
· • The physiCal-chemical factors influencing bioconcen­
. ; .. tr·ation' of organic sOlutes are examined, and it is suggested 

· · ~'/ , . that~'i.''directly 'proportionlll :relationship exists between 
·. . ·,,,: bioconcentration' 'factor ana: octanol-water partition 
·. · ·~·;coefficient. ::A· one:bc>nstant 'correlation' is dei:ived and 

.;;: .. ,: sho~"{O'•iif~:a·sa~factoey fit'9f ~e'available data for 
.; >··~~~~fah:':The ~elatiob'.'ean be'extended to give 'a simple 
. ~·' . ;_.,·.,lelationsrup oetweenbroconeentration factor and aqueous 

'solubilityu~ .,· r .. ·' 1 r·.I· • l·r ·r ·· ~: 1 ... · \,_,1 .• {·~-·~I .;.n .• ;~,~Ji),.,.~ :- .!~'-' : .• ·, !'.' ·•· 
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ciably degraded by chemical or biochemical processes in 
the biotic phase; however, the cases of greatest environ­
mental interest tend to be those in which the solute is 
nonreactive or recalcitrant. 
. Some support for the equilibrium approach can be found 

in the observation by Neely (3) and later Veith et al. (4) 
that K8 is well correlated with a truly equilibrium quantity 
K0w, the octanol-water partition coefficient. Clayton et 
al. (5) have also suggested that near-equilibrium conditions 
may exist in biotic phases, especially when their differing 
internal composition is taken into account. 

Kenaga (6, 7) and Kenaga and Goring (B) have com­
prehensively reviewed K 8 data and have developed cor­

. relations With K0w and aqueous solubility. Baughman and 
Paris (9).li8.ve·critically-reviewed microbial bioconcentra­
tion and:I:iave shown that the data are. consistent with 
passive eqtiilibrium partitioning. ' '· · 

· ·Derlvati~~ ;\'1 . · . ····'. · • 
• .,.~ ':o(~-~·)i .. = .. ~_J. ,r,.,.::.-..~ '~;·.!/ .- r •··. ,. :- .~~: ·. . . 

If we vtew an orgarusm, such as a fish, as consisting of 
a number of phases of differing chemical composition and 
of volume fraction Yi> then at therm+amic equilibrium 
the chemical potential or fugacity (/) of the bioconcen­
'trating solute will be eqwu in the medium (/M) and in each 
phase(f;J~i'EL~•I.rt.··.'·l;:'usn:-.: ... · ..;: . 

. · ;~'ti;:~i~~:~c:;;·~)~~~~i%'~13 =·i·· .·._ .. 
, .: ··:,A .._,.:r~t· \-t ;:- , : = , t ~ , ·~ , • • • 

Now m each phase/; can be related to the concentration 
i ' . ..·~-. • ,. 

· C; expressed :as the mole fraction x;, the phase molar 
volume'vi~.ilie activity coefficient 'Yi· and the reference 

·fugacity fR (on a Raoult's law convention) as 

I= X;'YJR = C;V;'YJR (4) 

·. It is ~sumed here that X; is small, thus the presence of 
: tlie solute:hBS a negligible effect on the phase molar volume 

.'~Vi~:~:~··:~:,-:~;:-~;\~~-~··:~·:,:~~:~~- i-:~·::~,·· :~ :~~- .·.;~:,:·~~. . : 
- '·:;The· amount izi·eaCii· pllase mj (moles) is thus C;YY. 

i~~~~~~~~i~~~~i~~~~~~ · · .. ···where~Wis~ihe :organism .volume,'and the .. average biotic ··\::~~~4f~~~~~.::~~cl~~86iY?:~ ~(f:}l·~l·~·~··(y' ·;:/· ~·v-> . (5) 
.,-~·-'~ ..... , .. ,.,·.:,:-:.~~--". ', B, --~"~ t.,!!:.::-.~ r:i..· ~n ',... ..__'RI '.· II ' •.•. ,:1, ,.;..'}y •. N~'!l. ......... ~ T; ' . .. , -·· -

';nu;iterial:' . Now the fugacity in the medium phase will be equal and 

i~~~~~~~~~·~1~~li~l~i~~~[f"; ~~=·~~~iilWJ;:~;i~!iJ~;··~~MfR·~::.'. .. . ' ... ·. . '.-f~~F~h~~~Ylg~[i~~~$c~~~~t!qn~C~is'_i;.;;vM'at low 
· , ,···ooncentiauci'rui;-:th\is''J~iS'c;"'v"'- i.ifJ 'or. c~- iS f/(v Mf&) . . 4'lrn: u~'<>ViliB.t.K''"'' kt ... ·•·\MY· ~R:,... .• ;;.M .. M'Y 

~~-

~::~.:~-;.:~~~~·f·ll! .. ~~~P: .;r;\).11',1:' ,,,._.:. .· , .. 

. ';:'i{¢:~~~KB1~'~/G\.}'~::r~~L:<.Yi/1';VJ·.:. I\ . • (6) 
~ ••.. ~i"""f~~~ ..:. ....... ~Slt-~'lt'.~- ..... 1 .;_j A· I·'"": .. ~.. .,. ' . ' . . '_I :.. 

')n~tlie'ease olwaiei as the medium a Convenient correlating 
'quantity is t~ octanol-water partition coefficient K 0 w. 
which is the ratio of the solute octanol concentration Co 

._to that in water CM in which 

-~ .~· :H\·;~<.r;<r{~~~= Co!CM = (x~fvo)f(xMfvM) (7) 

i~~~i~~~~~~~~~[~@~: ·~::~·- t .. ~i":~;l~ . .- '"i·;J~?•.v-Y-.l, ... y ~?·. ,·\..-·:';." ·. :... '· . ·"''"'='·- . ,:· -~·. ~butJh~ ~uga~~ti~S:~e e_qual, i.e. 
:· ,' '::-'ii.~ / . •' c· ,~,t;,;:;;-j(~f;,., Xo"fofa' = XM'YMfR 

JYJ :.-;Y~:. ,...,~,.-p:;·:;·t. .. · --, l,.? 

... thus ;_\y•.~."<x·~;r&..:.!; .<::.·: ... _, , ... 

::. :·:_. · .. :.·' ~v~:·:o '· · Kow = 'YMVM/'YoVo (8) 
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I. Values of the Constants n and, b, in .the , . ' . .': · ~·; 
uation log KB = .n log Kow·+ b ·· · · L.d,. .. ••.••• u .• _J. ~··.' 

Ecl1.~i ... :· ~-< · ... ·. ··.·:~·· ·;·di .t!~t: lt~• 'l'·~.-f:ifJ,.·h.~~~r::..J\.1_.1 1 
b . 1. , ref 1·,.,~ ;• TD ".n J.., ,., ... b ..,. ,.. ,ref.-A·•, 

• ·• ,-\ _·: .: l ·'·;'-\~. :.J ..• !P'W' ~-'-"i~t Q.·~~· .,.·~-~~-··~· 

-0.361 · .. ,9 -;· r. ·,.,i: 0.85V•.'·-0,70,,;,;-;4.: 
-0.770 .<9 (fromll)' ;.0.542.Si:+0;124~ 
-0.75 12 

,_ .·. -.,.; ... ·.·; J ,,. .. ; ... '· .. ···, ;.:.~ <~o":'"'_ '·, 

:~oraamonauy, correlations of KB and Kow have takeri . 

:. <,··. }~::~j:~~~~-~·f~·::-:l·::·;.::::~::Alt~~-·:·/ 
log KB = n log Kow +. b_, · · ·: ·~ ... _, ,~~~) 

. of n and b are given in Table I for vario~ biota; 
that n is consistently close to unity (as is 

but is usually lower in value. Possible reasons 
are discussed later. . . . . . 

can be argued that although there is no fundamental 
for suggesting a linear correlation of log Ks and log 
such a correlation is an obvious flrst approach since 

Kow vary by a factor of 10'--108, thus direct re­
gr~ion of Ks with Kow distorts the analysis. Further, 
errors in Kow and KB tend to be constant factors (e.g., 

. .;...~ factor. of 2) rather than absolute amounts, thus it is ap­
J:. ~ropriate to use a least-squares regression of the loga­
~~ lltlunic quantities. It is as valid to correlate KB! Kow with 

il;_. ~~lecular properties and in essence the eq 12 type corre-
.,;A_ can be written in thi.s form as 

KB! ~ow = 10(1>-(1-n) ~ Kow> (13) 

'when n is unity, the right-hand side becomes a 
.... ~"-'- :· ""'·-~ ... t 

value for lo{{A of f.32:and.'ailljmprove<r8ta1fd8id;de'WltJ.Orl~..if!-ll 
of 0.25.· There iS'rio'appatent:.trend"i.i\ loi!-\.'1Wif.b.':X~w~t~::$ 

~-..: ·•· ·• ~, •• · · ,.,.. . .... ""z....,'\· u.;..,..l· 
The line·correspondmg to this. mean v81ue l8 
Figure 1 'and has the equation· --.. :_·::;·.:~::~~;~~;~,J 

· . .. , . ; ,'ri,:·~:·:/:-t~·.dT .. :. 
log KB = _lo~ Kow .. -; !·~~-~<i.\lt"'~ ~~-·~.Pi".t.t) . 

'· ·.•..:)}:; :. .•,,'i!"~-:>'{,f.t1,s.Jtii9W~ :· 
or ''' . ;,:; .. ~: . ··.~~"~·-;ruu·b· .... .;,~·l\: 

. ,.. · ,' ~ .J • ..,'fit..:Jt ,~ .... , ~,.f;r:-I:~~'7 

. ~. . K = 0· 048K --~· ;:. ~,..; m(lt''~., •• ulo~ .•. '" 
B • OW > •,.; " • 

. • ··.. ~ . ._ l.; , • ,. ~- ,· ;:. ;rwl(~'.~~·t? ~ ,. · _.~ 
The corre~ation coef~cient ~ is 0.95, ·which,,c§m'~.~~~·.~~~- · :,~.\~; 
vorably With the Ve1th at at: value <?fO.~O~ ff;:::r:::~\1~( •> ····• ·· 

It is thus concluded that the above correlatiOn will 
satisfactorily predict KB by using only one constant with 
a standard error of 0.25 in log KB, corresponding to a factor 
of 1.8 in KB. .. . · .\· ·' ~·:~ 

It is believed that the fundamental process observed here 
is one in which Kow and .Ks are proportion~!: th~~~.~ 
unity .. The reason that previous correlati~._Q~n.ga:ve~. 
n less than unity lies primarilY in the tendei?-CY•.:to c1ve 

~-~-.....-~,., 

' . 

~··-- :· -~ :: ·-·_or ..:.:.... 
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· chemical 

lindane 
atruine . 
hept.achlor .. 
2-ethylhe:~tylphthalate 
DASC-3 .. , . . 
DASC-4 , .. 

J.-.~:.·.~.:,._.·:.. NTS·l . ·. 
~ :. : .... ~ ,. 
. : BSB !·:. I 

FWA·2·A .. · 
FWJ~-3-A :.·\. ! .• : 

FWA·4·A f 
In some recent work Mackay et al. (13) analyzed the 

relationship between Kow and aqueous solubility and 
developed the following equations: ;_ -< ~:::'~:~):.";·.'~ ... ,· -: . ··. . 
:,~.~·"\i) c.'}:~ ln 'Kow = 7.494 ':"" ln c for liquids 

~'·hi•J{:':' ·; 7.494 ~ Ih c:+ 6.'79(1...: T. in' for solids 
r.:.c·;"~~<;;.'::.~.. :..:.. .... :-"::,·.r~. ···: '.-,.~ -:_·· 
;rn .these correlations· the solubility: c· has units of 

molfm8, T-M'iS the melting point (K), and Tis the system 
temperature, \lsuiilly 298 K. ·The di,fferiD.g treatment of 
solids and liquids arises from the fact that solids have lower 
solubilities than their subcooled liqui~, the ratio of sol­
ubilities being the fugacity-ratio or th~ ratio of the solid 
and subcooled liquid vapOr pressures. From Y alkowsky's 

· (14) estimate of the entropy of fusion this ratio can be 
expressed a8"eip(.:..S.79(t·- TMJT)) or 1o-2.96<l-T~.~JT>. · 
<·It follows that solubility should also be a satisfactory 

correlating quantity for Ka; as has been noted by Kenaga 
and Goring (8) and Chiou et al. (11). In such correlations, 
the solubility that should be used is CL mol/m3, which is 
either the actual solubility if the solute is liquid, or, if the 
solute is a solid, an estimated subcooled liquid solubility 
obtained from the actual solid solubility Cs as 

,~:(',, , .,.C~ = Cs e'~(-6.79(1- TMJT)) 
:.;"r.;~:~y~.;·,~ ,..;~(~.: 't;.~:.· '.,;.~·:·.~ .. ·,,· ,;~.~ . r 

~~·<writmg 'thEtK0w ~ Ci; 'correlation in base 10 logarithms 

·~~~-).\XY~::~·f~.:~: ':;;:-:·. :,;·.~ . · .... ~ _, . 
ffi}J··-&~i·.J>~ :j!()g}fow:,=,,3.2,5 -log CL 

~ r""' - • 

or Kow.~.,l~95/CL~~ .~'~·~:::-"'"'', :,; .·' ... 
In summary; the bioconcentration factor K8 can be given 

as either K8 = 0.048Kow or K 8 = 86/CL, where CL is the 
liquid solute solubility or the "corrected" solid solute 
solubility as described, above .. An interpr_etation of this is 

: ~ft1le;?&Ol~})ilitY;],:~f,~~lutein a !!sh is~ D1ol/m3 while 
· .~~ ~..,so~u~~~\in .. ~~~ ~!} 79~L~ol/~ . :, . 

.. •·. ·> ~ )\ .. J1::u.;, .. d .. ,·~·;·~;· ,., <~·:· ·,. ' . ',.. . '' .. · ':' ... 

~ :.·s ~~men 'cazct;iaii~n/7~· >:·~· · ·:·: ~~~L~~::·.:;"·. · •, -B~~ -\._,,..,."''...,..J .................. ~ .. .;-_.4..; .,~J.r•l..:,,,._ _.s,._.;J .) . •• ;. ·--· . 

· ·~Cilr~n.tetiacluorlde.(a liqcld) h8s an aqueOus solubility. 
of 800 gfm3 or 5.2 inol/m3 and a log K0 w of 2.64, i.e., Kow 
is 437; · K8 estimated from solubility is 86/5.2 or 16.5 and 
from Kow is 0.048 X 437 or 20.9. The experimental Ks is 
17.4, i.e., log K8 is 1.24 (4). 
l.Pyrene, a solid of melting point 156 °C (429 K), has an 

aqueous solubilityof0-:135 gjma or 0.000667 moljm3 and 
. a log Kdwof' 4.88,·te:;'Kow is 75900.; The fugacity ratio 
term at 25 °C (298 K) is exp(-6.79(1-:429/298)) or 19.8, 
i.e., the "corrected" liquid solubility is 0.0132 moljm3

• Ks 
, estunated from. this solubility is 86/0.0132 or 6515 and 
· from Kow is 0.048 x 75 900 or 3643;' The experimental Ks 
is 2691, i.e., log K8 is 3.43 (19). 

1 

1 
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J 



.... : I K 'lt..~-:.~-~t.. .f-)1l~-~~!'I!"-J~2i5bi,:l~f!:W@:fj~)~D!b!J~!;i;<:~:'J~-.j~lfj~i :· .. ,.-. - ow)>~ ... 
·,~ .. · .. : ~ . ',·, .· ;, -~· ,~;·,; .... C!',_,.·{ ~;r.,: .·- -·~·_p ... ;.c,t,...~ . 
of K& vs. Kow showing the correlations of ~e~ et al., Neely, and this 

•. · "> • l ;·~_$'P -.J.: .. ~ .~;!!'~lJ,(';-'}1: ~-~[i:,.:::.W:~q: ~j-~~ '\:'.'~"<;'r 
· ;1.~ 1 1/ ~(i·: -~-~;;.,d~ .. J • ... ~-(..,P~;":d '!'0.~ "'~'i-""'11qt+r'1....,)·~~;-.~~n.M!}f1f ~tf-~ntJ~tp~iJ ~·-~=:.T.qQ · "-

- _. _: , _ , _.: :, r 
1 

- structure for KB, K0w,. solubilitY correlatwns,, and. ap~.;: -
proximate values for the" parameters:·~ Theie''is'ii rie'ed. for 

of the bioconcentration phenomenon from a more data to test these hypotheses. and establish more . 
physical-chemical viewpoint suggests that K B can be re- accurate values of the parameters, especially for high Kow . 

• /:,; garded, simply as a partition coefficient between an or- - · - · - - · · - ·- '-- · ·· · · - -
, ,;~· gariiSin: consisting of a multi phase system and water;' If · compo_~~·~~?; \ ;,1.{_~-~tr;~}t1_d~; ~~i~!.Jts::it h~~~~~ l;(HlA( 

- _·Til!_ .•. _the >~o;.;.; ...... t concentrating phase' 18. a lip1'd that has _:..:.:.:!-- :· . . -- - . . -·· ,, - .-. -. ! ,,·, ' .;~ - .~ r, '"""' ,. 'l 'lb.\ -o<. !:?...<.: ~-
n. u............. twllW:ll"• Acknotvledgments'·~N .•. .<1''1. '" ;;.y.u_,,,.,. ~-··--··-""'-- . ·-·~--

i , .;1'89l_u~ !D~ction characteristicS to .octan.ol, a p~porti~~" ·.- · '. . , • ,; : .1 , ' , ·". ,; ,, i M'J -:.~£.:; -~:=-:_.:,. :i ·C:~=e ,.< ; •: -F--::-:.::-:_-;::::-;" · · 
··;:-.;_:: .. relationship between KB and Kow 18 expected.·:Examma-·· I am indebted to Donald Chan for help with.the~calcu~ 1 

.• , • 

·~-~-~on-otav~ble data suggests .that this is th~-~· espe7- . , l~tio~. ~;;:J.\ci.: q~,j·ijat~·&1r.s~~~~~' ··,~n. i~.~<, .. _ -~:. J-· 

.,.. :·}e;;~yif some suspect data are disregarded; .. A one-constant·- - ; Ji!--<i'R ~;,1":'h ~~~~'i'i\'>~;iW~GWon:J:.""•· · ~. 
- ·~~ ,:.."l,ooirelAtion between KB and K0w is thus suggested ... This: ?~~~ra~~;e__c~t,ef1J"h·V1t't:hi»--~~:D!'~!S.'~}-':i'.~:~ ;)_.i~1f::,n<N· : ~-, 

:" ,..,_~~be~extende<f to give a simple KB-aqueous solubility -• m Neely,.W. B., .• Cheinicalsin the EnVironment~;Marcel. . 
' ' correlation in wflich the actual solubility is used for liquid - · : · ·. Dekker: New 'York; J980.' ;.t;;, ::~~/:; '... · ... ··: ~. •<-- --~ 

b~- r~~J~tes _and a "corre~" solubility us~ f?r solid .solutes. . ·i:~:t :~~::.;l~!"~~i-~:~~9~~'*;n~::·,~·:?'!,':~:~1!.:s~j e .. 

-. :;.;. --~~~:Although there are inherent dangers mdisregarding data-• __ -~'(3)::Neely~')V.JB:;'Branson,~>-&;.BI8.u,'G. E.'-EnvirOll.lsci~' _ 
· ·~:.~ ~·- tliilt·do not fit a proposed correlation; it·is believed that\· .· ·&.~l'.l Te'chnol.~191<&'-'B .1113:~1~tu ~~rnr- .. •H-"ffi.'~ w.m~·'· ;' . 

. '{ ··~'¥1us:u'ied ~this case, partic~ly as !1 satisfactory. fit··. . e (4)~:Veith,''G!'D:;ruoe,'n.~U{B~rgstedi,-lB~:V:'J.;Fi8h~Res~f-.·;: . 
1!' -Obtained wtth one constant mstead of the'usual two;.. · ii•!t.KBOOfcl~Caii.~~'1979; 36j'!1.040.;~llHi'(;.{';OO';~;·:~~A1~l"" .~ _ 

fthe correlation must be used with discretion> It is~ 0 (5).·:CIB.yton;'J/R; Pavloti," S!-P.;'Breithel, N!F.:Environ;iSci.'a;i:· 
·· · 'ble that it will fail for high,K0w compo\inds,'i:e;;"lo& ., ';::r;!Technot,19"n; .11, 676.~>;iit&~~'Aif.ti!Fl'rr.J'r>16-:>l§.a&l~; .. -

"::h: iuid' above; and the K0w-solubility equation applies only . -(6), Kenaga, E. E. Environ..Sci.>!Technol. ;1980;.14, 553: i'f.tdr;1 
f_< ~-to hydrophobic organic solutes of the type used to develop ~-(7)- Kenaga, E.. E. EctoxicoL Environ. Saf .. 1980, ~4, 26. ,: .• ~•;·. 

·.'-1' the. correlation. For compounds of very low KB, the (8) Kenaga, E: E.; Goring,~C:'_A. I. ASTM_Sp~c. Tech: Ptib(-
·~ amount of solute in nonlipid phases may be appreciable, 1980, STP 707, 78 .. ' ;·~,·:: · . · · ·' · ·· · · ,. · ·_ · \, 
'and th "t · ted that al f K b l lO b (9) Baughman; G. L.; PariS,· D. F. "CRC Critical Reviews in 

• . us 1 1s sugges v ues 0 B e ow· e Microbiology•; Boea!Ratori; FLf 1981; p 2Q5/- _ · • ' ' · 
treated separately. Compounds that react with half-lives · . . (10) Leo, A;;·Hansch, ~:; Elkini,'D: Chem: ~ev. 1971; 71, 525. 

. comparable to or less than the uptake time may. be in a (11) Chi c T Freed v H Schmedd" D W K hn rt, 
~ •.. ·: __ ;_ •. itea_ dy state between uptake, depuration, and degradation, \ ou, · .; ' · : .; 1111

' ' .; 
0 

e _ Environ; Sci. Techriol.:1911, 11; 475,..•·.~' ·~.-'L:- ,' 
(· --~-and thus this purely equilibrium analysis will faiL Finally,· (12) Metcalf; R. L.; Sanbom, J. R.; Lu, P. Y.; Nye, D. Arch, 

' .~e value of KB is sensitive to the volume fraction and •. r Environ .. Contam. Toxicol. 1975, 3, 151. .. l :; ~ '•' • 

. ~~~position of the biotic phases, thus differences are to. . (13) Mackay, D.; BobrafA.; Shiu, W. Y.; YalkoWaky, S._ M. 
· '. ~,~xpected between organisms and between the same Chemosphere 1980, 9, 70L; . : · . . . · · 

organism at different life stages or conditions. A fruitful (14) Yalkowsky, S. H. Ind. Eng. Chern. Fundam. 1979, 18, 108. 
~ea of investigation would be to interpret KB data for (15) Konemann, H.; van Leeuwen, K. Chemosphere 1980, 9, 8. 
different organisms in the light of their contents of lipid (16) Banerjee, S. Environ. Sci. Technol. 1980, 14, 1227. 

<.-. an4 other phases and build up a more general equation (17) Karickhoff, S. W.; Brown, D.· _S.; Scott, A. Water 1979, 13, 
.for.bioconcentration applicable to other organisms .. ·t:,;;. 

249
' ' ' ',·.,. :- :.;"'' '· '"'" (18) Smith, J. H.; Mabey, W. R.; BohonO&, N.; Holt, B. R.; Lee, 

· · , the primary contribution of: this work .is re· · · . ~., S. S.; Chou, T. W.; Bombergu,rD: C.: Mill, .T. Environ· l 

as being a suggestion· of a general- alternative · mental Pathways of Selected· Chemical• in ·Freshwater-·· 
'\ . . . . 
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• Low molecular weight hydrocarbons (LMWHs, CcCJ diffusion or seepage across the sewater-sediment interface 
were· measured from the water column and sediments- <9•10>· The biological processes producing C2-c4 hydro-

, . arouri:d an'oil and gas field. No significant differences in carbons are not well defmed, although biogenic production 
·. mean,.metha:ne levels were observed between platforms of ethene, ethane, propene, or propane have been observed 

that· and were not.discluirging b~e. llowever, in the ., . in th~ water 90lumn (11, 12) and surlicial sediments (1 0, 
.. the' relative 'standard deviations were · , ~13) . .. Most of the natural sources of LMWHs to the 
Wgh~s!;~individual methane; ana ethane : . Lo,uisiana-:-Texas shelf, however~ ar.e believed to be small 

;~~noantiatiOilS wetefound.in;surface..waters•.near the, compared.to the anthropogeniC InpUts from offshore 
1.PlillttOirm~ J::irine.-Higher me~ values at all-- ,;platforms. tr~portation, and runoff (14). 

obl~red during summer coinciding with decreased .. ~ '· · Other stud1es (8, 15) have reported background levels 
ratios in a near-bottom nepheloid layer of LMWHs in· the marine environment, as well as the 

direct evidence of in situ biological production resultant increases in these levels assq¢iated with isolated, 
il:ll:!l:I~LI:lL<I:IU,·With'increases iii zooplankton and bacterial catastrophic inputs that have resti:lted from offshore 

- ., '' ~e " · · · · drilling accidents (4, 16). In this paper, we report on 

:~~~~~~~~~;~~~~~~~{~ measurements of LMWHs around an active, established, 
~ . gaa:.-~ arul oil~prOducing field in the northwestern Gulf of 

·. Meiioo.! The effects of anthropogenic inputs upon natural 
concentration levels are detailed. . ·. . 

. .: .; :. · f{.The Buccaneer Ga8 and Oil Field (BGOF) is located ca. 
~~~~:-:-::---'-----.----.---;..;.::==--__:.:.:.::...;:__:...;.. 50 km south southeast of Galveston, TX (Figure 1) in ca. 

-~ ~ 1 20 m of water. The field consists of 17 structures, of which 
2 are production platforms, 2 are quarters platforms, and 
13 are satellite structures surrounding well jackets. Pro­
duced brine from the production operations is discharged 
jnto the sUrface _waters at only one of the production 

manne . platf()rms _(p~tform 296B) .. _.·Tbe brine discharge rate has 
offisho>ie.prcldu:Ctiloli;:o1:>1~r'a1ti0ii8~ · _ · been~estim8.~ at 95400 L/day (17) .. _The field has been 

, . in,production.since 1960,_; A :unique feature of BGOF is 
:. : · ·"i that it. is relatively; isolated from other production fields, 

. ~ thus.our.study .was not complicated by other nearby an­
. · thropogen!c,hydrocarbon sources.· .· , ... · . · 

. ~' ':"{ ' ~~-:·,·.~;;:·,~:~ .. : ;.~-s-. ~ . 
Experimental Section 

I~~~~~~~~~~~~~~~~~~~ -{,!S~pie8ofthe produced brine and oil were collected for 
;~uoile~~rr;~~}.~.§~v~ti1~1~@cli&E1~(3, .. ·· .. arialysis:'ott,LMWHs along with seawater and sediment 

·2: i'samp~ gy~:~ grid 'o,f statio~ around platforms 288A and 
aJs<i·: ;·.,~: 296B. (se~flgur~;lh aWater column samples were taken 
''He-'L :~-~~om.!~~e.suH'~c~:and.from.10- and 20-m depths around 

. . :. : ."?::l)otifhrootiCtiOnplatfori:ns::,The 20-station grid for water 
. samplfug;c'omprisedfotir lie&' extending north, south, east, 
· · arid'west:.of:each 'platform, with samples being collected 

at 25, 50,100;·.150; and 300 IIi distant from the platform. 
Sediment samples were taken along the same grid lines at 
distances of 10, 25, and 50 m. 

i~~~~~~~~~~~~~~i~~~ ~:nWater column sampling was performed aboard the M/V . ". ·.T6nya'an<l~oe by.using 'standard 12-L Niskin sampling 
1 . ''bottleS.:.ZSamples for LMWHs were.transferred into 200-
. ,, ri:ufglassbottles/which were allowed to overflow, poisoned 
. With:sodicim azide, and capped without a headspace. The 
. , .samples. Were-analyzed in a shore-based laboratory after 

··.:.,: ·.the-methodiof:Brooks et al. (8). The method involves 
, 's~pping.the·hydrocarbons from solution with a purified 
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