 1dl'nllf1ed as ~turate or 
.iroma1,c hydrocarbons of pe1roleum origin 

In a relatc-d study two samples of the blue­
green t1lgae (An.icys11> ryane.i) wt>re analyred 
for hydroc.irbon content One ~mple was 
ta .. l'n from an 011 produong arell and the othf'f 
from ,m arc·a without 011 productton The hydro­
carbon compounds found in both s.imple-. "'ere 
s1m1l.ir. The fl'W hydrourbon~ detl"Cted had 
propcrM•s con,1>trnt with alkanes nor~lly 
found ,n the,e lands ot plants and which are 
belie .. ed to be formed b10syn1~11call\ "-o 

,. 

other alkanes or nilphthalenes of petroleum 
origin were found 

The results of 1nves1ogat1ons of the extr.ict,1ble 
organ,c marf"rial in tht! l.ike indicate th.1t the 
bulk of the water column 1s largely free of 
hydrocarbons characteristic of petroleum. 
1n spite of olxen,ed surface sl,cks, suspended 
b,tum,nous parllclt"1, .ind b11um1nous m.1tenal 
on 1he bottom 1n.,es11g.it1ons of the hydrocar­
bon compos1t1on of the blue-green ,1lg•e, a 
predominant species ,n the l.ilce, furth<?r served 
10 11lus1ta1e th.it dettct.ib!e h~drourbon mate­
ri•I in the water 1s not nec~urify of petroleum 
01131n 11 1s likely th.it most of the extr.icuble 
org.in,c material 1n thf'Se w.iters 1s derlVed from 
algill and other plant m.iteri.il 

Hydroarbon Content of f"•h and Othu 
Orsanisms from l.llce ¼racalbo 

s~mple~ of commern.illy import.int species 
\'wl'rt' examined tor h)drocarbon contents wuh 
two prmc1p.il ob,ectr.es. first. to determine- tf 
petroleum hydroc.irbons were accumul.nl'd 
1n the tissues of fish obt•ined from the Like. 
and second, to 1dent1fy the ty~ of hydrocar­
bons 1n the f,u, which normally would be 
consumed by the loc.il popubllon ~mples of 
fish mu\Cle tissue- representing sn different 
s~e-, from the 1.ilce were a~lyzcd for 
n-alk.ines, methylnaphthalenes, tot.ii Siltur.ite 
hydroc•rbons,and tot.ii aromatic hydrocarbons 
The results obtained were comp.lred with 
an.ily\es of fish ~mples, both from other 
loc•tions 1n Venezuela .ind from -.:orth 
Amer,can waters. In all, 24 fish from the lake 
~ere comp.ired ~ 1th 8 fish obtilmed from 
other areas "'h,ch .... ere rebtavely o, free 

Cu,.,1na (Cynosc,on m.ar.ica,boem,s} w.as 
stud,ed mo•.t intensively be<;au\4." of its rel.1t1Ve 
~bundance and rommc-rci.il 1mporta~ Th,~ 
spec,ts proved to hll~e the io...est hydrocarbon 
content, averaging le\s th.in 1 0 ppm total 
reco~erable hydrocarbon, Other species from 
the- lake, l,sted m order of 1ncreas1ng hydro­
carbon content of the muscle tMue were 
robalo (Centropomw ens lrrw}. fr;a {"'ug,f 
curem.i), white shrimp (Penat"Us schn W}, 
m.in.imana (Anodu\ la!i«p,} .ind boach1co 
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(Proch,lodus r ,c11cu/"u1) The high to••! 
hydroc,1rbon con rent of the bocach,co (.38 pprn) 
1\ of p.11ttc:ul.1r lntert>SI since this 1pec1e\ of 
foh prefers fre1h water and doc, not frequerir 
the 01I producing ar<'J\ of L.ike Mar.ica,bo 

HO\H'\N, none of the ~mpl~ ex.im,ned wer, 
found to conr•1n methylnaphth.ilene com. 
pounds The\e compounds c.in be consrdertd 
to be an 1nd1ator of contilm1n•t1on by perro­
leum, thus, the failure to detect them .it le~,ls 
below 10 p.im per b1ll1on (ppb) suggests tha1 
the1e J)<'troleum-demed hydroc.irbon com­
pounds are not accumulated 1n the muscle 
t1s1ue of those sample1 examined. 

On the other hand. s1gnlf1cant quan1111~ of 
ind1v1du•I s.iturilted h:,,drocarbom were found 
in many samples of fish from the lake as Y.ell 
ills from 1everal samples obtained from outside 
the lake •rea lnvilnably, the maJonty of this 
material had properties consistent with 
pmtane, a naturally occurring hydrocarbon 
which ha1 been previously reported to be­
present in the tissue, of marine fish Saturate 

1'01,Hl,lRIDA .. AIMRY VI~ 
l SA¥PllS 2 l ppm •• 

Pl•CH IGRA Y5 KAR 1(),1 USAI 
H4/1ll'U.\ l I PIii'!"' 

S(A TROUT IGAIVA\10', l!ACH ~\A• 
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hydroc.rbons with propcr11cs corresponding 
to n,alk•nes containing from 15 to 20 cJ1rbon 
,1tonu were •1\0 found In lener •mounu 

The d•ta obtained 1nd1utcs 1hat there Is lmle, 
cv,<lence for tlie accumu tton of ~troleum 
hydrocarbons1n the f1di mples exammed 
Although ttie number of samples ts small and 
the specu?s limited to the major commem•I 
ones, 11 Is s1gn1f1cant that naphthalenes, ind1c.i• 
t1vc of 011 contam1nat1on, were not found 1n 
any of the Hmples studied Saturate hydrocar• 
bons are thought 10 enter into the- food web 
beg1nn1ng with compounds naturally occumng 
in plants Saturated hydrocarbons found In 
these tissues fall into a pattern consi\tent wnh 
this ml'<.h.in1sm The amounts and tyl)<'s of 
hydrocarbon, found In the tissue samples 
appear to be more • function ol the spec,e-s of 
fish rather than the loca110n from Y.h1ch they 
y,ere obta,ned This 1s 1n agreement with stable 
urbon isotope rat10 d•ta obtained on wmples 
of 11ssue The rel.it1ve abund.ince of carbon• 13 
,n the \amples was more dmely related to the 
speC1e\ of fish than ~mple 011g,n, aga,n 
suggesting that urbon demtd from petro• 
leum has contnbuted httle to the carbon cyde 
of the aqu.it1c populat,on 

Although an effort was made 10 determine the 
concentrat,on of polynuclear aromatic hydro• 
urbons ,n s.implt>S of tMue from se-.eral 
\pec,es uf 11\h, the senrn,v11,es obtalntd using 
m.iss spe<trometric mtthodology were d,s.ip• 
po,ntingly low The result\ from a l1m1ted 
number of \amples ind,oited no detectable 
hydrourbons having structur~ cons~ient 
v..11h pol~nuclear aromat1a, howe,er, the 
presence of les\ th•n O 1 ppm of .iny speaf,c 
twe "'ould not have been detected by the 
method 

Organic Composition .ind Hydroutbon Con­
lt'nl of th .. ~ im .. nt, of uh Mar,caibo 

O,I d,scharged 11110 hle Ma1aca1bo ts dim• 
p•ted through e,apor,111on, solub1hzat10n, and 
b.ioen.il degradation It I\ not unreason.ible, 
ho..,ever, to expect that the b1tum1nousres1dul'\ 
of prtroleum d1Khargn would f'ventually 
become ~rt of the org.an1c content of thf' l.il.,e 
bottom It is theuiforc not surpr~mg th•t 
ob\ervat10n, of bituminous part Kl~ m the sed • 
ments of the lake "ere a frequent occurrencf' 
tn 15 dredgf' sample, subie<ted to chemical 

characte111~hon, two ta"en off the northent 
shore were found to contain numer<>tn bitum,­
nou\ p.irt;cles ranging from 2--4 m1ll1meters 1n 
diameter 

Lake Mu.ica1bo sed mcnts are rich ,n org.inlc 
mate,~1 S-lmp1es have been f'tam1ned wtuch 
have extractable organ c contents as high is 

3 percent of the dry weight of the sediment, 
although many samples h.lve lower amounts, 
on the order of about 1 percent It ls d1ff1cu t, 
however, to l\\t'\\ the relat111e contr but,on of 
petroleum discharges 10 the total organic con• 
tent of the !ale sediments since 11 k preckely 
th<xe .ire•s of mtensrve 011 produa,on that ako 
are affocttd by heall'j planhon IOilds and by 
l.irge ~olumes of indu\trlill and domestlC wastes 

In order to aueu the contr,buuon of petroleum 
hydrocarbons to the organic comp<>Mllon of the 
sediments, over -40 lake sed11T1ent core and 
drtdge samples talen from widely sep.irared 
geographical loauons were charKtenzed with 
respect to the organic comp<X1t10n Quant1til• 
tl',e measurements of the total organ,c extract 
"ere made as well as of rhe amount of saturate 
and .iromu1c hydrOCJ1rbons in the sediments 
In addition, the organic fracuons obu1ned 
were charactemed by man spectrometry 
ucord,ng to .ibundan< e of component h)-dro­
carbon t)pes Other measurements included 
~term1n,1110n of elemental composition, 
molecul.tr weight, .ind total orgaruc carbon 

There seem\ 10 be lrnle doubt that the area of 
the lake compnsmg the mo\t M'llt'nsn.e produc• 
11on a<tMty has a ~,ment ~aruc content 
distinaly different from 0100 reg,ons.. Sedi­
ment samples from nonproduct1on locaie had 
h,gh rel.ttr.e conet'ntr;it,ons of .iromat c com­
pound l)pes ,n contrast aronut,c h}dro­
nrbons "ere rel.ttrvely abundant ,n the sed1• 
ment s.impll'\ from produong .ireas and their 
element.al compos t10ns more consl!.tent ""1th a 
heavy .iromauc petroleum frilction The mass 
spectrometric data ako suggest tha: some of 
the organic mue11al of the ~ menu 1$ 

petroleum rewdue This Cill\ be deduced 
from the rel.11.-.e concentr.itions of satur.te 
htdroorboru n lal..e sediment5 and from the 
con\l\tency of the sa:vr~te compound•t)pe 
dL\tr1but10n pilterns "' h samplft known to 
contiin petroleum b tumen 



Studies on the Effects of Oil 

To~tc ClfN:t of o,t on Lll.e M,moibo Fi,h, 
Shrimp, •nd Plan~ton 

The 10•101) stud,<'s conductt'd at the I as 
Morochas laboratory were de\lgnl>d to anw,er 
a number of qul'Stions regarding the to~1c11y 
of pctroltum to the aquatic b,ora of Lalct 
Marac.i bo It v.as, of coul'\C n<'Cl'\s.iry 1M1ally 
10 dNcrmrnc the cona.-n1ra1Ion le,el, of crude 
o l rcqu red to induce mortaltry In commc-rc1ally 
1mponant ,pcc1t5 01 perhaps cqu,1I ,mpor• 
Linet' was the nl'C<'Sltty of desrnb,ng the 
factor. v.t11ch contribute' to acute toxic effects, 
and of as1e,, ng the relat1\e importance of 
thcs<' factor~ when actual dischargl'S of o,I into 
tht lakt occur Thus, exper,mtnrs designed to 
e,atua1e 24-hour mt'd,an rolerance ltm,ts 
\Tlln.i, of '>1ar1ca1bo organisms, v.ere accom• 
pan,ed by studol'S to dtrermint the effects of 
'v.Nthtring of crude oils on 1he1r toxic 

prop!.'n1e1 1'1 add,t,on laboratory comparisons 
betv.cen the 1ox1Cll1t'S of 1,ghr and heavy crudes 
""ere.- rn,de and the long-term effects of 
rep<-ated Nposures to 011 studied 

Ir was found thar an ,mporranr variable influ. 
encing 1he rourny of 011 in water was the type 
of 1gIi.a11on u..ed to mix 1hc 011 \~1th the water 
Thus, a g<-'nlle ag11a11on ol an o,I-water m,xturt' 
at the le-ti of 10,000 ppm ,nduced no rox,c,ry, 
v.hert-as an ,dent,al m,xrure .... as h,ghly 1ox1c 
v. hen ag,tat!'d for 10 m,nut~ woth a magncr,c 
surrer The ""cos,ty of the test 011 was also an 
important variable under the expc.-rimental 
cond,t,ons used T,a Juana light Crude mixed 
poorly v.1th lake water 8'"'°8 erratic tox,c 
r"1pon~ and re,uh,ng ,n no e\lodcnt corre­
ln,on between amount of 011 added and toxt(tty 
On the oth<'r h•nd, Tta Ju.ina Heavy Crude 
mned v.ell w,th w.irer, but imparted less 
to.iaty thari Tia Juana Me-d,um Crude 

Most of the- acute tox1cIty t'xperime-nts were 
conducted ustng • stat,c b10.issay procedure- ,n 
which a g1>en amount of o,I was ag,t.ited w,th 
l•ke w.itt'f usmg \ltgorou, mechan,al srorrong 
Th,s was follo,,ed by ,ntroduct,on of the test 
organisms mto rhe separated water phase 
The •fl'IOl.lnt of o,I <ontaeted by rhe lake wa1er 
1s e,pressed ,n p.ins of o,I per m,11,on p,1r1s ol 
1.ike v.ater (ppm) Thus, the values for o,I 
roxoc 11y are b.i>t"d on thr .amount nl otl adrle-d 
to the w•ler rathe-r than rhe concentrJt1on ol o,I 
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TOXICITY OF WfATHEREO Oil TO SHRIMP' 

In the water column Using this procedure, a 
2◄-hour median tolerance l1mt1 (Tlm24) of 
wh11e shrimp (Pen"u5 schm1111) for South 
T,a Juana Medium Crude was 1507 ppm, w11h 
95% conf,dence l1m1ts of 1133 and 1667 ppm 
For l1sa (Mug,/ curema), the value obtained was 
2400 ppm (2325-2465) Robalo (Centropomus 
cmtferus) was about 10 1,mes more resistant 
rhan shrimp to the lox,c effects of South T,a 
Juana Medium A dehydrar,on chemical com­
monly l'mploycd in the processing of the crude 
011 did not increase the 1oxIct1y of 011, bur 
app.irently decreased the tnduc1,on ume for 
toxic response 

These Tlm values do ind,cate the relative 
sens,t,vtty of the organtsms Using the same 
ag,tat,on for e.ich 01l-wa1er mixture, there 1s a 
good correlauon between mortal,ty and the 
total 011 added 10 the system Certain ol the 
rest ,,.iters were .. naly.ied for total otl and for 
light aromattc hydrocarbons These an.ilyses 
re,Nled that mortal11y generally correlated 
poorly with total o,I ,n the water bur re.ison• 
ably WE"ii w11h the concentrar,on of light 
aromatic hydroc.irbons 

Experiments to determine the effects of 
weathering of su rfacc.- I tlms on r~ulttng toxic11y 
al\lO \hov.ed ii dose correspondence betv.,een 
the quanr,ty ol 1,ght arom.i1IC\ extracted into 
rhe water and mortal,ry hposure of crude 011 
film\ to the armo,pherc at 1hc lake\1de resulted 
or1 rapid lo\,l'\ ol "arcr soluble ltgh1 hydro 

carbons, with concomitant reduction In ab,l,ty 
of the 011 to induce mortality. After 24 hours, 
011 f,lms on lakt: water approximately 3 m1ll1• 
meters in thickness lost all toxic properties 
Thinner f,lms approaching those wh,ch would 
be expected in an ,1ctual spill sItua11on lost tox,c 
properties 1n less than 90 minutes of expo­
sure S1gn1f1cantly, ft\h maintained ,n the 
wearhenng !,mks durmg the 011 frlm exposure 
tests d,d not expenence mortality; rather, the 
f,sh tended to remam under are.is covered by 
slicks 

ln\lest,gat,ons of tht properties of thl' toxic 
substances present n oil-water mixtures 
showed that sparging these rest solutions with 
air rapidly rendered them less toxic to test 
organisms Subsequent experiments were 
accompan,ed by analysis of the lest ~luuons 
for concentrations of 1,ght arom,1toc hydroc.ir• 
bons These experiments demonstrated that 
e\len with the minimum amount of aeratton 
required to mamt,1in the test animals, hght 
aromatic hydrocarbons were r.1p1dly lost from 
solution The d1sappe.irance of 1hese hydro· 
carbons was approx,matel) logarithmic w,th 
respect to time 

In add,uon 10 the uure tox1c1ty test,ng, a long­
term chrome study was urned out 1n wh1th 
JU\len1le fish (Mug1I curema) were exposed to 
o,I spilled daily onto the surfa(e of the test 
tanks through wh,ch lake water was flowing 
During the course of the rest (11 weeks), the 
growth rate of the exposed ft:.h were monitored 
weekly, and at rhe end of the test, the hydro-

carbon concentrat,on~ 1n the whole test ftsh 
were determ,n~ There were no s,gmf,cant 
d,fferences observed, e,1her m growth r.ites or 
en detectable hydrocarbon concentratton 1n 
the exposed f,sh when comp.tr~ to the control 
f,sh 

In stud,es on the effects of 011 on the phyto­
pl,1nkton community 1t was found that concen­
tr,mons of up to 1000 ppmofcrudeo1I enhanced 
the photosynthet,c processes, as me,1sured by 
14(: uptake and oxygen e\lolut,on Al higher 
le"els inh1b1t10n was found to t,1ke place 

Assessment of the f.lte ;ind Effects ol Oil Ois­
ch,uges on the liot.1 of uke Mancaibo 

from the tox1c1ty rests, 11 would appear that the 
prob,.b,hty of direct toxic aa,on from a surf.lee 
spill of o,I on th~ fi&li of take ~r,1a1bo 1s"Very 
low, V1gorou~ agrrat,on requorecl to extract 
t lie, tox,c hydrocarbons from petroleum. ;ind 
these compounds vola11hze rap,dl) from a 
surface sl,ck A submarine le,1k m.iy produce a 
loahzed rox,c response, but 1here 1s msuffic1em 
d,1L1 to .issess the relative 1mport,1nce of such 
discharges 10 other po1ent1,1I sources of 
ecological stress throughout the l.1ke 

Stud,e-s ha"e further 1nd1cated that chronic 
exposure of fish and shrimp to "'background" 
le"els of 011 In the lake are unltb: y to result ,n 

mortality le"er~ of ex1ract,1ble Of'ganic mate­
rial ,n the lake w.ite,- ,1re gener .. lly low, 
H) 5 ppm) wtth good evidence 1hat the tot,11 
hydr<>earbons tn the water, ,1t leolSt below the 

AfllAlYSIS Of LIGHT ARO"'4.\TIC HYOIIOCAltlONS '" 24-HOUlt STATIC ■IOAS~AY ~ SHIIJ."'4~ 

O111/l•ke w•ter r•u<>' (mti2t S 56 444 3B 222 0 

Bf'nnne, mg II! 210 1 as 138 0.34 

Toluene, mg/I! S 08 342 4 Z7 204 

El Bf'nzf'nt', mg/2 0 SO 041 OS3 0.24 

m, p-llylf'nf' mg/e 2 21 144 2.H 0 8'I 

o-Xyl.-n.,, mg/2 079 044 0 60 028 

C9• 'Arom•t1C1 mg/Q 1 06 Oil 101 0~ 

Tot•I Arom•h<'\, mg/2 11.74 819 992 4 Sol 

To1•l 0,1 (IR mg Q) 12.1 162S 5&4 619 

Mortahly at 24 hn 'K, 100 82 70 36 6 

•s T•• Ju•~ llglll Crude O I 
O,I ,1,urd ""•th l~lt;f' w,,~ u t.ni; .a fTWI"~' c st,,r., 
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iurfacc, IS an order of rm r, 
I h<'re 1 -no l!Vld<'nC e for • 
lrom.tiydroair bon, ii\ re s 

-~.,--""--_hal<?lle) In 11ie h 
lake \ \ hal hydroc,1rbon m,1te• 

na n rNovered from tMue qmple\ 
app('a"' to be of b1og<'n1C orrgm and more a 
funcuon of \P<'(tes and d,et 

Thne 1s e~idl'nce of the prest'nce of s,gn,f,cant 
quantttres of brtum1nous residue m lake ,ed1• 
mentsobta,nl.'d from .ireas of petroleum produc­
tion. It Is log,al that sp1ll1.'d otl not removed 
from the .... ater column by evaporation or 
b.Jcterral degradation would become part o f 
the sediments lhrough ~1menta110n mecha• 
nr,ms 1o1m1lar to th<'! acrumulat1on of other 
organic clcbm There are no da1a to ,nd,cate 
the rate of accumulation of bitumen m 1oed1• 
ment\, or whether the rate 1s Increa,rng or 
deocu1ng The prob~b,hty that 1he b,tum,nous 
mater~! in the srd,menh h,., a Mgn1focan1 
impact on the liikc ecosy"em 1s low, ho .... ever 
Rapid M"drmentation rates and the paucI1y of 
benthos 1hroughout the lake to ImtIate tramfer 
through the food cha,n, give some assurance 
1ha1 the sPd1mrnt, represent a relattvely 
permanent rcsposItory for th,, matenal 

CONCLUSIONS 

There 1, no qucst,on that srgnrf1unt dl\Charges 
of 011 and o I compound, me ,dental to the pro• 
duct1on of petroleum in the ule Maracaibo 
bum ha~ occurred over the la,t four decades 
m add 1,on to that material frorn natural Sf't"ps 
H~ever, the dau obta1nt"d during the coul\e 
of th progr4,n from both laboratory and f,f'ld 
stud= would mdiate that present 0l)f'rat,ons 
ha,<- not au\Cd d m,ble damage The rapid 

1th! hy rocarbom frorn 
the atm here ha, 

beenshov.n r n,sms 
oil 
ed 

the 
f M"lee1ed commercial spec,es 

lhe occurrencf' of bituminous res,due-1 on the 
'M"d=u, panicularly ,n the production ••e~,. 
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, .. ould suggesl th,11 the natural p rocesses of 
,ola11hutt0n, b1odegrJdat1on and sed1menta. 
lion .ire the maJOr mechanisms for removing 
,,cathcred oil from the b,olog1cally p roductive 
zone Exam,natron of the l,m,ted fisheries data 
ava,ldblc docs not suggest th.it the resources 
are being depleted Cons1deratton of the 
potent1al impact of nonpe1roleum w.istes, both 
domestic and industrial, Indicate tha1 these 
nonpC'lroleum malrrials .ire contributing to 
the degradation of the water quality, which 
consequently may reduce the b1olog,cal 
resources of the lake 

The l.ike M.iracd1bo Bas,n Is unm1st;ikably a 
national resource and has the potential .is a 
rf'suh of thf' f'~tStence of suNble o il and gas 
reserves 10 develop ,nro a major industrial 
cenrer In add,tron, the lake 11\l'I( has grNI 
potential to support a managed fishery which 
can make a s,gn,f,c an! cont11but1on 10 the pro­
te,n and economic base of the counlry, and 11 
clNrly could be a maJor source of potable. trrt• 
gat,on, and mdus111a l water for western 
Vent'zuela Howcvf'r, th,s study tnd1cates that 
evl'n with the p r£'sent expansion of urban 
<1rf'as .1nd a w,de variety of tndust11r1 with 
hm,ted wastf' trf'atment f.ac,I,ues, small but 
s,gn,f,c,.nt changes h•ve occurred In thf' quality 
of lake water Past trends and pred,ct,ons for 
rhe furure suggest th•t cont,nut'd devf'lopmenr 
Is a v1r1ual certatnry, .1nd 11 ts suggested th.1t 
without envlronmenral protection the degr.id.1• 
tIon of the lake sysrf'm could continue to a 
stage when muh,ple u~ options of the resource 
will be severf'ly rl'duced The issues and prob­
lf"ms .iming from bd'1C goal, .1nd conflrcts of 
multiple usf' of the bas,n can be resolved 
through a well orderf'd ma.rer devt'lopmf'nt 
plan of regional scope wtth local ,nterem, 
nt"f'ds, constr.1,n1,, .ind opportun,t,es u rf"fully 
cons,dl'red w,thtn a frdmew ork of ndt,onal 
pol,cy and obJecttvf's govc-rnt>d by the broad 
.ind long•range ,nrerests of tht· nation Jum• 
d,ct,onal .ind lc:-gal factors ,nclud,ng problt'mS 
of d,spured acce,s or control of resources, the 
econorn,c-s of prof,t orien ted comper,r,on for 
acc~s dnd use of lake resources, soc1olog,cal 
and econom,c lac to" bear,ng o n ,ssues of env,• 
ronml'ntdl df'gr.1dat,on and «•sources are maJor 
com,dc-rat,om that will nt"ed to be addrf'ssed 
by th" plan 
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INTRODUCTION 

Petroleum Production In u ke M.aracalbo 

According to Baptista (1966), the first reports 
.about the existence of 011 in Venezuela came 
in the s1xttenth century from the Spanish 
conqu1st.idores who o!xerved seeps of 011 
along the co,uthne of lake Mar.aca,bo Al­
though there w,1s some commerc1.al .ae1IvIty re­
lated to petroleum in the region .is e.irly ;n the 
1870's, the first s1gn1f1unt progress for the 
Venezuel•n 011 industry ,s considered to be the 
discovery of the Mene Grande field in 1914 The 
tremendous econom1cpoten11al of petroleum ,n 
the Maracaibo region was not fully realized, 
however, until 1922, when the Los B.arrosos 
"'o 2 well blew out Th,s well, located on the 
eastern shore of the l.ake south of Cab,mu, 
gushed 100,000 barrels of 011 per day until 11 
could be brought under control 

By 1926, the-re were 73 o,I comp.anies ope,.atmg 
in Venezuel• This yeu was m.arked by the dis­
covery of the l.argest o,I field in Venezuel.a, 
l.agunillas, on the eastern shore of the lake 
Two years I.ater, the field ill T,a Ju.an.a, close to 
l agunill•s, w.as discovered A third huge pro­
ducer on the shore of M.ar.ac.a,bo ,s the f,eld at 
B•chaquero, south of l.agunill.as The m.agnI­
tude of the resourcei. represented by these fields 
c;an be .apprec1.ated from their combined tot•I 
production. In 1965, 671 m,11,on b.arrels of 011 
were produced from these three fields ;alone 

Tod.ay the 011 industry ,s • m.iJOr ecqnom,c I.ac­
tor In the l.ike Mar•c.a,bo are• Rodriguez (1973) 
reports th.it ;as of the end of 1970, a tot;al of 
5.200 wells were on the l;ake, with •n ;add,uon;al 
6,800 on the surrounding shores A tot•I of 
15,100 km of p1pel,ne (11.100 km ,n the 1.ake) 
and over 200 flow st.ations existed to support 
.i producuon of .about l million b.irrels of o ,I 
per day In add1t1on to the production f.ic1l1t1es, 
there --.ere 1--.0 rl'fineries, 12 g.as pl•nts, .ind 
e,ght t•nker term1n.als The petroleum oper•• 
uons .also support • number of related petro­
chl'm1c;al Industries ;and major thermoelectric 
plants In the Mar•c••bo •rea 

Discharges of Petroleum into uke Mu.ic.aibo 
and PotentW for Imp.act on lake Ecology 

In view of the m•gn1tude of petroleum rel.ited 
oper•tions in lake Mar.ac•1bo, tt ,s perhap, ,n-

ev,t.ible that d,sch.irges of petroleum Into the 
w•ters h;ave occurred D.ata reg•rd,ng the 
sources, numbers .iind Yolumes of crude 011 
sp,lled h•ve recently been milde •va1li1ble 
through the M,mstry of Mines ;and Hydro<:ilr­
bons Figure 1 gr,es .i bre.iikdown of the type 
of d,sc.hnges .and the rel•ti"e frequency of 
.accidents exper,enced with e;;ich type. Fig­
ures 2 ,1nd 3 give .annu.al .and monthly bre;;ik­
downs of the number of sp,lls since 1960, ilnd 
F,gure 2 also gives the total .innu;;il volumes 
spilled Note from Figure 2, thilt .ilthough the 
Yolume spilled between 1965 ;and 1971 rem.ilned 
rel,1tr,ely constant, the number of reported 
sp,lli. incre.ased dr;;im.ahc.ally. This suggests 
thilt the tncre•se m reported spills Is the 
result of more vigorous e,,fo,cement proce­
dures The d.atill for 1972 m.ay be excep11oni1l 
due to two luge spill~ tot.alang .approx,m.ately 
100,000 b.arreb of crude petroleum 

To put the .annuli I volume of 01I sp,lled into l..lke 
M,ui1Ci111bo ,nto some perspectrve. 1t is in,truc• 
!IYe to relate the 01I spilled m 1972 to the llver­
•ge illnnu;al ,nflow of fresh w;ater to the Like of 
54 x 109 cub,c meters One c;;in alcul;ate thilt 
there .ire more than three m,11,on times as 
much w.ater inflow as there Is petroleum 
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I ht\ tht 011 tic 11 1,11111 of w,11111 In oil I\ unrr~I 
1111cally low from at 11',l\t 1wo pol1111 11f "" w 
111~1, nwu of 1111• ltyd1111a1lion 1mnp11unt11 
pH,, 111 In 011 1111• 1•xlll'llll'ly 1n,nluhl1• In w•tl'I 
1111<1 lwm1 d11 1101 mix uniformly w11h l,tkt 
..,~,,,, , 1111111 much ul th1 1111 1prllc rl 1111 lht 
l~k1• url,1c i- 1•v,11>1ir,11t') 111111 I h1• n11n111phr '<' 
1,,bf,, I K'""' 1lt1• lo"I'• of no,111.11 nlk,mp 
hydro1111bon\ fwrn ,1 1h11 k 11h11 of 'iouth Tt• 
Ju.,n~ M1•d1u111 C1u1k Oil J<, hour• ,1hl'r b1•1n8 
1p,ll1•d on l.1k1• w,111·1 1 lw r·•p1•11ml'nt, con 
1h1111·d at tilt' I II\ Moro1 h,1\ I ,1hw,t1ory, w111 
, 11ndu111·d ,II ,11111,tc•nt l,1k1• w.111•1 ll'lllf>l'rillure 
of up111m 1111A1t•ly 10 ( I ho o111,1lytlr,1I rru·th 
mlolo11Y 1•111ployNI w,H r.1wntl,1lly 1h,11 of 
5tv,11f,t•1 and M,~ol,1J f 11)73) 

Whllr• tlm volunw or 1111 \p1ll1•d ,rl,t1lv1 re, 1hr 
volumo of 1lw l.1k1• a\., whol1• Is ,m;ill, 1hrr1· Ml' 
n numhn or 1mpor1.u11 ron\ld1•1atlon\ which 
m.1k1• 11 qurtc- po• \lhh• to oht,1ln nrnc h IM81'r 
Im.ii corm·ntr,1llon\ of 011111 w,IIN llrll. th!" 
p, trol,·um produc 11011 I\ not unlforrnly di, 
trlhu11·d 1hrou11hou1 the• l,1k1•, hut 1, h1•avlly 
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IIJ{,11i1cd tn lhl! nrmhc•Jll <4UJll<'I, 
und p,rr11culJrly Jlong 1h1• lak<• 
,hon· rrorn C ,1l11ma, In 1lw north ti, 
',Jn I tmoll'o 1ow,111J 1lw ''"''h (U!C 
rn,1p, I l11uro <I) S1 c u11d , 1hc• 11• nc r 
illy ( l1Utlll·r< 1111 kwl'I• C urrc Ill Ill 1111 
I•~< t0mb1nl!1 with prr.vJrlln~ 
w1•1tnly wind, to ltmr111c• much of 
1h1· l.ik1• drlJ1is along 1h1° no,1tw.i\l 
shore• thu, Jdcltr1g to 1hc locJI 1,n 

p,tt I of hc•Jvy oil produc tton ,,c IIV• 
lty 11111d, 011 spoll('(I ,11 01hcr lorn• 
11011> 111 1ht• l.,~n forrnl films or 
sl1ck1 wh11 h ,an 111 1,1p1dly Iran, 
po11c•d by w11uls n11d rn111•nu to 
1h11 J,11111' 11orth!'as1 q,udrull of the 
l•k1• It II not 1mpon1l,lc, tl,r•rr.forc, 
that p11111l1•urn dis< lt.irgc, mto tho 
IJkC rnuld hdve ,111n1flc.1nt locul 
cons< q111·m ,~ and,u a rc,ult, hr log 
almut ,ut,~1.rr,11•1 chJngc•s 111 th< 
g<·nrr1I r.<ology c,f I a~ c Mar•<a1l,o 

In iitld,11011 to tlu quc 1tlon of d ,.,, t 
to•lf c fie, u 111 IJkt• b101• 1,. c11m1 
CJI lugh ltK,11 1 one, 11114111m, of 
p<•t,ol, u111 liy<lrociirbuns thl!rc I 
11111tlu·1 a1p1 <I flf pc1wlcu,n pollt1 
tmn wlitc Ii 111, ,h to he consldrrt cl 
I h1• tone c ntra11011 of cc rtdlll or 
g~n11 rr.~tch11 S liy biotic IISIUC ijnU 

11,iur~ 4 
M•tl of la~, M,rauol,o owon~ 

011 producing~'" 

the tub-1ucot 1ranif r .and .iccumul,lhon of 
th ,,. cornpo1mds through the food ch.1 n hiis 
bN•n pos1ul11ted u ,, ml"<hilnKm for chiln~es In 
the po1,ula1tons of II n ,mbt,r of species c,f 
1,redatc,r organ mi near the lop c,f th,. foot! 
chain • ,._hhough there 1s to ,J.itf!, n,, rc1,1mted 
c onclush,c: cvklence for bloJ cumula11on of 
pl!troli?um hydrr,c:arl,.-,n, and rP.Suh.1n1 dee line 
,,f tp< clfic 1ptclet, 11 1 m1,or1ant th.,! this 
1ul,1l dli?ct Le eiplorl'd In any ,.e,,,.,.,f con 
sldr,1111,m of the influl!ncc of p trofcum on the 
lak,. lhK Is parucu~rly true when one con• 
srdrrs that much of the comm,.,cl.il f1shl"t1es 
C:iil< h Imm Lak,. M.iracJ1bo ts rcp,eS<!ntl!d by 
ipcdt~ of f11h near the top of th,. food ch.iln 
(K'!' Volum!! I) 

•1 <11 1 , Ct!nl d,Ku oon of food c.h1 n ,er .. 1 onsh pt 
or thc- ~,,, ,d oor ,,, Dev n 1914 



ll\h of .\ppr(mh lo lhf Study of o,t in 

l•lt Mmoibo 

ldNlfy, when one con11der1 ,11tudy of the in flu• 
ence of an allochthonous matcr1.1I on a 1pc-c1f1<' 
envnonment n 1s dl'\irable to obt.11n a iut.1 
b.lsc on the region pnor to thl' 1ntroduct1on of 
the matcr~I For a study of o,I in the M.1raca,bo 
ecC>S)'\tC'm 1h1s 1s drarly 1mpon1ble, tht' l•ke 
~s br<-n e>.pO\('d 10 petroleum d1\Charges 
throe h natural \el'l»Sl' for centunt'\ In add1-
11on, th<-rc c>1sts no substance of rt l('llanl base• 
I ne b1olog1calor chC'm1ca! d.r• lrom p1C'produc-
1Ion eras again~! whJCh to m<'asure present day 
rt\Ula 

Thrrcforr., other appro.c~ must bf! 
~len m order 10 formulatr rscn a 
qual.uuve l'SH!Ntl' of tht' rffe-cts of 
pl"trok-um on the lale rcos)'\tem Thr 
study re;,oned herrin ....,as constructl.'d 
alon two parallel Imes of mv~ug•• 
tton, one d1rwNf 10,urd cltterm,ntng 
the fate of pctro!Nm d11.Charged into 
1he lalr, and the other to determine the 
pos,ible eflcru of thl' petroleum d11• 
ch.r&t"\ on thr md,genous b,ot• 

The studies on the fatl' of 011 \\l're de­
signed to aSl,l'SS the levels of petroleum 
and petroleum-der"ed htdrourbons 
prnc.-nt tn thl' l\ltl'r column, the sl'd1• 
ments, and tn the b101i of lake Mara­
a bo for this purpose, 33 f,tld statIon1 
INl."Je csubliY>ed along s11 tranf>t'Ch for 
the co im,on of umple. of \\iter, 
biota and sed1mrna A map showing 
the sta110n locauons 1s sh=n ,n fig­
ure 5 and on the 1ns1de co,er of this re-­
port. In add lion to detailed anal~ of 
field umples for hydrourbom repre­
~ntat,ve of Pf'trolt-um, th,s aspect of 
1hr worl- cncludcd dttt-rmm,11,on of tht 
stable arbon 1M>tope ratio present ,n 
umpb of b10t1c tissue and sed,ments 

Cona,rrent wr.h 1he •nalyt1c.l wo1k on 
field umples, l•bomory stud1t's ....,rre 
unden. en 10 =w1e the dfeets of 
otl and o,J componenu. on l,1le b,ou of 
rommercul ,mportance The stud11'S 
were more comprehens111e tmn st.in• 
d~ bioJnay met.liodolcJ&y, m 1ha1 they 
no1 only auemp11,d 10quant1fy, but al,o 
10 identify and cmr•ctero,e tht• proJ)("r 
1,n of the 1011r components of pc-tro 

... 

.. .. 

, .. 

leum in ordrr lo obt,1rn an emm,1ie of th 
,1blc dfNts of thc,1• on th<• :q~~ 
environment ''" 

Although much of the data obtarnrd frorri br4 
the f1t'ld ,ind lt1boratory \lud1es rs quant,t,1t 
11 ts obvious that conclus1ons about the ,: 
rnvironmrnt,1I1mpac1 of petroleum sp,lltdl 
thr IJke cannot be pl.iced on .i quan1,1""'° 
b,1s1s The da1,1 presented in the folloy."' 
chapters ht1\C been used to formul.ite tin ~ 
mate of the Import,1ncc of 011 d1sch.irge ,,~ 
11\C to other poten11,1I rnfluences on the la~ 
M,1r,1c,11bo ecosystem This estimate, d1scui!fd 
1n the hecut1\e Summary, 1s bast'd on bothi 
cart'ful a1,p<,mrnt of the d.at.i gt'nNt1ted, •iid 
the prc·sent undc·rst,ind,ng of the gtntr.! 
ecology of lake M.irt1ca1bo 
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FATE OF OIL IN THE LAKE MARACAIBO ENVIRONMENT 

INVESTIGATION OF THE EXTRACT­
ABLE ORGANIC AND HYDROCARBON 
CONTENT OF THE LAKE MARACAIBO 
WATER COLUMN 

Introductio n 

An essential requirement for an assessment of 
the fate and effects of 011 on the Lo1ke Maro1ca1bo 
system Is to obtain an estimate of the average 
exposure of biota to petroleum This task Is not 
a stra,ghtlorward one, since fluctuations In 
water movement, sahnuy. microbial act1V1ty, 
and primary product1v1ty caused by seasonill 
.1nd cl1mJt1c v,matton Ciln bring ilbout corre• 
spondmg vanauons In hydrocarbon d1stnbut1on 
It Is therefore necessary to ob tain analyses of 
lakewater samples denved from a number o f 
locat,ons and at ttme intervo1ls spannmg sea• 
sonal variattons In order to obtain an est,male 
of overall exposure levels 

There were a number of practical problems re• 
lated to obmnmg and analyzing environmental 
samples of lake water These Included trouble­
some problems of unacceptable solvent punty, 
ilnd of contammatIon of wo1ter extrilcts Although 
these d1fl1cult1es considerably shortened the 
ume period over which vo1hd d o1to1 on lilke willer 
could be obtained, detailed mvestIgatIons re­
g.ird1ng cont.imIna11on problems have resulted 
In the 1mplementat1on of techniques permit­
ting further cho1ro1c1enza11on of the eictracuble 
organ,c content of lake water These procedures 
ho1,e also provided an opportun ity to InvestI• 
gate the validity of mfrared methodology for 
analym of petroleum residues m M araca,bo 
water samples Table 2 shows a good corre­
spondence between gra.,,ImetrIc and mfro1red 
methods Many ol the wo1ter extracts received 
e.rly In the program, represented by the d,1I,1 1n 
hble 2, were found to be contam1natt"d with 
large quantities of colorless, rtfmed, saturate 
hydrocarbon m1te11.il The authent1c1ty of these 
sample'> as true environmental '>amples Is there• 
fore highly questionable Our pr~ent methods 
have lo1rgely eltm1no1ted th,s d1ff1culty 

Dettrmln.ition of Extrulablt Organic Material 
In Lake W attr 

The dt'term,ntd concentr.it,ons of e~1ro1ctable 
organic hydrourbons ,n lakewater samples 
taken at depths of one meter and at one meter 
from the bottom over a period o f seven months 

s 

Tab~l 
Gr,1v1mttr1c ,1nd IR ,in.ifY\I) of c.irboo 1e11.1chlor,de 

exira<IS o( l,1ke Muac.i,bo waler s.impln 

M1llt11r,1ms Per l1rtr of r.1ro1e1.ible 
Org.in1cs 

loot10n by Grav1m..,tr,c 
Station No IR De!f'rm1n.i1ton CHrerm1no111on 

25 
32 
30 
1 

12 
13 
.34 
a 
4 

24 
21 
22 
17 

52 S 
521 
◄00 

7.4 
29 
24 
30 

l3 2 
S7 
1 ◄ 

65 
12 
oa 

53 
5l 
35 
10 

J 
3 
5 

1.11 
7 
3 

11 
2 
1 

are g,ven m T.ible 3 Procedur.il de t11l1 o f the 
mfr.ired spectrophotometric method used (IR) 
are given m Appendix A . These data were ob­
tained on samples which were frozen .it the 
Las Morochas laboratory and shipped frozen 
to the Richland laboratory W hen possible, 
samples were shipped m tnplic.ite as .i pre­
caution .ig11ns1 bre.ikage, and so th.it ,1dd1-
11onal mvestIg1tIons could be made 

In gener,11, the values obta,ned for extractab le 
orgo1nIc maten;il were quite low, cons1de11ng 
the organic p roduct1v1ty of the lake Over 90% 
of the 200 so1mples an.i~yzed ""ere found to con-
11,n less thin O 5 ppm extractable organlo. In 
,1dd1t1on, a number of samples to1ken 1 merer 
above the lake bottom ... ere o~n.ed to con­
tain qu.antItIrs of sfii1ment.1ry matem1I These 
Si mples almost lm,.ariably gave vo1lues of well 
over 1 ppm We can thus assume that many 
of the values over 1 ppm for the bottom 
samples result from e•tractoon of organic com­
pounds o1dsorbed on sfii ment.1ry m.1terfal 
r.ither than from organic ~te~I aaually tn 
the 111111er column 

ln constderlng the data presented tn Table 3, It 
11, ,mport.int to bear m mind the many classes 
o f compounds kno .... n to be present n no11uro1I 
wo1ters Oegllns (1970) has reported that o,..e, 
90% of orgo1nIc m,1tter m marine waters con­
"s" of 1n~oluble polemer c: n trogen<>us com-



Tabl4' 3 Table 3 (Contin~) 
A,..,~,ts oft. ....,,11 r ,,mplM by rnlr•r!'d •n•l~m 01 •••lion l<'lr•thlortd<' <'~lr•tt\1 •I 29JO CJll-4 

l('onct"ntrat1<1,u r,p~,t'd •~ p.111, p<>r mollton r~tr•< table organic tn walc.>r) 

Month ~mplf'd 
Month $.Jmpfed 

~plc-mtx-r, 73 Octobe,,7l 1'.ov<>mber 7J Deceml)e,1j-
\1a11on Oc-p1h Depth January,7◄ February, 7◄ Mm:h.7◄ 

numbN IIT'Ncn) 1 "~Cler 1"'1('1('r 1 "1r1cr llottom - Station 
1M<'ler 

Bon°' numbc-r (melers) 1Mf'l f'r Botlom 1 Mf'IPr Bonom 1 Mf'tf'r llnttom 

1 11 0 18 029 0 29 
--...; 

1 11 061 0 25 0 2) 022 02◄ 01◄ 

2 10 0 07 0 20 
4.57 

2 10 020 012 0 ◄3 12 ◄31 0«) 009 
3 1S 3 15 
◄ 20 <005 0 26 0 17 0 46 ◄ 20 013 0 Z7 0.34 0.35 012 
s 27 <005 0 21 0.13 

01) s 'O 
b 12 0 ◄9 007 006,006 O B◄ 

016 6 12 0 '.M 38JI 016 0 21 022 0.22 
7 15 016 0 71 0 8◄ 7 15 01S 1 68' 017 017 
e 22 0.20 045 11 22 20◄ 026 015 0 33 013 0 22 
9 31 0 27 006 0 50 9 31 059 014 016 0 23 015 011 

10 29 0 28 0 11 0 27 0 06 
06, 10 29 o.ss 018 006 015 

11 31 
017 ow 11 31 0.3◄ 0.46 0 05 01S 021 0.28 

008 0 19 012 
12 019 015 12 6 219 0 25 0.29 0 23 0 26.029 0 ◄2 6 01) 0 37 0 24 
\) s 0 18 O.li 1) 5 OJO 047 019 070 023 11.74 

0 62 0 33 0 23 514 1◄ 6 0181 0 29' Olll OZ7 0 29 OIJ 14 6 0 21 118 
16 6 OJ3 

O S◄ 16 6 on 2 SO 0.31.013 B 2',..0 S' 0 47 0..55 

17 13 1 65 17 1l 

18 1J 18 13 

19 a 030 
19 8 

20 1 ◄ 027 
20 1◄ 

11 20 21 20 007 0 22 007 005 

22 21 4 76 ◄97 22 21 0 28 0 08 011 01S 
008 

23 10 0•43 8.00 23 10 
0 42 2◄ 33 01◄ 015 017 009 0 28 ◄ 20' 

2◄ ll 007 0 11 0 07 2S ll 023 046 008 077 018 
3 33 3 78 1 S'l 

26 3◄ 
0 11 0 54 0 23 26 34 008 0 601 006 008 046 0.J(j 

'O 23 008 037 015 009 010 0.2◄ 
'1J 23 012 o,a 
111 6 OS 0 52 28 16 

16 010 29 11 
29 11 30 29 0 24 048 006 0.09 009 0.27 
JO 29 oos 31 2◄ 013 012 014 016 0 09 
31 2◄ 009 

0 1) OlJ 
32 12 

32 12 013 
0 32 014 33 9 

13 9 <OOS 34 JO 
3◄ )0 033 

for .inaly,,c.il methodology, Stt APPf'nd1• A 
Grt'Pn!Sh Nnul,,on IC>rll'>N! du11ng e11r action 
~nr otxrr...d in w.irer wmple 

7 
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poncnts denvt'd from pLm~tonic and m1crob1al 
~boll\m Am no ac,d) f•tty aods, and 
o bohydr•rcs cons111urc the bull ofrhNc1N1n• 
mg or •n c contcn~ Th~ one m1ghr C'\pect 

co~idrrahlc discrrpanC} bel\\cen the 1ot•I 
or •me tN'cn•I rn n•rural 1,arcr) and rhc 
qwnt t~ "h1ch could be c, ractcd \J1Ing car• 
bon tl'lr,rhloride A compul\On of rhr total 
org•niccarboncon1rn1 found n la e \1arac•,bo 
" arc~ of 6-1◄ mg/e ('l'C \olume I) with the 
,~lucs for r~Iractable organ c mattrr given in 

l •blc 3 demonstral~ • luge d,fference be· 
tween total or anic content and eltracrable 
or •mo in th!\ lystcm 

f,au,c.- 6 
Arw )"6 of ,..,rr umpk-s for C.->lr•ct• bfo org.in1u 
~tc,,nbn-Octoorr197J1lmd.-p1h <o= mppm 

8 

The data, lor cxtractJblc• organIn, whrn , ~ 
grJph,c ally plotted (sec f Igurcs 6 through 1 
gencr.illy \how few trc•nds Surf.ice s.amplcs" 
high 1alue1 of e~trJct.ibfe organic maient 
appear robe r,mdoml> d,srributed w11h l~tJ. 
crp1Ion of the area of the 5tr,111s of "1ar•u bQ 
In rh,s rcg,on, 8 of 24 surface sampf~ tl 
•m1nt'd \\CIC found to tontc1In l'xlrac,a 
organic marerlal in excess of O 5 ppm The 
arl'a Is one of high popular ion densny tndu11rJ 
act,vlly, and tanker traffic It ,s thus reJsonablt 
,.., ftnd h,gher values for t>xtrc1ctabfc or11•ruc 
hydrocarbon rhcrt' 

figure, 7 
" " • 'Y"' o f .,atc,1 ,•mpl,, tor .-,1r•c1abli, org•n,o 

(l'so,c,mbt, 1973) 1,i drpth, cone ,n ppm 

.. -

f rgurc, 9 
i'ln•ly\l> ol w•t••r umplt-, for c,xtrJCf•ble org,nro 

tl>t-t~mber 1q1J) lm dt'plh cone 1n ppm 
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F11t1tt I 
An.ily,ts of 1,,••~r S4mple for c,,tract4ble o,g,n,a 
,, o,~r 197l) 1m from bonom, cone. ,n ppm 

-.. 
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f11url' 11 
i\Nl,vs of "~et wmplrs for atr.acuble org• n1cs 

IJmiwf 197◄ 1m drpth cone, In ppm 
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figure 10 
Analy\,s of w•tt"r \ample s for e-x1r•c1abll' orga~,a 
(December 1973) 1m lrom bouom, cone in PPM 

,. 

,. --

l 11ure 13 
/\nal)'\O\ of wau~r samrll-\ for e,tr•ct•blc org•n cs 

(f~bruar~ 197◄) 1m dl'pth <onr In ppm 
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Fogure 12 
A~~ of w• ti,r wmplN for l'•lr~t.able organ,cs 

O•nu•ry 1'17◄) 1m from bottom cone In ppm 

.. --
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FiJurf' 1S 
A,wl>"" of ,.•1rr !>4mpl~ for .,,tr•ct•ble org•n,c,, 

(¼<ch 197◄11m dq>th, cone. m ppm 
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figurl' 14 
An•lym of "•tl'r Hmplcs for extr•ct•bfe orgilo, 
(Frbru•ry 197◄) lm from bottom, cone in PPrno 

Flgu,., 16 
Analym of w~lN \•mpl for f'xtract•blf' org.inIcs 

(M•rch 197◄ 1m lrom bottom, cone ,n ppm 

Euminiltion of the Hydrourbon Composition 
of Selected ukewilter Extrilcts 

Several of the extrilcts having valut<; g"•ter 
thiln OS ppm were subJected to more deti11led 
eumlnatIon of their org•nic com~Itron The 
procedure used, ildilpted from on, given by 
Blumer (1970}, wils to chromiltograph the ex­
trilct on duct1vated silica gel. followed by a 
gu chromatogrilph1c (CC) 1n,est1gatIon of the 
sepamed lract,ons (see Appendix A) 

Tablt ◄ \hows the quantlliltM• result\ obtained 
from gu chromatogr•ph1c in,estigation of 
12 lilkewater extrilcts separ.ited with the s1l10 
gel column technique An 10\pe<tIon of tht d.itil 
sho"s that there Is a reasonable agreement be-

13 

tween values for exrractable organics as mea­
Sl.lred by IR,ilnd the values lor the Iota! amount 
found in the sepilrated framons by CC, only In 
th<Xe ca~ where carbon tetr.ichfonde has 
bePn u~ exclusively as the exiractIng solvent. 
When the extractable organic content by IR IS 

compared with the organic rNter,al found by 
CC from hex•nf' extracts of duplicate water 
samples, less marerlal Is 10\Jnd in the hexane 
extracts than in the carbon tetrachloride ex• 
tracts This Is consl\tent with the 1ncrea\l.'d 
polar,ty of u,bon tetrachloride, wh ch Is a 
better solvent for nonhydrocarbons such ~ 
plant l,pids lhe existence of l1p1d material Ill 
~eral carbon tetriichlor,de Pxtracts of lake 
water h.is been 1nd,ci1ted by the ,dent,f1ut1on 
of a band In the infrared spectrum at 171S cm""', 
charactenst1c of c.irbonyl compounds 

Th" data obtained on the water eXlrilct frilc• 
11ons lurther show that the bulk ol the material 
Is more polar th.an either utur.ite or aromatic 
htdrocllrbons since It requires methanol, ii 

very polar soh,ent, ro pfute most of 1t frnm the 
gel column In no use was ll'le amounl of satu• 
rate milter~I recoverPd greater than 15% of the 
tor.ii, and there was no CC evidence of any 
m.iterial in the .irom.ir,c fractons These results 
are m agreement with the findings of ocher 
Inves1Ig•toons of e•tr.ictllble org.in,c ~,en.ii 
In water (Brown et ill , 1974) that the bulk of 
extrilct.ible org•noc milteri.il In water IS not 
h~drocarbon In nature 

In one-h•lf of the Silmples investigated. the 
m•terial pre.ent In the Silturate fract,on was 
composed principally of an "envelope,. of 
n-illk•nes having cubon numbers bet-..een Cio 
.ind Cn A portion of the chromatogr.im of 
satur.ires from a s.imple containing the h,ghest 
concpntratIon of these compounds IS shown In 
Figure 17. The high "b.ickgroundq shown n 
1h1s •nd subsequent chromatograms tS beause 
of ' bleed" of l,qu1d ph.ase from the single 
SE-JO column used for these stud-, th~ only 
that m•terial il~e tl,e dashed line ls repre­
sentatNe of the sample The envelope of ~raf­
f,n compounds otxerved 1n t~ samples Is 
very s1m1li1r to those: found In euly umpl~ of 
carbon tetrachlondp extracts of lake Willer 

Although the quant11y of n~ kllnes found m 
these more recent ~mples IS very much smaller 
(highest value 0.22 mg/t) thlln the prev10us 
one, (a-er SO mg/~ m two 5-ilmples), 11 sull tS ii 



T•blt' 4 
GI\ h om•rogr•ph,c anal)"t\ of wa!N c11r1e1 fract1on,1 

Hydrocarbon Concentratton 
b~ CC mg/ll 

I 1tr•C1 n tur•te Olt'ftn - ''''•Ct•bl t•IIOl1 Aroma1,c Polar 
O•tt•n•c by R Mon -.: mbcr 1,oh,(' ,. frart10n r,~mon fr• 110n Tn1~I -- - ffiJt/l I 
~ 

[)(oo(('mb(-173 27 ca. 0 22 <001 S.78 600 6 05 
~mbtr 7) 7 lltlltl<' 01()1 <001 02'}1 0 )9 08,4 
hnu•I') 74 6 Ht1anr 003 <t>Ol 0 11• 0 l◄ 094 ~,7) 24 CCI• 016 <001 -492 5 08 378 [)(oo(('~, 7l 1◄ H<'•atl<' 012 <001 0 051 0 17 117 
!,cpcmb<-, l 17 CCI• ow <001 276 282 1 65 
hn1Ury 4 16 Hc,anc <001 <001 0 06• 006 072 
~1')74 10 H('l.anc <001 <001 0 17• 0 17 055 
fanu•I') 4 8 CCI• ... 001 <001 003 1 0 03 204 
l•nu•I') 7◄ 9 lic••nc <001 <001 <O 01 0 59 
h~ry74 27 Ue••nc:- <0 01 <001 <001 0 59 
l•nu•I') 74 14 Hc,an<- <001 <001 <001 08) 

Fftr d«"•• h of procedure 111'<' Append , A 
u,• " •C110n lllmou ent <-ly compo\ed of n alk•ne\ ranging from C 2o 10 Cn r,el' f 1gu1e 17) 

"0 b101d enY!'loJl('\ I\ ,n f, ure 21 
'lhl'l'I' b,oad envelo~ a, ,n ft urt' 20 

" 

• 
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:PaJII• "'"'" . ... ..-J 

f",gu,~ 17 

Cn du01Ntogr•m of fr•ct,on t (utur'1t>/oll'ftn) 
of I. -~"' Ymple - ~l•tJon :0 (Dcct>mbtor) 

t-xttaaing 10h.rn1 Cd• 

1◄ 

~urce of concern th.it th1\ app.irent co~1,1m,. 
n.it10n ha\ not been completely el,m,~•td, 
parucul.irly ,n v1t'w of the t'xtrl'me prtc1u1~ 
U\t'd ,n sampltng, sh,pp,ng, and analy111 111 
d,ff,cuh to believe that the bulk of the hydro­
urbon compos,t,on of lake Mc1rc1ca,bo I\ com­
posed of n-alkc1nes with carbon numbtl\ ol 
C2 to C21. since these compounds c1re readall 
degraded by m,croorganism\ and are t'dremr~ 
insoluble ,n watt'r 

Ga\ c hromc11ogram1 of polar Ir c1ct1ons of !.lt­
w.i1er e,tracts ilre \ho,1,n ,n figures 18 1hrougli 
21 The chromatograms generc1lly show r~.t 
prl'\ence ol c1 variety of high bo,l,ng m.i1tn1l 

The material tn tht sample from Sta11on 17 
(F,gure 19) d,ffers from that of sw,on 11 
(F,gu,e 18) only 1n an ab,ence of rn••tr1 

emtrg,ng betV1.el'n 19◄ and 230°C A three-pt,! 
en,,-lope appe.ired to bl' ,1 ch.1r.1cter1>t1C ol 1 

number of s.1mples, figures 19 and 20 are rrp­
re!.t"n1c1t,,e of th,s type of \amplf' For 11>t 
pol.ir fr.icttons of four of the samples lns~td 
two en,elopes were dete-cted, one ,n the- reglOII 
of 230°C and the other from 240 to 260•C 
Figure 21 typ1f1es 1h1s type of sample 

The data obuintd on the polar matenal doe! 
not permit a def,n,1e cone lu110n a\ 10 ,11 com 
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G•s chrom•1ogr,m of fr•<11on 3 (pol•r lr•e1,onJ 
of'•"""""'"' umplt - St•t'°" ZJ 1Dffrrnbtr1 

- f'•lra<llns \Ol•tnt CCI• 
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F1gurr 20 
~, chrotNtogr•m of fraction 3 (pol•• lr•a,onj 

of lak"""•'"' umplt S1•11on 10 O•n.uryl 
• Ni.tr.tttuig 'tolv~nt U,t,:•nf' 
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w, chromatogram of fract,on 3 (pol•r fr«uon) 
of Like water Ymple • Sut,on 17 (September) 

- .,,,,,Kt ng i.ol.ent ca. 
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f,cur~ 21 

C., chrom•togram of fraelion J u,ob, frKtJon 
of lake..11trr .. mple • St• ,on 2" f '-~bf'I) 

~•tr•ct g """'- ca • 
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pos hon other than thit h con\rsl\ of a multt• 
phaty of h h-bo,l,n pola component'> In 
VIC¥, of the h,sh pr mary p oduC1Mty of the 
lale t 1s rt'N>Nblc to prc,ume that much of 
n is not b •um nous but ra her ,., compo'>cd 
manly of pbnt-<lerivNI pigments and l1p1ds 
This 1s comrstent w11h the ol»ervrd carbon) I 
amcrption 1n l':l.traru The pr~nce of some 
pctroltum mater~! in the !'!•tracts cannot be 
rul!'d ou hooever, p.inicularly in"~ of the 
frt"(luent ob~rHllon of h11um1noU\ p~mclei 
~t n m the w.iier column ('>ee Figure 22) 

These stud,cs suggest that tt>e bull of the e\ • 
tractabk- organic mater~l 1\ not h droc;irbon 
1n Nture There has been no('\ dt-nce of the 
I: hter 1roma11c hydroc;irbon., (naphthalene\) 
which arc typiQI of petroleum and \\h1ch ha~e 
a hr hl'f dcgr<'C of watN solubthty than other 
comttuents of 011 The rate of d ..appearance 
of I ht hydrocarbons mtroducrd into th, 
w3!t'fl of Lal e Marac.1lbo from 011 d scharges 
is prob.bly \Cry high \'l llh r~pect to other 
bod cs of water bt-cau~ of the elevated tem­
~ lilture (10 C), and the- high potential ror 
microbial actlVltY 1n th~ \\ater,, 

Tht! Hydrocarbon Content of Blue-Green Alg.e 
(MKyst1.1 C\ a} 

The last of the .i~l)1oal 11ud~ re~tt'd ro the 
organic contl'llt of the "a•en of ule Mara• 
caibo w-zs an invest at,on of rhe e• tractable 
~rue m.itenal from r..o l,,lmpll'\ of algae, 
consist ns prinop.illy of the \Pf'Cle\ Anacy1r11 
C)"2nea 

O'le l.lmple w,,as obt,llnNI from 1he v1Cm11y of 
the Ln Mor~s uboratory and the 01her 
from the w,,51em rq;10n of th, lake, having no 
o I product,on actMty 11 wn not powble to 
filter the "'ater from thC\e samples either by 
gr.ivny or with suction Ce-ntnfuga11on .. a, em• 
ployf'd to remove the bulk of 1he w,,are-r About 
10 grams (""er weight) ol eic h al Rae ~mple 
"'"2S further dned by gnnd1ng w,rh anhydrou\ 
\Odium sulfate The samples \\erf' then e-x• 
u•a ed .. ,th bet>z.f'ne o,ern1gh1, the extract, 
carefully e,.iporated to dryn~< below room 
temperature, dMOlvt'd in heu~. and chro• 
m.itographed on l !,u gel as descnb<-d .ibove 
Gu chromitograms o f the uturate/olef,n and 
polar lr.ict,ons of ~ two ,.imples are , hown 
m F,gures2l through 26 Of the 29 m,11,grams or 
tmteriil extracted from the Lilli Moroch,u .ilg.ie 
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Figure 22 
lout,onw, here b11um1nou, partode, have~"" 

vb..ervNI ,n lake w.>ter 

... 

!><lmpll', 1 9 mg was found to consist of thrte 
sh.irp l)('aks (f igure l J ) rhe l..C retention .ind 
rel•llve abundancl' of thC' fir\l two of the,e 
peal s are consMenr wt1h n-hexadecane Jnd • 
comb,nat,on o l 7. and 8-methylheudecane 
pre-,ously rl.'porred to be the pr1nc1pal hydro· 
carbons present ,n rhese plan ti. by Gelp1 et al , 
(1970) The third peak 1s com ,stl'nt tn rerent1on 
w1rh an 18-urbon saturate hydrocarbon o 
othl'r paraffins were found to be presl'nt '" 
s,gn,r,ant amounts The aromatics fraction 
conra1ned no detectable material Thesr. results 
\\«'If' e,~nr,ally rept'at<'d m tht- analym of rhe 
murate fraction of the algae taken from the 
\\-estern part o r rhe lake, except rhat only O ◄ mg 
or the 21 1 mg extracted wa, composed of 
the\e compounds (f igure 24) 

so 

W~SITIVITY 3li 10°11 

MAJOR PEAKS CORRESP°'4l l0 
SATUIIATl HY0ROCARIOl,S 
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F11ure D 
Gas chromatogram of \aturare fr•ct,on of blue grttn alg .. e (-'n•cy«•J cyan~ ) 

1aken from 011 produc,ng region of lake 
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l•~•n from v.~1.-,n (non producing) region of I.kc 

17 

266 



so 

14 

Ml~ ~\l~I Sl\SHIVITV 
, 10 II A~'PS 

---------~-----------------
m 146 110 194 218 

TIM[ MIWT[S 

ftgurt 2S 
G,s chrom.,Iog••m of pol•• fr•tt,on of blue-green •lgae (Jln•cy,111 cy,nca) 
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Gu chtom.atoe,•on of pol•• lr•ctoon of blue-gret-n •lg•e (J\nJeyit11 ,-v,ne•J 
t•kf'n from ~INn (non-producing) rt-g10n of l•kl' 
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The polar fraction\ from these so1mpfes (fag• 
ures 25 and 26) were similar and relatavely non• 
descript, with the exceptton of one sh,1rp peak 
emerging at 19'4°C tn the l.is Morochils \ample 
which WilS not present tn the other s,1mple The 
shape .ind character of these pol,1r fr.action\ 
are remanasctnt of those of the water extracts, 
except that the •verage bo,l,ng point appears 
to be about 50°C lower, The polar m41e11,1 
,lCcounted for 67% of the extract of the Lu 
Morochas sample and only 26% of that from 
the western sample, 

Sance only two algae samples were tmestagilted, 
we cannot place a greilt deill of s1gnaf1ci1nce on 
the fact that no idrnt1f1able petroleum derived 
hydrocarbons were detected It ,s of s1gn,fa. 
cance, however, thilt org,m,c materiill an be 
extrilcted from plants indigenous to the lilke 
and thilt of the material extracted, some 1s 1den11-
fiable as hydrocarbon an nilture. 

Summuy 

• Approximately 200 samples of lake water 
taken from lake Marilca,bo during a seven 
month pe-r,od betwee-n September 1973 and 
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Milrch 1974 were analyzed for extracubf,. 
org•nacs using infrared spectrophotometry 
More than 90% ""ere found lo contain les~ 
th,1n O 5 parls per m,11,on (ppm) ext"ct.ible 
org.inac mo111er The h1ghes1 frequency of 
v.ilues over O 5 ppm occurred in the are• of 
the Str.-.,ts of M.-.r":.i,bo, •n 4re.i of high 
popul•toon density, industrial i1ct1vity, .-ind 
t;;nker tr.iffac 

• Oet.ialed eum,n,11,on of the org.inac extr•cts 
of lakew.-iter samples h.-.s confirmed the 
f,nd,ngs of others that less th.in 20% of the 
mo1reml extro1cted by carbon tetr.ic-hlorade 
,s hydrocarbon T'1e buU.. of the eirtract w,n 
ii high bo,lmg, pol.ir matera.-.1 

• An anve-s1,gat10n of the hydroc.irbon con• 
tents of the blue-grttn .ilg.ie Anacysds 
cy;me.i by soh,ent extrilcttOn .-.nd g.-.s chro­
m.itogrilphy detected no hydrocarbons 
which would and,c.-.te the presence of 
petroleum A few p•r•ff,n compounds were 
detected wh,ch h.id properties consistent 
with b,ogen,c hydroc.irbons previously re­
ported to be present an these plants 



,\ ALY IS OF COMMERCIALLY 
MPORTA T FISH SPECIES FOR 
HYDROCARBO S 

lnlrodu< hon 

The ana1}'11 <>f l,,h 1,s~rs for hydrocarbon\ 
v.as undcrulen n order 10 I0\t'\tIga1e a num• 
her of 1ae1on rclatc-d 10 the lite of o,I tri lake 
Maracaibo thdrocarbons h.1ve bt-rn demon­
ur.11<'<1 to rntcr mto b1olog,ol 1Mue \\hen !1\h 
are e,pose<t to otll"'atcr m ,turCl> (Vaughan, 
1973) Thu, 1n VIC\\ of the 011 production in 

Lile '-iaraaibo, one m1gh1 c~~ a ,,gn1f1can1 
e,posurc of 1hr ind,genou, btottc ,pcc,l'S 10 
petroleum hydrocarbons .ind a rcsuh,ng direct 
accvmulauon in the trssucs 

Anothc1 pou1ble m!'Chanism lo, the introduc• 
t,on of pc1rolf.'Um hydrocarbor'ls into 1t1sue ,s 
vI,1 uan,lc-r from othC'r organ~m1 both plant 
and animal through food chain, For mstance, 
the l'mtentt of ,omc naturall) occurnng 
hydrocarbon, m the tl\\Ue<> of some carnivore 
f sh rs pos1ula1ed to be a consequl'nce of food 
ch.lm tran1fcr of plant h)drocarbon through 
planlton fl'l-dc-r1 (Blumer and Thomas, 1965) 
Food chain mechan11ms prl',ent the poss,b,l,ty 
of acrumulation of ,peofic t~ of compounds 
m 111,ue f.ir m excess of "'hat would be 
cxpec,ed lrom a considerauon of the sur• 
round,ng badground concentrattom 

l\uny of 1he ma,or comlT)('rNI specie-. of f11h 
trom l.Jlle M.1rac,11bo, repr-nt pos11Ions near 
the lop of the food chain, therefore petroleum 
hydroarbons acrumulared through food cha,n 
uan,f~ would be most l,kely to be present m 
th- s~,es To avo,d conlusJOn as to whethE'r 
hydrocarbon "a1 actually pr-nt m the tissue 
(as opposed to hydrocarbon on the surface' or m 
the gut), the .1nalysE"s \\!'re l,m11ed to samples 
of d$Cctc-d muscle t,ssue Smee the muscle 
ussue of commcm.il f"h specie, represents a 
s,gri,f,c•nt portion of the diet of the IOCill popu­
latJon of the M.ir.ia,bo are•. the an.ilyt,c.il 
resulu ulP on P><en more s,gnificance 

~mple ~ltttion and An.ilytical Methods 

The fJSh wmples from Lake "1.ir.ia1bo wh,ch 
were .in.ilyzed for hydrOCilrbons represent a 
range of s • SpeO!'S from ii\ many loa11ons as 
coUectlOtl succns would zllow Twel,e curv,n.i 
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\amplC'\ from se\en dr<'ols reprcsen1tn lfit 
geographical extremes of the 1.ike hd~egbte 
analyzrd, robalo .ind Ilsa from the north, no1t)1, 
west, and the O.iy of Tablazo have also~ 
examined lloc.ich1co and m.inJmana .ire ONJ 
found in the south bccJuw of low salrn 
prcferencc ,111d wrre analyzed for a com~r~ 
"''th \P<'tlCS that frequent the 011 produclll& 
arras On the other hand the white shr,"'ll 
p1efN higher salinity present rn the northen 
portions of the lake 

Fl\h from out\tde Lake Mar.ica1bo w,,1 
analyzed in order to evaluate the hydrocarbot, 
d1s111bu11on In fish not d 11ec1ly exposed ro 
petroleum production These consisted al 
spotted sea trout from Galveston Beach, Texii; 
perch from Grays Harbor Washington, trOIJ• 
from the M<.>r1da trout hatchery 1n Venezuel1 
and bocachteo from .i freshwater pond locared 
near Lake Maracaibo .ind known to bt> free from 
the influence of 011 

II was anuc,pated at the outset that the hydro­
c.irbon levels present m Lake Maracaibo en,~ 
ronment.il samples would be cons1der.ib~ 
lower than m samples subiected 10 lethal con­
centrauons of petroleum hydrocarbons There­
fore, rather elabor.ite methodology Wil 

developed durmg the course of 1h1s progr.im 
which perm,ued the detection and quantIta11on 
of n-.ilkanes and methylnaphthalene<; at le,eb 
of about 7 and 4 partS per b1il,on, respectively 
Tht'se analyses represent an extE"nsIon of pre-
1,iously reported work (Blaylock et al, 19731 
Recovery val1dat1on studies are discussed m 
Appendix 8 

A detatled d1scuss1on of the procedures u~ 
for the analysis of samples for tot.ii saturates, 
101al arom.itIcs, n-alkanes, and methylnaph· 
thalenes Is g,ven in Appendix A During tM 
course of the program, two different extrac11n1 
solvents were employed ln1t1ally, carbon 
tetrachloride was used to extraet the hydro· 
carbons from the d1ge<;ted tissue This solvenr 
h.id the advantilges of being completely free 
from traces of hydrocarbons and of permI111ng 
the use of infrared mea~urements to dettrrn,ne 
the elft'et1veness of the cleanup procedures 
HowP\'er, Ciirbon tetr.ichlonde did not provide 
a sharp separdtIon between saturates and 
"om.iucs compounds In add1t1on. our valtda• 
lion studies showed that only about 20% ol 
iidded polynuclear aromatic hydroc.irbon 

could be recovered from tissue with 1h1s sol­
vent Thus, for the 1.itter phase of the work, 
n hexane was us«-d as the extrawng solvent 
Val1dat1on exp<:nments with mcthylnaphtha­
lenes •nd polynuclcar aromatics demonstrilted 
that this solvent gives superior results In terms 
of aromatics recoveries However, this solvent 
was occas1on,1lly found to be contaminated 
with n-alk.ines at levt'ls of about O 1 p.irt per 
b,lhon This was suff1c1ent to interfere with the 
anillym for n alkdnes .it levels requ,rmg maxi• 
mum sl.'ns,tIvIty Thus, levels of n•alkiines 
were reported only when concentriltIons were 
ill leilst five limes in excess of those found 
m a corresponding procedurill blank. 

Detection and quantttallon of hydroc.irbons 
wu performed wtth a gas chromiltogrilph (CC), 
using ii flame IonIzatron dete-ctor. Shown 1n 
Figure 27 1s a g.is chromiltogram showing 
response of n-alkiines ilt the maximum t"'lstru• 
ment sens111v1ty used, which provided approxt• 
mately 50% scale mflectton wtth 8 7 x 10 3 ug 
of Ci, n-alkiine Figure 28 1llustriltes the reum­
tton ume and pe.ik conformation of a group of 
pure methyl subslltuted naphthalene com• 
pounds which were compared to the f,sh tissue 
extracts for qual1ti1t1ve 1den11l1ca11on 

A procedurill blank wils included w,th each 
11roup of four tissue samples to determ,ne 

l"lSTRUME~T SEJ,,SlllVIIY 
ltl0 II MIPS 
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solvent bilckground and pro<e-dural contam,na­
t,on (figure 29) Thrs bilckground was 
subtracred from the- appropriate- frsh extract 
\amples prtot 10 co1lcul,.11ng concentr.it1ons of 
total hydroc.irbons A gas chrom•togrilm 
d1spl.1y,ng the contammat,on detected from a 
600-fold concentrat,on of the CCI,. used In the 
procedure 1s shown ,n figure 30 The ma1or 
pe-aks which occur 1n the concentr.ated CCI~ 
do not occur 1n the- procedur.al blank, app.1r• 
ently being selecr,vely lo~t dunng the extrilc-
11O,. or chrom tog1'ph1c ste~ 

Chuactuislics of G~ Chromatog,•ms of Tissue 
Extract fr.ictions 

Gu chromiltogr•ms of the s.atur.ate extract 
frilctions of curvm.i tissues from St.it,ons 2 .ind 
29 are- shown 1n F ,gures 31 ii nd 32. respcct",ely 
St.1t1on 2 ,s loc.ated ,n the northe-•st sect,on 
and Sti1t1on 29 is ,n the extreme south end of 
the liike (se-c m•p showing stat,on locations 
Figure S and on 1ni.,de co~er) Two pc.aks 1n the 
chromiltogram of the cun.,n• from St•t1on 29 
ocrurred close to the retention trme of C17 
iind C11 n-.alkanes (.approx1m.itely 23 5 and 2S S 
minutes, respect1~e-ly) This sample w.as sp,ked 
w,th pure n-.alkane-s .and the result,ngchromilto­
gram ,s 1llustri1ted ,n figure 33 The retention 
time-. of the two peaks ,n the ~mple •re con­
SISlent with n•hept.adeane •nd n-oct.adec.ane 

JO 4 

llM~ ~ IMJ'IES 

F,gur~ I7 
Gas , hroma1oi;14111 of norm~I ~••lf1n> ,n C Cl. sol,,~n1 
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G•s chrom•togr•m of me1hyln•ph1halenes rn CCI• solvent 
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Gn duoma101ram of the 1.11ur.rt fr•ctoon from • proc~ur•I bl•nk 
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figure)) 

C.S chromatocr•m ol thf' .. ,uri•e lr•ct1on from • cun,,n• 1,,su~ 
f'>tract TlS6{8), Si.t1on 29, ,p1kf'd with n-•ik•nM 
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However, pmi.ne •nd phyt•ne •lso h•ve 
ne•rly 1dent1cal retent,on tomes The presence 
of prntanc on the t1Hucs of m•rone biota h,ive 
previously been reported (Clark •nd Blumer, 
l967) Thus, there Is a mong l1kel1hood th•t 1he 
pNk com•spondong 10 n-hep1.-ideune also con• 
t.-ions prntane The spiking procedure has ruled 
out the detl'ctablc presence of any other 
n-alkanes in the sample 

The chrom.itogr•ms of the satur,ite fractions 
of curvona extracts shown ,n Figures 31 and 32 
both coni.on large p<"aks at a retention tome of 
,43 mon. The retentoon tome Is 1dentocal to that of 
cholesterol. Cholesterol does not normally occur 

In the satur,ite fraction when chromatogr,iphed 
with al,phauc solvents. The use of carbon tetra­
chloride resulted on a le1,s sharp s,eparatIon. 
Cholesterol fr~uently appeared In the saturate 
fracuons when CCL. was used as the extracting 
solvent 

Gas chromatograms relating to the analysis of 
the aromatic fractions of the curvona samples 
are shown on Figures 34-36 figure 34 shows the 
chroma1ogr.1m of a proc<'dural bl.1nk, and fog• 
ures 35 and 36 correspond to curv,na tossue 
samples from Stallons 2 and 29 respectively It 
Is apparent from an exam,natoon of these re• 
suit!. that there was little material on ellher of 
the1,e aromatic fractoons other than Impurot1es 
dem,ed from the extractong solvent. 

Chromatographic scam of the satu"te and uo­
m.ttoc fractions of several other types of tissue 
.ire shown on F ,gures 37 to 44. The scans of the 
rob.tic (fogur<'!. 37 and 38) were charactemed 
by a low saturate envelope at fairly long reten­
tion time, and by more material on the aroma• 
toes fract,on than ,n th<' case ol the curvIna 
samples The s.1turate lract,on from a ...-ample of 
spotted sea trout (f igure 39) was char.1cterozed 
by a well-dclont'd envelope appe.1rong rel.111.ely 
early on the chromatogram, A spoke on top of 
the envelope ,s attributed to the prf'\ence of 
pristane on this sample The correspond,ng uo­
mat,cs fraction (Figure 40) was characterized 
by hav,ng most of the material .1ppearong at 
longer retention tomes, ond,ut1ve of higher 
bool,ng material 
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The scans of fract,ons ohta,ned from the white 
shrimp (Figures 41 .and ◄2) were obtained on a 
song)e column instrument Ht'nce, t~ chro­
mltlogr,ims are chllr.cterized by a gradual up­
ward drift ,is the tome (and temperature) In­
crea\ed beuuse of column ' bleed." This ti.ck• 
ground was subtrlClt"d from the sample diro­
matogr•m .1s prev,ously descnbed Cholesterol 
,ippe,irs slightly earl,er (figure 42) b«•use of • 
sl,ghlfy more r.ip,d teml)f'rilture progrltmm,ng 
rate 

frac1,ons obtained from bOG1ch1co 11ssue (Fog• 
ures 43 and 44) were char,ictenzed by liirger 
ilmounts of rel.ilrvt'ly few components m con• 
trast 10 the other 1,m,e s.imples studied, ~ Jor 
peaks m thf' satur,ite fr.1ction correspond to n­
alkan~ with carbon numbers of 1S, 17 and 18 
The d1ff1C1Jlty of S('p,ira11ng C11 anc C 11 .1f'kanes 
from the rsoprenoid hydrociirbons pristane 
and phytane, on the column used for these 
stud,es m.1kes the •mgnment of thec.e peaks 
d,ff1cult. ',\henever these p<",ih occurred in the 
sa1ur.1te samples s1udll'd, they 111,ere not accom­
pan,ed by .1 \t'roes of n-alkane peiiks of com­
P•rable he,ght, which have been descrrb--d as a 
characterostoe of petroleum contam1na11on 
(Blumer and ~ss, 19n). Hence, rn th~ ar­
cumst.1nces, the peaks corresponding to reten­
t,on tomes of Cn .1nd C11 h.ne been designated 
•s " prl\tane" and " phytane," even th<>Ygh the 
1den111y of th~ peaks n•maons QUt'\1 onable. 

An ,nrerestong cha, .. e1er1St1C of gas d,rom.110-
graphoc scans of the tissue =pies rs the s,m,­
laroty of patterns obtaoned on umples extr.icted 
from the same species of fish, and the large d,f. 
ferences o~rved when chromatogra'T!S of the 
same fractoon from d,fhirent speae are com­
p4re<l £4ch spec~ eummed ga~e a charKter­
•~tIc chromatographic • fmgerprtnt .. , which was 
quote reproduable, regardless of the loat,on of 
,.1mple ong,n Thus. t~ two cun,1N chrom.1to­
gr.1ms shown m figures 32 and l3 are qufte 
\1m,lar, even though that rn figure 32 w;is ob­
ta,ned from near the la~ Moroch~ l•bor.itory 
.. nd the other wa, taken from near the 
Catatumbo RNer The d,fferences ,n K.arn ob­
"'ned among different specit", are 1,kely a result 
of d1ffNen<es m doet and met.ibolism 
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C«, chrom•togram of the saturate fracuon from 
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figure 40 
Gas chromatogram of the aromatic fraa,on from 
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Figure 42 
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Qu.anlil.al~e Results 

It 1s 1mportilnt 1n interpreting the diltil to recog• 
nize thilt the des1gni1t1on of ussue Silmple frac• 
uons ilS "Silturiltes• •nd ••romiltin• 1s bised 
solely on their ildsorpt1on chari1ctem11cs on sili­
ca gel It 1s thus not unlikely th,11 compounds 
other th•n s•turates or •romat,cs would be pres­
ent in the ind1c.ated frilcllons For ,nstilnce, 
cholesterol h•s been found to be present 1n 
most of the aromat,o frilct,ons 1nsest1gilted, 
ilS well ilS in some satur.ate fractions Very 
long chilin monoolt'f1ns m,ght bt' t'xpectt'd 
to fill into the satur•te fr;act,on, while poly• 
unsilturated hydrocarbons m,ght be expectt'd to 
occur 1n the uomilllcs fri1ct1on1 Olt'f1n1c hydro­
Cilrbons hilve bt't"n shown to be prest"nt 1n boot• 
ic 11uue (Blumer, 1967) Thus, unlt">s a com­
pound 1s specific.ally 1den11f1ed by rl'tent,on 
time, the quilnt1tilt1ve results reft'r to the total 
qu•nllty of m;aterrill present 1n the 1nd1c;a1ed 
friction e.en though not ;all of the mJtt'11al 1s of 
the ind1ciltt'd compound type 

Table S gives the detailed •n•lyt1ul rt'suhs ob­
tilined from simples extracted with c•rbon 
tetr;achlonde T;ablt' 6 g"es the results fromSilm• 
pies extrilcted with hexilne Tht' m;ap in Figure 
45 go.es ii summilry of the d•ta 1n terms of spe­
cies, location of catch, ind totil qu•nt,ty of 
hydrocarbons dt'lected 

Jl 

In ;add11oon to quanhlat,on using g.u chromil• 
1ogrilphy ,the hydrocarbon concentr•uons of t1s-
1ue s.mples t'Xlrilcted with c.arbon tetrachloride 
were also measured us,ng ,nfrilred methodology 
(see A~nd1x A). T •ble 7 g,-es a comparison of 
the JR values obu,ned on tlSSue extract frilc­
t,ons with the v•lues determined from gas chro­
m•togr•phy. There ts generally ii fair agreement 
between the •mount of hydrocarbon reported 
by IR for the satur•te fractions and the corr~­
pond1ng GC d•ta for hydrocarbon plus choles­
terol The aromilhC extraru, on the other hand, 
ohen show little agreement between inlr,1red 
•od GC qu•nt11i1110n, wrth the JR giving much 
higher value\ than the GC. The simple.'lt 
expl•n•llon for the diKrep,mcy 1s that the aro­
m•tic extr•cts conwn either polar nonhydro­
C-ilrbons or high molecubr weight hydrocarbons 
whl(h .ire not eluted from the CC column 
Cons1denng the sample origin, the ability of 
the GC 10 elute s•turare hydroarbons with 
arbon numbers gre•ter th•n CJO (Trf.1cont.ine, 
bp 304°C), and the e-,dence of arbonyl content 
(JR •~rpt1on bilnd at 171S cm 1) In many of 
the ,1rom•1tc e,tract fract,ons, 11 is likely 
that the u•romatio concentriltoons," reported 
by JR, are mostly traces of nonhydrocarbon 
l,p,d-den~ed muer1.1I ~hich the extractlOfl 
and punf,c;ahon procedure hu not removed. 
In ,1dd,uon, pol)oldin,c m,1tenal, either pr~­
ent In the samplfo through b,oge~1s or through 
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arom.illO 33 <01 
1S4 (from 253 Mirau,bo 

lou 
<002 <001 grims of shellNI 61 018 HS sh11mp) 

R~lol-.34 B•r of u1ura1es <01 <01 <002 <001 

hbluo aroma110 <O 1 <01 <002 <001 
utura,,.. 06 <01 
.1ronwha 02 

<002 016 1Map showing loatJons ol stations, figure S 

Toul 
<01 <.002 <001 

2Th~ minimum detectabl~ Iese! for 1ndov1du•I n-alkanes by p chroma101raphy IS est11Nled •• 0 OCI1 wJ/1 ~ 
08 016 on a SO-grim tissue umple M,n1mum l~el lor 1ndovoduil m~hyl niphlhilenes "0 004•s/l Min,muon detKtible 

Rob.lo l•.UO 16 
values of to1al n-pirifl1ns (01 ,.Jig) and toial ~hyl naph!h.lenes to 02,.s/ll ue estilN•ed from comlder•rions 

satur~"' 0 ◄ 

of base-lone, 11u1at1on .ind lnmument stnslt1Y1ty Recovery stud,es are d,scwNI on th« Apptnd1ll. 

aromatoa <01 <o 02 012 lP11s1•n~ and phytane are d1f11cult 10 Sl'pua1e from n-Cn and n-C11, thus identof,a11on I& tentao:r.e 

Total 07 <01 <002 
4)ample ob111n~ from a freshwater pond 1n a rqoon west of uke Mana bo The pond ,. known ro h~"e no 

1 1 001 petroleum contam,natoon or contact with the waters of uke Marac:a,bo 
0 12 

lrsa T :J 2 
U!urate'I 

2.0 
.lromatJQ 018 <002 1 37 
Toul oa <O 1 

28 o 1a 
<002 0 02 

139 
lb.al..Q 16 

Yiura1n 

ffllfflatlG 
2.1 01) 

loul 32 01 
<O 02 1 SO 

53 013 
<002 0 ◄3 

1 93 
Boac:hlCO (Al frn!,.,.,1,.., 

-!'i 
pond• 

~ 
91 085 <002 

Tiu 3 ◄ 
2J 

<002 125 oa5 
loathicoB 

23 
freshw,11.., 

w-.ur.r.n 
pond• 

afOIIWJQ 
62 073 <002 

Jou ◄ 9 
31 

111 <002 
07) 31 

S.lirtmp"" ~Uiof 
<' indmdua Mar<1caibo 
Wl:ifi".es 

~ 
57 <01 

Tou J <01 
<002 <O 01 

60 <002 <001 



• ROSALO T~7 

('I CURVIM 
Comp•mon ol lnlmNI 1W>rpt1on ind JU chrotN!ogr,phlc dflerm1n11ion 

nf hydrourb-m conceotri,unn III r,nue ,,.mpl'°' 

I dSA 
1conct-nrr•11ons 1epor1ed ,s m,cro1111ms per sr•m of mokt r uut-J 

'>t•r.on Hydrourbon Hyd,oorbon 'ire,ol 
• t,i.'MIMM 18 SPECIMENS] 

<wmple Dncr1p11on No C'onc (IRJ Conc..(GC, ~on~ ----
♦ BOCACHICO 4.6 av Curv,n• 29 

Y SHRIMP 
~1ur1le\ OJ 00 00 
,rom•l•CS SJ 0:1 04 

•1.\J~ENTRATIO~S IN PPMl Curv,n• 
,.rur•tes 20 01 09 
arom.ir,n 2.1 00 0.0 

(urv1nJ H 
~turoi11l·s )0 09 04 
,1i,om•t,ci 10 00 Ol 

0 

12 CurvinA 

~,ur•re, 03 0-4 00 • t1rr,m11t '"' 33 01 OJ 09 

[2 SAMPlfS) (ur",n" l 
~lur•I~ 11 18 0:1 

4 / 6.9 av •rom•t1n 17 00 00 
FISH FROM OUTSIDE LAKE MARACAIBO 

Cun11n• 2 
TROUT (MERIDA HATCHERY, VEM ~,ur•te• 17 07 06 
2 SAMPLES 2.3 ppm av .1rom•••<~ 21 00 00 

PERCH (GRAYS HARBOR, USAI Cur.rm• 17 

[4 SAMPLfS] 2 SAMPLES Ll ppm av \itUrtlte-5, 

airom4hC\i 17 00 02 
04 av 

SEA TROUT (GALVASTON BEACH, USAI 
Curv,n• ) 

2 SAMPLES 2 0 ppm av »turoiJt~ 20 1 ◄ 00 
~,om•uo 69 ,.. 36 

bOCACHICO (LOCAL PONDI 
2 SAMPLES 1L8 ppm av Cun,nn• 

uturt1t~ 00 00 00 
,.,om,1t1cs 2.1 0 1 02 

Figure 45 Cun,1n.1 29 

~!y\11 ol lMUt '4mpll"S for lol•I hyd1oc,1rbon fgu chrom•rog,,phyl ~11,rJte, 1 2 011 01 
t1rom..-11c, 16 00 00 

Cur"vtnli 2 
s..tur•t~ 2.S 15 " uom•tics 30 01 00 

Cur~,n• 18 
utur•'n 20 01 00 
111rom111110 2-4 0 1 O.l 

Rob•lo 1◄ 

s..i1uu:,n 27 2 ◄ 00 

.1ron1.a:1<.'\ :t◄ l2 OJ 

37 

36 



Ta~ 7 (conlmUNI) 

ltoNlo 
Y!Uritt'\ 
41U>fNtl(\ 

'><',Trout 

~Trout 

Trout 

Trout 

Ytu,.ta 
IIOltWIIO 

l't-rch 

,..,ct, 

YIUfiile\ 
ilrorNtlO 

33 

38 

09 
20 

2j 

ao 

2.6 
\19 

OJ 
H 

05 
17 

oa 
25 

1 a 
2a 

OJ 
06 

07 
1 0 

01 
17 

07 
04 

25 
09 

04 
04 

04 
01 

00 
1 0 

00 
56 

00 
10 S 

00 
00 

00 
00 

00 
00 

00 
00 

1cohol <Jthydr•tton on the s1hc.1 gel column, 
~oolJ ,ppt'ar ,n the arom•tlcs fr.c11on 

Tilt 101al hydrocarbon concentr.illon ,n curvin.i 
... from \e~en d,lf"l'nt st•t1ons did not 

111\.... d 
,ndiutt any trl'nd tha1 woul correlate with 
the 011 producing .ire.i\ Tl-ere were no d,tect• 
;ibleconcentr•IIOO\ of n•;ilk•nesor mtthyln.iph• 
th•l('nes ,n .iny of the curvin• or rob•lo umples 
analyzed Liu obt•med from St,111ons 2 and 16 
conwnrd O 18 and O 13 iig/g 11nue of total 
n-alk,nl'I In add111on, 1he total hydrourbon 
content of the l11a samples w,H •ppro•1mately 
J to 20 t,mes h1ghl'I than the total hydrocar• 
bons found in the cur,,1na Samplt'I of l,u from 
;irtn free from o,I productt0n could not be 
obtained 

The h1ghe11 concentrilllOO\ of hydroc•rbons 
from f11h Msue analyzed v.ere found In the 
bonch1co (.38 4 .,g/gl and manamana (11.3 
.gig). --.h,ch ;ire rew,cted to the south end of 
Lake MaraCi11bo becau~ of • low sal,n,ty pref• 
trence BKilUll' of the very h,gh value for total 
hydrocarbons found 1n the bocach,co, two sam• 
pies v.tre obtained from • pond lou1td 10 the 
wtsl of 1ht lake, south of M.ir•ca1bo Ctty Th,1 
pond --.,11 led from Willers hi1v1ng no rtliitton to 
1tio-e of liike Milrilci11bo, ;ind hiid no contilct 
with petroleum Again. the tot•I amount of 
h)drociirbon1 found m the\l' 1pe<1es of fish 
wu qu11e h,gh with respect to other species 
analyzed 1111 and 12S µg/g) It rs of interest 
10 no1e thal, although 1ht total quan1tt1es of 
h;drocarbon1 in Nch of tht sampl,1 from the 
pond ,..,rt somev.h;it les1 than those found in 
the lake s;imple, thr conient of 1aturate hydro• 
c••bon1 corre,pond1ng in retention ttme to 
n prn••deune •nd phytane were h,ghtr for the 
pond '>,11npl~ than 1he lakr sample 

I he hsh sarnpfl''I obtil inrd lrom Puget Sound, 
\\•,hm111on, Galveston Bt4th, Tex•s, and tt>e 
Mtrida f1'lh hatchtry, Venezuela, d,d not con• 
•••n dcrtctable concentrat,ons of n-1lkanes nor 
ffll'thtln•phth•lenes The two 1rout contained 
l•rgtr concentratton~ of IOtill hydrourbom 
rh•n 1he cur,,,n• and rob•lo 

)9 

Table 8 sum1Tlii111es ,~ e quanttties of ,ndivldu.il 
;ilka~e compounds found n 1rssue umples to 
dilre, ,nclud ng the natura lyoccumng prrslilne, 
and pou bly phyune Prtv10Us •~tsllJ,ltions 
conduc1ed by ~ tellt' orthwest d~ 11!8 with 
exposure of fM 10 crude Ol ind reftned 
l)foducts have shown !NI 1rssue up!•\e of 
hydrourbons from crude 01 s include bo1h 
n a •nes and methylnaphthaltnes (B~ylock 
et al. 197JI It 1s, 1he1tfore, sign fiant tNt 
no deltctable amounrs of methyinaphtlultnes 
have bten found In any f~ from Lake Milra 
u bo •nalyzed to daft T~e fa lure to ck!ect 
mtthyfnapfitN!tnes n 1hose r6h samples 
conta1n1n1 p111ff1ns presenrs the tfihood 
th,1 n•a •~ may arise ,n the lip,d pool of 
these spte1es as ii rrsult of normal metabolic 
PfOCes~ 111!,er than t1posure to petr*Ul!I. 

In .idd,tton to the 11s chrorNtographlC studies 
of hydrocarbon 1n rnVJroomenUf t swe 
samples, a study was conducted to ~fuate the 
poss1bll ry of ~mg mass spectrometry as • 
1ool 10 identify pofynudear •r01Ntic hydro­
carbons ,n the tissue t•lr•cts The data 
obta ned from this ln•nL>gation k given In 
Append11 C The results Yo.ere d,sappointing 1n 
1tw1 ltm111 of det«Ubil ty for 1nd1ViduJI com­
pound1 -..tre foond to be III the V1C1111ty of 
0 25 µg Considering that recoverin of poly• 
nt,clrar arom.it,c hydrocarbon from tlS5Ue 
samplts -..tre found to ra~e from 20 to 50':l., 
a rtason•ble tstimale for the minimum detect• 
able .imount of an ind"'d~ polynudear 
hydrocarbon compound would br on the 
order of O 1 to O 25 114ru per mitlion. 1h11 ~alue 
1, rillhtr h,gh when cornp,1red 10 od,er methods 
for dettc11ng specific polynudear hydroar• 
bons hence, only ~ffl samples ol arOfNIJO 
1riiCl10r1' t1tracted from t uue were submitted 
Th- ~mples rrp,esented cubon trtra• 
chloride ,,tr.cti from r~lo. , perch and 
Me11d• trout, and hexane e1tracts from fNn~• 
mana, bocachico, and lhnmp So mo tclJbr 
ions corrt>P()lld .ng to molecular uructures 
of pof~nuclear UOfNIIC compounck "'"e 
found 1n 1he ma,s specVil of aoy of~ Silmple\ 
IJbmtltf'd 



i 
lah~ I Summil•Y • Pmff n hydroc.trbons tilngmg n arbon 

lndl\l!l.11I •llann found to be pr-t In Lale M•r•u1bo 11\h tt,,ue \iln>pll'\ n11mbedrom Cu 10 C,o hne bttn ~ ecced C,on~11111ons c~prcm!d ii\ ~gig mo"t 11,su!.') • Muscle Msue from s,x speci~ of L.ike ~r•• n four species of fish from the 1.t•e and a'I 

B•Y of 
u1bo macrofaunil which •re commerciillly of the spec,~ stud ed from outside the bl'--
Importanl 10 the region h.1ve betn an,1lyud The ~I abu~nt hydroarbon cones-,,a 31 , .. 31 '-'• 31 ~•a 2 ,,. 16 Tabluo Stil 16 

~ for normill .tlk•nes, me1hylnaph1h,1lenes, ponded lo n-Ca, whrch ,s d flicvfl to lel)a• 
!lo(Kl,Kt> ¼n1m1n1 l\'lilniltNna Liu u,. Robillo Robillo Tr<11iq, ,1nd 101.tl hydroc,1rbons For reference, four r,•e from the b enc hydroarbon, - ---..:; 

species of fish from w,11ers outs de of bke prlSt.lne The greltest quan ,es of paraff:ns cu 
M.trilci11bo h•ve been 1n,1lyzed for hydro- were recovered from boCilchteo ilnd cu 
c•rbon content. milnatN~, wh ch prefer the lower s.it nIty CH 

of the southemmou reilches of la e Milra• c,s 00) 025 006 007 006 
<.16 0 04 010 002 004 oos • Recovery studies h,111e shown th•t indrv,du•I u bo ~o p,1r,1ff,ns hilve been found 
C,7' :no 7 1 1..53 1J6 1 91 016 0 12 01) n-illk•n«-s and methyln•phth•lenes un be <ul'Ylnil tissue. 
(18* 0 OIi 006 002 00) 002 detected ill levels of 4 10 10 parh p('r b,11,on 
c,9 050 007 004 In spite of the sensIt1111ty of the method. • The iliulytical dillil suggests thal che hydro-
00 002 no me1hylni1ph1h•lenes hilve been found in Cilrbon contents of [he fish tJsSUe exilff\ined 
C22 1ny tissue s,1mples •n•lyzed is mo,e I f uf'ICtJOn of species and diet wn 
04 of geogr~h,c.al location in th~ bke. 
06 
08 

lotal 7.25 all 172 1 S4 2 04 016 0 12 01] 

~~n Gril)'\ H•rbor Gr•~ H1rbor C.h,eston G•lveston Pond Pond 
Trout Bl l'rrch 1"-l Prrch 81 Trout (Al Trout (81 8oc•ch,co (Al Boochico (BJ 

cu 
c,3 
04 
as 08S 073 
06 
C17• 0 fi7 0 31 024 004 00S 1 29 140 
cia· 1 00 170 
C,9 
C20 
02 
04 
C2(, 

oa 

loi..l 01,7 0.31 024 0 04 005 3 14 3 83 

•~ck,unt' .and ~"" h••t- rt-tcn1oon 1,mn •lmost 1dt'nt,ul to P"'t•nc •nd phyt•ne, rt'>~C11vely 



CHARACTlRIZATIO OHHLORGA IC 
CO TI11JE T OF \1ARACAl8O 
S£01\1l TS 

lntroductiOn 

nal 1ial tudtt'i of sediments hav(! 1hc l')Oten 
t a for p ovid n a wNhh of nfo,mal on r lat­
n 10 th<.' o ,all ('{'()log1cal charae1enutt0n 

of talc Maracaibo In contrut 10 \amplcs of 
w:ater :and of b101:a th ,ed mcnts can be con-

derNS tobc r<-OcctNeof a,~ra elocalcn111ron­
m<-nt1I cond Ions O\'er a fin tc period of I IT\(' 

ThU\ an appr~1,on of the mpacts of local 
en\tronmcnt on or anic contl!nt of sNS,mcnh 
coupk-d "' h some ~nowll!d of rail! of d<'po 
s tion :and mo-<-mcnl nn ~ valuabll! dues 
to the rda Vl! rnpacu of pl!tro eum produe1,on, 
ndu trial and doml!Shc effluents and natural 

dclms on thl' la l! l!Cm't'\lcm 

f tp.n4' 
loat,om o! INl,mrm core ~pies •ruly1Nl 

42 

T"o t)pcs of ,cd1ment sampling Pfogra 
"'ere undertaken In the m1t1al screen ng ph,: 
the top 5 cm of piston core samples from 20 m11ons v.cre analy1<'d to detcrm1nr the e•t 
of ,cariab lity In compos11,on, and 10 10\es1t;

1 

1rend\ rel.it1ng the character of thl' or~n t 
fr.actions to rograpluc locations Dupl,ca ~ 
tott'i from ;a f(.'Y, loc.a11ons v.ere an.aly1t1.1 10 
estimate the var1ab1h1y in s.impl,ng In ;add,tt0n 
10 the core samples, 1,irger drcd e s.in,plC\ 
\\Ne taken from 15 s1.i11ons fraction~tton of 
the organic con\llluenh of the dredge s.irnpk,s 

"as performed in I ripl,c.11e The repl1c,1t, 
analyses prov,dc-d wff1c1en1 organic materoal 
for determma1ton of molecular weights and 
l'lcmcntal compos111on and, in add1t1on, ~,,ld(,d 
dat.i rel.aung 10 the pre<1s1on of the an.alytic.a 
methodology f ,gure '46 ~hows the loc.i1ions of 
the core ,;impll's analy1ed, .and Figure -46A 
sho"'s that of the sro,ment dredge )amples 

.. 
hgu,e4'-\ 

lou11ons of scd,mcn1 cl t"\J ,,. pl"-> ,1n•ly1f'd 

All•lt,I• of ~dim,nb for b:trutab" Organic 
cont'111 

Both types of sample_s Wt're froren at the s,1, 
of collcctton and maintaint'd tn a froren slate 
uni I they were freeze-dried prior to analysis 
The 101al organic extract (benzene-methanol) 
wn obtalntd, and was further divided by sol­
.ef'II 1reatments into .asph.ahene•free exlract 
.and benrene•soluble asph-1henes The 
asphaltene•frte m.ateri.11 wn further seJMrated 
by l,qu1d c hrom•togr •phy Into \.tturales, aro• 
~ltC\, and p0lar (NSOJ• m.a1e11.il Methodo­
logocal details, validat10n stud,es, and est1• 
mares of prN:mon ,He tncludl'd in Append,ces 

, 50 denotes the pre~nc e of n,trogen-, sulfur•, 
and o,ygen-c:on1aIn1ng pol.tr compounds 

A .ind O The griv1m~11c data obt• ntd on the 
fract,ons from core samples ,re presen ed 
In Table 9 Correspond ng data for the dredge 
samples ,s g~n In Table 10, , hough 1n thk 
C..14!, t•ch determ1na1 on repr~nts the iver-
1ge ci thrtt rep att!j Tables 11 and 12 g,ve 
the total org.n c and urbonatt carbon, n 
compared to the wt ht of the 10111 org1n,c 
extr•ets, for core and dredge samples 

figure 47 shows how the qu.int ty ol orpn c 
m•rtri•I t•tracred from the ied1tntn1 core 
s.imples ~4nes 111r1th geogr.iph Cil location 
the lake Inspection of th s f,gure revea 1 

general trend toward h her organ c content n 
the northern ump! ng areas Th observat10n 
1s consistent w th 111rha1 might be expected from 

Ta~ 9 
An•l)scs of e11rac1abl1, organic rnal!f'r 1n bke ~ran bo ~~flt core i.ampln 

~t•t on 
,umwr 

17 
6 

13A 
138 
12 
IIA 
&II 
2 

3,4 

9 
10 
... 
4B 
24 
32 
2S 
31 

21A 
218 
'17 

JOA 
308 
22A 
218 
29 
2JA 
2)8 

81 
83 
70 
77 
71 
71 
79 
611 

82 
83 
80 
76 
77 
76 

8 2 

68 
b9 

Tot.ii 
Org•nic 

hIrac1 12 

270 
320 
2 30 
J.JJ 
1 lO 
160 

3 20 
095 
OCJO 
250 
0 (,,4 

002 
0 74 
0 50 
150 
024 
150 
2 50 

2 b9 
416 
110 
2 32 
080 

190 

Map of ll•t on lcK•l•Om figure S 

Asph.allene 
free htract 

1,.,v',t 1 

39SS 
7.530 

11,907 
16,<41',8 
6,356 
9,099 
2 041 

(13,8)111 

1,3111 
04 

1,14'1 
5-48 
64 

7.)8 
63) 
<SO 
2JO 
<SO 

1 516 
2,2.34 
t,58S 
6112 

429 
1,72.3 

395 
220 

1,291 

'8.sl'd on frN•tc-drlNJ ••d mc-111 \\eight 

Compowt,on of 
A•J>Nltf'M--frH hu.Kt 

168 
241 
1110 
211 
l08 
21.11 
161 

(25 6 I 

184 
3l 

17 J 
141 
S1 

200 
15 S 
00 
86 
00 
00 

105 
.3 4 

12.9 
16 0 
ll.5 
9 ◄ 

205 ... 

Sl1 
J01 
1')8 

291 
JU 
311 
JOO 
(420 1 

l01 
17 4 
184 
JOO 
7' 

2J 3 
l82 
00 

461 
00 

17 9 
.MJ 
161 
4U 
00 

19 6 
208 
114 
390 

2li 1 
296 
31.S 
.315 
JU 
299 
296 

(12.4 
JO 1 
~ 
29.9 
21.7 
128 
456 
341 
00 

'IV 
00 
00 

167 
292 
l64 
3-U 
224 
219 

6 
315 

/V• ght of Hphahent' free ,., trul not deu,rmonf'd u ~tom ilrt.' ~ 
on ,um of ~tu,ai.-, aromaton and ~~O lr•C'l•om 

4} 

1326 
W2 
396& 
4169 
1m 
2.-J) 
1058 
452) 

1042 
1611 

ma 
292 
56 

926 
~ 
534 
114 
J17 
6.18 

1m 
1426 

50) 

an 
329 
4CS 
'73 



AN 

6 
◄ 

13 
12 , 
2 
9 
1 
11 
25 

1 

, 
JO 

6 

"" 138 
12 

'"" BB 
2 

),4 

.,. 
◄ 

2◄ 

12 
25 
n 

21A 
218 
11 
JO,\ 

308 
22A 
228 
29 
n,. 
Zl8 

T,hlt- 10 
n Lale M.ir.i{a bo ,ro mrnt (drr.dr. ump!«!\) 

1 
0 1 
046 
288 

S40 , 
2J,21 

17 Sl 
13119 

2.)61 
10172 
sua 
2,223 
2131 
2171 
1,11 
2J,)8 
1,3]◄ 

1,!173 

rN' r pl•c• l' ,,,.,~\ 

19 2 
:no 
189 
208 
209 
199 
17 .S 
18 ◄ 

17 J 
141 
170 
228 
11.2 
183 
1S7 

n lo< !0'1\ r ur(' s 
1Nllt'dledmc-n1,o. ht 

hb~ll 

36 ◄ 
◄26 

302 
J7..3 
◄29 
◄31 

◄2J 

339 
2S 1 
203 
23..S 
«J 
S1 S 
612 
◄2 3 

30 3 
216 
15 Ii 
27 ◄ 
268 
216 
280 
J2.J 
◄5 8 
SOJ 
◄43 

23-4 
◄16 

307 
31 ◄ 

llcnn ne-X>lublc 
A ph.iltrnes 

( .. !l/g)' -

1)SG 
1118 

1 130 
S ◄02 
◄,2.J7 

817 
J,351 
2.366 
2 2SO 
2,J96 
) 15) 

812 
1,2◄'l 

4S'4 
969 

,c c.irbon ind urbon•tl' {lrbon of l..okt' """••<••bo ~cu mtnl (<ore ,.imples) 

o, " 

2:10 
3.20 
2.30 
3.27 
130 
1.60 

3.20 
0~ 
090 
2.SO 
0~ 
002 
0.1◄ 

o.so 
1_.50 

0l◄ 

150 
2.50 

2.~9 
416 
110 
2.J2 
0.10 

190 

1 t•I Or,;~t11< 
urbon r I 

223 
4 111 
342 

2.01 
2..SO 
1117 
◄ 00 

6.20 
16) 

443 
156 
081 
495 
088 
ll7 
◄ 93 
J.29 
3J7 
280 

5 91 
H3 

11,1 

lS4 
2.12 

« 

C 1rbon.ilt 
c ... ,hon f I 

0 )1 

0 25 
0 29 

<OOS 
<OOS 

0 19 
osa 
010 

<OOS 
<OOS 

0 20 
0 21 
O ◄l 

<OOS 
<OOS 
<OOS 
018 
0 ◄3 
0 ss 

0 09 
<OOS 

oos 
011 
oos 

8 3 

11 3 
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Totil organic c,rbon and urbonlle carbon of U~e M4r•u bo ~ mfflt (dredge i.amplt1 

6 
14 
7 
13 
12 
1 
2 
9 
10 
11 
25 
27 
31 
26 
)0 

- •• 

Tot.ii Org,ntc 
htrKI (%) 

Ftgure ◄7 

011 
0 31 
0 31 
2118 
200 
038 
1 S2 
1 17 
067 
2 12 
010 
0 ◄S 
0 25 
0 ◄7 

0 "° 

Sed~nt Std mt-nt 
Total O•~n c urbon.•c 
Carbon ~I Carbon 

172 
0 S'4 
1.30 
317 
212 
o.se 
156 
494 
595 
6r.. 
7.80 
306 
127 
2.35 
304 

068 
<005 

0.J6 
0.39 
016 
024 
01S 

<0OS 
017 
040 
03) 
010 
013 
021 

<005 

83 
76 
81 
7.5 
81 
79 
7i, 
7.1, 
IIJ 
77 
8J) 
66 
7.J 
76 
7.J 

• cons,~r•tJOn of ble currer.u river sYl(ems, 
p<n.,1,ng w,nds,~tJOn dens ry,petroleum 
production, and tran~rm,on actMty In the 
region of the northeilst shore ilnd n the 
Srra,ts of Mlr•caibo, the w nds and currents 
tomb,ne to add orpn,c debris to the a reildy 
htavy load imposed from H:Wil e ~rges 
:md pl.in ton In order to conflllTI this pre nu• 
rmy clxe~•,on, the gmvnetnc dil~ for the 
core sampln was subtttted to a sunp:e stius­
ual rest In th s analy\is a one-w1y analysts 
of uri.1nce (Sheffe, 19>9 the means of rwo 
~ts of d•t• are comp.ired ,n order 10 r nd f 
they ue s grufiantly d fferen Us g is tech­
n,que, 11 wn found thill the set of C0fe Ympln 
raken at s1a110ns ab<>\~ the dashed line f • 
ure 47 were d fferenl from the rest of the gm­

pies w11h r"'Pt'ct to toul orpruc ex .ict, 
benzene-soluble asp~ tenes and the percent• 
age of ntur.ites in the .ispha •~rff ex!net. 
These d fferen~ were s or. a• the 0 0'1 
lt"<el \\ hen the d.it.1 from sets of loatJOn$ 

from the two sets shown in f gure C were 
stat st ca y com~red the d erences were 
far less s gruf,canL 

Pt"rcent e, tr•c1•ble org.in c m.lf'.r1<1I In M•••o bo 
core ~ed,m.-n1 umplcs 

Since th s pre m n•ry inspection of the sed 
ment core gra• metnc d•t.1 1od:ated du e 
gent-111 .irea of lnttru e petroleum product on 
\loilS unique ,n sediment characteriwcs a study 
wa\ underu en 10 dt'term ne how the dilu 
Yi111ed .-1th the distance away from th zone 
The gra, llW'trK dat.i from both the core and 
dredge samp es were e,am ~ sta s a 
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0 kOn and 1nM-) 1951) fo rorrel,tlon w,th 

,h<' d1\tanre from 1hc Battrll l bor1tory :at 

las 1oroc:h:a lh tocatton about midpoint 

lbctw<'Cn Cab,ma\ m the nonh and B,chaquero 

1n the $0Ulh s ntr,11 locAtcd 1n the o I 
produc,n area 

I urC\ 48 and 49 \how the ~ntra1t0n\ of 

th a-.ph:ahene ftN! eltrac, and the ben1enc• 

solubll' eltract ploued a\ a func11on of the 

rcla1 ,e d1\tlnC't! of 1hc ~mpk-s from the Lu 

1orochas laboratory f ure- SO \hOW\ a s1m1-

lar plot of the percent of satur.ate\ 1n the 

a ph:ahene lrt'e e•tract Th"~ analyt,cal .,,,.. 

able\ correlat h hly \\ th dl\t:ance at the O 01 

k-vd of ~1 nif1aincc \\ 1th correlatton <0cf• 

f1C1enh of -0 SS8 -0.534 .and -0.509 The 

<.'nrr:al tr<'nd t\ a dl'CTea\C tn the qu:anttllC\ of 

e 
Si!' ~ 

0 11 r- • 
0 

~ 0 
~ 0 
c ,... • ... 

. o "' ~ 
• - 0 • • .. 
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s • 0 u 
l~ 0 
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I::' 

!ro2 
,c r-

0 

• ORI.DC[ SAMPUS 

O COIi: SAMPllS 

• 

0 

thC\e fract ons ,n the d1\tan<e from the 
produc,n zone rncrc,Hcs The low v•lues ~ 
th corrclallon coeH1cicn1s are a qu•nt,tat °' 
confirmation of \II hat I\ apparent from Ill$ lvt 

t on of the plotted dat.i, there 1s a grc,11 d<'~ 

scatter 1 hat much of th1\ sca11er Is due t 

errors assoc1.it<'d \\>1th cn.,ironmcnt•I samplino 

an be seen from compu1ng the values 
0
~ 

tainr.d for concentration of ,Hphahcne.fr"t 

cw act between l<'pl,cate cores (>. and 8) g,~cr, 

in Table 9 f or the •cvcn patt\ of dupltca,, 

cores •nalyzcd, only one p,11r of v.ilucs for 

a,phaltc-ne•fr<'e e~tr,.ct agree w ithin • factor 

of three 1 hus, II I\ not surprmng to find that 

the correlations ,1.11h d1\t.ince, while highly 
111

• 

n,f,cant, only .iccount for about 30'X, of th, ob­
w-rvl"d 11,1r,,1t,on 
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C~miol ,rol)('rlin of Stdiment Extmt 
frKllons 

Moll'C\Jlar \\l'1ght\ and elemental analr,es ob• 
tainrd on the drl.'dge ,ample e•trKt fractton\ 
v.ere trt>atNI ,tat,\11Cally in a manner , im,lar 
to tht' ravIme1r1c data The dat.1 scatter \\,J\ 

not a, gr,at for thl\ correlatron Thi\ might be 
e~p("('1l"d ti the geneul ~ lstn, ob1a1n1ng 10 
any rt'g,on "'l'r' more uniform than phys1tal 
~ar~ble<. Data der l"d from 1he t'lemt'ntal 
compo, uon and the moll'<'Ular weights of 
drl.'dge fra<'tl()l1S are g,vt'n in :rable 13 The 
aH•rage mole"'" hh dtterm,nl"d for the satu• 
r,ne arom<11tc, and po 1"1'-0) fr<1ct1ons are 
shov.n plottl"d agaon,1 d"tance from la\ 
Morochas (figures 51 through S3) A general 
trend of dKre<1"n avrr e mole wtrght a\ 

disw1cc lncrca~ from oil productron <1re<1s Is 
observl.'d While the corr,btton coefficient are 
gre<1ter for these data sets, only one \et W<l\ 
corrE'latl.'d with dist<1nce at 1he 0 01 le\l'I of sIg­
n1f1oncc Those for th, ,aIura1e and r-.SO fr<1c• 
1iom 11,~re correlatNl <11 lhl' 0 OS levtl The 
10\\er l~I of \t n ftcance 1s due ,n part to the 
r.maller data set available, qnc, only 15 dredg, 
samples were anal►zed I ,gure S-4 shOW$ an 
ncrcase in the number of ••= of sulfur per 

a,~r• e molt-cule for the aromatia fractrons 
as tht' disunce from Las Morocha\ increases 
f ure SS shO\\s 1he reverst trend for the r-.so 
fraa1on Th, correlations are s1 mricant at the 
0.01 ll'Vl!I ... ,th correbt1on coeff1C1ents of 0 925 
and -0.827, respec11Vt'h 

o-of Trtncb 1n P'h)'liul and Chffllical 
~ of ~11Mnl Extr.ctl 

lo sum1Nrue, the dat• have ,h~n • number 
of i!gnrront !rends in sptle of the mher l•rge 
erron as!oOCtatNl with field ~mpl,ng The re­
gion located m the northeast quadm1t of the 
ble, that of m~1 active oil production, Is 
dtStinctly ddferent m a number of prol)f'rtIf'\ 
of m sediments from other are•, of the I.Ike 
lhe qu.inmy of organic matenal extr•aNl ,1s 
represe-nted by the ben1enc ~luble ~ph.lten~ 
and ~phaltene-frtt extr.ict, tends to increase 
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These trt'nds .ire consistent with •n •nc: 
m both the absolute and rt'l,11tve amou~,:~ 
b,tum,nou\ residue in \ed1ments from the oil­
producing arN of the lake The matur•tlOII 
proccs'>Cs Y.h1ch attend the formation of Crudt 
o,I produce compounds rel,1t1vely free of~• 
group\ when compared 10 recent d"r"U\ 
There-fore, one would expect compounds of 
similar polarity to be higher molecular "'tiglt 
whtn derived from pNroleum r.ither th•n fror, 
plant m,uen•I 

A sm•ller number of sulfur .itoms per mol«ule 
in aromatics lr.icuom obtained from sed,men~ 
near the 011 producing zone can be aurobu•td 
to <l d1lutton of ,lemenl•I sulfur, for~d bysul 
fate reducing bacter1a, with arom.it,c molecu!fl 
from b11umonous residue A predom1n•nce ol 
elemental sulfur In samples from the southt,n 
region was derected during the ,xamIn.itton ol 
fractions by mass spcctrometrtc method\ 
d,mmedbelow 

The trends obsel'\-cd are consistent wnh ob~•· 
v<11tons of bituminous parttcles in sed1l'lenl 
\ampll"s durmg examm,111on for benth,c faun.i 
(Volume I) Figure SSA shows the locations o1 
sediment s,1mples found to contain b,1u~n 
Although the d1st11but1on Is w1dl'Spread, large 
numbers of puticles were found most lrt­
quently at loc,1t1ons along th<' northtast sh01e 
of 1he lake. tn add111on to these observ.i11ons, 
thrtt of thl' 15 dredge samples .inalyzed for 
organic extracublt's wN<' found 10 cont• •" 
deIect,1ble qu.in1ttIes of bituminous residue 
Two ~mples, from locations near L•gur11llas 
•nd UI~. h•d rel•ll~t>ly l.irge numbers of botu· 
~n parucles The th11d, from the southwest~n 
portion of the lake, con1a1ned only tr•ces 
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~ Chromatography of St'diment Ertract 
fr.Ktlons 

Shown ,n Figure 56 art' gas chroma1ograms 
1yp,ul of 1he ~lurate and aromatic fractions 
obtMed from the dredge sed1mt'nts ~s 
chroma1ography has prt'v1ously been t'mployed 
wccessfully 10 dett'cl the presence of petrol 
eum hydrocarbons 1n sf'd,mt'nts (Cl.,k and 
Blumer, 1967). However, 1he method 1s hm,ted 
10 1he lighter fractions of petroleum, There 1s 
Lule quah1a11, e ,nformahon to be ga,ned from 
1he g,, chromatographic scaM l',;o 1den11fl. 
able 11-alkanr.1 could be dt>tet led ,n any of thl' 
Y'uriie fraa,ons examined Since 1hese com­
pounds prtdomin.ite in the saturate fractions 
ol crude o,1,, 11 11 apparent th.it .any organ,c 
1NIN1,1I ,n the sediment \~mples am1ng from 
~••olfum h,1\ been e•!t>n\1vely ilht'rt'd Tht'rl' 
,.H "•son.able agreemen1 bei .... een gr.iv1-
rntl11c and ga\ chrom•1ogr,1ph1c dt'term,na• 
I on1 of the 1.atura1e •nd ilromattc fr•C1 on\ 
lll,C\llgatl'd (T,1blc Hj, 1nd1ut,ng th•I little 
non,ol•11lt! material wa, present in tht"e 
Ymplr~ 
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Ttblt 14 
Cor~ndl'n<'t' bclwl'Cn gr1Vtmctrlc and g11 

chroma r1ph1C dttNm n111om of ,cc:! mr I fra<UOM 

Gas 
Gm1melrk 

II IOI\ ~tOMI o~rlph) 
"'umb(-r lliUl li,gG) 

6 .... tu1tM 56& 681 

ArOINtlC\ 690 , 225 

14 t ill'\ 4Sl 393 

Aromatio m 771 

13 <..iturate, 3.3'4 3797 
A•om.tio S,673 6656 

12 5-atu a M )1)8 2,827 
o\tO!Nhn 3.15) S225 

'-alura M S59 B4 
Atomat,o 981 1162 

2 S,a1uratM 2.025 2,282 
Aromah~ 4,359 S,42'1 

9 '-atur1tl'\ 1 os, 995 
Arormtio 1,(149 1)18 

10 "'1tur1tl'\ 520 362 
Aromatin 612 S26 

11 .... ,urat"" 319 292 
Arom.oo 468 4]] 

2S '-iturill'S ~· 361 
Aromatll'l 509 486 

M.m SpKtrometric An~sis of Saturiite ffld 
Aronwle fudlon\ fM Compound-Type Olstrl­
bulton 

In v,,_..,. 01 the unsuccestul appl1Gt1on of g1s 
chromatogriiph) to the 1den1of1ca11on of hydro• 
arbons m ~,men~, mass spectromeu,c 
methodoloS) .. ~s employed S,11urate iind iro­
mat,c friict,ons from core o1nd dredge ~,ments 
were sub1ected to analysis for hydrocarbon 
1)-pes us ng a hrgh ,ohage technique The 
method, long u~ b~ the petroleum industry 
to charaaenze hea,y petroleum d,,1,llate fro1c­
uons has recently been used by workers at 
won (BrO\\n et o1I, 1973) to char.ictenze the 
hydrocarbons e-•tro1cted lrom ocean waters 
S;iturate hydrocarbons art' identof,e-d o1ccord,ng 
10 number of naphthe-nic rmg, and aromatic 
hydroarbons ;are 1dl"ftllf1ed o1ccordong to the 
number and arransemt'nt of aromo1_t1c nude, 
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Anal)SCS \\NC pcrforml'd by p 
Anal)'t1cal Rc~Nrd1 Corpor atton ~

1
'
0 lturri 

Te\a\ A de,cr11>t1on ol the procrd~lt'i 011
\1°'1 

gMn In r\ppt'nd1x C u~d 11 

Rr,ull\ from the compound-type anal 
\aturate and aroma11c frac lion\ of core :is Of 
are gM'n in Table 1S Corrl',r,onding an~~ 
for ,('d1mcnt dredge ,amples appear 1n Tabl~ 
Analym of 1hc ,aturate fraction\ us,n ~ 
Hood method \Hood and O "-lral, 195~ :, 
pcrforml'd wtth no d,ff,cuhy on ,;impleswe, ~1 

Ing ,n little a, 1 8 mg H,gh voltage \pe 8 
wrrr obta,nrd for arom.it1c sample\ of 51~1~; 
,11e, but low voltage ,pectra could not be ob­
ia,ne-d Of 1hc total of 25 ,ampl~ 1nve5ttg"ed 
by mas\ \pt'ctrometry s,x from the core ~111-

ples and four from the dredge samples \lier, 
found to contain m.aior amounts of amorphous 
sulfur as rcvcalNl by tht" peak sertes 258, 256. 
226, 22•. 191, 19-1, etc corresponding to~. Si. 
s., etc Isotope r at,os were consistent w11h th01, 
for amorphous sullur reported by Be)'non (1966) 
A numbN of the sulfur peaks represent ffliJOt 
Interferences with the matmc calculations em­
ployed by Fitzgerald et al, (1962), not.ibly 
tho,e for c-ydoparaff,m and 1-, 2-, and 3-nng 
aromat,~ Thus, data calculated using th,s 
technique 1s not reported The method of H,m­
tngs el al , (1956) ,s less subJect to tntNfer,nce 
by wlfur. and these results are presented '" 
Tables 15 and 16 for compamon, an analys s 
of South Tia Juana Medium Crude residue used 
for sediment vahdauon studies also appe.irs 
in Tables 15 and 16 

The arom.it,cs analysl's for the sediment fr.ic­
t1ons appears to b~ conmtent with that for cru!k 
011 residue However interfering elemental 
sulfur tn aromattcs f ract,ons from sediment s.m• 
pies creates some doubt about the rel1ab1ltty ol 
the percentages of compound typ~ reported 
Another po\S1ble source of error 1s m the matr,x 
used tor the cakulauon of the compound-type 
d,s1ribu1,ons Thl'le are 11e-ry low relo111ve values 
for naphthalene types ,n most of the sample\ 
analyzed, ,nclud,ng the South T,a Juana Medium 
residuum Naphthalenes are usually a predomi­
nant compound type 1n most petroleums The 
surpmingly high rela1, ... e values for benzoth10• 
phenes and d1benzoth1ophenes in the South T•a 
Juan,1 residue are aho an ,nd,cation that the 
relattH• values repori,-d for the aromauc com· 
pound types m.iy be somewhat ,n t>rror In sp,1' 
of apparl'nt d1fftcult1cs, the data obtained can 
bl' considered to give at ll'ast a qualotattve p1c• 
1ure of tht> aromatic composition of the organic 

Tibte 15 

H,gh VO lt'ge man spectrometrtc analysis of s@dt~nt o,g1n1C fracti<>fts co,t sample 

StaloOf'I Num~r ~ T,a Juana 
Med um 

l 6 • 10 1J 17 21 }◄ 11 32 ,/0\lduum 

,n sediment (I.gig) .348l 1815 1984 198 3656 66,4 198 .MS 2l5 ,. 
l~ con( 

~tLR"f _, 

t,iG Al'<AlYSIS 
~lS RI 

1-46 16 5 130 231 1S 1 161 JS 2 211 l08 176 J72 tooc!Matrrxl 
ti,. Parallonl 28.J '1l 4 258 416 28 2 J,I 1 )51 21 l 1/1 271 J)4 

,;1,RmJ 365 JO 6 269 190 290 291 9J 191 221 JI ◄ 17.0 
,. z.11,n1 171 224 190 14 2 19.7 131 190 1JJ 1S 2 190 119 
\l,J Rini 31 21 12S 00 71 0 1' 96 34 S9 " ,-.◄ Roni 02 00 27 00 00 00 00 u 00 01 ll 
,- s-R,ng 0) 00 00 00 00 00 00 00 00 00 09 
ir, 6-R,nB 00 10 01 1J 10 29 07 u O.I lO <01 
,. 1>1onoarom•110 

Tics Cone in sediment (i,g/g) 5811 2311 2184 32S <4891 2100 HI ◄Ol 766 242 
AROM" ' 

MS A"IALYSIS (Ha111ng Ma1r1x) 
13.) 221 188 670' 164 I 17'1 689 179 

,. Benzenes ea 12 1 181 1l J 110 9J 131 105 
\I. lndan 92 13 2 92 129 11.J 10, HS 90 

tn,lenes 1.6 1 9 10 22 11 26 3a 16 x. N~pththalenes 50 36 40 1,.7 61 ,., 
,. Actnaphthen~ 

93 87 75 10 3 lll 136 ,. Acenaphth•lene\ 71 37 47 40 194 90 'I, phenJnthrcncs 
16 3 75 115 10 5 $4 

'1,t')rtnt, 76 23 25 )7 15 Chry,tM~ 
84 Hl 74 ◄ 6 127 )2 11.1 knzo1h1ophcne1 

o b!-nzoth,ophenes 69 7 ◄ 11 2 91 V u., 
1 Naphthobenzoth,ophent>s 58 3l •o 4.5 02 

•At>out 50' ol 101.il 10n 1ntens11y due- to sulfur 
,l\bout 7S ol tot•I ,on lnte-ns11y due to sulfur 
.,,.'I, of total ton 1ntens,1y due 10 sulfur 

S3 



Table 16 
H h voltage mus ~romcuic anal~ s t,1 \ed mt'nt organ,( lr,t11oni drl'd ,. ~mplcs 

... , ...... ..,, .. , 
b 14 2' --------------

bM J41 

114 1H 
u,, 1"8 
22 4 22 0 
20) 212 
17 4 ,, 2 
98 53 
31 16 
nd nd 

13 9 118 
22 2 20 4 
24, 211, 
19J 2) 7 
n s u 1 

4 8 3 4 
H, nd 

nd nd 

l 41 

120 
117 
202 
22 3 
195 
a, 
)3 

nd 

4"0 

10 3 
1H 
24 1 
10 2 
167 
7 l 
21 

nd 

1180 

75 
155 
214 
2)0 
20 3 
87 
2.7 

nd 

9 

18 7 
178 
206 
16 l 
1S6 
80 
30 

nd 

!'-RO°'l'TtC, one on ,NI rn('lll Jig f; 1. 
... , 

t"dent"> 
i-.1ph1~ """' 

('Np.lit~ 
!'-ren1pht~lrn«-­
~nthrenn 
P),~t'• 
Ch')Vnl'\ 
Bt-n101hK>pl,<,ne. 
Oobenzoth,ophene, 
,1phthobNllOlh1ophenl'\ 

,,tu:,n~ C.onc n ..-d,m.,,11 •S g 

M '"G /vial),,, Hood '-l•tr •J ,~, ~ 
ltlflg 

'"II 

I\RO'lll!'-TIC" Q,,,c on ~- (.g g 

M.!>. /\rwl)""' Hn1,ng, l,,\atm 
Bc,nz....r, 
ncbn 
lnckne 
.... phthalc-nl'\ 
l\c""'1phth<-n.,. 
Arcrwph twlc.-na 
l'hNl.mhrrnn 
ry. ....... 
c..,.,.._.. 
IINlzoth,opt_,,.. 
0,1,r,nzoth,ophc,nrs 
~ hobc-,,1 h,ophc,n.-. 

110 121 111 9) 102 94 83 111 
b6 79 10 2 7 1 7 3 6 S 6 4 7 6 
7 b 1 5 10 4 7 S 7 3 7 4 8 0 7 ◄ 
1 ◄ 1S 12 12 12 14 16 13 
S8 62 JS 61 53 53 68 62 

10 9 1 H aa 11 1 9 2 8 9 1J 8 11 5 
7 3 8 7 S l 7 9 6 ◄ 1l O 77 10 8 

112 134 \37 126 1 ◄ 1 09 70 127 
, 2 a 1 1 3 7 e 6 9 15 a 10, 7 1 

102 91 127 93 99 83 69 82 
us 112 1)2 127 1)] 79 120 95 
4.3 8ft 87 H 86 152 110 67 

10 11 --------------
JaS JOO 3"9 l97 251 00 309 

1S 3 11 S 18 2 20 6 14 8 25 1 19 9 
21 0 21 S 19 4 17 0 1 S 7 2S 2 2J 9 
2◄ 1 2JS 18 4 18 9 16 0 20 1 20 0 
193 211 181 16 ◄ 254 136 159 
1)8 128 161 149 1l) 85 1)0 
52 36 71 65 88 ◄ 6 49 
1 ◄ nd 27 24 44 13 04 

n d n d n d 33 16 1 7 20 

1l6 }43 1◄ 5 11 2 1s 9 1◄ 01 26 2• 
80 S 2 82 61 81 75 209 
9 3 6 2 90 62 91 118 16 
21 0 4 16 30 0 51 6 1 10 2 
88 32 6S ◄ 1 134 80 86 

178 72 12 9 11 o 16 o 18, a 5 
12 158 12.7 l3 09 31 ◄ 2 
7J 9 3 7 3 5 I 14 8 10 J 3 0 
79 31 50 20 03 04 52 
5 2 OJ 8 9 48 S 8 10 2 2 8 

ll-2 106 114 6J 51 89 14 
51 4 5 21 JJ 5 ◄ 07 1 ◄ 

s T,a Juana 
Med,um 

Res,duum 

372 
204 
17 0 
11 9 
96 
l 1 
09 

<01 

17 9 
10 5 
90 
16 
64 

136 
80 
54 
, 5 

131 
12 9 
02 

l\boul 90' of 1oul oon m1rnwty dur 10 wlfur ',ylfur peak, wbtr•e1Nl from ,pee1rum 10 obt••n anal~.,, 
IJ'rnc'fW of btJum,nou,, pin,cl,•• drtNlC'd ,n frrNC'-d11ed ••mple, 

I ,n Maracaibo sr.d1ments, and also to 
I'll ttla 1 Ml• do,l' sImI arrty In composItIon to the 
~paunds found in petroleum bitumens 

phiul pre,entdlIon of the saturate com­
Gr• nd l)pe cl1w1bu11ons determined for the 
~imrnl core samples ,s given In Frgure 57, 

ether wtth an md,cat,on of sample location 
u!cOlresponding dredge sample datc11s shown 
'" figure 58 The most abundant d1strrbu1ton 

ttern obtained for both core and dredge sam­
~ ~ th•t In which the 2,ring n,phthene~ pre­
i1ommatc Of 1hc 10 core samples examined, 

6 N•C • predom1nancl' of 2-rrng compounds, 
IOI the dredge SJmples, 7 out of 15 have 1h,s 

11111cm A less frequently occurring pallern Is 
th.ii ,n whtCh 1-ring compounds predominate, 
2coreand2drcdgl' samples have this compound 
()pe prcfer<'nce Of interest Is that only 3 of 
2S 1,1mples had a clear predominance of p.1raf­
tn1 (no rings), particularly in view of the satu 
r~e pattern determined for South T,a Juana 
,1ed1um m1due (see Table 15), In which 37 2% 
ol Ihe saturate hydrocarbon, were found to be 
p.11itltntc compounds None of the three 
dndge ~mplcs contaInIng brtum,nous par• 

1,ci~ (Stat,ons 2, 12 and 31) showed a pre• 
dominance of paraffins 

It IS likely that the relattve def1crency of 
p¥•ffm l hydrocarbons in the saturate frac­
t10ns of most of the sediment ~ample\ t-xc1mtned 
& • result of select1ve m,crob1al ox,dat1on of 
I/Iese compound types, s,nce saturate hydro• 
n·bons are '1tacked by morl' m1crob,,I Spt"· 

o~ •rid more r,p,dly. than either naphthenlC 
o, aromatic compounds (Zo Bell, 1969) Thrs 
be,•g the case, a direct comparison of the satu• 
ro11e patterns of crude 011 residues with those 
ol t~e 1ed1ment organic extracts would provide 
hnlc evidence for or against the presence of 
petrolt"um b1tuml"n ,n the sediments /\ more 
lru 1ful approach might be one ,n wh!Ch the 
saturate pillerns of sed,menh knov.n to con 
r,:,, b,tumen are compared with those from 
0Iher 1ed,mtnts Qual1tat1vely, It would appe,H 
!NI O\er one-half of the samples have satuwe 
p,11'1ns similar to the sample taken near 
Ligun,llas (St,uon 2 or ule (Station 13), , e, 
• predom,n.ince of 2- ,ind 3-nng naphthene\ 

.1.n attempt to quantify the degree of s,m,lartt) 
o1 ~II.aatt patterr,s has been attempted using 
th~ l(' test lor goodnes\ of fit {Dixon and 
'-1~, 19511 for each sample, the differences 
n ~•cent d,su1bu on of each saturate com• 
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P<>und lype from thd! at Stat,on 2 and at Sta­
Iron 1J "e treated sta11Strcally to estimate ,h,. 
probab I 1Y t~t the wnp es ue ,dent,ul with 
'"hf?r 51••t0n 2 or 1J The 1talue obta,n~ for 
the probab ty ,s interpreted to lnd,cille the 
degret> of correspondt.nre or s,m hrrty ~tween 
tht two patterns ne olcufated Pf'CltMb1l11tej 
are given in Table 17 figure 59 ,hOW\ rheum­
pie loot1ons of the 14 mura,,. lract,ons Nhrch 
have a reasonable chance tO 2410 O 97) of ~1ng 
1den11cal to either that from Sta•ion 2 °' from 
Stat,on 1l Of th~, 1J ..,,,e obta,ned from the 
produwon reg,on of the b~e Only 4 out of th!' 
17 samples from the producttOO zone d d not 
ho1ve satuwe patterns s m,lar to Sw1on 2 
or 13 

Thrs type of approach 1s rather spec,fic rn th•• 
11 attempts to 1den1,fy the type of b tumen ,n 
the wmple as well as th,. pt'l'Sen<e of bttumen 
Thus, the compa11son technique re1ects the 
pos11b1l11y that dredge wmples from Station 2 
and Stahon 13 are the ~me tTabfe 191, ei,en 
though both were found to conra1n s gn1ftcant 
quanut,es of bituminous po1rI,cles A more 
general approach n,ght be to build, data base 
by analyz,ng b1tum,nous part,cles taken from 
a number of local!Ons ,n the lake, and eshmat• 
rng the amount of variat,on to be expected 
Comparison of unknown sediment ~turate 
patterns against this reference base ~y en,ble 
a determ,nat,on of the dtgrte of bitumen con­
tent rn the so1mple 

The re\ults obta,ned from the d,sunce co,rela• 
tlon studies, and from rhe ma1s spectr<Xretr c 
analyses of wrurare and ,ronw,c fradlons of 
sediment organ,c extract.I 1ndw.e th~ 
bituminous material 1s present 1n the sedr• 
ments of most reg,ons ,n the fake The results 
further suggest that on the a,erage, there Is 
more b,rumen present In sedimer.u from tf,e 
011 produc,ng ••"s 1han 1n I~ from other 
areas Th,s trend Is not part,cularly surpt'!Sfflg 
,n view of 1he long hl\tory of ,nren,,,e 011 p<e>­
duct,on ,n lake Maraca bo In add,1 on IO rest• 
due denvmg from o,I d&n.irges, b1tum nous 
residues m sediments urse from the numerous 
natural seeps that are present m ,I.f!'.ost e.ery 
reg,on of rhe lake In view of 1M rilptd rate of 
sed,ment111on in rhe lake ~tem, and lhe 
generally ,1no,,c cond,tion.s of rhe lake bottom 
the sed,menis probably represent a rela~ly 
permanent re!)O'i1tory for the rnsolub e non­
volat, le port10ns of petroleum d sch-.rged into 
lake waters 
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Summuy of comp,1mon of sed,ment S.Jturate 

hydrourbon d,,1nbut1on wuh those 
from S1~1,on 2 and 13 
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Table 17 
ol comparr on ol ~ed,m,nt wturate 

~t1ulti und typt dl1trtbut1on1 to those 
[Ol!'PO lrom sw ,ons 2 and 13 

probab1l,1y of S,imple Probab,l,ty of Simple 
11tin1 ldcnt1ul Be,ng ldent1c,1I 

12 ~liU~D Z to ~1a11on 13 
l(1t - ~ Core ~ Core I.a --1 

0 63 015 

2 1 00 1 00 0 36 <001 

' 
0 47 0 70 088 <005 

1 <0 05 073 

I <0 01 0 45 

9 <001 <001 

10 :o 01 <O 05 <0 01 0 55 

11 <001 0 60 

12 0 53 <0 0S 

13 024 <005 100 1 00 
14 <O 05 0 15 

17 0.37 0 24 

22 <O 01 <001 
24 <001 <001 

2S <001 <O 01 <005 
26 <O 01 <0 01 
'[/ <0 01 <0 01 <001 <001 
JO <0 01 <0.05 
)1 <005 <005 
)2 OJ7 097 

Summuy 

• Core and dredge samples of Lake Mara­
caibo sediments have been analyzed for ex• 
1r,1mble organic material The organic 
utracts have been further separated into 
s,1tur,1te, aromatic, polar, and asphalten,c 
f11ct,ons Molecular weights and elemtntal 
mly,ts have been obtained on asphaltene­
free Pxtracts 

• Thtre 11 srat111tul suppon for ,~e hypt)(h"° 
sis that 1he organic fr achons t.if std mt11rs 
from the northe.srern arra of 1he f.lke ,re 
both qual,w1v,fy and quanhtahvtly d,f. 
ferenl from 1h~ from oth~r i1rta1 The 
quan11ty of materul extracted is s,an ftundy 
higher in s.mples from 1he northeist re­
gion, asls the average molecuf.rweishL Th~ 
average numb!'r of sulfur atona ptr mo e­
cule 1n the '10m,mc fractior.s Is low•r In 
this region The lrtnds obseMd are corws­
lent w,th 1ncre,1,n1 amounis of bnum1nous 
material 1n the seduntnts of me 041 produc­
tnR regions 

59 

• G.11 chromatoar aphy has prov,dl'd little 
qual,tat1\'e 1nforrnat,on about !he hydro­
urbons presen1 1n sed,ment orpn,c fr.ic• 
11001 An absence of norrral a kare ptaks 
md,ut~ that m,crobtat ui, iuuon of any 
r~1due may ha,e taken pbce. 

• H,gh voltage mass sptctrometrtC a~afym 
of wturale and aromahc frict10ns of sedi­
men1 extracts have given results hh1ch 
are con11s1ent with the presence of b1tum,n­
ous material in the sediments The dl$tnbu• 
ltons of aromat,c compound 1)-P'S In ll'(f,­
ment nmplts are re~bly C011fflttnt 
w11h that obse1'ed for a 'Afil h,red Mara 
ca,bo crude o I The ~ment wi.r~e frac-
11ons con1a1red lesser relative amounts of 
paraff,ns th.in the reference cnide. wh,ch 
11 illlrtbuted 10 natural procesies. More thao 
one-hillf of the satuwe fractions had com­
pound-type d,stnbu1ions smlar IO IIKM 
obtained from sl'd,menrs observed 10 coo­
tain rela11,ely large ilfflOunrs of bitummous 
ma1'rial Mo1t of the,,e "'"' from the 04 
producing region of the lake 



STABLE IM>TOFE RATIO OF CARBO 

lntroduct,on 

table isotope ratlO\ of carbon ha~ pro, d<'d 
tnformahon on many natural gcochem cal pro• 
~\~ These vanatt0ns hav also demon 
tratcd that man s act,\ ll<'lt an be dcterm,nl'd 

\\tlcrc the natural itable 1\0IOflC rallO\ ha\e 
been sh1ftrd b s nif,cant add1tlC)lls or 1c• 
mova \ of maumal v.,th d,fferr.nt but chuac• 
tcrisllc ,table isotope ratios 

In th<- f,eld of u.otopc eochcm1stl) the d.ita ls 
e1<prcssrd n terms of 6 (Del), the p<>r m,I d1f• 
fcrence bctv.cen the ,sotOJ)(' rat,o of the »mple 
and a mncfard ma1e11al 611( 1\ dr.fmcd a\ 

(''C/UC) \landard ~ 1000 

standard 

In these studies the reference standard I\ 

lcrlhaf n l m<'lttonc from the Sat,onal 
Bureau of tandards 8'1 20) Bm•d on this 
def,nltion stable 1!>0tope ratio \inat,ons are 
e1<prcs~ as small po,111\c or negatl\e num• 
ber~ A n~atl\C 6 mNns the umple 1!. enriched 
tn the light ISOtopc U!lallve to the standud, 
"h I a pos ti\ e 6 means the sample ~ deple1ed 
1n the I ght sotopc Analy\1s by mau spe-c• 
tro~tt'f Ns btt:n carried out by T elf'dyne 
lsoto~ In under sub-contract 

As ll rew t of the equ1hbrrum isotope effect, 
atmo phenc CO: 1s about 7/mil enncht'd tn 
•.ic ~lat"e to the biarb<>Nte of sea water 
The small .imount of CO.d s\Oh.f'd tn sea water 
and the brge amount m fresh v.ater w,11 remain 
at -7/m I 5,0 long .is 11 1\ m 1',0IOp1c equ1lobrium 
v. th ,umosphenc CO2 

Petroleum and natural gu ha,e the most n~a­
t,ve 6 JC ,alucs of any of the maJOf gN>Chem1• 
al rcsen'O n of cubon It has ~en calcu­
btrd usmg this method, that abou1 50% of 
the arbon atoms m the H01n1on Shop Canal 
arc dcmed from p('trochemical pollution !Cal• 
dcr and Par~er, 1968) Many ools hne values of 
&JC of between •25 and -33 The o,I supplied 10 
the ~bon1tory at Lale Marara bo h•d a 6•~ 
\~ ue of -26 6 

Since Lale Maraoibo has been ,uhiected 
to o I ~ps leals and d&harges. and un• 

f,() 

trNtro \CY.a C dtsch.tr C'S for man 
11 was of lntcrC\I to c•am nc the u,c !f ~<'ar, 
isotope 1at1os of car hon as indrc-a1ors of thslab!e 
In the natural S}Slcm lhc stud,cs we, angel. 
,uro to determine 11 possiblc, the ro; n 
11,h1ch petroleum dN1vcd carbon I\ ava:'7 
10 thl' b1olog,cal system ~nd the degree e 
incorporation HOY.CH!r the method PIOvl~ 
no informauon about the chemical struct 
of organ,c pollut,on or ,ts loll<. propl'rlics ur, 

lo da1 , publtshl'd studies have confined them. 
,cl\CS to dctt'rm1na11on of pollution by me;i. 
\Urt'menl of the 6 1'C of inorganic carbon 
d1s\Ol\l'd and par11culJ1c organic carbon 1~ 

v.ater The ObJCCIM.' of lhl\ \ludy was lo n­
plore the possrb,hties of applying the te(h­
neque 10 samples which had bt•en subJl'Cted 10 
o,I con1am1na11on for m.iny decJdes, 1he hypo. 
them be,ng that tncorporat,on into the e(O\YI• 
trm of carbon demed from petroleum may be 
able to be determined by a sh,ft 1n 1he o'IC 
\alues of b,olog,ul matrrial 

liologin l S,mpks 

For a prel,m,nary assessment, a van«-ty of b,o. 
log,cal samples were selNtf'd from a w,de 
vanety of collewon sites These includf'd the 
lake 1helf, Gulf of Ve-neruela and the- eastern 
,,de of the Paraguan.i peninsula Tht maionty 
of 1.imples v.ere of muscle tissue of fish, shrimp 
and crabs, though somt' samples of viscera and 
gut conients v.ere .il\O exam,ned 81011c ~m­
ple1 v.ere dMd, v.e,ghed, and subm1t1ed for 
analy111 of C01 by mm IP<'Clromctry and 
reported as 6 1'C compared to 1he N.i1,onal 
Burt-au of Standards reference (r-;BS 20) V.ilu~ 
are g"en in Table 18 

It II apparent that there ,s a range of 611( 

values ,n fl\h muKle from •15 3 to •2◄ 6 Those 
fish samples from uncon1am,natf'd are.is tend 
to have v.ilues from -15 3 to •17, whereas those 
urnples u~en from wnhin 1he lake range from 
•17 10 •2◄ 6, the hogher values from the eastern 
side of the lake off L.igun,llas The 6 °c values 
of v11ter al 1,ssue from selec It'd spee1e1 v.ere 
incons1s1en1 but m the same range 

\p('('tt>S differences m.iy v.ell account for most 
of the varia11on Eight samples of the f11h 
cun;ina, "'ere umpled and showl'd a rangt' 
from -17 to -19 S Parkrr (196◄) found that 1n• 
dl\1dual f,,h of 1he ,ame spec ,es ..... hoch v.ere 

T,b!f 11 
s"ble 1so1ope r11,m of wbon In Mlrua bo b!Olog,uf Umpln 

~"'pie 
Samplm11 Are, T11sut 6 'C Y11<er,6"{. - --phy1oplank1on Terminal~ Mlr,u bo ·1◄J 

Lrs.1 
Guaiir a Pen,nwla m111<if-1SJ 

freshwater Calf,sh LI Cei~ ffllll(if .1SJ 
Blue Crabs Brid~e • la R na g,11 .15 ◄ •.,u 

l-tO off l.iguntllas whole-161 Blue Crabs 
(orocor, Manun,llas, East of mwle-1SJ 

Par,guar,.i Peninsula 

Curv1na 
Barranqu 1,s 

(,rpci. Barranqu,tas 

Shr,mp Br dge • l.i R11a 

Shrimp Bridge • la Rita 

Shrimp Off la Represa 

Moharra Off Lil Rtprtsa 
Shrimp Bridge• la R,ta 
p 1rop1cus Bridge• h Rrta 
Curvlna l·80 off ugu11,llai 

Curvin• Off la Ceiba 
Curv1na Off La Ceiba 
(uMn• Off La Rrpresa 
Curv1n.i Bridge• la Rola 
CuMn• Bridge· La Rita 
CuN1na Br dge • la Rita 
Bagre l·80 off lagunollas 
J,ck Off l.i Reprt\a 
P 1rop1cus Bridge• la R,ta 
Rob.ilo l·S1 off 1.Jgumll,n 
Robalo l•S1 off uguri,llas 

col tc1ed at the ~ me 1,me and place have an 
ts01op1c comporn,on within • 1/m,1 Published 
,,luts for shrimp from a shallow marine es• 
w,ry 111 Texas "'ere ,n the ra nge 6 UC ol • 11 
l0·1◄ For fish the range was •7 7 to -17 0 

\\hen normal and pollutant Cilrbon are mixed, 
L~6"C of the m,xture 1s given by 

Cn6n + Cp6p 

Cn + Cp 

"hrre C • concen1r.i11on of c.arbon mg~, 6• 
6 'C, n refers 10 non-pollut.ant carbon, p refen 
to pollutant carbon , and m refers 10 the m,~ture 
u dtr .ind Parker, 1968) The rallo of the 
IT.O;..nt of pollut•nt c•rbon to normal urbon 
" the m1kture ,s g"en by 

Cp 6n -6m -Cn 6m ·6p 
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fflll\Cle-17.0 •lU 
muscle •17.2 
ffllll<le • 17 l 
m111<1e-1H •1l.2 
muscle-177 
~fe-180 
mll\Cle-110 
mu\Cle•laJ •17.0 
ffllllde • 117 •143 
mll\(fe-181 .,, 2 
m111<fe,1aa ·l01 
muscle •190 
muscle •193 
muscfe •19 s 

·161 

muscle •195 ·16.S 
muscle• 1'7 •14.1 
mcncle •19 9 
muscle-206 ·21' 
muscle •21 ◄ .253 
mu\Cle-246 ·230 

Subslitut ng the 611( ~•lues for !ht txtreme 
curvt~ Simples (· 17 •nd • 19.S ind ~ deter• 
mined 6 JC value for o of •25 6, g:ws a muh 
md,cating 1ha126'\ohhecarbonmlht cur,iN 
hav,ng 1he lowest u!ue f•lU Is drmed from 
petroleum This rtwlt auumes tr.at c, one 
ha .. ng the h ghest Vilue (· 17) conn r.s no 
arbon dtrr.ed from pctroltum. II snould be 
kept in m nd howt\'er tlut the r.inge of values 
for cun1na ts ,ery nwly d-.at of lhe reported 
wia110n within ,peon. Thus mt dat1 ob-
1a,nt'd mun be cons:dered incDlldusiwe 
respect to the contnbutJOn of petro:ewn 10 the 
nrbon conrent of tale Mar.iaibo biota 

Std1111enl Org1nlc hlrKII 

In idd :ion 10 b,o sample\, the su e carbon 
isotope ratlOS of the cxpruc e-.• ICtJ from sedi­
ment samples were ~,~ ed I Yr?:ple 
v.ere se ected for the\C e1plou'.lll} Uudie\ 



th cc from locauoni lilrly to con11 n b tutn<'n 
1n th \Cd mrnt and thrtt from locations br 
from th o I procfU(,n r on The results arc 
p esented n tabl 19 t thN with the valuM 
ob1a ncd for ~uth l,a tuana Med um Oud<', 
a \\l'athcrcd "mpl of tM umc crud o I and 
for a b m nous p,rt1d rcm<Wed from the 
~ lll('lll sample; obta1ncd at ~auon 2. The 
values of the sotopc rat os of Maraca bo M'<I•· 
mcnt c1Uact\ ar r11remel~ low comparrd to 
,aluC\ obtatncd ,n a true mar ne environment 
\ a!ut'\ of 611C for marine plants and b101a 

nera ly fa I ,n ll range bctv,ctn 4 and • 15 
Calder and P,1rlcr 1970) tfow~er, 1he I p1d 
lrae:tiorn of bnd and lr~hwatcr plants can 
hav much lower values S lverman 19671 It 
s thNt'fore I tel) that the low values for the 

sNI mcnt c,tra<ts reflect the presence of de­
tritus lrom frMhwatc-r and land p~nt1 

The percent b,1umrn carbon \a!ue\ g1\en 1n 
Tab c 19 arc bast!d on the usumpuon th~, the 
lowest uluc ol 6 'C found for the~ mcn1 Ci.· 

tracts (41 6) 1s reprcsentat,~e of the value ex­
pected for :a sample conta n n no b tum,nous 
r~uc A ~.lue of -'111 I\ talen a1 that repre• 
scn11n 100% b 1umcn since 1h11 ~alue ,~u re• 
ported for 1he b lumen JMrtlCle rl'CCM.•rcd from 
~ ion 2. Calrulat1on of pl'lccnt bitumen carbon 
11 bast!d on 1he cquauon prev1ou~ly g .. en Ot 
1he three std mcnt e.wacts ca1cula1t'd to have 
4 or more bitumen carbon, 11 ~ perhaps s,g­
n, ,cant to notr 1ha1 1wo (St,ltlon 2 and 31) 
wl!fe ob l'\cd to contain b1tumin0\11 pan.des, 
and the lh rd S1111on 6) was from sed,ments 
from the v,onn) of the sh,p channel In the 
trans of Maraca bo 

The usumptions ust!d for the calculauons, as 
,n che asc of the t1nue stud es, aff• of ne<cs1lry 
ovcr-s1mpl1f1ed, much more data ts nrt'ded 
contt'mmg the 61 'C values of other typ~ of 
matcna d KNrgcd into lhe bite before 1uch 
alculations an be acceptt'd as true md,cato~ 
of the presence or ab1Cncc of bituminous res1-
du~ The trends observed in 1h11 explor;atory 
study aire ho.,,e,er, ,ery encour;ag1ng and 
w esi that further studies along thee lines 
~ be prof 1able 
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Table 1, 
~table •~lope r ato<» of urbon In 

M111, a,bo S<'d mcn1 l'\lrac11• 

~,.tion C1l1 ul•1r<l Pf'rcfrlt 
"lumber ~ 81tumt'n Carbo., -2 )3-1 s. 

6 JOO 80 
14 338 19 
26 41 & 0 
21 ·388 19 
31 •J.i.S 49 

1,a J111na M!'d,um 266 
Crude O,I 

\\eathertd m1ti •17 9 
T,a Juana Mtd1um 
B rumen p1t11<ll' •27 l 
lrorn ,,.11on 2 
'B!'nzene-mclhanol c,tr•ct,on 
Al\unung SULl()n 26 1ample con11,n1 no b~umcn 

Summuy 

• The 6"C values determined for <,,1mples of 
Maracaibo l11h muscle 111sue ranged from 
-15J to -24 6 Those 1amplc;s from areas of 
petroleum producuon, and of domes11C and 
,ndus1r1al wa1tewa1cr1, have valu~ rang­
ing from 17 0 to •2◄ 6 Those samples from 
other reg,ons h.id J r,1nge of -15 3 to -17 o 
It 11 d1ffKult to asse1s the impact of pelro­
lC'um hydro<.iboni on the values reported 
however, sin<e those within any one species 
,~ere re;asonably close together 

• The 6 'C values reported for Lake M;ara• 
u1bo 1cd1ment organic extracts were illl 
below •30 0, suggesting the presence of 
l1p1d1 from fre,hwater and land plants 
Values obtained on two um pies which con­
tained nouceable quant111es of bitumen were 
much higher than the lowe\t value -41 6, 
obtained for a sediment extract from the 
sou1hern portions of the lake 

EFFECTS OF OIL: EXPERIMENTAL STUDIES 
Of TOXICITY OF CRUDE OIL 
TO LAKE MARACAIBO BIOTA 
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EFFECTS OF OIL: EXPERIMENTAL STUDIES 
Of TOXICITY OF CRUDE OIL TO LAKE MARACAIBO BIOTA 

1 TRODUCTION 

B!OillJYS •re the moq effec live method of •s• 
~ling potent1•I tox1c,1y to •qua11c org•msms 
\\,th most b•o.t\\.tys the cht>m,stry of m.iteri.il 
toiering • w.iter systl'm I\ well understood, .ii• 

11,ough chinges In chemistry •her pdss1ng into 
rhe "'"ter m.iy be obscure However, petroleum 
11 iU-delined •t the outs<!I; the ,solat,on •nd 
l(jen!lhc•tton 1s m•de complex ,n .it le•st three 
,u)" first, the term "petrolt'um" 1\ .ippl1ed to 
a wide vu,ety of ''natur.il" or crude oils .ind a 
~ t ol relined products M.iny of the s.ime in­

d,vidu.il components commonly occur ,n the un­
polluted system. Second, even .ifter specific.1 
IJOII of • given entity as the "petroleum of 
W,ni11on,one ,s concerned w11h a complex mix­
Me of org.in1c components with wide v.ir1ety 
In properties of vola11l1ty, w.iter solub1l1ty, and 
tox1C1ty Third, the chemical compos1t1on of 
rNOY of the compounds m.iy change after en­
ieri"g wattr Cond,11011s of turbulence and tern• 
ptrature may radically .titer the dynamics of 
~01~water" mixtures, .ind part1t1oning among 
od, w,rer, and g.is phases may differ greatly 
depend,ng on the hydrocarbon types present 111 

crude oils 

Thert ,1re rwo t~ of btomays 10 de' .. rm ne 
dCute IOXKlly in gener•l use, 1) lhe flow. 
through bio.tssay n which the test solutlOII Is 
continua ly renewed a!'ld 2) rhe SI.It c biol\Yy 
In which the test solut1011 Is not changed dur111g 
the It'll period For t'lCh type of lest arute IOJ• 
Krty ,s deKr.W in terms of the med.an toler• 
anct lmu1 (Tlm), which rs tht conc~nmr.JOn of 
the test Sllbslln<e 11 which~ oft~" test orga• 
n,srris surv11,e for a spwf~ period of titr. 
Tlm IS rtported for 24, "8, 72. or 96 liOIM The 
obiectr,,e In this study w•s todtter11Ure the con­
centr 1t1011 of crude 011 which would ktll ~If of 
the test popul,11100 during a 24-hour test pe11od 
The concentmion -•lue1 for crude oil tox dry 
are balt'd on ,~ .. ~mount of 011 •ddtd to the 
water rither th.n the ,mount of 01I •ctu.illy 
present 111 the w1ter column These -•ru~ ,are 
expreslt'd 111 paru of oil pe1 m1 ,on ~ of 
w.iter (ppm) The types of crude oils~ 1n the 
e1pe11 ,ental toxicity studies were an from lhe 
Lake M•r.iCd,bo f,eld 5,nce the test oils ult'd 
varo~ widely 111 both phys,ul and chemlol 
propen,es, they •re hsr~ 111 Tab~ 20 together 
w,th penment d.t~ 

T&llt 
Crude o,ls used 1n toxiary tts!ing t•~roment\ 

Crude 0,1 

~lh Ti• Ju.n1 
~ um Crude 011 

TII Jua11• ~cd ,um 
Crude 0 ,I 

Tia Ju•n• low Pour 
C,udc 011 

Ti• Ju•n.i Heavy 
Crudt o,I 

Tia Juana Lo11\1 

0.-hyd, ioo11 
Chtm1ul 

API Gra,ny AddNI lltffllrh 

24 • !'-.o Supplied in bul\. to • hol&ng 

25•.lf,• 

24• 

111• 

31• 

Ye. 

)ts 

YN 

Yts 
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11 the l.u MorocNs Lib An oil/ 
w••er emuwon bye, •n p,e,ent,. 
• nd this byer wn ~ In iome of 
the p,elll'NNry t•~nments. 

Thi\ and 1~t lo!!o,,, "I GI!. td 
"'"' obt• rwd it p,o=,ction 
now~uons 



CO TINl OUS FLOW METHODOLOGY 

A flow-throv h b1oi1\YY system, 11m1l•r in con• 
ttpl to the s em at Bittelle's Manne labora• 
IOI), 5<-qu1m, \\la,h1ngton, (':•ughiln, 1973) Wil\ 
constructed at the la\ Moroch•\ labor•tory 
Tht' ~}'\tl'm comktl'd of a con\tilnt lrvel w•ter 
head Ian!.. fitted \\ uh a m•nilold \\1th sever•I 
watl'r dl'lr.l'ry lubes. heh tube delr.ered d,lu• 
t'nt water 10 the indivk!ual b1a.\s.ay tilnh The 
01I dl'lr.ery S) tt'm conskted of ii large gl•ss 
Ian!.. v. 1th bent gl•u delr.-ery tube\ to meter 
con 1;1n1 amounh of o,I 10 the ind1\1dual b10• 
ass.a) aquana l he water and 011 were combined 
in a tali -mouthed funnel prior to d1¼hiltge 
into the b oa1s.ay aquam1 Water and 011 flow 
v.-ere adJU\tcd to m•mtam a d1spl•cement 11me 
of 1 hour n the blOils~ aquu1• 

This S),tem did not function ~usfactonly with 
Ult' Mar~a1bo waters due to the high produc• 
tl\lty and hNvy growth of ~•le o•g•n1sms 
v. th n the ¥.iltl!r s~tem Bt'cau,C! of t'xtremt' 
,ariab,lity ,n the conunuous flow b1oi1\say data, 
tht' r~ulls of the ilCUte tox1c11y test\ art' 
1nconcfU\tve 

Stucfin of Art,ficill Oil Spi11s In a Row-Through 

s '"" 
\\ hen considering tht' toxic effecu ol o,I d,s­
cnilrgt'd m u e Mari1Ci11bo, ont' must kttp 1n 
m nd the fo!kMmg poanb ..,,h,ch charilctenzt' ii 
typ1Cill • spill "Tht' rele•se of o,1 ocrur\ 011er ii 

period of hours so that for t'ilch spill tht' orga­
n~ ue eiposN! 10 ii single"slug"of o,1 wh,ch 
1$ sub1ected to contmuous degrada11on by m,cro­
b,.il actrv1ty, Ion of lrght ends by 11ofat1l1uuon, 
and lnO\'l'mt'nt into the w.iter of tht' soluble 
fract,om 

Both continuous flow ilnd stilt1c methodolog1t's 
were emplo)ed to stmufate t~t' cond111ons 
Th1tt continuous flow, .,,mulilted spill b•o• 
•"-'Y' were conducted An &-foot trough was 
dr\'lded across the midpotnt by a part111on that 
e1<1ended ~low the w.11er surface to .1 depth of 
two inches Water inflow and outflow lo-

uttd at oppo!t1tc end\ of the tank, a COl\sra~t 
water e•ch•nge of J ,000 mis a minute wu ~ 
t•rned The t•nk w•s stockl'd with 15 hsa (Mv~ 
cvrl'm•) and 15 wh11e shrimp (Penaeus 1chm,t1i) 
for a I\\O•day accl1mat1on period before inlrl). 
duc,ng the 011 

Oil \\•\ introduu·d on the inllow side of the 
partttton by g<>ntly pouring through a large. 
mouthed funnt'I All of the oil WdS ret,11nt'd be­
hind the puHt1on Undoubt<>dly, soluble fr,c. 
t,ons l!ntNed the watN column and p•ssed un­
der the partition, howt•vN, no visual e111denceof 
011 was nored past the pa,11t1on For the f,11, ,~­

periment ont' gilllon of 011 was d1schargt'd nto 
the tank which contained 90 gallons of 10.-ater 
foe g•llom of oil were d1Hharged into theun~ 
during the srcond and third expenmen11 The 
fish and shrimp were observed for ,1 period of 
four day\ During 1h1s 11me, no add1t1onal 011 
Wils introduced into the test system 

No mortal,ty \\.UOb\t'rved throughout the enttre 
test l)t'riod for the three eipenments T~ f,s!i 
and shrimp could swim under the par1111on, how­
t'Ver. no avoidance of the 011-contillning h,lf of 
the tank wu nott'd Actually, the fish •P~•red 
to fa11or the 01J.con1aining art'a and Wl!re found 
most of the time under the floating 011 Zoo­
plankton seemed 10 be conct'ntra11ng with,~ 
5 cm of the edgt' of the floilllng oil Howe11er, 
no mt'asurl!ments wt're taken to verify any d,f. 
fert'nce tn zooplankton density bet\\ten theo1l­
conti11n1ng and 011-free portions of tht' tank 

Th1'1 dt''l1gn probilbly clo'lely simulates the con• 
d111on1 following a single release of 011 except 
th•t there was no ag1ta11on of the 011 ilnd water 
which naturally occurs through Willlt' action 
Ag1tat1on would most likely rl'\uh in a faster 
rate of lo0lub1hu11on and potenually place more 
to~,c compounds in the watt'r, but would also 
relea~ toxtC compounds to the atmosphere 
through evapora11on Add,uonally, ag,wion 
could d1sper\e small droplt'ts of insoluble on 
throughout tht' water column These droplet1 
adhenng to g,11 msut' and the sw1mmeret1 of 
shnmp, m•y cause mechanical damage th•t 
could result in or contribute to the death of th, 
organism 

SfATIC BIOASSAY METHODOLOGY 

'"' ureful cons,derat,on of the prob­
Ii 1 ~hich were •ttend,int 1n the use of the 
itfn,inuou'> flow b10,mc1y sy!ttem and ilfter re• 
~ttd auempts to correct these problt'ms fa,lrd 
io red11<e experimental var1.1btl1ty, a new ex• 

1,nentill c1pproc1ch w•s rmplementtd formu• 
riiOII of the c1pproc1ch, which u11h1es the 
~11,c b10c11say conctpt as the fundc1mental tool, 

1111 
posi1ble only after a period of trial and 

tflOI' A,., understi1nd1ng of the biology of Lake 
t,lltaca,bo gained by the staff sc1ent1s1 on s11e 
plaitd a key rolt' in the design of• more rt;il,s• 
uc b,o,11\ily approach. Input from a concurrent 
a.uel,e-~orthwt!st program on b1oc1ssay meth­
odoloiY (Bec1n et al., 197-4) was ut1l11ed, when 
ltu ble, 1n the design of the b1oc1mys at the 
Lai Morochc11 laboratory 

IM'I this sy!ttem II w.is possible to determine 
ir.t elf«II of wt'athering on the toxicity of the 
cru<le 011, the diminution of 1ot1nty with time 
of 01lsub,ected to ar11flc1i1I spill cond111on1, and 
10 comp,irt' the tox1rny of sevt'ral crude oils 

An inrtgral part of the expenmental dt's1gn for 
oil b oa1Sily studies at the Las Morochas laboril-
1ory wu 1he ml!asurement of hydrocarbon con• 
cen1ra110n!t 1n the tt'st mt'd•• Duplicate ~mples 
of bto4nily w.ier wt'rt' t'xtr.1cttd with hexane 
ind w,1h carbon tetrachloride c1nd shipped to the 
ltlchland lc1borc1tor1es C.irbon tttrachloride ex­
tract\ were •nalyzed for tot.ii 011 using infrared 
ipectrO\Copy (IR). The hexane t'Xtrilcts were 
arwlyzed for monocycl1c aromauc compounds 
=s gc1s chromatogr;iphy Detail\ of method­
ology ernployed for these ilnillyses ilrt' g111en 
1n Append, x E 

bploratory Pha~ 

S.l oplora1ory bloiissays wt're conducted using 
South Tia Juana Crude 0 11 to determine the 
l"'f)ilCI of c1g1tatoon of 011 with water The de­
wed c1moun1 of 011 was mixed with 1S l1tt'rs 
of lake waltr by 1nvert1ng ii glass carboy 20 
times 1n rapid succession. The mixture wu 
i.'lowtd to sep,irate into two ph.ises for 30 min• 
tr.t\ Tht' water ph•1e (hypophilse) was s1• 
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phoned into 1 S'fk,,i glass jm ,nd the trst 
or~nrsms .idded Ten .1n11Nls were added to 
ec1ch of 3 I ers ol test tt.td um The ~ ­
sired concentratoon 111u mi-.ed at by d lulion 
of the hypoph•" (1~) with e water 10 
yll!ld 75, 50, and ll%. Mor.1 ty n the ttst ve-­
sefs ilnd ii cootrol v~I 1m ~ fre­
quently CNer th, 24-hour period 

Emuls f,ed South T ~ Jwm Mecfllll!l Crude (ltt 
T c1ble 20) vm not touc to shrimp wf1ffl 90 and 
150 m ,•en were used according to the iibo.e 
methodofog-, These vobneso! od cormpond 
to •n 011/water contict concentrc1uon of 6,00, 
to 10.000 ppm ~lien 2 ll!ffl of dmulsifoed 
otl were uwd (133.000 ppm f fJTe &; 0t 3 
l1!'1s (.lll0.000 ppm, figure 61, the r&-lls were 
essenti;,iTiy the Sil!Tlt', u requlttd .approt fflil!ely 
96'¥. of the conc,ntr4hon of die whole aq~ 
exrr•ct to produce moru ay ol 50% 11 2,4 
hours, 1, , the T~ value eqwled '\ 

The crude od emulsion Wlidfflydrned by~ 
tion of a chemu derr.ukifier, ar.d ,ubse­
quently tested fo, tox!dty acc0td ng to e ex• 
ploratory procedure ilbo.e. The dehydt4red od 
was found robe mort touc Ihm rhe crude 011 
emulsion The 1SO m n .:en of dthyd~ ed oil 
extmted Into 15 liters of water producfd 
1ox,c1ry suf ,aent 10 requue a di ution IO about 
7a of tht « 1011 strength 1n order to m­
du<e morul11y m one-ha f of me test MlllMS 
1F1gure 62) "hen 2 liten of <!emuh ied oa 
were testtd, !ht' nlue of tht Tlm,_ ~ esti­
matt'd to be ~ of the concentrc1tJOII of e 
ong1nill aquN>Us exttcJCt f,gin 6.Ji.. 

In ii fltlill tlplouto<y npmn:er. , orie Gter of 
emuls fitd o I ,-.-u "wuthered for a houn m 
d rect sunl;ght at Iii t' ttmpe,Jture and e:, 
uacted with 15 6ten of b , water '!ht Tlmu 
~lut> wis de1errnintd to be ibout of e 
extr 4cttd Wiler !)NII' F ure 6C 

Th, abo-.e e•perlllltllU prov,ded a ~ for 
more detil led mnt.,gitlOnS 11\lO the Tl.mi. of 
South Tl4 Juana "1telU!llCM!e0J,a~ 
son of Tlm1, of Sf"<ftcJ aude ods tht eJ!h. 
t'ring of crude o ;ind the dir.~l!JOll of 
t0XIClfy Yi rh II/Tit' of artJflCI• oil I? 
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hprrlmN!lal rMUlb of oploi11oiy plw1c tnvcr1lon ol urboy ult"d for 11llun1 
Conu~ntr1l101'1 1rrlved II by d u110ri 

Con«-nlrahon R1nge 
01 ll'IRffl 01lTrPC of Crud~ 011 (ppm) llrn2, (ppm) 

I' sdimlll ~TJ\i lmulsklft 0-6.000 omo,111,ties 

, idlmlru STJ'l.4 lmuh,oo 0.10000 /lio mort1l,11t-s 

r sd1m fl \TJ\I • Cl> 1 0.10,000 7,'100 

I' schmlnf STJ\i lmulslOll1 0.200000 192,000 

I' schmilt STJ'l.4 lmul1\on o.mooo 123.000 

P schmmi STJ._.. •CD 0.133 000 69,000 

I' schmlrtl STJ._.. lmul1lon CH6)00 61,000 

CD • Ch(-m,ul Df,mul~1f,rr 

\\t-1th~l'd" lot tight hou"' 

k..., of South Tl, Ju•n• Mtd,um Crude Otl 
fOI "I 

f 
thtlt' rxprrimenls • llt'W mmng technique 

rJ -nto•ed (stc F 1gure 6S) All sulxequent 
- II ~ .. ,.. 1 f 
-111, b•~l~Y ex~rlments were ~r ornlfd 
lflll"I the s;imc procedure The w1•er .ind o I, 
ill deslrtd proport10ns, wtre mixed for 10 m,n­
~•t> 111 • gins c1rboy cont11nrng 1S l,ttrs of 
~,trr 1111th • m:.gne11c stirrer set II ii fixed 

d After m1x1ng, the two phi11es 111ere 
:.rd 10 \ep•r•te for 30 m1nutrs Tht w•ter 
~It' 11111 siphoned so u to i1vo1d conwn1N• 
tiOII w11h surface 011 Tht orgilnrsms wert then 
,ddfd 1o 1hr w;iter ph.l\e In the test s~rem 
Tht rxprr,menb were c•med out in fr.e repl1-
atts of ttn 1n1m1ls tich, wuh the time of 
dtith of , ch 1ndrvidu1I noted 

Tht White Shrimp. The commerml v1lue of 
tht wh1•e 1hr,mp, Pen;,eus schm,rr,, 11 grr.1ter 
th•n 1h.r of ,ny othtr 1n Lake M•raca,bo (Vol• 
ul!'lf 1) and IS e1s1ly kepi in upllv1ty lor u~ in 

1o1(1ft expe11menm1on It 1s ilso an 1mpor• 
u~t member of the food web le•d1ng tot~ pro­
duct,on of commercial spec its off 1sh (Volume 1) 

In the e•rly exper1men1s there •ppe•red 10 be• 
1Nrp lncreilse in tox1c11y bttween 1333 ppm, 
o,I 10 w1tf'r, and 2666 ppm (Exptriment 43, 
f gure 66) further rel1nemtnt w•s allempted 
by 1dd1ng 1667, 1333, 1000, 667, and O ppm of 
o,1 to 1S liters of water This resulted 1n only 
1l' mortality ii 1667 ppm ind only ~c•ttered 
duths btlow that v,lue The same experiment 
_,,., repr1ted using ratios from 667 to 2667 
ppm Agan, there wu .i bre.k1ng poinl at 1333 
ppm \Experiment 49, F,gure 67) The conetn• 
1r1toon tntl'rv,ls were reduced and the TlM 14 
~,lue for Souttl Tia Juan, Med,um Crud< O, 
w11 lound 10 be 22 Ii m1lhl,1ers of 01 11 15 
I tell of water or 1507 ppm, as tested in this 
1~tem (hpe11ment 44, figures 68 and 69) 

69 

The 9S% ftduc .m for the Tlm,. are 17 to 
25 m I en or 1133 10 1666 ppm. 

liw •nd Ro~lo. Sim~ r iests were ~ormfd 
IM!g the l!Si MIIJJ Cllffflli ind one of the 
speoes of r~!o. Centropo,nus tflllftM Tesu 
on I~ an1rmk were s erttnSlve due IO the 
lad of an rNls of su ub Sll'-. 

The r~lo appM 10 be ,on,~ more rests­
t•nt lo th!! ef ecb brou he •bcxA by e :ng 
of aude o I ,nd "'1'er tn whkh they 
I u or shrlr!lp b~nrnmt SO "'ilh r~ f 
ure 70) shows tNt the amount ol 0t IS sevtn 
tunes th.t rtqu ed 10 produce the s.me re 
spon,e 111 shrmp Tht Tun,. ~ ue for rcbillo 
WH alcu!Jted 10 be 10,667 ppm (f1rJre n 

hpennlfflt '5 (f 72) •n performed on 
[jy uwg the stincS.fd procedure and a Tun r• 
"''" found 10 be 2-400 C1J2S-245] ppm If ure 
72A). Another etpelllT'tnt w. 1hr. ~ Imel 
slightly from the out ed procedure III thilt the 
d1flrren1 concmtratronswereprodllCed through 
d,IUt;On of concmtmed aqutOU\ extrld w1th 
~le V, i•er The WlO of od IO w~ter Ill UC• 
perim,nt l4 (f11Jure 73 wis txtremely h11h 
166.667 ppm The wrp bml which occurs 
bttv.ten SO 1nd 751. would corepond roughly 
to bttwttn 33,333 and 50,0CO ppm of oil 10 
w~•er This Is rilJier htgfi CompMedtowM one 
finds 111 Nture.. from this ttperiment & would 
1ppea1 tNt the In. wtlU!d 1101 suffer III Wt of 
~n od sptll III lne Mma:bo. Tl: vi u, IS 

quite ddfmnt from t vnved il III Elperl­
ment 65 whtll m1111g w-n mx,mpll td wog 
ii ~nttic stirrer, •iid no 1~ uon. 
11 1s I ktly !Nt the ptOCffi of dilutJOn aused 
subsw1!QI ~ of vob It cydroarbons from 
the w•ter, With a cormpondi g nse In the Tun 
Yol 1ue reported 
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Rtb1,on\hlf) be-"""'" pt"rC'Nlt moruhty 124 hou") .ind Sollth T1.1 Ju.in.i Med,um Crude O,I 
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MINUTlS TO DtATH 

figu,e 73 
Mu1:tl rurem• t>.p<>~ to d fftrtnt concentr1tion1 of South T,1 Ju,n1 Mrd,um Crud• The w1trr 

ph,~ oft~ o l<W1ter m<1ture ,. ,s d,luttd w,th I,~, WIIN to 1mve It tht •11)1ng 
concentr1toon1 1~ 11tqu,110 66 667 ppm of o,1 to w11rr 
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Su"''"'rJ T,blt 2 
[,pe11mcnt1I resuhs of "''IC tell ~mg Soulh T, Ju,~ M«flllm c~ Oil 

(OOC!'fllrl110'1 "1ng, of 

o, '"'~ - -- _ ~TIM Crude f£P~ _ Tlm,-

, schmllll 0·10,667 Nol ~r,moned 

I' ichmllfl 0·2'67 Nol ~"IIIIMCI 

f jchm,111 0-300) 1507 (11~1166) ppm 

M curctn.1' 0 66,667 Nol•r~ 

M currm.i 0 BJ)() 2400 fl)~~ ppm 

C. tmiftNI 0-26,670 10"70ppm - ---
o,lyt,011 mtthod ll\td to""'"' 11 concf'ntu11on 
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Compa11tivl' To.Icily of Medrum lo\\ l'our, 
lighl, ind Htny Tia Ju1n1 Cmdt Oil, 

A numbc-r of cxpcnmenu "N<' performed using 
crude o,h, all ol which had a chcm1C'al dC'hy• 
drat ion .agent added All c~pc11mcntp,, crc per• 
formed U\mg th<' "ihuc shrim('I a, t<!\t antmal\ 
and cmployln the magnetic ,ttrrrr m,~1ng 
tcchnlque hpettmcnt S1 (I 1gurc 74) \\Ucon• 
ducted " th a medium m1ty o,I \\1th lo\\ 
pour point The morul,ry results wNc equ1va• 
lcnt 10 those wuh ~uth T,a Juana Mt'd,um 
Crude O,I bur the 1ndue110n time for the re• 
\P()n'>t' wu redurt'd 51,tisttcat anal~1\ 1nd1• 
Cil('!I that the nm,. IS 1600 ppm wllh 95% 
f,duoal hm11\ of 933 to 2670 ppm (figure 75) 
Furthr.r c~perimentai,on w11h the low pour Tia 
JuaN !v!l'd,um gave a Tlm:. ..,,rue of 1783 
ppm with 95% liduml l1m1I\ of from 1200 to 
2650 ppm (hpcnment 58, Figure 76) hpen• 
ment 52 (F urc 77) wa\ p<'rformed using 1 la 
Juana Med,um Crude 011 lh,s crude o,I was 
talen from the produc110n t,ne at UI~ Tank 
Farm Once again there was a dclm1tc reduct,on 
,n the ,ndue11on time Although the dala was 
not ;imcn~ble 10 prob1t analy"\ a Tlm24 of 
2160 ppm was cakul;ated Thu1,, 1t ilppears that 
5outh l1a Ju,inil Med111m Crude O,I, T,a )uilna 
10\\ Pour Crude 0,1 and T,a Juana Mtd,um 

txP 51 

bpcriments wllh Tfa Juana H!!a11y CrU<j 
w,th demul\1f,cr indicated that th,s 011 Wile O( 
C0\1C than all other crude_, oils tested (£ s lt11 
mt nt 56 Table 21) •per, 

b1>erimrnt 53 (f 1gure 78) u,rd Ti.t Ju.in.it 
Crude 011 with dehydration chemical addJht 
the production lin!! Thl'fe .tppcars to be n n 
rel•tion betwc-rn thr toxic rffrcts .int:· 
;amount of crude 011 addrd However . .tnal ' 
of l,ght .tromat1~ in th!! (('1,t Wiler (Ftgur,rs;s 
-showed th•t the concc-ntrat1on of thr light.! 
m,11,c fraction, r.tthcr than the oil-to-w.1ter 
ratio, ls cons1stl'nt wnh the mon.1l1ty d.tt,1 
It y,ould .ippeir that properties of the 1, ht 
011 influenced II\ m,x,ng eff1c1ency g 

To achie11e more elfoct111e mnung 91,ters of 1.ike 
witer, rather than 15 liters, were used to ex, 
tract the T1,1 Juana Light Crude 011 (r1gure 80 
Tti Juan.i light 0,1 appe.trs to be less toxic thin 
ill med,um crude oils tested Stat1st1c.1I an.ily­
m of the d.tta yielded a Tlmu or 2800 ppm with 
95% fiducial ltm1ts of 1650 10 4750 ppm. 
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Mot11I ly of ,hrlmp P\1)0\M to aqurou, e\lrKt\ of 

l,~ lua~ Heavy Crude 0,1 (hpt-rlmtnt 56) 

0 I W11i-r R11 o 

HHppm 

'J&..7ppm 

2000ppm 

1333 ppm 

Orpm 

Pc-r«-ntage Mon~l,ty 

20 

18 

24 

8 

4 

0 50 mt/l5t • (3333 ppm I 

A 40 mtll5l (2667 ppml 

A 30 ml /15! • (2000ppml 

• 20 mt/15! • (1333 ppm! 

'il CONTRQ 

.-• .--• le 
I 

I 

!(XX) 

MINUTES TO DEATH 

10. (XX) 

figure n 
Shrimp P schm m. eipolNI 10 Tra Juana MNJ um 1,om Ulf w,th dehydr1t1on chtm,cal added 

m productJOn line.- 0,1 ~mplc.- w•• tikc.-n from the production hne 

78 

)00 

81) 
),-.. 
~ 60 
" ~ .. 
3 40 
(,J 

" ... .. 
20 

0 
10 

EXP 53 

/: 
----.. 

o so rntnst . om w 1 

6 40 ml flS t l2fl.6 p; 

• 30 r.iinst. rm w 
t 20 ml. flSt • nm pp 

'ii CO~RO.. 

,· 
Ji. ---,r ---:.--, - • 

~1· 
I 0 I; q O- e 

'•/· /4 .. 0 .. 6 

100 

MINUTES TO DEATH 

figure 71 
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F1gure 80 
T1i1 Juilnil Light wuh dehydration chemlcal 

Summilry T.lble 3 

Experimentill r~uhs comparison 1oxIcI1y rests 

Crude 011 Type 

T~ Juana low Pour 

T~ Juana Low Pour 

Tia Juana Medium 

fa Juiln.1 Light 

Concentration Range 
of Crude Oil (ppm) 

0-3330 

().3330 

0·3330 

0-3330 

50 mt /9 t H
2
o 15555 w I 

40 mt /9t H O • 14444 ~ ) 2 
30 mt /9t H

2
o 13333 wrn1 

20 mM9t H
2
o • 12222 ~ r\11 

CONTROL 

10, 00) 

Tlm 

1600 (953-260) ppm 

1783 (1200-2650) ppm 

2160 (u lculaiedJ 

Not De1erm1ned 

y(STIGA TIONS OF TOXIC 
~ Of(RTIES Of SOUTH TIA JUANA 

c~UDE OIL 
It ob,erv,I tIons made during the explor• 

,1o1t• ;:per1ments indicated that mo<;t of the 
111)()' dcJlh, took pl.ic<• w1th1n 80 minutes 
~~,po,urc f h1\ suggests thdt the toxic 
• 

1
~ 1 i cted rapidly, but d id not remain in solu­

ltt 11 lull streng th throughout the entire test 
1'°° iod The ma1011ty of shrimp wh ich surv111ed 
:: fi~t 80 minu tes generally survived to the 
tf!<I of the rest penod These d.it.i suggest that 
t!>e toxic agent consisted of primarily the low 
bo,hngaroma11cs which were removed from the 
test mc.-d1a through aeration To test this hy• 
poihes~. another expe riment was conducted 

One hIer of crude 0 11 emulsion was added to 
t"h ol f1ve carboys containing 15 luers of lake 
,.attr ilnd ag11.1ted by inverting rapidly .is in 
iht exploratory experiments After settling, 25 
1-gilllon ia,s were filled w ith 3 lners of hypo­
phillt w1ter and fmed with aeration apparatus. 
r~ series, each of five vessels, w as stocked 
wilh shrimp after aeration for 0, 10, 20, 40 .and 
s, minutes Mortality was observed frequently 
for 24 hours 

T~ results of this experiment are presented m 
Figure 81 There Is a dramatic decre.ase m to x1c­
l!\' with time ol aeration Th Is Is a further m-
6011on thilt mort.af1ty Is prtm.irily due to the 
low boiling aromatics which r.1p1dly vola11hze 
and may not be a threat to the survJV.il of 
iquauc organisms beyond an m1t1al pertod of a 
!""hours 

Another experimental approach was utili zed in 
1 series of bioassays designed to look further 
al the dynamics of 011 In water m terms of 
to,,<11y to shrimp The levels o f oil used m 
tht exploratory experiments we re quite high 
One f,ter of oil was mixed by inversion wnh 15 
l,ttfl of filke water and a !lowed to separate mto 
two phases Three liters of the aqueous extract 
~ere placed In each of five 1-gallon Jars The 
arboy containing the residua I oil w as refilled 
"' h 15 hters of lake water, mixed, and the two 
pha~ separated as previously d e5cnbed Gal• 
Ion Im con1.1ining hypophase water from the 
''™ exIrac11on were stocked with shrimp and 
aenred Five successive extractions were 
a111ed out using the ong,nal oil sample For 
mh extraction, f111e replicate b1oassays were 
performed on the hypophase water 
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Figlft11 
M1011tl!!S of ilef•llon ref~ to the~ ol furie 

rhe t~I med111m wa\ i1era1ed p,,o, to !he ;addition 
ol •,.hrlf' shrrnp P Wlmllti 

In th- fr,e extractlOOs, rrorulity was essen• 
tr.ally equal with all shrnnp dymg widun 100 
mmures (Figure 82) A sixth e,nractIon was per­
formed using the O<lllrn.l 011 wnp/e, howewer 
there was a 12-hour deby bellottn the fifth ex­
traction and the s"th extrilction. T OXIClty of the 
hypophase warer after the socrh exrnctJon was 
markedly reduced, morta ty rtilC:fufl! m 
after 100 mmutei. (frgtire 82).. Visual 1111pecllon 

of the dat.i mdicares that Im! slope of rhe mor­
t~hty am,e for the srxth extncnon wolS d,f. 
ferent from the p=ed,rg fr,e tm.ictIons. 
This show\ ii d,tfetfflt mottaf,ty me Mtd pos­
sibly the •ct•on ot d1Hell!111 rouc ilger!IS. 

Another experiment s,mil.lr m ~gn to the pre­
ceding tei.t .... , Jnl{l,Jled but .. ,th suca:ssr.e 
extraaions of 150 m1lfilite1' emulsified od ..-,th 
15 liter\ of water In lhc. e1penrren1 tht otl and 
Willer "'ere ag,lilted with a rm~ne!IC mixer 
E,ght succes,,.e e1tr.1C1Ions ,.,re carried out. 
After each eitractJon, the h;,poph;ise water w~ 

siphoned out of the carboy and 3 lirm of tlus 
water "'ere placed m each of five repricate 1-
gallon Iii!'\ Each ,ar wa, stocked w,th ten 
\h nmp and the test media .ierated w,th com-
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Figure 12 
Tht' tflN:1 of suc-ccurw, txtrict,on I 0<1 on mort.ihty to wh,1, \hnmp 

pr~ .r1r A ninth ertr.ict10n of the or1gin11I 
011 s,mple "''n m,de 12 hou11 .ifter the pr~ 
VIOIA e,gh1 su~~srve e11rictions The hypo­
~ "'~ter from this extrllction Wil\ ilso b10• 
i~yed using 1en shrwnp in tilch of f "e 
rt!J>late g11llon 1.irs 

~early 1dtn11cil moruLty r111t'S "'ere obse"'ed 
for the fim eight PUuct10ns Only iv.o \hrimp 
were lilied .is ii result of expowre to hypo­
phil~ ,.,~,er from the ninth extr.ict1on (figure 
8.31. .A~rently there 11re suffioent toxic ele­
!N'nts m 150 mdhhlfm of 011 to render 120 g.il­
lons of 111,iter lettwl to shrimp Add,t,onally, 
thlS tOXK constituent 1s lost with 111 le11st 12 
hours"' e.ithermg of the who~ 01I As shown in 

earlicre~penments, tht»e toxiccornponentsex­
trKll!d from whole oa .irl' " wp.rtht'r@d • out of 
.rqueous ~lutions in 80 minutes .ind mort.ility 
as sign,flCilntly reduced ~ method used to 
.ig!Wl' the olVwa•er mixture as 1mpor1ilnt 
Simpll' mvel'SIOn of the carboy d,d not rl!'ndl!'r 
1S lite11 of hypopha~ water toxic, whprtas m1x-
1ng " ' th ii magnl!'t1c sl.lrrl!'r could rtndl!'r 120 
~lions of hypoph.is.e witter extren,ly toxic to 
shrimp 

bpenmcnt 17 was cond.icted using 11\1, M 
a,remil four extfKI.IOns of 150 m1ll1l1tl!'11 of o,1 
were mide as abo\e, and although the toll• 

82 

c11nt remained potent after four extrm10ni 
thNe ,s ii subst,mt1al chinge 1n the form oftht 
cuf\le .iher the first extraction (f1gur, ~ ) 

The d11t• collected ,n 1111 th, b,o. 
ilSSil)'S suggested se\ler11I ildd,tional 'XJ)tl>, 
ments to further define the d)'n11m,o of o,I in 

Willer ilS It rel11tes to tox1c1ty Ont exptr,mtne 
was designed to determine the effects ot 
weilthenng of whole oil on subsequent tOXICI!\' 
A s11mple of o,I Wil\ placed 1n ii beaker and irt 
on ii milgnet,c stirrer and cont1nuously .ig1u•t<1 
,n direct sunlight A 150 m1llihter sample Cl! 
011 was removed before " wei1thering"and1ublt­
quent 50 m1ll1hter Hmples were taken after 60 
120, 2-40, ilnd 300 m,nutes of 'weathenng• 
filch of the samp~s Will pliiced m a arboj 
contaon,ng 15 l11prs ol 1.ike w.rll'I and ag,wec 
with ii milgnellc mixer After 30 minutes of rel' 
the h)pophase water wils siphoned out ol tht 
carboy and plac-!"d in five replicate g11llon p,i, 
each conwning 3 liters of test media 

The results of this series of b1oasuys ire prt­
sented on r 1gure 85 A definite decrease In to1oC• 
1ty was apparent for the o I taken after lOO mlfl­

utes ol " we,11herong ' 

Experiment 38 (Figure 86) conducted on shrimp 
was al\O concerned with we.ithenng In a one-
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whsamples was lestNI rnd,vkfUil The lmpo, 
tant tffect to be noted here ., 1ha died 
lion of toocny wtth lnae-.ased "'" hering 
more e-.idenl (Figure 86 The ,xposurt of 
imoun1 of o,I ~ not ippro~UN•e a n 
th•1 the 1•110 of the ,urfaCI! to volume is ,r,y 
low 
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I' sdinur Figure 8' 

IJ '
1
/IOl"d to ool whocl, w,11, ~ken lrom ii constilntly stirred ,essel of 011 ill ii con1o1.int 

temperilture of 29°C ,n sunlight 

10, IXXl 

FWEA TH ER ING ON OIL 
fffECl

1
~. ARTIFICIAL O IL SPILLS 

ro,~~sourH TIA JUANA MEDIUM 

~uoE OIL 

1 ,rufic 1,11 spills were conducred in 

1, 1 1i° s poured gently ovcrthe surl,ce of 

.,!ii(!, 
01 
;'rect.ingul.i r f1bergl,ss t,nk, cover­

.,,,,rr in of 6262 cm1 The water was ma1n-
n ,irt .i rs .i ., cm deep .ind entered the I.ink .it 

tel ii u 
lil' I 3 hters per minute, or a replace-

iht ritt 
O 

of 99't of the water in about 8 hours 

¢'
11f1

\ experiment 18 93 l11ers of South Tia 

ill 1~\.;::i,um Crude was poured on the w.iter, 

~ i n ,1 la}er of calcu lated thickness of 3 

rf>Ult,n\
1 
thicker than one would expect to find 

(lll ll'~~tu.il spill 011 from this slick was sam­

"' in i i 0 60. 120. 300, 500 and 1~ minutes 

Jkd 150 ~ 111,htt r samples were added to 15 

~ f w•ter ,1g1wed, separ.ited,s1phoned ,n. 
•tno • ' 

I ,es\els As shown, there 1s a s1gn1f1cilnt 
10 Its )00 I 
drOP 10 1ox1c1ty .ilter minutes o exposure 

ht n.itur.il elements in the confined system 

~h~ 2◄ hours, the toxic effect 1s, for iill pr.ict1• 

al purposes, nil, on a short-term basis This ex­

ptroment w.is c.imed out on a heavily overa\t 

diy (Experiment 40, figure 87) A further ex­

periment w.is essenually the same except thilt 

lf,t d.iy w.is cleu and the 24-hour determin.i­

llOO was not made (Figure 88). 

The tmph.is1s in subsequent experiments of 

itus t)pe was plKed on reducing the quantity 

ol o,I on the water to more closely approach 

ICtual spill conduions The 3 785 liters of crude 

ool .,ere poured on the water to give a c.il­

cub:ed 1h1ckness of O 6 cm f 1lty m,ll1l11er s.im• 

pies of the slick were taken. The samples ob­

!J ned .ifter 256 minutes of weathering were 

sgn,flnntly less toxic than those taken soon 

•~tr the "\p111 •· (Figure 89) This e-xpenment 

wu rtpeated wuh no water flowing through 

the t.ink contain mg the 011 spill Again the tox-

1C1ly d"rea\ed 10 a great extent between 300 

•rid 500 m,nut~ (Figure 90) 

The u·ut,al concentr.iuon of monoqchc .iromat­

lC\ ,n the aqueous extr.icts of the we.ithered 

85 

o,I was fCXinct 
lodm ~ 

~t o,1 the od 1,frn ~'° With the''"" o( h~ 

a 1ty CUfVe ·oUre 9(J ~ • ......,. 

concentr•ho s correspond to I haw the 
the refatl0ns1 in the '••r~ F he ••~ l<l 

mor1al1ty and 1 ~- •rnong .,.~e 91 ~ 
the '&•ii ar0111,i, r ng Ille 
th tes1 w•rer Altheugh L~ COllce111ra110n 

e 24,.hour uoth the 2 hou m 
rea\Onabty wefl ':'la ty curves corr r ind 

~ons, 1he dr.erge~~ •:; t~oma1,a con~ 

nger llrl'ather111g I two cu~ at the 

of an inc,,~ in v~~es rn.iy be llldl(~ 

creiling arorn.i11c ~ lime w •h de-
s <011cenrr.ito0n 

figure 92shows the 
Tia Juana Med results frorn .i loln, of South 
than O 2 crn lhl{~fll~rudel cala,faied to be less 
""'' ...., e lier ol o,j was 
,...,~r= on a 11ra1er surf Cirefuf y 
Actually, lhe thw:kn ace arp, of 6273 cnJ 

w,nd •eloc11y and 1: o: thJS film Viroed with 

Sf'r.ed that th• Id 
O e•~re. 11 w~ ob-

b ~ fll was C0n<l'>ntl.. 
reaking, and refo r -~, stretdung. 

ous renewal of the~~ :!ting III COnt,nu. 

lace Under these - -' ~" mttr-
c.,.iu tJOns "'hich dcxtly 

approximate t~ whJCh l!ll • 

tual 'P•II of oof 50 m ght it•ffld iii 11<"· 

I • i ,iers Simpl~ ltsled 
a ter 90 m111utes of l'llpo111re were found to be 
only sl,ghtly touc (frgurt 92) :'-lote th.it •ro­

ma110 concentrations "'"Ulso s,gn iantly re­
duced by the wtatherong 

The last ,...,o ex~roments were dtS1gned to ob­

t.i,n a bener m~sure of the me at which the 

011 IOXW:11)1 might d1111irus!i Ynd r conditlOOS 

approx,mat,ng an ~I oil sp, Apn • film 

c•lculated to be 1eu than O 1 mm thid was 

uSf'd In the r'™ , xpenment (figure 9J Rm­

pies were w.uhdra ... n for to11oty testing at o 
◄5, 60, 90 and 120 minu e1o In the second 

experiment 1figure 94 ~mp~ were r.len .it 

0, 5, 10, 20 •nd ◄O m~utes. Th, mults of thee 

experunents .ire ,1 strong indru con lh.t oil 

spdled on uke M.irac.i,bo"' lose.it le.istor.e­

hall of 11!, acute tOl lC propert"5 with n ibou1 

◄5 m,nu,~ .after the sp,I OCOJrs provid ng the 

spoil 11, in the form of .a th111 fiJ11 on the wmr 

surface 
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RELATtO HIPBffi\EC MORTALITY 
A DOIL CO CE TRATIO I 

104S 4\ \\AURS 

~ Y' tor \\hich deta led cheml• 
o d.ata arc ava,bblc are l"c-n In Appendix l 
~ c~romcnt an be divtdc-d Into t\\o 
broad at ~ of ~nmcntal dc\1 n, tho\c 
d nt'd 10 IMI the 10-.ic rc~nsc of fish and 
shrimp t<»--ard "hole crude o,h, and thO\C d • 

to tC'Sl the 10-.ic: effects of weathered 
crud o ~ <0rrt-bt1011 of mortal,ty \\1th 011 
co tt'f\l s of wml' concern i nee t~<' re~uh~ 
ma penn as1CSuncnI of the touc potcn1111I or 
the- hydroarbon contenti of the hle 
Maraca cnvoronment on the ind <>nou\ biota 

lh..n the cbta cncr-ated for the btoav,ay ex• 
pcnmcnh U1bulated In Appc-nd1• [ have ~n 
wb,«ted 10 uat~tical corrcl.auon ,~,, c,~en 
in l.1bb 22 .and 23 arc the correla11on coef­
focn dcterm ned bctwt-cn arute 1o•lc1ty of 
tr.st medium and the ph)'\1GVdlem1cal param­
ct n of the e11:pcromcnts The dat.a in hble 22 
"'°"''\ the <0rreb11on between thc quantity of 
oudc 01I euracted oil m tc" medium by IR 
.an.ii)'\~ .and toul monocyctoc uomat,o or •~• 
mcd1UTT1 111, ath monal,ty rc1-Ults The d.11.a on 
l~ 23 ~ thc correlation~ for the weather• 
In umc oil by IR and aroma110, .... uh 
mona I) 

The correlation cocff,aenu gn.en on the t.ables 
are mcawro of thc rcpe.a1.ab1hty of the expen• 
mental rcw1a thus a coefficient of unity 1nd1-
a1es that no mailer hc,v,, many time\ the exper,­
mcnu .ire repeated, thc rel.11,onsh,p between 
two ,,..r®lcs w,11 a~ys be the ~me The 
~_, to un ty then 1hc more"pcrfm 'the re• 
la ron!h-., bcrw.:-en experimental varoable .and 
eKpCmncntal m-esulu.. 

f\ f m otJw.,,n,a,,on to be m.ide w,th rl.':\pect to 
the results on Tables 22 and 23 Is that tht" total 
oil concenu:at,on m the b10a\Say test media as 
me.aw~ by nfrared spectropho1ometry ,s. on 

eneral poorly related to 1ox,cIty In four of lht" 
11 tesu ~tudied the correlatoon Is nc.-gauve, 
while en only two t~u was total o,I content 
postt,vc1y correlated at tht" 95% level of conf,. 
dcnce Sona, S"avametr,c ~tud,es !Yve shown 
that I n:, sood ,ndocator of o,l concentr.1t,on, 
we muS1 conclude that the total o,I content of 
b e ... -..rr.r rs po0Tly related 10 the 2'4-hour mor­
U y1nduad 

90 

On the other hand, the total monoc-ycl,c: 
1 lo conc<'nlraIIon on the IC\I mNJ,.a .a •~ 

be ron\1sIc-ntly re~tcd lo mort•loty IPJ)(,•1110 
the 22 c~pc11mcnIs \tud,Nl , the toor~~~hd 
aromat,n w,th 1nduc ed morttlllly L 1011 d 
I f O 8 n•s a Cotf ,ctcnt o or grl'ater. I I11<- out of 22 
m<'nh are correlated al the <JS% tont'Ptrl, 
lc,el The total arom,uoc ~ tone en1rtlt,o idc11et 
app<!ar, to he a good 1nd,u11or ol 1o,lun7 /"" 
ccntrallon II ha\ hf'l'n found th.it for the 01\­
pcroml'nl\ lo,t<'d on Ttlble 22, lhc• aroma1tnc" 
relall'd \lrongly with quan11Iy of o,I .,.,,~: 
v.,th only two e•ccp11on\ Cxperornrnh Sh'ld 
SS The f•1lure of o,I <'xln<.ted to corrc.-late~ 
.arom•ton concentra11ons on thC!oe cxpcnrntnti 
t\ actually a d<-monstratoon of the succeM ol 
1h1s ,malys,, on md1ca11ng lhe amount of 10, 
cant pre~l'nl, since the ilrom•••o anal~ re­
l.ale 11l'ry well to mort•loty for these two le\l\ 

The r<-la11onsh1ps •mong W<'iltherong tome, a~. 
ly1,cal data, and mor1al11y ,He p.irt1cul•rly 1n. 
tcrcsting (Table 23) In none of 1he\t' tests ,.

11 
there e11en re•~nably good correspandence~ 
t .... <-en I0Ial 011 concen1r~11on and 1ox,c11y ~ 
correl.11,on between total aromauo •nd "101· 
t.aloty, however, was f,rnly good When coupled 
w,Ih the ob,crvat1on 1ha1 the aromatocs conce11-
tr.i11on decreases s,gnof,c.antly u WC'alher,~a 
11me continues, the data suggest that tht 
"I,ght ends" as represented on part by mono­
cycl,c .irom.it,t \ ;are s1gn,f1can1 contnbuton 10 
Iox1c:11y of b,oassay test medoa The fa,rly ripod 
loss of these volatoles when txposed to 
"weathering" indocates that once spoiled on 
w.all!r the~e oils lo-.e Ihe1r po1cnt1al for 1m~11-
Ing acute tox,coty 10 biota This ,s because ol 
volat,loiatoon of loght componenIs woth,n a rel•• 
1,vely short tome 

Although the rela11onsh op between monocycl,c 
aromauo .ind 2-4-hour mortality appears 10 be 
firmly e\labl,shcd. 11 must be kept on mind thM 
the .inalyI1c:al results represent only • ~Ml 
determin.auon of the 10I.al hydrocuboncontenu 
of b,oassay w;ater Other unoden11f,ed oolcompo­
nents, such as s.iIur,ues .ind mercapt•ns, INf 
also have subst.int,al onflut'nce on IOllC re­
sponse Thus, unt,I more deIa,led onforma110~ 
,s av•1l.able concern,ng the composotoon of 11kt 

extractions of crude o,ls, the data on arom•ha 
are best considered as an md,cator of tout 
Ioxocan1 conccntr•tIons. 

fll!\htr ,n,ell•8allon of the: rela11omh1p of lhf' 
' .....,..,., fract,on 10 mortaloty wa\ con-J ,,.,.,_ 
"i;.ttd In the following m,1nner :ZS shrtmp (P 

,1 ""e plalN.l 1n 20-loter glas\ carboy\ 
~lrll 15 hters of w.al<'r The magnf'llc mIx­
C1t1,!ldirJMra11on of lhf' two pha\eS procl'eded 
'1t,tfo~ but the l'ntore contl'nts of the hypo, 
11 '"wtrt'! u~ to rl'pl•ce the wat('r ma single 
pl'~Y Ool concentrat,ons were selectl'd al 
CJ Hll, 1000, 1667, .ind 3BJ ppm Water 
~ v.ere r•ken and cxtr,1tted woth h!'xane 
,,cl CCI.•• o, JO, 120, 160, •nd 1440 m,nut~ 
1ht ymplcs wl'IC charactcro,<'d as 10 the aro• 
ll'JIIC fr~110n (~e Appendix E) The morIal11y 

of the lh11mp wn 11Udl(!d with '"Pffl lo total 
l1gh1 aromaI1< frac loon 1II,me ,ero and found 
lo h'"e a Tlm,, of 1 J6 ppm wlrh 911. ftducW 
1,m,ts of O 65 10 2 9 ppm fh!>'r~t n f,gure 
<JS) A ~ond <omparMl't w;is nooe u ng the 
concenI14Ioon of fight .rom,i,o In ~er 11 
120 monutM and found to gr,e a Tl.mi, vifue of 
O 54 ppm with 95~ fiducial hmtts of from o .J5 
to O 78 ppm (F,gure % Tht l,zht .,omatoc fr«:• 
t,on ""•~\ from 1he '"'•'tr In a loprithmoc 
fa1h1c,n (figures 'fl 98 99 md 'ICC and" 
som~ i,omr w, ce'il' 10 t>ett in acute 102,c 
cflrct 

T•im 72 
(rud.- o,l to•lc1Iy sIud1n (01,rwtoon of od c~rc 

11•11•blt'\ w11h 24 hour mo<t•lory 
(V•lu1 \ 11i.«-n •u• correl•l•on co,-ff,cit,ntsl 

Cotrt'l•••on of Corrrl•"°" of Corret.t'°" of 11,e 
Qu•nI,Iy of Too•I 0,1 Cone ol Toe.I 

E•pe11menI 0,1 Extr,1e1rd Cone IIRI Moncmomit,o f(,q 
Number w11h MorI•l1Iy w11h Mortal,1y w~hMon.:.ry 

4-4 963 920 aos 
49 816 356 w 
so 956 • IIO 810 

53 156 963 ,n 
ss 387 • )94 ,,,, 
57 990 )64 '61 

62 917 723 913 

63 884 • 217 M 

Tobie 2J 
Wl'a1hc11ng sIud•t's Corrrt,I,on of 011 conrrn1 

va11ables wo1h 24-hour morUldy 
(V•lue, g,-, n ••c <0rrew1,on codl,cit,no,) 

Corrt"l•11on of Corrt'wI,on of Couel•ll<>n of lht' 
Qu•nI,1yol Total 0,1 Cone. ol Taul 

Exper,mt'nt O,I ExiracIed Cone (IR) MoN»rorrwt,o CC) 
Number "' oh Morl•hty wllh Mon,lty ,. oh ¼>fl•t.l'/ 

-46 • 91S 008 ..e64 

-48 -%1 14) '53 

5-4 • 450 - 607 .864 
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, tdim Figure96 

d l l e•l)OW'd lo Sourh Ti, lu•n• Medium Crude Ool The l)('r<t'nt mort•loty 1\ compared 

lo~ light 11om•t,c concent ••oon •her two hours exposure 
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Concentlihon of o,I ~ded 10 "'••tr of 
1
~; ~ lufl(t1011 of bme 
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figure " 
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ctfKO~IC EXP0SURETO OIL SPILLS 

1 (Mug,/ curt'm.i) were \l'lt'c ted .it 
fflrt" •:e,ghtd and plact'd rn t'ac h o f six 48· 
~• t1,1 v,1th cons1an1ly flowing l~ke w.;i tt'r. 
llfl,qul of the tank\. amo unts o f South T,a 
Ill ~wci,um Crude Oil was poured into each 
~ urn funnel1 wht>re the w.iter entered 
l'i~•~: .ing w,th the water and d1\pers1ng 
tt ~ II dropl<!t1 beneath the surface of the 
P"' A 111,h iank con1a1ned controls Some of 
'
1 

jih wert' observed 10 c.it some of the o il 
~ t\dur,ng 1h1s 1,me After the 011 had d,s-

,!d from 1he water, the fish were f('d com 
1!19fl ltr prepart'd food at a r.ite of 3% per 
~,ight of f11h The f11h w<-re wr,ghed and 
~ 1!(!11-ttkly 

\!Ir! ore v.eek three fish in 1he control t•nk 
wd cfitd One mortality occurred in the lilnk 
~ 10 30 rn,lhl11er crude 011 per d.ty. In the 
jaurllv.ttk of thl' experiment there were three 
bD lltS one ,n e.;ich of the 15 m,llil,ter and 20 
~ 1,; of petroleum per day tanks ilnd one 
ll'l()lt ln the 30 m1ll1hter per day tank One mor­
uL1yoccvrrtd ,n 1he 20 m tll,1,ter per day tank 

11~!t\lenth week •nd another ,n the eighth 

1hr fllh 11-ere compued on •n aver.ige weight 
bll6 l)eause of the mort.ihues in some tanks 
r,gwe 101 shows the growth rate over the 11· 
''" period There 11 no s,gnif,c.int difference 
1111-f lilts 

\!1Kted wmples of w11er from the exposure 
""',n,lyztd for light hydrocarbon contents 

fhble 2◄) The1e ~1tpl~ v.ue rabn during 
the firu two daY\ of the t rl)friment, The re 
suit\ shov.ed that very l,tde " omallC hydrour­
bon was present 1n the w.iter column,"'" 1111-
med,, ,,ly afttr the sp,11 h.Jd t.ikffl place Al the 
termon.i,on of thP.e1Pfr1111t111, die f,mv.ere re­
moved from dui tank , 'Id subm,t rd for wly­
s,s of hydrourbon con11>n1s Thi, arwy!QI re­
wits are g ... en 1n Table 2S The5' (W4 india!e 
no s1gn1f1unt d,fferenc, between rhe hydrow• 
bon con1ents of the fi'J-. erpcxed to lhe tptll and 
the con1rof fl\h 

l•~24 

Mono<yd,c aromi tJCS ,n '"' "~' <OUM 
af!er oil \Pllk 

Monoqdc 
Atoma(,o 

hrk M OJ Min Airer thru c, 
',umhff 5p,1led Sp,U (mi. t 

6 conuol s Trace 

1S 002 
2 20 s Tr¥:• 

Xl s oai 

4 40 s OJJ 
50 s 005 

s 50 4aD 

2 lO G.03 
6 control s 
s 50 s Ul 

Table 15 
H)drourbon •n•ly\ , of losa e1po.ed to d;,ly ,pJ& of od 

~••ura,., Ar~t•c 
M,U1l1lt>" of Hyd rot•rbon, Hydrou,bon, 
011 Sp,lfed f ound fo..nd Toul 
~r Day <>,gi g) (l.g/gl (,.~'I I 

so &9 I Jl l 1004 

20 7S 4 l l 1 10U 

control 94& 37 0 ln6 
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0 0 15 mt OIL PER DAY, 330 ppm ... a X X 6 =20 m.t OIL PER DAY, 440 ppm 

10g ~ X 0 = 30 mt OIL PER DAY, 660 ppm 
I X 6 X = 40 mt OIL PER DAY, 880 ppm 
X + - 50 m.t OIL PER DAY. 1100 ppm 

0.5 
0 20 40 60 80 100 

DA\S 
Figure 101 

lJw, Mu ,1 curetrM. e;>.po>ed 10 daily o,I ~•II• of varying concentra11on$ over an 11 week per,od 
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le do~e of 011 flodting on the surface 
' As;!otume of w.iter which 1\ ~'"I! con­

ol U()ll\ly exchdnged di 3000 m,11,1,rers per 
1 n te does not .ippedr to be tox,c to l,s., 
m;;u.,.,h,te shrimp di 1m11.1I volume r•tIos of 
~P 10 1111 hters of 011 to J.40 liters of w•ter. 

AgitiJIIO0 of •n 011-w.iter m,xtur" "x1r.1cts 
' U)•IC componen1s from the 011 rendering 

dtt' willer phu" leth,11 to white shrimp, 
,obillo, and l,Sd 

, The 1ype of mixing influences the tox,c,ty 
of ihe w.iter extr.ict Ag,1.111on by inverting 
•" 0 ,I-w.iter mixture (1'40 m1llil1ters 01V1se 
.,.ier) 20 11mes resulted In no tox1C1ty 
.,hen the w.iter extract w,1s b,oassayed 
1«n1,cal levels of 011 in water resulted in 
highly toxic wilter extr.ict when the mix­
ture wu ag,t.ited for 10 minutes w,th • 
1N5nehC mixer. 

~•~s .is 11.iluei. for 011 tox1c11y the amount 
of 011 added 10 1he water, 11 w,n found that 
1he 24-hour median toler.ince l1m11 (Tlm24) 

for "'h1te shrimp (Penaeus schm,tti) for 
South T,,1 Ju,1n,1 Crude 011 was 1507 ppm 
.. 11h 95'i hduci•I l1m11s of 1133 ppm and 
1667 For hsa (Mug,/ curema) the 11.ilue ob-
111ned was 2400 (2325-2465) ppm Robalo 
wu found to be much more resist.int with 
a ulcu~ted n~. of 10,667 ppm 

, A dehydration chemical commonly used in 
1he product10n of crude 011 d,d not increase 
1he 1ox1c1ty of 011 but app,1rently decre•sed 
the mduct10n tome of the toxic r~ponse 
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• Un~r the t•perunenul condtlOtlS used 
WH iln unpori.n1 oqfbbfe, Tril Juan1 lighl 
Crude O I m11ed poorly With Ille ~"' 
gl'Mg rrr,11 c mpon~, ind rrsultmg rn no 
f"tidl'nl correlition of ilmount of 011 con­
lilCted with tht ,1moc,n1 idded Or, :e Olhff 
hind. T Iii )Ulll,1 ~..., Crude Oil ed wen 
with i.kt w•tt.r, but 1mpart!d less 101iCily 
1h,1n T ~ JuVld Medllltl'I C111dr Oil 

• The to~ichy of oil sp led on w,iter in ii con­
l,1 ,ned system d1111inl!l,es r1J)idly wi:h me 
of expowre ro sun ,nd w nd Thiel films 
,1pprouma1ely 3 m :meten, lo5l ,!I IOxiO!J 
after 24 houn Thinner fmns lou the IO~City 
much more rilpidly, 111 fess r~n 90 minutes 
for ii f,[m ,1pproad11ng M whlch m,ght 
ilctuillly be found m the r~ld SitlAtlon. 

• Tol.ll oil in lest w~ .s meJSUred bJ 
d~ no01 correl.if! wen with mortillity 111-

duced m shnmp or rolufo The tr.OllOC}dte 
hydrourbon content of ilQlle0US mrKU 
correb1~ well with moru r,, howfter 
Weilthenng of uude oils iubsw,tully re­
duces IM amovnlS of ilromIDC COil'~ 

extrilcted into ~le wner and these results 
,1lso corre,pond vt!ty •l'D wilh reductions n 
morubty 

• The exUiet.blt OtpnlC l'Ml!NI in bu 
v.,1ter wmples was leu th,1n OS ppm rn WI'. 
of the willer \.ilmples. This b ffiilllY orden of 
m,1gnitude sm.iner tNn the laefsofconan-
11,11,on which c.iu~ moru IO fish and 
shrimp 
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APPENDIX A 

PROCEDURES FOR ANALYSIS OF HYDROCARBOM 
IN TISSUE, SEDIMENT, AND WATER 

1 

~IIAL¥SIS OF TISSUE SAMPLES 

~ot h1h ,.,med 1111he l ,1bora1or y whole, 
,d ill an ,~11(cr,11cd, frotC'n condition When 
~ f()( •naly\lS, 1he ,ample was 1h .. wf'd 

fll()der•te hNI from ,1 l,1mp, ,1nd 1hcn 
~ 1,1\rng • kn,fe ,1nd forcep\ prev,ously 

•.tdin carbon ll'lrachlor1dc Care w,1s 1.iken 
• P"''nl con1.ic1 of 1hc 1ample wllh f,ngcrs, 
11 

• •nv 01hcr powbl<• sou re<· of hydro• 
~ Once the sk,n w.is removed, the flesh 
,11d61Klr<l from lh(' skC'lclon, CUI ,n10 p1('(CS 

)Cffl1 ,1nJ 1hc p1<'CC's r.indom1rcd The flesh 

111 
it,en dr.'ldcd mlo 50-gr.im lots, pl.ic('d m 

,i,nd rtfrozen prior to ,in,1l~1s 

9'1-ll •" f igure A 1 " a summ.iry schcm•11c 
, procf'durC! for 1solJ11on of hydroc.irbons 
~ U!Slll' 1ample1 r ,sh tMuc sampl~ (50 g 
:ti g) v,ere placed ,n J round bottom fla1k 

mil, wllh s1andard IJpcr ground glass 
lf(l •"d mixed w11h 95 percent l'lhanol 

l,~trill boiling ch,p1, ,1nd KOH (10 gJ 
11111lurt w,11 refluxed at approx1m,1tely 

.i'(cu he•11ng m.in1le and under .i Friedrich 
itfl.,conden,er for one hour Aher cooling to 
•nl ttmperilturC', the"' d,ge,tl.'d m.ilf'rial 
a ,~n,ferrNI 10 .i Teflon stopper<>d 1epar,1-
ll!J lunrel (1 li1er) us,ng d1s11lled H2 0 (60 ml 
I'd r,,-o poruon, (50 ml e.ich) of CCl4 or h<'x 
ft u~ of more than 60 ml dl\11111.'d H,O 
rndtJ to reduce the ex1rae11on efl1c1ency by 
b,,,ng • ,,,.ble 10'-,ent emulsion 1 he mixture 
N1il,1ken by hand for .ipprox,matl"ly one mon• 
itt ~rd 1h• solvl"nl and aqueous ph,1~s ""ere 
DNI 10 >f'parJte The two phil\C ""Pre 
~ onto H•p.irate flasks and the aqueous 
pN>e ,..,s exlracted with two add111onal ah 
1JJ01S (~ ml each) of CCl4 or hex.ine 

combined solvent <'Xtracts were washed 
;m to.-r~ v,, oth d1st1lled H7 0 (500 ml Nch) 
OI\Ullll.ng 1S percent NaCl The washE>d ex­
haS 11er, 1,ansferred to an Erlenmeyer flask 

ml) To remo,e w,11er anhydrous Na2 S~ 
~l,) gl 'l>,IS added and the extracts lf't sland 
,,,rr~t The extracts were then filtered 
etough I lltr paper p re,,ously extracted o,er-

.., th 1ol,en1 ThE>n 1hey were conccn• 
tttd 10 approx,mately SO ml under a strNm 
11-., in a "a1er b.ith (S0·60•C), 1ransferred to 

CUA/Q 
U IIASM _, !II ISU Q.lQJS l 
llUNNX..lllOIIO:SDCl.5•'14 

DI I Cll ll 

n,\lljwil 
~C1!2Ll 

t:;\A~lllAIICIII~ 
HYIMIOCAIIO!,~ Sr I 
CCl& SOlVfKT 

!----. 
l•NAlYSIS IYtCJCJI 
PAR-'rJ II,-<; liA'"111AUM5 
m IIOl S 10!4 K"mX,lUO. 

f ogvtt A.I 

xhrmt' for ar,;i Y'" ol 1,uue .ample lot~ 

Al 

a con,ul lube (SO ml) ~ c011Cer:lnted ro a 
lon<il ,olume of appro,itN:ely S ml The solu-
1,on was quantow,,efy tr~rnd to an £r!en. 
mryer fl~k (SO ml) conl•"""S disti11ed ,.ate' 

(1 5 ml), Hyflo SoP'f<•I (1.5 &) and 6gfu,mn 
(1 0 g) Th" m1>turt wu •bed to sund •~ 
prox,matt'ly 12 hou~ to comple. iter~• lhe 
!>.lmple " slurry" was transferrtd to a 1 an gl.m 
column with futtNI glm d 1K and tluttd ,. h 
1he approprwte sol-,tnl 1CC'4 ~ b~ 20 ml). 
The ~mple wu concmtu".!d to 2.0 ml il1d 
tr•mftrred to• mod ied flA ChrctN(ogriph c 
column, f1gurl" A 2, conu,n,ng tr a &d ~ 
,ated ,it 250°C Altl"r the Silmple 2 ml) ttKhed 
bl"d lt>vel ,n 1he column an ~it,()n,I aliquot 

• Mtl"r the pr<,e~ of Katz l ~ '-l k.te!ll'y 
1967 J. Dai ry Scil"Mt se. 1764-6& 



F,pr~ A:l 

Mod ~ flA<olumn for sepimlOll of h)-drOG1rbom 
to w "~ and a1omitJc frictrom 

CO. or heune(2ml)wmadded and .illo ... ed 
10 r ,ch bed kvel ag.im A fr~h 1.i)f'I' of s1l1c,1 

el (1 an fo lowed by chloroform (10 ml) w,1s 
added o the column and the glas\ Joint was 
amched 10 a nrtrogm preswre manifold The 
SJ\ em ~-as then pressunzed 10 approumately 

e p.u wrth to force the soh.mt through 
he sma bore gbu tubin When ca. was 

used the frnt 2.5 ml to elutl! from the column 
cornamed the saturate fr.11ClJOn and the next 
25 ml conumed the arormt,c fr.11ctron \\.here 
hcune w-as u\ell as the e1tr •ctron soh.-ent, the 
ota e U1JOfl ,he, the 25 ml ~tur•te fraction 

w,1\ co ecied to assure comp etc remo\al of 
the arorrwtJG from the column 

When arbon tetr•dtlond, v.,1s u~ as the ex­
raa.m sot.-ent I was poss,ble 10 aNlyze for 
Olli ydrocarbon conantutron using Inf med 
pearophotomdfy Chloroform w•s remo\ed 

aromllUC llnd ~tur lite fr ,ICllOOS by 
f'\ipOfi n a wne, bath 10 u l ml, d,lut,ng 
o 10 ml w th (Cl• and rl!pellung the d1lu1ion­

e>,po!l!IOfl procedure '"''" mor, final \OI• 
of CO. ms lidJUsted to S ml, .11nd IR K,ins 

bet"'t 3200 cm and 27SO cm v.ere run, 
1 cm q aru tel The absorbance ,11 

WiS measured, r,ubtr<1ctmg b.isel ne 

A2 

absorluricc when nr«is~ry, and 1hr concen­
trat,on of h)drourbon dr1rrminl'd using co­
cflioents of 1761/g-cm for .irom.i11c e1traas 
and 333 f/g<m for satur.ite e1tracts T~ 
coeh1nt'flt\ ¥-Ne determined from Bee~-law 
cahbr,1t10n cun.es using the saturate and ;iro­
m,11,c fr,1c1,ons of T1,1 Juana Medium Crude 
Light ~s O,l 

lhe ~luratc and .iromalic fr.icllons were con­
centrall'd 10 0 5 ml and analyzed by gas chro­
matography The ,mtruml'nls usl'd were a 
Pac~ard Model 1704 and a Varian ANograph 
Modl'I 2860 equipped with flame 1on11a11on 
detrctors and columm (183 cm length x 2 mm 
I D) p,1ckl'd with 3 percent S[ 30 on 100-200 
mc,h gas chrom Q Operating cond,uons ¥-ere 
as follow, 1'<2• 30 mltm,n, H2 , 30 ml/mm; air, 
300 ml/min, miector temperature, 1ss•c, de­
tector iemperature, 265°( column tempera­
ture, so•c programmed al a rate of s•c per 
m,nute to 250'C M<1x1mum instrument sens1-
l1>1ty u11l1zed was 1 x 10-11 amps which pro-
1,1ded a m1n1mum detectable le,el of appro11-
mately O 007 \,lg/g of f,sh tissue for ind1v1dual 
compounds m the saturated fraction 

Qu,1l1tat11,e 1dentif1cat1on of the hydrocarbons 
w•s ach,e1,ed by comparison of their re1tn1,on 
1ime1 10 retention 11me1 of known s1,1ndards 
and sp1kmg of t1s,ue extracts w11h pure hydro­
urbons to evaluate peak heights and peak 
conformation 

A qu,1n111at1ve detrrmmation of total hydro­
carbons m the separated fractions was obtained 
by me,1sunng 101al area of resolved pNks and 
the unresol1,ed envelope occurring undN the 
peaks A procedural blank was used lo deter­
mine background contam,nat,on, and was sub­
tr.icted from the appropriate fractions The 
total hydrocarbon con<.entra11on m the lrac­
t1om was cakulated with mstrumenl response 
factors for n-alkane hydrocarbom because the 
complexity ol the samples precluded examina­
tion of 1nd11,1dual compounds 

The g<11 chromatograms of the e1tract fr,1ct1on1 
"'ere examined for the presence of the follow· 
mg hydrourbon compounds by comp,mson 10 
the retention time of pure compounds Cu 
through C27 n-alkane1, pnstanl'. phytane. cho­
lesterol, and thl' followm11 methyl sub<,t,tuted 
n.iphthalenes, 1-methyl and 2-meihylnaphrha· 
lene, 1,2-d1me1hylnaphthall'ne, 1,3-d,meth~ 
naphthall'ne, and 2,6-d,melhylnaphthalene 

11ALYSIS Of LAKE WATER SAMPLES 
~si,G I FRARED SPECTROPHOTOM-
(TaY 

s,np!ei of lake wall'r wNe collected in 1 l11er 
lfl iriphc,lle and fro1en al the l.as Moro­

~ Laboratory Although some break,1ge 
c,((l,1"td during the free11ng and subsequent 

.,,g of water Ymples, 1h1s procedure 
•ll generally successful and has ehmmated 
11itprr--t0us problem of sample contam1na11on 
~ received at Richland were kepi frozen 

24 hours pnor 10 analym, when 1hry were 
IN"NI o,ern1gh1 The samples were then 
~ 1n10 1 l,1er Ttllon~ s1opcocked separa­
tor} tunnels, 1 ml 50% HCI added, and e1trac-
1id .. ,th , ... o succes111,e 10 ml portions of Bur­
dil• and Jackson carbon telr ac hlonde The 
,oune of waler e1tracted was mNsured and 
1'(0:dtd 

'1-rr srand,ng one hour or more 10 allow small 
i!w,>let1 of w,1ter 10 coalesce, the c"bon tet· 
,ichloride extracts were placed m .i 1 cm quartz 
l!ff and suJnncd from 3200 cm 1 to 2750 cm • 
t!\111 pure CCI. m the referente cell Thl' ab• 

ban<t at 2930 cm ' {methylene stretching 
lrtqutncy) was recorded, and when necessary 
bl(kground absorbance sub1ractl'd usmg base­
•.e co1reC11on The concen1ra11on of extract• 
~ organKs/011 w,1s dete rmined by reference 
IO a liters-law u l1bra11on chart con\lructed 
tJ plon,ng the ab,orbance of 11,1 Juana 
,ltd,um Crude 0 ,1 verws concentration m 
i:tl 1n carbon tetrachloride If sample 
ibio,~nce w.is gre-atcr than 1 0, an aliquot 
ol the sample was d1lull'd to a known volume 
• h 10f.en1 and re-scanned The concentration 
o/o, m water wa\ calculated as follows 

C C 
p X X D 

V 

''.tre C " concentration of 011 m water ex• 
pres¼"d m mg/1 

P• concentration of oil tn CCI• as determined 
lrom the Beers-law calibration cur\e 

!• \olume of CCI• usl'd for extraction (20 ml) 

l ■ ~lt.me ol w,1tt>r extracted (ml) 

:l• dilution factor 

J 

EXAMINATION OF THE HYDRO­
CARBON C0MPOSITIO~ OF LAKE 
WATER EXTRACTS BY GAS CHRO­
MATOGRAPHY 

To m,esugate the compos111on of solwent 
e1tract1 of Mllraarbo lake w.iter, t ~s firlt 
n~ es~ry to "'!re1we the hydrocarbon com­
ponents ,1ccord1ng to compound type wng 
s,l,ca gel chrorNtogr,1phy If th lake water 
s.imples h•d been extr.iaed wuh Cilrbon 
teuachlorrde, the ellractmg solwmt w,1s 
rt-moved by evapor.11,ng 10 dryness under a 
str,am of nitrogen below room temperature, 
and was rl!placed with O 5 ml hexane. When 
the v.ater sample had been extracted w11h 
hex,1ne, tht solvent volume wn reduced 10 
0 5 ml by t\apowron under nrtrogm The 
htrane ~olutron was placed on a 3 x 240 mm 
column of deactivated s1 a gel (6 water 
and eluted w11h 1 5 ml hexane (Fractton 1, 
6 ml hexane ffractron 2), and then 4 ml of 
1 1 benzene-methanol [Fr,1ctron 3 Fractions 
1 and 2 were t\aporared to 0.S ml fracuon 
3 was t\aporttd 10 d'}ness and ta en up rn 
0 S ml hexane 5 tit of e.11ch fractJon w~ 
mJec1ed onto a 6 x 1/8' column of 3% SEJO 
on Chromosorb \\ A s,ng e-column gas chro­
mlllogram of each fr.ielJOn wu obta ned 
from SO to 28()•( a1 a progrmm ng rate of 
6•C/m,n In 1.al rnurument sensr1rv ty w~ 
4 x 10 11 amps 

The r~uh1 of an 1n.-es1,gauon of the resolvtng 
power of the liquid chromatograph c system 
u1ed 11 g,wn 1n Table A 1 v.h ch S"~ 
reco,ery d,11a from the s, ca gel chro­
marography of 61 mg n-oc:tane 24 mg 
1-e,cosene 9J mg n«tylbenzene iind 
7 5 mg 1-meth11naphthalene The r~ry 
re1uh1 obt,1 ned by ga, chrornatogriiphy 
show that para If ru and long cha n mono­
olehns can be e,pected to be found m 
Fraction 1 Mwiylnaphtha ne was found 
e.clu11vely m Fractron 2 and the oct) 
benzene sp I more or es evenly be1"'een 
fmt10ns 1 .ind 2 Thus F1K110r1 1 has been 
labeled the satum~olel n fr act on frac­
ton 2 the arom.il fraction and fracuon l 
the polar fracuon. 



Table A,1 

flu!JOII ol n«tadN1ne, l~t('()lenc n-oct)lbcnzen<', •nd l•m<'th)ln,phthilen 
on de•ct"11rd s1l10 gel•" 1h n-hc,1nc e 

parat,on A x-p11111on e 
Frac11on 1 ha<110n 2 lr1<t1on 1 I 11<t1on 2 Compound (1.S mll 160 mil (1 5 mil (60ml1 ---

~"" 100 100 
1of'ICosen'k, 100 100 

n-octylbrnm1e "- 44 S6 70 30 
1-1hytn.phthalt-"", 'A 100 1()()1 

'Gel dt1<1nr11NI " th 6 en. ,.,,er 
All of 1he 1-cnclh ln,phth,ll'nt' "•s found m the first 3 m1ll,l11l'!l of this s.imple 

A ALYSIS OF LAKE MARACAIBO SEDl­
'1ENT SAMPLES 

fhl' prO(t',)ure , ustratNl m Figure A 3 his 
been adop1td for rOU1ane ew1ct1on and analy­
sis of petrolf.um hydroarbons m marine sed1-
menu The method, orri:1nally de~eloped by 
Enon Research and lng1neermg Company, 
~ton, Teus, to e,aluate sedimentary rock 
~ a potential ~urce for hydroc,irbons, uses a 
solvent mixture of benzene.ind methanol to 
e>.ll'ict CJ1!•nic mauer from sediment by 
ultr~n,c: d1,pe™<>n The extracted organic 
INtter ~ rCCO\ered by e.apora110n and solu­
biliut1on m penune. Asphaltene 1s removed 
by mlumn filtral.101\. The solub1hzed fraction 1s 
!ol'pamed mto (1) ~turates, (2) aromat1cs, and 
(3 nllr<>6ffl. sulfur, and oxygen containing 
compound\ ('li50) by elution from • s1l1ca gel­
alUffllN column Y.1th pent•~. benzene, and 
benzene-mcth,nol, r~l\ely The recovered 
fraaions ire ,:ra~imetncally quant1tated 

Sedimnal Pr~lion 

\\ater <Ontel m.;.t be less than •bout 30 per­
cent to obum complett' er1ract,on of organic 
mmer from St'dlfflNIL The sed,ments were 
frttze-dr!Nf for 2• hours ma 10 m,cron \'acuum 
10 redua potent.ii fo< biodtgridat,on of 011 
during drying. 

The iedunent .. mple (10-50 g) wu placed in a 
.CO • 130 mm py!t'K So1hle1 thimble with a 

A4 

conse fntted glass bottom The thimble .,..,
11 

placed in .i 200 ml Soxhlet extractor equipped 
with an All1hn condenser and round bottom 
1000 ml flask . The flask contained 60 4 percent 
benzene and 39 6 percent methanol for a totil 
volume of 500 ml Assembled appariltus .,..,a

1 
placed 1n a heating mantle and allowed tor~ 
flux for 16 hours (about 10 mm/ reflux cycle) 
A hea11ng mantle and water cooled vacuum 
condenser were used to concentrate the ex• 
trilctS to approximately 125 ml by dis11llatio!\ 
D1st1lla11on w.is enhanced by a weak Vilcuum 
from a water aspirator After d1s11lla11on the 
extr.icts were cooled to near ambient tempen­
ture and I ransferrcd to a clean, tared beiker 
They were evaporated to dryness at room 
temperature. The dry weight was recorded ,s 
total organic extract 

Sep.irillion of Asphiillenes. The extract .,..,.1 

dissolved in 25 ml pentane and co,ered with• 
watch gl.iss. One hour was allowed for precipi­
w1on of asph.iltenes The pen1ane solut,on 
was transferred to a Chroma flex column whodt 
had been previously washed with 50 ml pen­
t.inc and was p.icked w11h 15 10 20 cm of FKher 
Hyflo Super.Ce) The 30 x 1 cm colum ",s 

equipped with a 100 ml reservoir, a Teflon• 
stopcock .ind a 50 ml s1dNrm Erlf'nmt)ef 
flask The res1dul' was washed with ~ 
10 ml portions of pentane which wert ii 

h he sol\tot ind1v1dually 10 tht- column w en 1 
1 

td 
reached filter bed level The column wait ui 1 d tht !OU w11h an addt11on.il 10 ml pentane an ol 
eluate, including a 5 ml washing of the c • 

lli§.:m!!f@I 
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flsure A.3 
Scheme for 1Nl)'11> of sed,men" 

IK!or's flask, was transferred to • 50 ml beak­
" The pent,1ne w.is eviporated at room tem­
ptrature to approximately 5 ml, trilnsferred 
to a tared •lum1num foil weighing bo.it, ilnd 
ev•poriited 10 d ryness The weight was re­
corded ilS deilSphaltened extrilct 

The residue rem•ining m the beiiker •fter re­
moval of pen tane solubles was dissolved with 
three 10 ml portions of benzene ilnd trans­
ferrNl to the column An add111on•l 10 ml ben­
zene solution WilS cam e d out. The eluate was 
transferred . w11h washings (5 ml), to a 150 ml 
beaker and evaporated a l room temperature to 
approximately S ml . It wu 1hen transferred to 
a tared aluminum foil we 1gh1ng boat, ev,1po­
rated to dryness and the weight recorded as 
benzene soluble aspha ltenes 

Chromalographk Sepu,1lion of Asph.illene­
Free hlr,1ct. The asphaltene-free extract, 
dissolved 1n 10 ml pent•ne, wils tr•nsferred to 
ii Chromaflex co lumn The column was ~eked 
\\- ith 10 g Davison Grade 923 s1l,c• gel \l.h,ch 
had been .icuv• ted at 1 S0°C for 16 hours under 
10 g Alcoa F-20 i1lum1na i1Ct1vated ii 400•c 

AS 

for 16 hoo!l The column was wmed with 
50 ml penune The beake< was rinsed with 
tv.o, 2 ml por11oru of pentine These wuh,np 
"""e transferred to the column when the ftnt 
charge reached bed le~el The column wu 
eluted w1th1n an add1to0nal 5' mJ of penurie 
•nd the total eluall' ""ilS collected In a 150 ml 
beilker. The eluate ""u e-.~po,.!ed to •pp,ou­
mately S ml ii room temperatur It w~, then 
trilnsferred to a tared alum.num foil ""f!llhing 
boat iind evaporated 10 d~, ~ we,ght 
was recorded as the saturate fractJon. 

The column Will eluted ,.,,tn benzene (two 
3 ml and one 94 ml portions) Collecti<>n was 
,H described abo,,e The eluate was e-.ilpo­
rated at room tempe<ilture •nd the we,ght 
rec0<ded •• the •r01Nt1c lrict,on 

F1n1I elution .. .is ,.,,th a 1 l \elution of l'Mth­
•nol ,1nd benzl'fle Two J ml and or,e ~ mJ 
portion, "'ere used Collect,on iind e-.ipc)f'r 
110n we<e as for the .irOINtia ~ ""e ght ""-u 
rN:0<ded ,1, n1tr~n. sulfur, and OX)lffl con­
taining compounds (SSO fract,on., 
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APPENDIX B 

RECOVERY STUDIES OF HYDRoc 
FROM TISSUE SAMPLES ARBONS 

ns were condu<.tecl to ev.iluate the 
~ 1 s•"!f standard hydrocarbon\ added to 
~ !T'ples using the procedure desrn~d 
(iSW' sa dit A Shown in T .ible\ B 1 to BJ 
., ~ppenAry dild of n-alkJnes C12 lo C1s .ind 

rrrcov~ I hhl 2 11 
1 

Uowing methy nap t a enes, -methyl-
ttie ;,itne, 1-methyln.iphthalene, 2,6-
~th !naphthalene, 1,3-dimethylnaphth.i­
clifflt r,nd 1 .2-d1me1hylnaphth.ilene from 
lefl'•n• and robalo ussue samples when added 
~004 10 o 02 1Jg/g of tissue. Al the high 
~rument sens111v11y necess,uy for these low 

,wauons, Cu n-alkane was eluted high 
~he solvent t,111 .ind c.ould not be qu.in­
td.ited The n-.ilkanes C,, .ind C11 were masked 
by l.irge concentrations of pristane and 
ct,olesterol, respec11vely, 1 n the s.imples. four 
~gram ussue samples were amended with 
~ydrocarbon for e.ich recovery expt-nmt>nt 
for compamon, a tissue-free sample (con­
wn,ng hydrocarbons at the same level as the 
t11sue samples) was .ilso earned through the 
procedure. 

The recovery data from robablo tissue, T.able 
81 wu conducted at a concentration ap­
proaching the minimum detecuble level, with 
a t,ssue containing the largest amount of inter­
fenng background material of any of th~e 
prt>1ously 1m,es11gated and thus represents 
more adverse cond1t1ons in the 4 to 10 parts 
~r b1ll1on range. Recoveries of higher th.in 
100% reflect the influence of background ma-
1en,I. Most components were recover.able 
w,thm a r.inge of 1/2 to 2 times their amended 
concentr.it1on, although 2,6-dimethyln.iphth.a• 
lene 1s an exception, none were recovered 
from the tissue-fr~ samples, and a fourfold 
excess w.is reported in the tissue s.amples 

81 

A twofold higher '°" 
and naphtha ene st,n~~~trlltH>n of ~raff1n 
curv1n.i recove s were ~ in a 
arfdPd ry ex!>'nr,,"nt using CCI AL . 

Nas Pyrene at 3 • "° 
in Table B 2 Th I ppm The resul~ Me 
encountered w1~ o;-er background ~erial 
h h urv ria tissue and th 

rg er concentr.itJons (8 to 20 e 
hon) resulted rn more p;,rts per brl-

;ecovery without tissue ~::i"t1r: 0~: 
20% and ..,,th curv1na tissue, 20 to 136"-

To provide a basis of comp.,ison of the chro­
m,iogr.iph1c column efficiency ~twttn CCI 
.ind hex.ine solvents four sm,~ of CUM~ 

tissue w,th Slilndard hydrocarbons added were 
extr.icted with hex;ine and arylyzed Trace 
con1,mrna11on of p.;Jfiff1n hydrocarbons were 
found m the hexane concentrate at concen­
tr.i11on levels apprOllchrng the standard hyd,o­
carbons These interfered w th the recovery 
experrment, therefore, the paraff n recovery 
data is not reported The recovery ~Iii consiSt• 
ing of methyl-wlx11tuted n~thalenes and 
pyrene from the hexane extraaed tJSsue is 

~n 1n Ti1ble 8 J Reco,;ertes of mono.armN­
llc<; were consistent with the prmously des­
cribed CCI. expenment However the recov­
ery of pyrene was improved SR Wlth heune 
as opposed to 20% when extrxted from ca., 

for the detailed recovery studies usmg CO, 
extr.icuon of curvrna and robalo ussue 
p.;ir ~ el e_xtracuons were performed on CISSUe 
samples which had no standard hydrocarbons 
..dded In each ase no reporuble paraffin or 
methylNphtha ene hydroarbom WflC found 
in the control samples 
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RECOVERY STUDIES OF HYDROCARBONS 
FROM TISSUE SAMPLES 

ns were conducttd lo evaluate the 
!rl•M118•

11
~f stJndard hydroc,irbom addtd to 

ftCO'~mples using the procedure drsrnbed 
uf odix A Shown 1n Tabl~ B 1 to B 3 

111 AP!>C nry data of n-alkancs C,1 to Ca and rf ,eco,, 
1 

1 iiow,ng mcthylnaphthalenes, 2·methyl-
ilif h~•lene, 1-mcthylnaphthalene, 2,6-
n:eihylnaphthalene, 1 J-d1mcthylnaph1ha­
~ •nd 1,2-dimcthylnaphthalene from 
~n• and robalo tissue samples when added 

11 0004 10 0 02 ~gig of tissue At the high 

11111rument sens111v11y necessary for these low 
concentr•11ons, C11 n-alkane was eluted high 

00 ihe 1olvcn1 t.111 .ind could not b<> quan-

1,11ied The n-alkancs C., and Ca were masked 
by l•rge concen1rat1ons of pmtane and 
c1,o esterol, respectively, in the samples Four 
so-gram 11ssue samples were amended with 
~ydrocarbon for each recovery experimen1 
for compamon, a t1ssu<>-free samplE' (con 
11,n1ng hydrocarbons at the same level as the 
1i;sue ~mples) was also c.imed through the 
procedure 

The recovery data from robablo !Issue. Table 
8 1 w•s conduc1ed at a concentration ap­
p<~chmg the minimum detectable level. with 
111\Sue containing the large~t amount of mcer­
ferong background maten.il of any of 1hose 
previously investigated and thus represents 
more adverse cond111ons in 1he 4 to 10 pam 
per b,ll1on range Recoveries of higher th.in 
100"' refl<'ct th<' mlluenc.c of background ma• 
ltr111 Mose components were recoverable 
v.,ch,n a range of 1/2 to 2 times their amended 
conc.entrauon, although 2,6-d1methylnaphtha­
iffle ,s an exc.eption, none were recovt:red 
from Che ussuf'-fret- samples, and a fourfold 
excess was reported m the !Issue samples 

81 

A twofold h,ghtr concentrat,on of l)'raffin 
and naphthalene standards 'l'lere used in a 
curv1n.i recO\lery experiment usmg CCI, Also 
~rt<lPd was pyrene at 3 ppm The results are 
1n Table B 2 The lower background marenal 
encountered with curvin, 1,ssue and the 
higher concentrations f8 10 x, pans per b1f.. 
lion) resulred in more consistent d.l~ The 
rtcovery without t1s1ue ranged from O 10 
120% and w,th cur. n, 11swe 20 10 1)6%. 

To provide a ba11s of comparison of 1he chro­
matograph,c column eft,ciency between CCI, 
,nd hex,ne sol~en11, four sarn~ ol a.111111.1 

tissue with si.ndird hydroorbons <l<lded "'ere 
exrracted with hexane and an,lyzed Trace 
con1am1nat,on of paraffin hydrocarbons were 
found in the hexane concentrate at concen­
trar,on levels ,pproachmg 1he srandird hydro­
carbons These interfered w,rh the reco~ery 
experiment. cherefore. the p.irah,n recovery 
data 1s not reported The recovery cl.Ira cons,st­
ing of methyl-1ubst1tuted naphthalenes and 
pyrene from 1he hexane extracted tissue is 

shown in Table 8 J Recover~ of monoaroma-
1,cs were consistent with the prev10usly des­
cribed CCI• experunent Ha....ever, 1he recov­
ery of pyrene was improved 5~ .,.1th hexane 
,11 opposed 10 20'\'., when ernaeted from CCI• 

For the deia,led recovery studies using ca, 
ex1r,1won of cun.1N and robalo llSSUes 
p,irallel extract,ons were perfurmed on llSSUe 
samples ...,h,ch h~ no stancbrd hydrocarbons 
added In each c-. no reportable p.1r;ifl nor 
methyln,iphthalene hydroarbons were found 
,n the control samples 
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APPENDIX C 

MASS SPECTROMETRIC ANALYSIS 

Of HYDROCARBON EXTRACTS 

A prrf('rrrd mrthod for obWmng compo\1• 
i,onal informJ11on on aromatics fractions of 
complex hydrocarbon m,iture\ ls to subject 
ihc frac11on 10 low vohage (11 eV) man spec• 
tromc11y W11h this technique, parent ons are 
generated, perm1111ng .1nalym of the aromatic 

11ng types by c.1rbon numbt'r Howl'\ler, low 
,oltage MS rrquires ,. rt>lauvely luge sample 
<1Zt' 1><-cause of 1he sm.ill 10n currents gt'ne• 
rait>d On 1he other hJnd, high vohage (70 eV) 
mt1hods pt•rmll dr1cct1on of hydrocarbons ln 
the mtCrogr am r angt' bl'cause of the 1.irgt' num­
bl'r of ,om producl'd A problt>m with the high 
,ohage mc>thod 1s th.it extensive crac~,ng of 
the compounds being analy,ed occurs and 
rather than a fl'w t'as,ly 1den11f1ed pe.iks, each 
compound product's a grNt number, or en,e• 
lope of pNks Thus, when many different 
t}pt'' of molecult, are subJt'Ctt'<l to high ,oh­
age l\.1S analym, there 1s cons1derablt' o,t'r• 
lap of mass numbers, and any one mass peak 
mJy contJin contr1but1ons from several d1f 
terent components O,t'r the past 20 }ears, 
methods h,1,e t'vol,l'd for har,dhng this prob­
lem of peak overlap, permitting the generation 
of ust'ful compos1t1onal dat,1 from high voltage 
,pectra These mt>thods are ba,t'd on the fact 
that certain compound types are ma1or con­
tributors to mass numbers wh1Ch ha,e rel.a• 
11,ely little interlt'rence from other types The 
cont11but1or,s of other compour,d types to these 
p11nc1pal mass numbers c.n be estim.ited from 
eum1ning other parts of the sp~tra where 
these interlering compounds .irl' maJor con• 
tributors for quant1tat"e work, a ,enes of 
s1multanrous equations 1s set up one for 
each compound type of 1ntert'\t, 1n whteh the 
cor,tnbut1on of each of the types to each mass 
sl'nes 1s to be solvt'd These sets of simul­
taneous equations or matnces arl' the back­
bone of the mt'thod, and much ..,o,k has ;ip­

peared in the literature d11ectt'd to ... ard 
us1gning coeff1c1ents which wtll &1"e rC\ults 
consistl'nt w11h the true chemical compos t1on 
ot complex h)drocarbon samples 

Our t>.irltest "'-Ork wtth MS analysis of the h)dro• 
c.irbon content\ of en,ironmental samples has 
sho"n that the amount of h)drocarbon to be 
e•pected from tht',c sampl~ 1s too ,mall to 

Cl 

perm t e,tens;v ~ of low v •1ge techniques 
Theref01e, Bauelle orthwest II.is ch~n ro 
develop w1 h Pttroleum AN yt cal Research 
.1 h gh .... otu e ana!yt al method ~erned 
alter the techniques reported by bxon 
wor\ers • ~mples of sec! ment extracts ~pa­
rated by chr01Ntography 1n10 satura e .1nd 
aromat,c f11c11ons are shipped to PAR n Tenon 
apped vials The umple ts ptd:ed up in a 1 mm 
capi lary tube The cap ry is 1hen suled 
introduced into the mass iptctrometer guss 
in1et s~tem, the SY\tffll pumped ckMn and the 
sample tube brolen with a su e, adm tt n 
the umple Into the instrument expallSIOn 
chamber Spectra are obu ned from ~sse 
(m/e) 30 to 400 The norim zed lntenslues of 
the pe;iks rtqu rt'<! for ca•cu~t,on are then re• 
cordt'<l and u~ for the matrix ca1cw110ns 

Studies relat ng to the m;in spearometrlC 
determinatton of hydrocarbon types in ri.sh 
lissue ewam have been carried out w th onfy 
modest success Interferences from chlor nated 
h)drocarbons in carbon tetrachloride solvent 
and from cholesterol wh,ch could not be com­
pletely removt'<l from the t nu extracts did 
not perm t the ;ipp 1cat10n of m.itnx tech­
niques Hence methods of determ rung the 
presence of 1ndr.1dual heavy aroma ,c com­
pounds n the uomat c fract,ons of unue e~ 
uacts were mves ated The procedure 
adopted w a, to determine the ITllnmrum detect 
able lesels of po!)-nudear arornatJC hydro­
carbons, and then eum e the high volta e 
spectra of 11nue samples for the presence of 
these hydrocarbon peaks 

tntroduct10n of these samples req ed a more 
elaborate procedure th.in in the ~ of the 
~ ment Hmples 

•Brown R A J I E 10 t v,d T O a 197<1 
\\easurement ;ind ~ractenz.it,on of 
volat H)d ocarbons m Ocean \\.i e, Pto­
cttd1ng,, Mu,ne Pollution ~1onitoring (htro­
leum) S)mpo.It.tm ,nd \'tor \hop. May 13-17 
197" sit on~I Bure~u of 1.1nd;i ds C. hen 
burg \ID n press 
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Km 1cdlniqu "a I\ folio\\ 
of umplc n so nt "~\ drawn 
tu 9 1 0 mm I d One <-nd 
\\a\ flam tal<-d and a I 8ht 

ucuum appll<'d to the ol)t'n l'!ld of the tube 
m to aVOtd ~~ ol hqu d 

d hi\ pha\C Aftt't the w!-,1'nt 
the oth r end of the capillil) 

1hc np ~I) \\I\ 
trodured mto the m.m pre oven (3 

hich mmcd~tel) N~<-d th I 
he,;it at 10 mm H lhl\ procedure 
plct \if'O 11at1on of I I compound\ 
to th 800-1000 f r,;in e 

llK- ~IOll ol ~n\lhvtty for p('Of,c com 
pound or compound l)l)e\ ha\ been ,p 
prNchNI b) compir n Im tt'<I emp rical d"a 
10 pub hc.-d data tandard \\'CIC pr~•cd m 
CQ. and spectra obu ncd u\ ng the lnfthod 
~ibcd abo,e Ten compound\\\ere itud ed 
"1th three i-CJ)arate detNtntNUO!l\ on Nch 
compound 1hc result\ are n hblt' C l 

A thou h there I\ a lar e rel.itl\e de\lat on 1n 
\~lucs the enenl I~ appeal\ rN\On• 
Thi\ d,;ita also ndiates the repNlab I ty 
reproducibi • of the result\ It .-.ould 

.;ippc,;ir n encral th.it oonden,ed ring poly­
nu ,11 uorNt~ v. th no \Kie chain ~ub\tt• 
tution\ an be dctecied at the 1 le-el 1 he 
on sulxt tuted sundud had ,;ibout l\\1(c the 
det ahi y lt-vel of the othen The iub\t1• 
tuted ~ have h gher limn\ of detect•• 
b1 Iii pcrhal)\ at .about the 2·3 l-1! l!'sel Thi\ 
~tcrnent an be p,;in,.illy wb<.tan11atNl by 

loo~tng at the \Nl\1t1vity data m hlJle c 2. In 
duded m th1\ table 1\ a h\llng of ava labl 
rubll\hcd rdat,, • u•m1tM1tes All data s takl'n 
u 70 V \\1th n •Butanc m/ c 43 ta~cn as hdvin 
a sl'mllMty of 87 g 

from th t'll\11! 111e~ g1,cn In 1 able C.2, 11 un 
ti<! seen that gmerally u \Ub\1tlut1on •l'l<rea1<'\ 

n\1tl\lt dt'crca1cs lh1\ 1s brcau1e th sub' 
1t1tull'd s,d c hdln c rat k1 off the molrcu!e 
IN, ng the aromatic ring\ mtnu\ one hydro. 
en atom I or rxample, phrnanthrrne hai a 

molc-cular \'oe1ght of 178 It\ ma\1 1prctrum hai 
th mixt abundant pN~ at ma11 178 Mtthyl 
phrnanthrene Y..llh molNular Y..e1gh1 192 hai 
11, moil abundant pt'dk at 191 For poly. 
wb1!1lutrd compound\ th!' most abundant 
pea~ vari~ lor th1\ rN\On only the pa""' 
peak can be u1t-d for M>n\111111ty and calcula-
11on purpo,e1 The lad. of pubh1hed H•n1,t,. 
v 11c1 available make1 the ta1k of quan111,11,ng 
t~e compounds more d1ff1cult 

Ci.en ,n !able C 2 are th<.' re1ult1 of ex.im,na, 
t10n of \e,en a1om.i11c1 lract1ons of t11sue ex• 
tr.ict\ Each l'~tract rrpr<.'1<.'nt1 an in111al \\et 
umpl .,,,,ght of about 50 grams Thr d.ita are 
reportcd m tNm\ of number of m1crogram1 de­
lrctablr. under th<' opNatmg cond111on\ or the 
m11rumcn1 during th!' run Detectab,l11y le,els 
101 bcn1pyrene1 "'ere on the order of O OS µg 
pc.-r gr.i,n of msue, a fwly high valur \\htn 
comparrd to other m<.'thodolog1C\ 1'0 aromatic 
compound, .-.ere detrcit'd in the1e ~mplr1 
u"ng tht' mJ11 spectrometric mrthod 

h~C.1 
of dct..aA>,I ty of poly ,u, ., Nl,c hydrourbon, by MS 

Run 1 Run 1 Run J 
Compound .,..n\lU, ly 1>11 \en\1l1\i1ly {.-~I '>ens11i.uy f•gl 

Ct,ry.me s 08 2 
Mrthybn hr •ct-ne nonedctfftl'd 20 9 
P)-r~ 09 lS 18 
lk-nlp)t"1>C" 26 24 Jl 
PhetY threne 25 17 2S 
Benz .. nthr •a-n ~ s 2 
Pcr}lent- 24 41 )4 
Triphenyiene 2 2 2 
Antlu~- 01 20 )1 Dibcnunthr .o<fflf' 2 s 6 

C2 

.8 
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APPENDIX D 

STUDIES OF BITUMEN RECOVERY FROM SEDIMENTS 
AND ANALYSIS OF ANALYTICAL PRECISIO~ 

To dt'1erm1nc the ~ccuracy and Sf'nS,IMly of 
iht ~,menl JnJly11ul procedure described 

11 
ApPt'nd1\ A, the following reco11ery e,pen• 

-nt was performt'd A compm11e sample con-

1 
.i,ng of the residual wd1m<'nt from Jno1ly\1s 

of s1,1110ns 12, 13, and 14 w,1s exhaus1111ely 
titractcd to remo11e any res1duo1I t'Xtractable 

011an,c matero,1I tho1t would interfere wuh the 
rteo,ery study 

S()IJth Tia Juana Medium Crude 011 was aged 
fot 56 hours in an open beaker o1t 80°C This 
rr1idual 011 1s more represent,J1111e of b,tu• 
1111nous matt'nal accumulating in ~r.ica,bo 
\t<l,ments than wholt' crude 011 The bitumen 
was added to three rephc.i1e sediment wmples 
•• 2 ll2 11g/g This concentration le11el w,11 
1tltcted from knowlt'dge of the d1m1bu11on of 
saturate, o1roma11c, and polar mateno1ls in the 
.. u1hered 01I and the amount of hydroc.irbons 
needed to provide valid gravimetric do11o1 u11hz­
,ng 1h1s analytic.ii procedure The rrcovery of 
bitumen from the sediment w~s calculated 
using 1he ,1n.ilys1s without sediment present 
The results of this study are shOYtn in Table D 1 
RNihs tndtC.ite al this concen1r.i11on le11el 
tha1 ,cry reproducible dato1 can be obwned 
Rtco,eries of 86 to 104 )(, w11h a mn1mum rela-

D1 

lr'ie stJ~rd Mlliotion of 1~ _, obta,nf'd 
The high sta~rd demt1011 oblerved ro, the 
~SO fract10n with sed1111ent present would 
possibly be &.e to ineftective eitraction of 
pol.Jr compounds~ oo the sed ment 

Shown in To1ble Dl are the complete grm­
mrtric re,ults from thttt repflGlte ~ of 
sNl1mcnt dredge umples from 14 M.irilG11bo 
SJmpl ng sta!Joni. The rrproduc1b1lity of 1he,e 
d'1a rs qu, e v.11.tlle, ro1ng ng from les.s tNn 
1 to 71' rrl.itne wncurd devlat1on. A sum• 
mary of the st,~rd devio1t10ns is prOVtded 
(T;ible DJJ The perctnt rel~tive su:idml de­
vi4ti00 for e.Kh SJmpl, lowion wn ro1buwted 
l\llh 1he nurnber of Ymples OCOJrMg less 
1han. or gre,ter tholn, an ;irbitruily selected 
mtdi,n conctntr.111011. The re,ultir,g ner'le 
pt'IC"11 rtl.tr.e Slil~rd devi.auon incfiates 
1h,11, in genelill, ;i higher v;iri.tJOn ~ 
encountered 11111h ied ments 1'.hieh conu n , 
l;irge ~mount of txtr.ictable orpruc materwl 
This could poss,bly ~ due to the prob!= of 
obt41ning ~ rtpresentJll'it iubSJmple of dried 
sed,ment for ,111~1 tNt cont.il!lS bituminous 
po1r11cles such as the dred~ smiple obu ned 
from Sw10ns 1 ;ind 13 
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-.,pt,, -frtt (,11.ict 1659 1.7"4 1,7')5 1J39 ◄ 1 1028 A,erage 0 ,I(, 2.621 "9S 7'9J m 1130 

m 3-41 354 
(1 rrl ,rd drv I l2 31 3.0 2.0 2.Q 2.6 

Bmlfflt'!,olubk,A~hr~ 345 56 861 

~l'lt'\ 655 r.n 736 689 6 1 10◄ 2 
,,.uon 1l 
... 2.ll'l 18 9 3,814 7.ota 5 1 5.DII 

Aronwta 736 832 845 80◄ 7 ◄ 929 B 288 18.269 3797 6,656 S.225 S.695 
C 2.58 1601J J.C1' 6165 U14 5.274 

~ Fr.aa,on 136 177 191 168 170 966 A,.-r•i;e 278 17.750 3677 6,6U Uiil 5-402 
r rrl ,.rd dev I r, 3 SJ 6.1 '-5 116 ◄] 

,,.roon 1l 
... 206 13,310 2..922 5.416 3 4:)TI1 

8 1'.M 12.306 -418 81M 565 4JIS' 
C 199 13.7«> 2.ua S.&Jl' lJ06 3..951 
,..,er.igt- 200 13119 1 '.M3 417') ◄.211' 

~ rt'I .rd drv I 30 56 c.o 3 &.a 

\IJIIOII 1 
... 032 ,.au 117 83 529 
8 0 .. 3 2)89 'B4 1162 242 
C O<CO 2 "64 "" 1 914 
A•N~ge 0.38 2.362 ~ 1-011 817 
fK, rd ,.,d dt-v I O 1S 206 1S9 9 ◄U 28.8 

\!•lion 2 
A 151 10.,369 1.711 ◄ 1-0 3 JO -401 

8 191 1H17 2,282 S429 36 l,8 

C 11S 6.731 1,278 )Jl)9 , 2.&4-4 
A.i•r.ii;e 152 10172 1.757 .. USl 
f r«-1 ,td dcv I 250 329 1V 26.2 ll.3 14.S 

D2 
D.J 



llbl 0 .2 (Conlinuf'd) 

1011I A,ph•h<'nc 
lompo\t11on 

of A\phaltrrw I rrt• l~lrltl Bt·nlrnr 
mplc 01 intC lrl'C 5olulilc T1ble DJ 

Oe-.1sn1l1on hlrll<'t l) hlra<1 ~lu1,1r A1om11ic N\O A, hdhP'lf,\ 5umm1ry of rel11rve st1nd1rd de-.11hons from 1h, 
•gig gravimetric 1nalys11 of sed1men1 orpnic extmtJ 

\tltlOl'l!I 

A 09) S.350 ~ 1,801 1)88 2.286 Tolal Org1n1c Extr.ict , S6 4 985 995 1)18 1,584 21S3 
0 lS-1(1.¥. 10-3 0\ 

(" 10J 5 050 855 11'97 1,597 2.058 
Number of samples 10 s 

l".YC'f (' 117 S 118 'MS 1,739 1 656 2,366 
Avg % rel sld dev 99 174 

('l.ri-1 ~dell°' 288 38 II 3 )2 69 15 0 Asph;iltene Free Extract 1300-SOO) ,gig sooo.11 ;so -g1g 
11,on 10 Number of samples 11 4 

A 0bl 2.216 392 559 1,050 2.m 
Avg.% rel std dev 83 114 

B 012 2,2S5 362 526 1010 2.J8) 
C Oh7 2.198 396 590 991 2,071 

~1Ur1te Fraction 250-500 •gig S00.3700 Jglg 
A'1'r~t' 067 2.lli 33) 558 1017 2.250 

Number of samples 10 s 
«' ,td dr. I 6] 1J ◄ 8 57 lO 7 2 

Avg % rel sld . dev. 71 14.S 

mllOl'I 11 Arom,uc Fr1ctlon 430-1000 ,gig 1000-6600 ,gig 
A 015 2.3S8 303 436 1,200 21]] Number of samples a 7 
B 382 2111 292 427 1,111 2.737 Avg % rel std dev 56 16.a 
C 178 1 925 301 428 913 2.318 
A\"t"fl I! 2.12 2131 299 430 1,075 2.396 NSO Fr1c11on 420-1000 ,gig 1000-4900 ,st, 

rcl std de, 738 10 2 20 11 13 7 12 9 Number of simples 7 a 
Avg % rel std dev. 15 9 17.S 

!,~t,on.25 
A 085 1]11 358 490 658 4.553 Benzene Soluble Asphaltenes 450-1000-g/g 1000-s«xl -gig 
B 018 2.398 361 486 1,116 l.565 Number of samples s 10 
C 048 2,405 360 S2l 1,153 1,342 Avg % rel std dev 116 14.S 
AVl!I~~ 070 2,171 360 500 976 3 153 

rrl d Ot"\ 27 9 18 4 0 4 ◄ 1 28 3 52 2 

!>Ylron 2£, 

A 040 1193 43) 854 427 805 
B 061 1,826 431 760 419 820 
C 040 2011 427 919 486 811 
Avt,r~i, 047 1.877 430 844 44-4 812 

rl!I std ell°' 25 e 63 07 95 8.2 09 

!it.nron '17 
A 0 45 2.841 313 1.)27 963 1,168 
B 045 2,539 276 1,180 982 1,092 
C 044 2,534 302 1,571 1,349 1.487 
Au-r~ <' 045 2638 297 1,359 1,098 1.249 

rt std di!\) 13 67 64 1◄ 5 19 8 16 8 

!>Ytron 31 
A 015 1,310 274 832 442 437 
B 024 1.342 281 888 378 4M 
C 0 '17 1,469 19] 790 44-4 461 
Awt.'f.;ige 0 25 1,374 249 837 421 454 
I"- rl!l std Ck'\' 60 61 19 6 59 89 32 

Sution JO 
A 038 2.060 327 871 636 876 
B 0.37 1,85] 296 789 592 876 
C 044 2 005 304 843 623 1,054 
A•t:r• e o.eo 1,973 310 834 617 935 
('A:re5tdd~• 95 54 49 50 37 11 0 

D4 

D.5 
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APPENDIX E 

ANALYSIS OF TOXICITY TEST WATER FOR 
LIGHT AROMATIC COMPOUNDS 

,al put of th e expe11mental design for 
An 111:!say studies at the Las Morochas Lab­
()11 b was the determ,nat,on of hydrocubon 
oiat~~trauons In the test media Previous flow­
cOII gh btoasuy studies by Battelle ha.,e 
~n good correla11on b etween hydrocarbon 
c0t1ien1 of b,oassay water, ,.s measured by 
,nfrared absorptton, and the toxic response 
e1tc,1ed However, appltca11on of this analyli• 
cal iechr11que to the static b1oassays con­
ducted as a part of th is program has not 
pro•en fru11ful The data presented In Table 
E 1 show poor correspondence betY.een quan­
ttty of 011 extracted by water and 011 concen• 
11auon 1n the water as musured by IR In 
i<!d11ton, relationships between IR determined 
0 ,1 concentratton and mortality of test b,or, 
are not apparent 

Although problems of solvent con1ammat1on 
and high " background" absorbance ,s recog­
nized as con111bu1tng 10 the data scatter, 1he 
chilnge ,n experimental methodology from 
flow-through to stauc reg1mM had ii maior 
influence on analytical requirements In add, 
1I0n, the use of test o i ls of widely d,ffenng API 
gril1111tes and the testtng of " weathered o 1 

for toxIc1ty introduced important experimen­
tal vambles which tht' simple infrared method 
,s not capable of accoun11ng for 

8attelle-t-.orthwest, ,n re<.ognI110n or thf' ph~•­
ical and chemical comple•11,~ of pelroleum/ 
w;iter systems, has w pported an independent 
m11est,gatIon of the b,ou<ily contept u appl,ed 
to crude o ils ,n seilwater s~>lt'ms The r~earch, 
principally conducted at Battelle 's Manne Re-

<- m \\ a<hing1on, 
search Labor.11ones at .,.. ... u, • h 

d In bol c-pen• 
resulted ,n s1gn1f1canl a vanre,s I i-hn.,,ue 

I hod I and an• yttta " • .., 
mentil met o ogy nd of ihe Banelle 
One of the important t. 1 '"1

8~ . 11 number of 
d h I a ,elatt,e Y 

Stu y was I • d peirolrum un ,m-
hydrocarbon compoun ,;:1 10 ... ,11er "ht<h ,s 
part an Kutely 1ox~c ~ ,.,ih re,prct 10 the11 
d1sproport1ona1ely ,~: crude 0,1 The.e com­
concentriltOns in of ,he , 1,ght end," of pe1ro­
pound1. conltll•~I txiracted into walN when 
leum .ire ,rat•) d wile< •re •B•t•ted 
m,11ure1 of 01 •" 

l l 

In v,tw of 1h,s rewlr, 11 ,us cons,dered o1pp,o­
p11ate 10 .ipply some of rhe .analytlc.al ~thod­
ology de~eloped for rhe 8.itte e srud es ro the 
s1.11,c b,cmsay 11udie1 ~ing conducted .ar us 
Moroch.is Duphc.a•e samples of b,=y water 
"ere extr.icrtd wrth hex.ine .ind wnh carbon 
lttr.ichloride .ind shipped 10 the Riehl.ind l.1b­
or.11or,e1 The he1.1ne exrraru were an.ilyzed 
lor monocycl,c .iromar,c compot,nds in,ng g.is 
chrom.itogr.iphy A r,p,al gas chrom.itogr.im 
of .i hexane extrKt of b,o.usay w.irer 1s shoo,n 
in Figure E 1 Note rh.11 benzene .ippein H a 
pe.ik on the tra 1mg edge of rile solvent peak 
The l.irge peak on the righr-h.ind s,de of the 
chromarogr.im 1s the lnrem4f standard 4ddecf 
for purpo<M of qu.1n1ttat,ng resul~ There .ire 
.i number of sm.ill peaks be!VYeen o-xyf,ne and 
the internal sr.ind.ird Th~ pe.iks h.i.,, r~en-
1ton 1,mes consistent w,th arom•tic compounds 
in 1he c.irbon number range of C. ro C10 .ind 
.ire thus d~•gn.ired 'C9 +" aroma1oo Howe-,er, 
conf11m.1t,on of th- pt!aks as .irom.iuc com­
pounds h.is been accompl,shed 10 d.ite for only 
onl' component The C, to c, .iromiun In the 
chrom.11ogr•m h.i.,e been confirmed by com-
114rong rerent,on t,me,. s.1mple ' sp k ng•, •nd 
t~ use of .1n •lternate sep.1r.1tJOn column. The 
.ibsence of interfer,ng pe•ks due to saturated 
h)droorbons 1s expl.i,ned by thl! cho,ce of 
l,quod ph.11e ,n the sep.ir.11,on column • c.irbo­
"'n, wh,ch doe, not ret.1,n ~r.ilf,rn. .ind cyclo­
piraff,ns -..ell Also, h,gher molecul.lr ... e, ht 
pariff,ns .ire poorly soluble ,n warer, .ind are 
therefore, not pre~nt 1n the he,.ine e,tr.ict.s to 
.in .ipprec,.ible extent 

For 1-..0 b•o•s..iy stud,es of lnrer~t, only car• 
bon tetr.ichlonde extr.ich "''" .1v.11lable 
These exir•ch "' ere .iho •n•l)'zed by gb 
throm•togr.iph To ol\sure thit the reults ""ere 
comparable .,,,th those obt.i,ned from the he,­
ine s•mples. both CCI. •nd he,•ne e,tr.icu 
from t.,.o expenmrnts .,.ere ina!),ed Com­
piroson of resulb ue g,-en ,n Tolble E 2 The 
d•t• show th•t the "•tu~ determ ned for CCI. 
exir•cts •re some..h•t lo.....er th•n thche for 
heune extr•ch but re•son•bly compar•bte 
.-,1h the exceptoon of one tet -.olutton n 
hpe1tment SO The lo,._e, ,.h,e for CCI. m•y 



IIOl1MHU u 

••- l.1 
C.. chrom.1101,.,•m of hcunc c1tr.KU 

of btNNt .. .it!'r "mplc\ 

be :a rewh of less cff,o<'nt <'lllact,on In add,. 
hon, lowr.r ,~luC) for benzene m CO. extracts 
an rcsuh ~~ ~c~rauon of bm1cne from 
1hc- '°"'cnt ~•l ts not ~n,cularly good, 
imd ihui <'rrOr\ ,n peal. mtcgrauon ocrur "'hc.-n 
bt-rucnc conc<-n1ra110ns arc low 

Ta~ l .1 

lll•t th<! data gcn('latt'd for aromalic content 
I\ 1t-1~nably cons1s1cn1 \\Ith quantity of oil 
c,1ractt'd on be \ecn from an lmpcc:t1on of 
lab! IJ, wtmc the m1ll1l11crs ol oil c,trat1t'd 
P"' l11cr of \\itl'r h rnmpa1c-d w11h the total 
monO<)tlic a,oma110 d<'tcrm1nt'd by the ga\ 
chroma1ograph1c 1cdm1que /1. notable c1rc1,. 
110n ts bpcr,mcnt S3, where mor1~l,1y "'•s 
alw mronw.1cn1 w1th the amount of o,I c,. 
11,<1cd Table C,. shOM the good corrrt.1,on 
bcmCt'n wNthc11ng time and qu•n111y ol ar0 • 

mauo <'•tractcd liy water the compl<'te st'I of 
analytical dat.i gent't•IC'tl 1s gi.cn 1n hbles 
I S·l 18 

A more comprrhcm,~,• d1\cusuon of the GC 
ano1ly11cal mrthod for dc1crmination of light 
<-nds of p<'trol<-um In b10JsSo1y w•ter 1s inc ludl'd 
in the report on B•ttrllc's b10,1ss.iy program • 

•Bean, R "'1 • J R Vandcrhor\t •nd P W1lk1n 
~n 197-4 Interdisciplinary Study of lht 
To1ki1y of l'elrolcum lo Marine Organisms, 
B•ttclle, P,1c,toc f';orthwcst L.ibor•torics R1ch­
l,1nd, Wa\h1ng1on 

C.omiumon of q~nt11y of o,I t'•tr•ctNI .,.,,h rt'Sult,ng conn•n1r•11on ot o,I ,n w•l«-r 
a, dett-rm,~ by mfmt'd •J)t'Clromt,try 

1~ •1 ll'\I •2 l<"ol •3 l",t •◄ 

O,I OJ1n 0,1 O,1,n Oil O,l in O,I 0,1,n 
BKM"'t Ctudr htr•nNI \\llt'r I ,1,ac1Nl \\ •tter h1rar1rd W•ler ll1r•11rd w.,rr 

0 Oil fml.irt (mgte} (m1,e, (mg1e1 (ml1Q1 (mglQ} (ml/1)} (mg1R1 ---
4◄ SlJM 300 88 2.33 10 ◄ 200 89 1 67 29 
49 SlJM 2!,7 b')J 200 12_5 133 39 6 0 &7 67 
so SlJM 2667 17'1 1333 13 9 667 ◄0 ◄ 3 ll 1◄ 7 
53 TJl 3.33 29 267 ◄ O 200 168 1B uo 
ss TJl 333 17 9 267 71 200 199 1 l3 3) 1 
56 lJH 3.33 2◄ 3 lfil 255 200 65 133 us 
S7 TJl 5.56 12 1 ◄ 4◄ 162.S HJ 58 ◄ 2 22 61 9 
62 SlJM 26.67 22 ◄ 13 33 18 0 667 11 9 333 92 
63 S"TJM ll.33 1◄ 8 667 83 3 33 2991 1 67 57 

E2 

hb~ f.l 

1 
,esul" obta1ntd from heune ind urbon lttmhforide wr~CII ol biol'.5r1 w,!tt 

(~ !Oil O (Component concerw1t1011\ t•prei\ed H ~ ol 111~•tt I 

f,~ri~nl •SS 

Ml\ 0 I (11rx1Nf (!!:r 111,i of Yll!tr 

JJJ Jb7 J ,n 

ttr,,nt' - ~ tfe11'1t' CCI, ►ftull(' .f£!. Hf-:t,~ ~ 

!ff'f mglf 
0 57 002 170 060 065 054 ,.. 
102 1 17 2 'YI 22, 1,1 109 116 105 

~ mg/t 
0 12 011 0 32 0.50 017 011 01◄ 010 

l!ftltnt' rntvt 
J 1,tt~ ,ng/t Ol'J 06) 124 1 S6 061 064 0~ 0 
,.r 

013 0 14 040 115 014 01) 01◄ OU 
~ e ,,,g,e 

t ' 0 12 018 osz 060 022 OU 011 011 
'<,' 111g1i 

l!IJ1 
2 3~ 225 7 25 665 126 210 155 

hpcrunenl •SO 

,,,-- Ml\ 0 1I h'r.Kt~ e:!:r lllrt of \\11tf 

2&&7 1JJl &"1 HJ 

t l1•x•nt• cc.1. Her,ne CCI. ~ ca. ~ co. 

i,nirM' mg,1 j 36 170 2 2'J 166 161 tte 0 

ial,rnt mg/ 2 4 f,j J 84 3 27 UJ 264 010 2Jl lta 

(\ knltnr , ,ng/2 0 ◄l 0 30 031 023 029 002 OJa 012 

111, p-~y~nr\, mg/2 1 71 1 28 1 Jl 10 115 OJS 110 0. 

o-X.ltnt, mg,2 075 0 53 0 50 0.38 044 0.0 0..15 

r,• mg/2 0 97 06◄ OJJ 060 on 0.64 0. 

•r,J mg,2 11118 q 29 841 660 &81 0.17 Sia U' 

[J 



lal,h, l.3 

~rhOn of qu11nllty of otl ..._ 1<1NI "' h ft'luhm 110tNtlo rnnC't'nll111ion In w,urr 
n dN(,rm nNI d,1om.togr•phy 

lf'U •1 I"'' •l ll'\t•l Tt'\I •◄ 

lo• h 011 A.Jo- Otf No- 01 Aro 0,1 Ato,-
l~tffl('lll ,udc_, h ,.,,-,,.d m.itlO bttam-cl INhO htr•Cled IN110 htr,1e1rd ~IIC\ 

0 ml mllt) m I (mll\'.) fm11tC1 (mllt't (mg/£) --- -.... TN JOO us 2.33 0.12 2.00 09S 167 0 71 
49 TJM 267 S13 100 l4S 13) 1 f,8 067 0 ◄9 

TJM 26.67 1188 1J 33 8 ◄2 667 683 333 5.18 
Sl TJl 333 1.70 2 67 0 35 2..00 Hl 1.33 201 ss TJl HJ l.lS 267 7 2S 2.00 3.26 1-ll us 
Sb TJH Hl 0.26 H,1 lraca 200 1.33 
57 Tll S Sb 117◄ ◄ 44 819 333 '192 222 H◄ 

TIM 2667 859 13 3) 7W f,67 370 333 HO 
63 TIM 1Hl 781 667 )95 331 l1◄ 1 67 119 

h~E.4 
C~•r>em of wc•thN,n 1,me .. ,,h concentr,1tton of arom.11,u rxtrllcted Into w11er• 

1<"! Cl l<'\t •2 l<'\I •3 1 f",I •◄ 

1011oty 

bpcnmenl \\cJthef \rorNllO \\c111he,1n Aromll!IO ,..,CllthNins Arom.1110 \'.Ntherlng Arum,1110 
0 Tune (mm I m l') TIIT>C(mm) fm&l?l lime (mmJ (mgfel !,me (nun I (mg1t1 

-46 0 1..118 130 2.16 205 1 5◄ llS 023 
4& 0 3.62 120 2.36 2◄0 098 ◄00 0 61 
S4 0 1'17 80 0~ 180 005 270 00◄ 

•SOmlpon,omof audro,1au.1aed mtolSI ten of bke .. ;11er •her wt'•tht'nng for lht' md1c••l'd hm~ '>l'c 
bta. wy ICCtlOfl for rrK1hodology 

E..◄ 

I •◄4 • p sthmllll 
,pt ·"'·_::l'fl~------
....-;- t)our 10,,cny l~t 

1,. Ju•n• Medium Crude 

"'°""'ti< An•lysii: ( arlx,n trtrachlofuJc cxtr•cts of b,om.iy Willer Sil!llple - Mk oil e•U•cttd ~ I H 

100 2 33 200 

~t11e' mi;,e oos 

1oJuellC', mg/2 o ~s 037 0 ◄2 

(I Benm1c, mg/2 010 004 oc-. 

"'p-\ y1cne " ,mg./Q 0 46 02J 032 

o-x,1enc, m111e 011 004 0 06 

c,• , m111Q 0 18 004 00'1 

foul 111g1e us 072 09S 

Tot•I o,I (IR), m~ 88 10 ◄ 89 

ll ttour "'1ort,1l,ty, 'X, 100 9◄ 94 

hpcromenl •◄6 • P ,chm,111 

2◄ Hour Toxic,ty 1C\IS on Wt'•thert'd 0,1- '>outh 11• lu•"4 Mtd,um 

l.Kh 1r,1 \Olu11on prt'p.ired by t'xlr1C1ing SO ml ..... ,~,ed o,1 ,.,,h 
1S l,1t'rs of IJke w.alt'r 

C1lcul111•d 011 film 1h1cknn\ o,rr flowing w••tr 06mm 

0 130 lOS 

8e1'1Zl'nt'' , mgte 007 

loluent', mg/2 OM 0 57 o.sa 
l t Benzene, mg/2 0 10 013 0O'l 

m, p-Xylcnt" , mg/q 0 46 063 O ◄l 

o-Xylt'ne, mg,e 011 016 010 

c,•" ,mgte 0 26 01,7 O.JS 

101,11 , mg;e 1 aa 216 1 S◄ 

Toi.I 0,1 IIR1, mg/2 7( 278 116 

14 Hour Mort.ality, 'X, 100 76 28 

161 

0 

oos 
0.21 

oos 
004 

011 

2.9 

El, 

m 

004 

002 

016 

001 

02) 

11 ◄ 

20 

' Under the pu11cul•r •n•lyhul cond,uon\, benztne "scr101nly undtret !Nied 
u\lng t•rbon lt'lr1chlondt r,tr,1(1\ 

" An 1mpu111y ,n 1ht" urbon tttr•chloude used •t the hs ,1o10<h.i\ libof•tor, 
1nttrftrt\ wnh th" component. concrn11.a11on, ••r thus t'>IIINI~ 

ES 

0 

0 

,1s 

0O'i 

OGI 

017 

005 

Q.31 

066 

19J 

20 



T~ L, 

h lf' IJ 
rtment •SO . C,nrropomu1 P"'"~lus 

l~ 
--;4 Hour Si.ttc Tox,c,ty T~t 

24 Hour Toddt) Tell on \\ u hcu-d Oil <.outh Tl• J~ru, MNf .,,,, South Tiil Ju;in1 Med,um Crude 

llh1 1 IOlullon p,t'J)lrNf by t'>1fil<1 50 ml .,..,,thetNf 011 whh Heurit extr1cu of b,0111,1y w•"r 11mple 
15 I tl'f'\ ol c w11cr 4~bC Anliysk1 

C.lcubl(,d oil film 1hi<lnf'u O-'t'r ~Iii nt ,.3tCf 06mm - Ml, 0 I htr,r,,d P!' lffH ol Yf,r,r 

2667 1))) 661 JJJ 0 
t'>llilCb of blOil\lil) .. illt'f Mmp~ 

\\('illht"flfl l ,_ !fflH'IUlt"l tcnzt~t . ,ngl e 3 2 2'J 161 1 Ill 

0 120 240 .ao Control ,~ne ,ng,1 H J 311 26'1 2.Jl 

11 leMent, mg/2 0 43 0J1 Oll Oll 
0 ◄7 0J2 True Tfil« 

l ◄7 093 0 52 111, p-Xylene, mg/ 2 1 74 132 11S 1f 0 
042 

0 ,. 013 007 0 OJ ~x,1,ne, mg/2 015 0 50 044 0◄2 

0.71 0 ◄7 018 005 c,•·· mg/2 0'17 013 on 061 

026 0 15 007 005 Tot.ii, ma/2 11 M 8 42 Ul SJI) 

0.53 0.)6 01◄ 006 Jotill O,I (IR), mg/ 2 17 9 139 40 ◄ 147 

H1 2 36 0911 0 61 24 Hour Moruhty, % 100 .. ◄ 22 ' 91) 26 9 611 296 

24 Hour Moru ty .,__ 100 68 S◄ 40 

T•ble f.l 
hble E.1t 

l 1P"unrrtt _. P ichmnll 
l•l)frtmtnl • 53 • I' 1chm1t11 

24 Hour Touc11y Tei! 24 Hour S1• t1c Tox1et1y Test 

South l LI Jluru, MNf um Crude T1• Juanil Light Crude 

APOlllillx Aiuh"' Hf'•.tnt .,,tril<U of ~"Y .,,.e, umplt\ AN>fflillk An<llysls; Htxilnt txtrilCII of b,oi11\ily .. ,.~, 1,1,nplr. 

Mis O,I h l ri1C1N! ~• liter of Willer M,, Of h••il<'td P":! ltt~ ol W i1•H 

267 200 1 ll 067 0 3)3 267 200 133 0 

~zmc m 't'. 0.74 0 ◄3 o 1a T•• ce Benzene, mg/ 2 0 52 009 057 042 

To m&lr 2 24 1 37 0 7◄ 036 Tolutnt, ma/2 068 021 1 OS 014 

ll Bt-.nzenr mg/(' 019 0 24 0 11 002 El 8en1!'nt , mg/2 0 08 TrKt 01) 011 

m p.llylenf' mgl[ , 00 076 0 41 006 m, p-Xyi.nt, mg/ 2 0 27 00) 0 '4 031 

0-A) Cfl<" mg 02'1 02J 011 005 o-Xy~ne mg~ o oe 002 01◄ 011 

c,• n,g,1' 0 57 0 ◄2 0 11 c,• mg/2 0 07 Tr.ct o 1a 01, 

T~ ~ 511 ) ◄5 1 61 0 49 fO(•I m~ 1 70 0 3S l.S1 lOl 

TCMI O IR 69:l 12.5 396 67 Tot•I Oil (IR), mg/2 29 ◄ O 161 1?0 
◄6 61 24 8 10 2◄ Hour Mortality, 'll. JO 12 80 " 0 

Morl• ty Ahtr 72 Hr 
[)q,ur•tion ~ Sl 61 an 1~ 12% 

[6 
EJ 



hpN1mt"nl •S◄ • P JC'htn Ill 

~ Hour T"'t on \\Htt-e-rNI O,I • ~th T~ Juana ~,um 

lach1es1 '°'"''°" prl'puNI by t'-tuaing SO ml wt'alh~Nl o,I ,.,th 
is t,tc" of I.le wau~, 

C"alcula!Ni oil l,lm th•d-, 0 •t'r '1&gnant ,.•IN O I, mm 

Arom•lt< Analyol. Hl'une c- , 11Kt, ol b10nwy '"""' wmpln 

8l'nzeftl', m JI' 
loluc-.ne, ms'\: 
(1 lll'nzt'f>l', m Jr 
m, p-Xyk-ne, 

o-Xylt,ftl' mgte 

c, • ,mst 
Total, m 12 

Total O I (IRJ, m ,e 
2◄ Hou" Mortal,ty, ~ 

hpr,nmcnt •55 P ,chm,11, 

24 Ho<,r ~till( Tou aty l t'\I 

Tia J~na Logh1 Crudt' 

0 80 

Oll Tra<t' 

o a1 0 21 

0 11 0 04 

0 40 013 

012 0 04 

0 20 006 

1 97 048 

◄ S r, s 
76 20 

T.i>le f.12 

180 

Trace-

0 03 

Traer 

0 02 

Tr•~ 

Trace 

0 05 

133 

26 

170 

Trace-

Trac, 

004 

004 

9 6 

36 

Mis O,I h lli Cl..d P!" Lolt'r of WatPr 
H J 2.&7 200 133 

Benzene. mg" 057 1 78 065 05◄ 

Tolut"nt', mg-1' 1 02 2.99 10 116 

(t BenZPnt', m'1,e 0 12 0 32 017 01◄ 

m, p-ltylent', mg/2 OJ9 1 2◄ 0 61 0 ◄6 

o-ltylt'nl', mg/e 013 040 018 01◄ 

• C:,•"• mgf 012 052 0 22 011 

Total, m~ 235 7 25 ) 26 2.55 

1',1al O,I (IR), mg/\! 17 9 71 299 311 

24 Hour J.1ona~ty, % ◄ 80 2 2 

E.8 

Con11ol 

2 

0 

0 

1,i,eromrnl •56 • P J<hm rr, 

1◄ flour To1K1ly Te-st 

T1.1 Juan• tleao,y c,udt' 

~nnnc-, mg1e 

Toluc-nl', mg,1 

ll Btnttftl' mg,t 

m, p-ltylc,ne, mgte 

o-Xyll'n<', mg,1 

'c,•", mgt2 

To1al mg-~ 

Total O,I (IRJ, mg/9 

2◄ Hour Morlal,ty, 'X 

' 1'01 4n4ly1Nl 

l•p,:.·romt•nt •57 • P Khm,111 

1◄ llour \1,1oc T O>1<1fy Int 

Tt;i Juan, Light Crude 

llen,ent-, m111Q 

Tolutnc-, tnKtQ 

Et BC'nztnr, mgtQ 

m, p-X~ll"nP, mg/Q 

o-Xylt'nl', mgtQ 

·c.•",mg,e 
Tolal, mg/e 

Total O,I (JR), mg/Q 

2◄ Hour Mortalo1y, 'J 

J 3J 2.67 1.00- 1 W 

''"" 
019 

oos 
Tract 

002 

Tia<, 

026 

243 

20 

T,b~ Ll◄ 

s 'It, 

l 10 

soa 
0 SO 

2.21 

0 7'l 

l Ob 

117◄ 

12.1 

100 

E9 

Tr.ct" 

Tue~ 

2S.S 

,a 

◄ ◄◄ 

185 

l ◄l 

041 

, ◄◄ 

0 ◄◄ 

06) 

8..19 

lbl.S 

82 

6.5 

16 

JJJ 

1.Ja 

4Zl 

05) 

213 

060 

101 

992 

584 

70 

1JS 

8 

LJl 

014 

204 

024 

0 8'J 

0.28 

0.25 

4.54 

,19 

l6 

0 

6 



hpc-mnl'nl et.2 C ~•11""'1! 

24 Hour 1ouc1ty le'\! pl..n 2 ~C<'• dfopurallon 

th 11.1 Ju.na MNfium Cwd<! 

"4!\ 0,1 I • 1r,<1Ni ("'r I hr, of Witc-r 

2b 67 Hll bb7 j)) 

2 44 111 091 0 48 

J 44 308 t 42 1 45 

0-30 O.Jl 018 0 23 

, 26 1 2J 0 61 078 

0 49 0 48 0 19 0 21 

c,.- mg(' 0 b(, 0 6) 0 )2 0 45 

101.1 ms 8.S9 7 61) 3 70 ) 61) 

l01al O,I (IRI, mgtr 22.4 18 0 11 9 9 2 

.24 Hour Mon•lit) bl> 34 J2 30 

Mof\~lit) Alu•r 2 \ \ tt~\ 
Dt-pur ~lion .,_, 84 86 82 82 

Tiblt' E 16 

hpetffflC'fl1 afi3 - C. P~••llt"lilS 

2◄ Hour To•raty 1 t'\I plU\ 2 --~ • depur,1ton 

~th lr, J.una Medium Crude 

Aromaloc An.tysi.. HC"unl' " ' ''"t\ ol boo., .. ~ ""•'" ' samplps 

11.-11, Oil htracted l)f'r l iter of Waler 

1331 6 &7 j jj 1 67 

Bcnztn m (' 2.11 1 02 0 75 0 25 

Jolume, mg r J 16 1 51 1 29 046 

[1 Bl'nzmt' m 029 0 20 017 007 

m, p-Xylen,- m&Jt 119 065 058 0 2l 

o->.yl""'° m~ 0 43 0 21 017 007 

c.~ mg!l' 0:58 0 34 0 28 011 

Toul, mi;lf 7 51 395 3 24 119 

loul O (IRJ, mg/£ 148 8) 2991 5 7 

.24 Hour MoruL1r, "4 2.) 0 0 0 

-"'lorl•I ty Aftrr 2 \\('el.$ 

Ocpur•tion "' 46 15 20 20 

[10 

hpNtmt n1 t7J I' schm111, 

A 10 ml of Sou1h Tl, Ju•"• Mtd,um c,~ r,tr,cttd w rh 15 ~r,n l,~e waler for IOJ c 1y 11'\1 

\,mph.•\ ol le'\I , .. ,rr rl'mmed f(Jf Jn.11)'\ls JI I !TIN 1nd1CJlrd 

(24 I tour Mortaf1ty n1 

ll'IK: from fmuu' h0;nw·-- H' 
0 OS 20 60 24 0 

0 Bt"ntrne, mg1t 004 OOJ 001 

0 lolut"nt, mg/2 016 OlJ ooe 00◄ 

[ I 6en1ene, mg/ 2 001 0 02 001 001 

m, p•Xylt-nt"\. mgtt 006 oos 003 001 

o-Xyknt-, mg1t OOl 002 001 001 

'C,• ', mg,f 003 002 001 

Tora!, mg-2 0 ).4 017 0 15 007 none 
drl«1Pd 

30 

hpt"rtmt"nl •7 l • I' ,c/,m,111 

ao B 20 ml of Sou1h T~ Ju,na M.,d,um Crude e11,ae1NI w,th 15 lrrtn ~•e w•tn for to1ioty !PSI 

~mpte. ol lt·,1 w,lll'r rl'mo•Nf for analys1\ •• l•ITIN 1nd,u1ed 

124 Hour Mor1al,1y 16'¥.) 

T1fflt' From lnt1,4I hpawrf' Hr 
0 OS LC, i,C, L◄ 

Bt-nune, mgl'e 019 016 003 002 

Toluene, mg,e 047 0 41 0 14 010 

[1 Bt!nzen~, mg/ 006 oos 002 002 

m, p•Xylene1, mg/2 019 016 oos 004 

0 o-Xylene, mg/2 009 007 002 002 

• c,+", mgre 018 016 004 004 

Toral, mg ,e 118 101 0 JO 014 none 
dtott<1NI 

0 

12 

E 11 



• 'r><'flmc'nl 17) • ~ srl,"""' 

30 rnl of '<>u1h t11 lu.n.a MNllum Crude r•111nNI ~1h 1S loll'r\ l,ke ,..,,er for to•ot'lly lt<I 

~mph!,, of '"' ..... ,c.-r rc_,movNI lo, an.aty.l\ II IIITIC\ lndtC.lted 

l t,nt, I rom ln,111I I ,potuu•, H1 

0 o.s 20 60 24 0 

IIC'nzN>t", "'!;II.' 037 0 lO 018 008 

l oluCft<' mg 096 Of.7 0 45 02J 001 

l I ll<'n,-. rn II.' 012 008 005 001 

m,p-X)~ m ~ 038 024 017 009 

0-:i.,1- rnglf 011, 011 007 0~ 

•• .m I{' 0.27 0.21 011 007 

lOt.ll m 2.26 161 1 OS 0 5S 0 01 

l .prnmrn1 •7J I' Hfumm 

D 40 ml of '>outh l11 IU1N ~ Crude e•tr1ctrd ,..,,h 15 IMn like ,,,.,e, for toxoc,ty test 

'4mplM of ll'\1 ,-.1rr rrmo,N! for 1Nl\\l1 .i 11~ 1nd,c11~d 

(24 Hour Mor11ht) 68'\.) 

Tt,nt, from ln11o11l hpo,urt', Hr 

0 0) 20 60 l◄ 0 

Benz.,nc. mi; r 026 019 012 008 002 

lolut'nt',mi; {' 0.58 046 0 28 0 21 004 

lt 8rnzMl(', m~ 007 DOS 00) 00) 

m ~)~.~ 0 21 0111 011 008 001 

o->.ylenc. mi;/1' 010 009 005 007 001 

~ .. •,mi;Jt' 016 015 008 005 001 

Toul.ms,T 1.38 112 067 0 S2 009 

f.12 

Table L17 (Contl,-d/ 

h~rrmtnt •71 • I' schmlul 

£ SO ml of Soll1h T11 Juana Mtd,um Crude t1!11ctrd wl1li 15 l,t,n ~ke w,te, lot 10\'.ldty ffll 

~mplft of 1u1 w1ter rtmo,rd f0t 1Nfy\ls II limn lndiUttd 

(24 Hour Momt1y 76'\J 

Time From lnlti1I upowrt, Hr 

0 OS 20 60 

Btnztne, mste 0 JS 032 01) 00, 

Toluene, ms,'2 072 010 029 0 22 
[t, Benzene, ms,'2 009 ooe 004 00) 

m, p·Xylenes,. msJ2 0 26 02◄ 010 0-CI 
o-Xylene, ma.ii 011 011 005 004 

'C,•", m11e 0 21 0 21 010 007 

TotJI, msJe 1 74 166 on 05) 

hperoment •7◄ • P 1chm,111 

A South T,1 Ju1n1 MN!"'"' Crude .,e,rherrd f0t 10 mlnui~. 

SO ml of o,1 txlrKttd ... ,th 1S lolfr\ lake Wll('t f0t IOuCity I..U 

Samples of It'll w11er rtmo,N! fo, 1n11y\/s 11 1,mes ,nd,ated 

Tomi' Iron, In"•' f•l!2!U•t'1 Hr 
0 OS 20 60 

llenztnt', ma/2 010 009 004 004 
Toluene, ms/i 0 2◄ 0 2(, 015 016 
Et Benzene, ml/i 0 03 003 002 003 
m, p•Xyltnes m1/2 010 010 006 007 

O•Xyltnt, ma/2 oos oos 00) 003 
"C,+· mv2 017 009 006 006 

To11I ml/i 069 062 0 l6 OJ9 

EH 

240 

Trne 

240 

nont 
dttfCled 



( lpt't' ""'"' 17◄ p ,chm Ill 

II ~ ~ .. tu,,,na Mfod,um 0.- -.i)w,n,d for 20 mlnule 

SO ml of Oil ~I•~~ .. id, 15 I ll'n 1,l .... a!l'r for to, ty IMI 

~mp~ of 1'51..,~I"' '""'°"""' for an1lym~t llfne lnd,c,1N1 

42◄ Hout '<>rial ~y M I 

J11m: fro.,., IO•"•I hoo,url'. Hr 
0 OS 20 60 

llmzcnl' m 016 o,o 0 01, 00◄ 

Tolu<'N:' mg 0 ◄7 OJO 011 01a 

(LllmzM>l',mg om 00◄ 00) 00) 

m p X)lcnc., mg,T Oll 01◄ ooa ooa 
o-Xyk-nc mg!{' 010 007 00◄ 00◄ 

C:.• msl'i 0 21 01S 007 ooa 

To~l. rng4' 1 )0 oao 0 ◄6 O ◄S 

bpcremc-n1 •7◄• I': Kf,m,rr, 

C So.nh T~ j~iu Mt'drum Cru~ wl'•thl'rt'd for 40 m,nutl'S 

.50 ml of o,I f'•tr•ctt'd -..,th 15 l1lf'I'$ 1,kl' watl'r for toxrcrty ll'St 

~ of ll'St ,.,, .. , rl'mo\'Nl for ,n,lys,s ,r toml'S ,nd,catt'd 

(2◄ Hour Morulety; 40'l.l 

Tunf' from ln,t,,1 upcxur,, Hr 
0 OS 2.0 60 

Benz-. mg1e Trxl' 001 Tr,cl' Tr,cl' 

T olut,ne, rnglf 007 010 009 00S 

£1.~mgl! 003 002 002 0 01 

"'- P-~)lff>ts. ~ 00) 006 006 00◄ 

o-Xy1l'nl' • mg,'i OOl 003 003 002 

-C:.• •• mg/£ 007 009 ooa 00S 

loul. mg,e 02J 0 l1 0 28 0 17 

E.14 

24 0 

00◄ 

002 

001 

002 

009 

2◄ 0 

no~ 
dl'tl'ctl'd 

T~ f.11 (Continutcf) 

[xpt'!IITl('nl •7◄ • I': sd,mlf// 

o South T~ Juan, MNl1Um Cruell' -•thf>rNI for IO m111111es 

SO ml of o,I t•tr•ctNI with lS l,tui blr, witer for ro-;,c,ty tf'SI 

s,mpll'S of tnt w,,,, r,~ for •~lyffl at ~ 1ndt<4tl'd 

0 OS 20 60 

~nnnt,mg/i 

Tolu,ne, mgte 00) 00◄ 00) 001 

Et Benzene, mg/2 001 001 001 001 

m, p-Xylenes 00) 00◄ 00) 001 

o-Xylene, mgle 001 002 001 001 

"'C9+", mg/2 oos 009 ow 003 

Toul,mgte 013 020 015 ow 

E 15 

)40 

"°"' do>!l'Cled 
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APPENDIX F 

PLANKTON BIOASSA Y STUDIES 

zoOPLANKTON BIO.ASSA y 

one wcccnful b10•,>iy w,1s performed using 
ihc 1oopl•nk1on commun,ty In thk e•per1-
men1, ,nim•ls were M!lce1ed u 11ndom from 
l•ke w•trr .ind pl"t'<l 1n gl•ss pe1r1 d,shes 
1n 2S ml of lihered l•ke w•1cr. W•ttr ph•se 
from 160 ml of o,1 10 15 liters w,1ter w.s u\Cd 
along w11h f,hered l•ke w,11er 10 gM! dewtd 
d1lu11on 

The roopl•nkton community experienced • 
sh.irp decline on mor1•l1ty bl'low the 1000 ppm 
concentr,111on (hblc F 1) 

PHYTOPLANKTON BIO.ASSAYS 

Phytopl,1nk1on b,o.,,.iy, were conducted m a 
s1.i,c system ,11 •mb,ent 1ernper,1ture 30·33°C 
out of d111•c1 wnl1gh1 

One e•penrnent w•s conducted using the 
n.itur.il phy1opl.ink1on community ,n an U\I• 
f1co,1I growth medium w11h v.inous concentr•• 
11ons of crude 011 The phytopl•nlt1on commun­
llY w•s iillowed 10 develop for love d•Y' in 
2000 ml of d,lu1e nu111en1 solu1,on At 1h1s tome, 
crude petroleum w,1s ,1dded ,it • conctn1ro11ion 
from Lero to 16,SS7 ppm 

This exptroment pointed out th,11 only-4281 ppm 
,ind abovt wtre conclusively inh,b,tory to 
photosynth~•s (T ,1bl~ F 2 ,ind F 31 

A third t'Xpt'nment with n•tur,11 phytopl,1nk1on 
w,1s performed using f1lttrtd, sterilized, ,ind 
nutrient-enriched l,1ke wo1ttr The r~uhs po,nt 
out that only concentriltoons in excess of 
10,000 ppm .ire 1nh1b,1ory to 1he n.itur,11 phyto• 
pl•nkton community ,is 1re,11ed 1n th,s system 
(Tables F -4 ,ind F S) 

Crude 011 has a s11mul,11ory E'fftct on the phyto• 
plankton of the Uh: l,1gun,1 \Figure f,1) 

There are al lent rwo different ,lg,e n the 
phytoplankton Ir Is highly prob.ible tmt the 
two h,1ve different environmental require• 
~nu fr has bttn observed 1ha1 a fresh ~mple 
of the Ule efnuenr COnlol ns ari almou pure 
Ch/Jmydomanas spp with only a very s,n,1!1 
perctnrage of SIJChoccocus l»c,fur s but !hat 
an old culture (rhe ,ge of the culture clep,!nd­
rng pmnarily ori rhe ava l.ible nutrients) con­
,~ ns a predomin•rice of S b.1c,l1"1s This Is an 
e111emely 1oler,1nt or~msm h.iving been found 
in such d,verse h•brt.1U is Ke and snow, ~a 
w,1ter, c,n flower pots In green~ ilnd In 
d si,lled w,uer ,r,~rketed In Venezueu II Is not 
1nconcrhable that rhis i11pe w II grow n water 
o-.erli11n by and perlOdally mixed w th crude 
petroleum (T,1ble F.6) 

A final e,perlrneril conducttd on lhe pbn ion 
commumly u1,l,1ed the d1ssoh,ed oxygen 
method of dderm1111ng the procluctMty 4SU clr.­
l,1nd and P.1oons, 1960).' In this experiment the 
l•lr.e w,1ter w•s agitated with the desired 
amount of aude o,I for 10 mlrn.rtes, •'!owtd to 
sepame for 30 m nutes, and the w.iter ph.,se 
dispensed by siphon to five l~ht and rwo d.irk 
bottl~ The 1n111.1I concen1m10n of dissolved 
o,ygen w,1\ determ,ned The bo«les were 
pl.aced in o1 const.1ntly flowing w.iter bath at 
,1mb1ent ulr.e temperature for 24 hours From 
1he dctermm.it,on of the 01 IC\'els n the water 
•t the end of 1h,s perlOd 11 was possitk IO de· 
term1ne the gross phoiosynthesb 'let photo­
synthesis, and resp1m10n On a short lerm 
b,1s1s net cirbon f::utJOn re.iche zero ilt be­
tween 2666 •nd S332 ppm of crude otl added 
(T•ble f.71 

f ' 

•J D H Stndf•nd and T R P•nom. 1960 
A MinuM of SH Wittr AMly,il. f,shenes Re• 
semh Bo•rd of Can.Jda Bulletin 125 



Yel'W\ I 

0 C nc ppm , d., 

S6 1336 
193 2.38 
~ 80 

1327 ◄1 

4281 10 
771:t, 31 

0 1183 
16,537 172 

0 3◄3 

31 

hbl,, f.2 

21)0 ppm 3200 ppm ◄lfi7 ppm 

◄1 

18 

9 

◄) 

1S 

se 

7◄ 

◄O 

15 

73 

med PetCl"tll CNngcof''< up1,le 
C'('nt a11on ol tn I al "C upt•k«-J 

l d.)"\ s do)'\ 7 days 

2221 2044 S2◄ 

m Sl 378 
14◄ 2◄SS 1S◄ 

77 ◄SS 3as 
18 2J ]7 

21 13 2S 
3162 1447 1476 

9 8 II 
22S◄ 4177 7122 

hble f.J 
r,I phy1opbnlton nan hoal ml'd u,n Prru,n1 ch•ng<' of < hlorophyll-• 
w-nu, ume ,n d•Y' and 011 conCt nrratton I" in•t••I chlorophyll •I 

c:onc ppm 1 day J days S d•r> 7 d•r> 

56 861 1200 1081 ◄13 

19) 622 1011 1371 722 
9&4 1200 91J 867 867 

1327 :210 2lO 260 170 
4281 657 6n 71◄ J.43 
771:t, 101◄ sn 61◄ S57 

0 S◄ l 529 7◄3 1625 
16,537 113 n so 67 

0 160 r.40 620 1380 

F 2 

T•IM fA 
N•tur•I phytop • lion n f ~•td st<'r rtd <'nrlc:htd !.ke M er 

Cone. ppm IM•I 1 ~r ~ ~ 9d~ 1~ 

en 620 160 2eO 350 1150 
ms 6'l0 6')0 1270 seo '1J¥J 
225 m HO 670 -460 0 l0JO 

10663 6'l0 m ~ (50 J 320 llO 
◄91 600 2!0 320 1210 810 l7U 

S090 250 90 gel) (0' 1lO 
0 so 220 so 120 120 140 
0 JlO 1eo 20 320 210 
0 ◄80 JSO 20 lO lO so 

rv,ru.,. t•P•<'ntd ,n m ll,gum1 chlorophylhl P<'r lrkr 
•SOI f1htr1bll' 

r.~ r.s 
''C upule d.u for n,tur•I phytopl.nlton ,n f trtd Slff liztd enriched I. I' wa I' I 

Cone lnm•I 1 d•y 7 d.11 acuy1 9do.,. 

au 100 saJ 12.lS 509 l870 
12SS 100 14◄ 358 2826 

22S 100 2◄1 120◄ 6466 W7 
1066S 100 212 731 2 2 
◄92 100 ◄52 9011 1629 3037 

SO'JO 100 214 1209 3106 S2.)6 
0 100 33 9711 l06S naa 
0 100 55 100 744 1116 
0 100 19 l60 569 935 

•v,ru.,, t•pr<'S~d •• ~•<tnl of -.lur obu ntd u ,rutgtiOfl of expcr mrnt 

T.W. f.4 
Compa11W>n of chlorophyU-• ••lun. l'.•nml phytopbnlton comtnuftlf)I 

from U~ l•gun• In fi te,td .irrtlr entlcMd b ".,.,..,, 

Cone ppm ln1t1•l 2 da;, • c!.ys 10 days 11 d•y-, 12 day1 13 do.,. 

0 100 1511 S◄l 31l 167 1-16 104 
124 100 1102 2256 239l mi 0: 150◄ 
202 100 201 56◄ 12S◄ t◄◄l 127◄ 12JO 
◄O◄ 100 .!61 102' 71'1 62◄ ~ $10 
eoo 100 100 'H7 609 Sol 167 21 

1600 100 401 1317 lall 2141 169) , l 
HSO 100 361 IJSS 701 752 1140 601 
66-40 100 as Wi S}4 ,v 712 J 

'V•lurs t•pres~ ., ptrcrn1 of chlorophyll a determtMd •t IOn of f-.prnn!ffit 
•r-.ot f,hruble 

F 3 
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20 

10 

hblt- IJ 
M llm\ urbon f ,('(! , blC ~, r J>I"' d,y 

r 

◄ 
91) 
me 
lf,01 

1 

100 
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figur~ F.1 

NrtP ~ 
22t,(l 

2-M6 
.3113 
-'12 1 
-4002 

-4817 

C.cn.'th of l~guru Ulc phytopbnk1on ,~nil\ 

crud pcuolt-um concen1,~110n 

f ◄ 

PPM 

12A 
; fl:1J 
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PRELIMINARY STUDIES OF MICROBIAL 
DECRADATION OF OIL 
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APPENDIX G 

PRELIMINARY STUDIES OF MICROBIAL 
DEGRADATION OF OIL 

A number of factors mu\t be considered tn a 
d,'°'ulon of the mttrobl•I degr•d•tton of 011 
o«urring In a l•rge rd,1t1•ely v.ell ml•ed body 
of w•tr.r such as take M•r1a1bo utrlent 
con<en11.i11on no doubt play\ i role 1n the 
potenu•I of w.itcr m,c rob ot.i to degr.idc o,I 
1n some bod,es ol ..... ,e,, ph<Xphate and nrtro­
grn m.iy be ltmrttng, in others, 11 1s concetv.ible 
th.it tr.ice eleml'nts m.iy be lom1t1ng lac.tors 
Compl1c.i11ng ev•luat,on, l1m1t1ng nut11ents 
m•y turn o,er tn relJllvely short pe11ods of lime, 
creating s1gniltcint changes In the m1!1eu lor 
m1crob1.il growth .ind thus 011 degr.idatton 
One must also consider tl-te' history" of a gi.en 
body of w.iter .... ,1h rcspcc I to 011 cont.iminauon 
If • g11,en w•ter source h.is h•d frequent spills 
of o,I then 11 1s pouiblc th.it m1crobl.il popul.i• 
lions c.ipable of • high degrte of o,I degrad•· 
lion would be stlectl'd for •nd ...,oufde-,,tntu.ilfy 
re.ich st•blt popuf.it,ons .it constant conctn• 
1r.i11ons of oil .ind nu111en1, ln effect, creating 
chemO\t.tllC cond1t1ons It 1s unlikely th.it •ny 
selected foca11on in the m.i1n body of lakt 
M.ir.iu,bo .... ,II h.ivl' such conditions Sl,cks 
move, sink, .ind .ippe.ir 10 disperse 1n • non• 
continuous f•sh1on In this ~me vein, the 
cond,t1on ol .i go.en sp,11 m•y pl.iy a role tn 
m m1crob1.il drgr.id.it,on In .i sllfl body of 
w.itrr, .ls the o,I we.1thers .ind ~nl..s, 11 .... ,11 
rnter 1n10 dep1hs of low o,ygl'n concentration 
where anaerobic .ind m1cro,eroph1l1c org.tn• 
,sms of les,er b,olog,c.il e-ff1c,ency th.in surf.ice 
Jf'robt>s w,11con1.ic11he slick In• 1.irge po11,on 
of l.1ke M.ir.iCil,bo, thl'Sl' cond,11om .ire nol 
met, ,s d1Ssolved o,yg('n m.iy be quote constant 
in the w.iter column due to the hydro-dyn.im1c 
ch.ir.ictl.'r of the l.ike, ~pt'C1afly in sh.iflow 
.ire.is wb1ec1 10 wind-induced currents 

One f.ic1or w11h respec1 10 polent"f mocrob,.il 
degr.idat1on of 011 th.it m.iy rem.i,n comt.int 
as f.ir JS lake MarJu,bo I\ concerntd 1\ 1emper­
ature. The 1.ike\ .imb1ent temper.iture I\ JO•c, 
and large witN temperature variation 1s not 
ob,en.ed 

All of these cons,derat,on\ l1m1t interpret•• 
11on\ of the rewlt\ of m,crob,ologtCil studies 
of L;.ike MarJca1bo Ml'J,urements made •• i 

g.-en Sitt• pro,,d!! information reg.irding the 
m1crob1al populJt1on and the effect of 01I on 
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the populition at the lime of s.impl ng How• 
~l!r, add,1 o~I rne.isurtments would be 
required ,f maior ch.Inge, n env ronmentil 
p.ir.imeters occurrtd W,th this understood, 
d•t• w,11 be d~r,bed which rtsults from 
onsne studies ind .i conserv•ttve tnlerpret.i• 
110n of the stud es will be m.ide 

The following measurements were m;ide 

B1ochem,al oxygtn dem.ind 1n the pres­
ence .ind a~nce of 011 and m1crob,.il 
popula1.on denmy at s1• ~lecttd s11es 1n 
lake Mdraa,bo 

2 B1ochem,c.il oxygen demand 1n !he pres­
ence .ind .ib~nce of o,f and m,crob1al 
popubt1on density II different levels of a 
Wiler column from a site with a history of 
o,1 cont.imtnat,on 

3 The effecu of the .idd1uon of the numenu 
phmph.ite .ind nitrcsen on b1ochem1al 
o,ygen demand in the presence and 
alxence of o,I 

In .idd,t,on to th~ measurements, two other 
techniques "'ere de,eloped .ind ut1l11ed it the 
~ke sue These are 

A m~thod for the presen;.iuon of Like 
~•••c;.i,bo m1crob,;if ffor• so th.ii a min ma! 
Ion of v1<1b1hty would occur during sh,p­
ment of these S.Amp~ to R,chl.tnd, Y.am­
ington 

2 lsolauon of 011 o~idmng m croorginisms 
from lakt water and o,l-~anng ,., .. ten 
around the fa\e 

Mtthods 

liochemiol 0.}len ~~nd (IOOJ DtltrmiN• 
tions.. HOD ., ,, " ,. . • ,:d ~ a funct on of 
incubat,on t ·t>c in the pr-nee and •~nee of 
o,I for \el\ of "-•ter \imples from s,x sites 1n 
the lal.e lhe sites ;,,ert chosen on the fonow,ng 
b.is1s 1) Stations 12 and 11 are tn the ue•s 
of the lal<.e ,,posed to 011 conum natlOfl, 2) 
~tations H and 7 are in ueas of the bke 
~•posed both to 011 cont.1nun.1tion and 
mun1ci~I "'iSte cont.1m1n.it on 3 ~t.1110m 8 



.ind 9 are ,n •rl".I\ of thl" l.ile r<'llll\l"ly fr<'e 
from both 011 and munK 1p.1l con1amIna11on 

~1and,1rd I hn,qu<!S were \l•l'd to ob1a1n 800 
valu!!S for hath con1rol and oll ~upplrmcnll.'d 
lall" \'l.ollN -..impk-s 800 In the ab,rncl" of 011 
wa\ d<'ll"rmtnl"d ustns JOO ml BOD bo1tll", f,IIC'd 
to capJClh \\-1th la~!.' w.iter 

ROD 1n the prl"M'OCl" of 011 wa, dl"termtnl"d ,1, 

follO\\~ , 1.1ndud BOD 1-ottl!!S wt•re f,1b11catl"d 
"' Ith ii 1.lpNed gla,, tuhc at th!.' b,h<" so th,1t ,1 

tvi;on tub,ng < onnl"ction could be madl· to one 
liter \toppcrrd 1a" Onl" liter of lal<' wat<'I 
< ontamms 100 ppm crude o,I was mtroduc<'d 
.nto the liter 1ars Thr far!, WNI? th<'n ,toppl"rc-d 
.1nd 1heir contents Merrcd v11,iorou,ly for 
0 S hour m ordN to me. and ekpose thl" 01I to 
the b1om,1ss presrnt m thl" 1ar Thl" watcr-01I 
m,~ture wa, allowed to separate for S minutes 
and 300 ml of the watN wa\ carefully trans­
ferred through the tygon tub,ng 10 thl" attached 
BOD botrlc ..,,,h .in o•yg<'n electrode as ns 
stopper After o•ygen concentrat,on was 
mc.isured, the w;itcr w,1\ transferred b;ic-1. to 
the one I,ter 1ars unt,I the ne~t readmg For 
e;ich reading, the rapid s1Imng, 01I-w.iter 
)Cpar,lllon, and transfers were repeated 
Re,1d1ngs were taken al daily mterv;il, for 6 
107 d,1~ 

Umiutions of ulce W.iter utrle,nts. To de1er­
mine ,f Lake Mar.ia ,bo w,11er Is l1m1ting tn 
either phosphorus ,md/or nitrogen as nutrients 
for growth of hererotroph,c org.inisms, similar 
BOD e•penme-nts were conduC1cd using a 
defined miner.i i medium (A.ironson, 1970) 
.ind lake .. ater supplemented with trace 
elements (Rodina, 1972) which furnished all 
the nutreents requ,red for growth of mIcroorgan-
1sms Cllcep, the carbon source Mineral medium 
lading ,n phosphorus or nitrogen w,1s prepared 
and different concentrations of the appropriate 
element added to the medium to determine 
opr,mal ll'\'els for BOD actrv11y m the presence 
and absence of 100 ppm crude 011. In these 
experiments, the mineral medium was 
prepared at double strength .ind equal volumes 
of lake water added to dilute the med,a to 
srngle strength .ind to introduce the hetero­
troph1c m1crob1al population and nutrients 
present m the lake water 

Mlaob~I Counts. The 101,11 heterotroph,c 
popul;it,on of aerobic b;ietena and lung, at the 
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\C-IC'Cled lake Mar,1ca1bo sues wa, determined 
by " pour-plating'' viable- organl\m\ in nutnc-nt 
med,um llallo brain he.rt 1nlus1on agar 
◄S2g1l,tcr) at pH 7 0 wa\ U\t'd for the total 
arrob,c bactrr1al counts and BBL l11tman 
agar (Sli,t/ I,tl"rl w11h 30 µg/ ml streptomyc,n 
111 pH 7 O wa\ U\ed for the dete-rm1nat1on of 
fungi popula1,on The cxperimt'nts we-re- made 
\, ,th the \amc lake watl'f \amples Us('d for the 
000 e,prroml·nts, o\lerla1d with the appro­
priate media, tnl1JbatC'd for 3 <lays at 29-JO•c 
and countC'd This technique underestimates 
thl' total m,crob,al population since 11 es known 
that mJny Sp('Cll'S of mIcroorganIsms will not 
i;ro" In ~ media rich w11h nutrients HowevN, 
,.,,h the lim11a11on of ume, u was considered 
the most Jppropriate method to use 

Prest'rvation of Microbiological Samples, The 
13th Cd,t,on of 5tandard M ethods for the 
h,1mInat1on of Water and W.istewater recom­
mend, that bae1enolog1cal examination of 
watN ,amples be started promptly alter collec• 
t,on to avord unpred octable changes, with 
change ume l,m,red to 30 hours at 1empera1ures 
below 10°( Smee these requirements obvI. 
ousl)' could not be met for water samples 
shipped from 1he Lake M aracaibo site to the 
Richland laboratory, 11 was considered essential 
to develop a method that would allow preserva­
uon and shipment of the m1crob101a In the 
lakewater samples. 

A simple method to accomplish this goal was 
developed Sterile m1ll1pore pre-filters were 
used to hltN 300 ml volumes of lake w.iter and 
the filtrate was 1hen passed through O 45 µ 
m,lhpore f1hers On the first day, one set of 
pre- fil ters and m1lhpore fillers prepared In this 
manner was reconstttuted with 300 ml of milh­
pore stenl1zed lake water, vigorously mixed 
with • magnetic stirrer for OS hour to resus­
pend the mIcroorganIsms and the m1crob1al 
population was determined Lake water from a 
given site and set of processed !,hers from the 
same site were placed in sterile BOD bottles, 
sealed with paraftlm and refrigerated at 4°(. 
The processed filters were reconstituted with 
300 ml of m,11,pore sterilized lake water after 
relr1gera!lon for S days, pour-plated and 
counted to determine the percent survival of 
the microorganisms The lake water, control 
refrigerated for S days, was also pour-plated 
and counted at the same lime to determine the 
difference of m1crob1al density in the untreated 
lake water 

i,o~tlon of Oil Oxidizing M icroorg.inlsms. 
The nitrogen requirement of some m1crob1al 
species can be met by .idd111on of either llmmo 
nlum or nitrate to a synthetic medium lsola­
uon of 011 oxidizing org.inisms w•s attempted 
on three <.l,fferent media which varied In 
nitrogen source and mineral composition. All 
three were lacking In a source of urbon 

An agar minera l medium containing ammo• 
nIum supplementl!d wrth .os·~ nitrate, Tauson 
medium with nitrate .ind Tauson medium with 
ammonium were surliice Streaked with O OS ml 
of like water or with oily Willer s.imples from 
the Ule Tank Farm (see Rod1n,1, 1972) The 
pliite-s were Inverted and OS ml crude 011 (as 
Ciirbon source) was iidded to the cover of the 
petri dishes The plates were incubated 
aerobically and ,1naerobic,1lly at 29-30°C 
for one month before ex.imInatIon. Since the 
crude oil ,s not in direct cont.ict with the 
inoculated plates, lsol.ites that grow on the 
plates will be those that can u11l1ze only the 
voliittle fraction of the hydrocubon as ii source 
of carbon. 

Results and Dlscusslon 

Assessment of Biochemical Oxygen Demand 
ind Tot1l M lcrobl1I Populations at Selected 
Lake Muacaibo Sites. B1ochem1ul oxygen 
demand ,s a relat111ely ond,reC1 me.isure of two 
water parameters These parameters are 

1) Dissolved biodegradable organic matter ,n 
the water sample As oxygen u11hzat1on by 
water m1crob1ota Is necessary for metab­
o lism of these compounds, BOD measure­
ments in a compariillve sense .illow one to 
comp.ire the degradab1h1y of low concen­
trations of nutr1ents added to • water 
sample 

2) M etabolic actI11Ity of water m1crob1ota 
In a water sample containing no added 
nutnents, the observed BOD Is contingent 
upon the actI11I1y of the microorganisms 
and the types and amounts of metabohz­
able m,11enals in the sample 

These criteria are obviously reliited If a 
measure of biodegradable material Is desired, 
water sample-s can be seeded with known 
mixed culture~ or pure cultures of m1crob101a 
ti a measure of microbial ac11v11y ,s necessary, 
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the w.iter sample can be ,1mended with known 
c.irbon sources Add111on of e,ther m1crob1ota 
or nutrients, however, will affect the r~1dent 
m,crob1al .ictiv,ty and numbers and thus will 
gI11e l,ure or no 1nforma11on abour the const,tu· 
tIon of a water s•mple in terms of nut11ent 
av.itl.ib1l1ty .ind b1olog1cal .ictlVlty In cases 
where w.iter sampling Is performed on a 
rout,ne b.is1s, and where a b.ise-I,ne of informa­
tion Is av .. lable, amendment of the type 
dem,bed 1s lnv.ilu•ble In the c.ise of Lake 
Marau,bo water, however, measurements 
were made lnit1.illy on s~mples th.it had not 
bten mod1f1ed m any way 011 was added 4i 
descnbed (see Methods) .ind BOD determined 
In ns presence By comparing BOD ,n the 
presence of 011 versus thit in its ibsence. rt w.s 
hoped to obtain an index of rhe effect of o,I 
on the lake's resident m1crob1ota 

f,esh L,1ke Mar.ia1bo witer collected it one 
mrter depths .it the six s.impl,ng sr;it,ons 
w.is used to determine the kinetics of BOD 
.ind to me.isure the effeet of added o,I on BOD 
(Table G 1) four out of the six test stations 
showed little or no difference ,n BOD tn the 
presence or absence of 011 (r,1110 800 + 011/ 
BOD - 011 • l), implying that the 011 had loule 
or no effect on the numbers of m1crob1ota or on 
theer b1olog1cal ,1ct1vIty and was not ut1l1zed 
to an appreciable extent In our test system 
Stauon 14 h.id low microb1olog1al actrvIty, 
with both control •nd 011 s.imple havmg a v.ilue 
of less th.in one ppm Station 13, howe~er, 
h.id a high level of dissolved oxygen and a 
rel.iuvely h,gh m1crob1al popula11on density 
and thus w.is selected ;is the most prom,s,ng 
area for .idd1t1on,1I BOD studies and for the 
possible 1sol.111on ol 01l-ox1d1Z1ng m,cro­
orginisms The d1ssol~ed oxygen content .it 
Sm,on 1◄ wis only 0.8 ppm, suff1c1ent for 
growth of m,coorgan,sms, but 1nsutf1c1ent to 
support f,sh hie Suuon 7 (loated .ipprox,­
m.itely 05 kilometers offshore from Station 14), 
Sm,on 12 (011 con1,1m,nated .irea) ;and Stations 8 
and 9 (areas relatively free from contam,na­
tton) showed 6 d;iy BOD actI11Ity s1m1far to 
readings recorded at free-flowmg s,tes on the 
Columbia River, ii relat111ely uncontaminated 
rover, and have d,swl,ed oxygen concentr;a­
llons more th.in suff1c1ent to support both 
microbial and fish hie ,n the lake 

Data on BOD ,1nd m,crob,,1I populat,onsdemon­
str .ite no consistent pattern u .i funet,on of 
change in \Ite 1Table G 1) ~m,ons 12, 7, 6 .ind 9 



Tobit- G.1 
( fll'<"b of 1 ppm \ cncr~lan crud4! oil on 1he b O<t.mllcal o, ,-gm dem.ar,d of 

t.l l' "11110 bo ~ 11<'1 sampled from 1 mctl'I dep1ln 11 r, 11.i,on, 

Z<-ro O.y 6 d1y BOO mg 

(
IIQQ • 2!1 ) \11nolll1I Cour,i,/ml 

lation r rvn o, Control 100~E 0,1 8OD•0tl S.ctl'1l1 fun111 -
Sm,o,u cioK-sl 10 u 8~ .35 
oily Wit('! t!fnlK'!nt \3 911 ,o 

'-tat,ons <iOIC to 01 ,. oe oa 
wale, and -~l' l'fflul'nl\ 7 8 2 2 4 

Control •"'• of i.~e 8 ao 2.0 
9 ao 2 8 

.are ~mrbr In BOD and total num~ r of ll'ro~ 
d iftenn only ,n fungal p o pulation, >\h1ch 
app('ars 10 ,ary wrth times of -.,mpl,ng (\e-c 

Tablto C 2) Ah hough t~ s It'\ d rfftor rNt ly 
in t'Ograph1al lout,on and history of con• 
t1m,nat10n, they cannot bf' d ,s1,ngu,shcd 

ba\cd upon thl' mea\ur,e,d microbial act1"1ty 
'-lltion 14, locatl'd in 1n tnll't and continuously 
Cll~ to oil and mumo pal \l'wagl' s d1\1tnct 
from the other test sit~ 

The ,arr.ibrlrt)' th.it rs ob~rv,e,d wrth,n st.11,on\ 
ml be morl' .a foncu on of t1ml' of i..impl,ng 
than any prope,ny of the"'" n~lt For eumpll' 
counts of tot.ii acrob,c bacteria ind BOD 
meisurl'ml'nts tikl'n at wl'l'kl~ 1ntel\als o"er 
approum;uely thrc-e \\l'l'k1 i' St.it,on 13 "iry 
consrderibty jTabll' C 2) 

BOD + o,I shows an approl1mate Mofold 
chan l' in the f1m mtl'nral; e,amrncd rn this 
m1crv1I, number of tot.ii aero~ has dropped 
by 1/2 and lungr by .in appro•rmate factor of 
four (~ote, ho,.ever, th.it thl' s.imple with 
l°""'t'r m,aobr.il counh has a h,ghl'r BOD+ 011 
and a lower BOD • 011). Thllo ,arr.ib1l1ty of 

T•ble C.l 

-30 0 85 ◄ 8 , 101 
600 

J r, 0 40 2 • 10' 245 l 101 

0 4 050 s l 101 l l • l ()t 
24 1 0 ◄ ,. 101 .-1 

17 85 1 ◄ • 101 ,1 
2.a 1 0 2 8 • 10• 2 a• 10• 

s mrlar dt'gree it d ifferent SllC'\, suggl'sts that 
;inaly\e\ at \tngle t,me interval\ for a number of 

lake \Ill'\ will be of l1m1tlt'd u\e rn describing 
thl' lake\ ab,1-ty to rl'rnove 0 11 by micro bial 
metabol1\m over extended time perrods 

B,ochcm1cil oxygt'n dt'mand tem without crude 
0 11 Y..ere run with watl'r s.imples obtatnl'd from 

~•ryrng like depths at Station 13 Thl' test 
"as dts,gn,e,d to detl'rmrne the dl'pth rn the 
water column with the highest BOD act ivity 
and m1trob1al populatron densny Watl'r 
samples from thl' surf.ice, 1, 2, 3, and 4 meter 
dl'pths showed BOD ac11V1ty and the concen-
1rat1on of the hl'terotrophrc populauon to be 
rl'l.iu,ely srmil.ir Peak BOD ac11v1ty at all 
dep1hs occurred at 3 d.i>s and decreased 
sugges11ng a deple11on of nulril'nts rn the wattr 
s.imples and gradual Cl'ss.i11on of growth 
The slightly lo ... er BOD actMty at the ◄ meter 
deplh, near the floor of the lakl', rs coupled wtth 
lowtr m1crob1il counts, and the higher surf.ice 
m1crob1.if counts may be assoc1a1ed with better 
at>rob1c cond1t1ons from wrnd and wave ae11on 
m 1he surface \\atl'r 

800 wtth and w11hou1 o,I and m,cr ob,al counts al Sta1,on 13 
•t rntenals of ltmt' (800 concPntra1,ons e,prl'ssl'd ,n ppm) 

6 Day BOD, mg1e M,crob,al counl\/ml 

~ m;., Dar(' Conuol 100 ppm orl Bacre,,a ~ 
1 29 7J 90 36 2 • 10' 2 ◄5 X 10 

2rW73 63 6 1 1 ◄ • 10' &00 

2/1◄ '73 61 26 x 10' 670 

G ◄ 

he y,a1er samples obtarnt'd al varying depths 

:,om 51at1on 13 1nd1cated th.it zero day d1~ 

iol•td oxygen content of the witer, 6 day 
8()0\ wrth and without orl, and m1crob1al 

,ounrs were generally reduced with increasing 
(itpth (Table! C 3) The highest acrn,ny, In .ill 

,a-es, occurred at thl' 1 meter level The BOD 
,ct1v11y at the 1 meter depth was sl,ghtly lower 

than that found in the previous experiment, 

and conside rably lower at all other depths 

rhes<' d,11a suggest: 1) there 1s a considerable 

,,change of water and htttrotroph1c micro• 

or11anisms at tht lov.,er dtpths: 2) BOD aCllvity 

al 5tallon 13 may v• ry markedly from day to 
day, 3) routine BOD dettrmrnatlons and m1cro­
b1al population dens,1y measuremtnrs must bl' 

made at frequent inttrval\ to determine 1f 
any defrn tte pattern e•1sts and, ◄) the rnocula• 
t1on of 100 ppm 011 supplement 1n10 the stauc: 
BOD cu hure d id not enh.ince m1crob1al act1V1ty 
dunng 1he l1m1ted tl'st period It should be 
noted thJt 1he 1ntroduct1on of .i crude 011 suppll'­
ment to lake watt>r undt'r the statlC cond111ons 
o f a BOD test may bl' 1ox1c to many of the non 

01l-ox1d1z1ng m1erob1il spec,"' pr~nt rn the 
tes1 bottl~ f urthl"rmorl', srnce tht complete or 
nt ar complete d t gradJt1on of crude o,I by 011 
oxrdmng microorganisms 1s •t best .i slow 
process 1,mt course BOD tl'Sts o,er a 1 week 
ptrrod m•y g,-e only • ,uggestton of the natural 
degradation u pabrhltl'S rn any g,-en are• or 
depth in the lakl' Low molecul• r wt 1ght water 
soluble components m.iy be e•pected to bt 
degraded mo\! rap,dly Tht,e m•y h• ,e con• 
srderable ecological s,gn1f1canct Thl' results 
suggest that future m1crob1al stud,ts ,n Lakl' 

Mar•caibo should be corrl'lilttd w11h chem,cil 
measurements of the degr•dat1on of rnd,v1dual 
crude o ,I componen1s 

Efft<ls o f lnor11nic ,hO\phorus and ,trogtn 
u , OHlble limiting Nutr~nts in ulrt Mau­
ca,bo Wattr, II h known rhat mos1 rrucrobral 

popula1t0ns can arra,n mamnal growth rates at 

k-ss than 1 ppm dissolved oxygen provided .i I 

other requ1J,e,d nutr,,nts .ire presenL It there• 

fore apptars highly unlikely that oxygen w1 

be a lrmrting factor In obta<111ng good m1uo­

b1al growth rn the bkl' Marac.i1bo water 
s.imples Pan l'rperrence ind,cares, howevt'r, 

th.it nitrogen and pou,bly pho~horus have the 

po1en11.il for l1m111ng mlcrobral growth n 
natural walers To tt'St this hypothesis, BOD 

rests werl' run wrth watl'r from Station 13 

d,lutl'd 1 1 w,rh a defined miner.ii med,,. con­
ta,nrng no c.irbon source .ind supplemented 

lndepl'lldenrly wrth lnorganrc phO\phorus and 
inorganic: nrlrogt'fl (Table G 4) Reducing thl' 

resident httero1roph1c population by 50'r. by 
d,lut1on with mineral med,,1 m.iy havl' 1nitr.1lly 

f1mned BOD activity In both phosphorus and 
n,trogen tests The add1to0n of larger conct'n• 
trat,ons of ph~phorus enh.inced BOD aaMty 
rn the prl'Sl'nce and absence of 011, suggest,ng 
th.ii phO\phorus was .i limiting nutnl'nt rn bke­
watl'r med,.i 

Thl' add11ton of l4rger concentrai,ons of nirro­
gl'n tnhanced BOD actMty Ill the prl'Sl'nct' and 
.tbsl'nce of orl, 1nd1at,ng that nitrogen w.s alro 
a l1m,1,ng nutril'nt rn the llkevwiltl'r/m,neril 
medium mixture 

Supplement.;it,on of Srauon 13 water/mrnt'r.il 
ml'd1um m,x wrth oil.ind PO.-Por H.-:-i r('S(Jlts 
,n .i BOD ,ubst.int,aITy rncrea~ rtlatr,,e to 

control mmus o,ls (Tabll' G 4 ) As in th- (.ind 

rn all s.imp1es from other st.itlOtlS) the r.illo 
BOO -+ o,VBOD • o,I wu one or less 1n tne 

Table G.3 

Efll'cll of depth •nd 100 ppm crude o,I on th~ b,ochemral ox)sen 
demand of lake Muaca,bo wattr Sm,on 13 tBOD conc-en1,a1,on1 l'•P4'H\N n ppmJ 

Ze,o D•y 6 Day BOD, mg/2 

(
BOD+o,I ) 

M,aobt.il Coumvml 

Depth ppmO2 Control 100ppm 0,1 1100 • 0tl ~cte••~ Fung, 

1M 9 ◄ &) 61 96 1 ◄• 10' 600 

2 M 93 S3 31 58 l h 10' 400 

3M as 27 11 ~ 5.7 l 1()l JOO 

<4M 11 4 2 4 19 79 S4 • 10' 200 

GS 



Ttbk- G.4 
lllect, of ~111,on l) Wl!t'r d,lu!f'd 1 1 " 1h m,neral m!.'<111 ronta nlng no c-arbon 

1ourtt arid lUl"(llcml'lllt'd with ro. and °"''l• lndr~ndcn1ly 

Efll'CUOf PO•-P 

Zero 0•) 
t,.H

2
l'0

4 
Mol,r r ppm01 

oos 00) 82 
o, 006 82 
02 0121 82 
0.5 .0)2 82 

rnttl\ of ,tt4 , 

~ 'tt.Cl "'1ol.r °' 
025 .005 82 
OS 009 82 , .019 82 
5 09<4 82 

llb~nce 01 PO.-P or "'H.-1', nitrogen or 
phcxph.l1e vt bv1'1 m.l) be n~ed 10 promote 
uul,uuon 01 crude 01I ,H ll c,1rbon ,1nd energy 
>0urce ,n th,s 1e1-t s~lt'm In addu,on, these 
dllti suggest thlll addtt,on of 01I plus the two 
:added nutnents to the v.ater s.imples results m 
a l'N\ rve deple11on of av.i,!llble 0X)gen 10 
~" Mm br to th~e found In 111,on 14 This 
v,,1s the only site s.impled for m1crob1al studies 
.. tuch c-.hibned d,s~l~ed okygen levels below 
1 ppm 

~.ation .and Shipment of u_ke Mar.ic.aibo 
M iaobiologial s.imples. One of the problems 
encountered "'hen water >.lmpies are held for 
more dun a d.l) rs .in alteration m v1ab1l11y of 
the mcobYI popull111on, depending upon the 
nutrnmt content of the .,_,uer A simple f1ltra­
t1on technique v, u found to be effeci,ve m 
pr=mg m,crob,al populauons for at least 
5 cu~ The results (Table G.SJ suggest that 
refnger,1t10n of the processed lifters for 5 days 
at 4°C d~ not appreciably ,1her the me,1sured 
ffllCTob1,1I popula110n l..lke v.ater stored at 
4'°C for 5 dayi., however, shov,ed ,1 reduction 
,n the 101.11 aerobic bacteni .ind fungi populi­
t10n.. If the technique C.ln be demonstrated 
ro proen,e m1aob1.al popula11om for up 10 
10 d,1ys, II c..an be used to process l..lke Mar,1-

& 01) 800 mg/~ 

Conirol 100 ppm O,I 
BQD +o,1) 
ROD o,I 

G6 

, 2 33 275 
,o 10 J6 
2.'l 27 10 
42 ~o 1 ◄2 

.s 30 600 
7 36 5 14 

1 0 H H 
B i8 J 12 

c.i,bo water on s,te for future study at other 
locauons 

lsolition of O1I-Oxldizing Microorg.anlsms. 
Possible 01l--ox1d1z1ng microorganisms were 
1sola1ed lrom the Ule tant.. farm and from 
S1a11on 13 in the lake The 1noculum from the 
tank farm was obtained from three loca11ons. 
1he bouom of the water layer in the 01I separa­
tion pond. the 01I plus sediment mixture frorn 
the skimming tank and, the pond d1sch,1rge 
water Station 13 inoculum was obtamed from 
the surface, and from 1, 2, 3, and 4 meter depths 
The grov. th of microorganisms on a defined 
mineral media with crude 011 as the only source 
of c,1rbon and energy Is a slow process After 
30 days incubation, s,x aerobic 011 ox1d1zers 
and at least two anaerobic oil ox1d1zers have 
been isolated from lake water and the Creole 
oil-water separation pond Tentatively, we 
have 1dent1fred four of the aerobic micro­
organisms as Pseudomona~. 1,eromonas. 
8,1ci//1s ,1nd fungi The two other aerobic 
species were not 1den11f1ed Pseudomonas and 
fungi were isolated from all four depths at 
Sta11on 13, sugges11ng that these m1crob1al 
species and possibly other 01I ox1d1Z1ng micro­
organisms m,1y be relatively common ,n this 
are,1 of Lake Marac.11bo 

Table G.S 
Ufee1s of loltr,11on and reft,gfra11on on preservatoon 

of m1crob1al populwons m lake ~raa,bo 
water umple 

Total Aerob, Counts/ml After 3 Day 
lncu~tion at 29-JO"C 

Zero Day S Day S Day 
F,lters filters (4(} uke Water (4CJ 

Summuy 

Bac1e11a 

Fung, 

HSx 10' 

26 X 11)1 

While local areas vary widely on a day to day 
basis In terms of measured p,1r.imeters, the 
lake is remarkably homogeneous at loca11ons 
differing in history .ind geology. The recent 
h1s1ory of a sI1e with respect to contamination 
by oil o r other contamm,1nts Is probably of 
much greater Importance than whether or not 
a site Is located In an area which has a history 
of more frequent spillage. Thus, no evidence 

1 S6 X 10' 

41 x11)1 

22 t 11)1 

300 

G7 

suggestive of geographic s,te-speaf ,coil decom­
po\Ing activity lws been found. There wu no 
evtdence of large clwnges In m1crob1al popu­
lation u a function of louuon. 

The studies suggest that 011 degndauon by 
bke water on be acce~rated by the add,11on 
of phosphate or nitrogen. However, th,s ,s a 
result from one sl.ll10n at one lime interval and 
ver1f1cat1on 1s required. 
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