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: ciably degraded by chemical or biochemical processes in

o ; Ehe pg‘y“mﬁ??t;:ﬁa:wm mfdugg‘g?tgl:‘socozggené the biotic phase; however, the cases of greatest environ-

W thaatosgugglamcro ortional xammelatxon Ship exists Lhi%ween mental interest tend to be those in which the solute is
Yy prop p nonreactive or recalcitrant.

bioconcentration factor octanol—water artition
coefficient, 7 A’ one-constant ‘correlation’ is derl)ved and - Some support for the equilibrium appmad‘ can be found
shown to'give 4 satxsfactory fit of the available data for in the observation by Neely (3) and later Veith et al. (¢)
: slati can be extended to give a simple that Ky is well correlated with a truly equilibrium quantity
Kow, 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
o internal composition is taken into account.
. ﬂ:.,l_ Kenaga (6, 7) and Kenaga and Goring (8) have com-
prehensively reviewed Kp data and have developed cor-
. relations with Kow and aqueous solubility. Baughman and
Paris (9) have crmcal]y reviewed microbial bioconcentra-
_* tion and“have shown that the data are consxstent with
- passive equilibrium partitioning. '

"Def’llgat)t}on}‘ T Y T e o
we view an organism, such as a fish as consmtmg of
a number of phases of differing chemical composition and
of volume fraction y;, then at thermogl&namic equilibrium
4 the chemical potential or fugac1ty (H of the bioconcen-
x,,ﬂﬁmt-ordegrate cons ts Kyand ‘trating solute will be equal in the medmm (fM) and in each
t ) equatlon bemg i phase (f),*“l . .;;z A l,:{

R l' s J e Hid
Bz m;{ﬁﬂ, ,,,. f M= f 1 :
N 'Now in each phase fi can be related to the concentratxon
- C expressed as the mole ‘fraction x;, the phase molar
’ volume U; the ‘activity coefficient v;, and the reference
“fugacity fg (on a Raoult’s law convention) as

M  fexuf= Cond @

ng ' (rﬁ't‘é“ ard (prfz)cm or KBCM» and - It is assumed here that x; is small, thus the presence of
eﬁ"thé‘raﬁo. Oﬁth take'and depuration'rate - -the solute has a negligible effect on the phase molar volume

B . —A‘.“I
A0

¥ty

7 .
et t'*'“ the meditim ‘a8 described"for example, by Neely

‘ The bloconcentratron process is often wewed as a
ce

-1

The’amount m “éach’ phase m; (moles) is thus’ C,y,
- where V,,xs the orgamsm volume, d he average blOtlc
: concentratlon CB becomes‘ )

gachm' ““th'éi'ﬁi

i, In the case of water as the medmm a convement correlatmg
Hg ce e A2 der process quantlty is the octanol-water partition coefficient Kow,
BCy at long exposure times. which is the ratio of the solute octanol concentration Co
 ptake rate mm ngsgg gsfmth;.;fehergggly ncapable .t that in water Cin which.
discriminatingit &es'ear"mgr!en ial equations.
0cess is | more gomplex,
edxum and from

cess ’iygwhlch C'B approaches

(7

1'i i 4#\;,?‘\;“ S OALDT
. 'but the fugacxtles are equal 1e

at KB | S ) . o
Bice 1 : uih'bnum properties. . <7 T UanIAT K“ ’
invahd when the eolute 1s appre- e e Row 'YMUM/ ’YoUo
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'mValues of the Constants nand binthe .~ ' o
_Equatlon log Kp= nlog Kow T TR
‘ ! & v iy se i

PR )
. ’1'f,’."1~.‘ :l'ef)i‘ TB 7”8\/ T B G’re r‘!j ;
-0.361::9. " Lor-, B 70.8505~0.70 = 45 m
2077018 (from 1) 0.542:+ 0:124; (3.’
-0.76 12 A
Frr‘g T T i3a .f"ﬁf» gicdips ’U .Q':‘f'_ - v g 5 it
where subscnpt 0 refers to the octanoliphase:il iieacerry - It is thus mterestmg to tes the constan
Tt is thus not surprising that for a variety of compounds - (11) against'the two-consfhnt equatxoﬁ(l?)aﬁmzthn?"
 of differing values of Kow (or vy), K correlates well with obvious incentives to use the former unless the fi t.‘x’s"’a
Kow since both are largely controlled by the quantity vy,
the activity coefficient of the solute in:the medium-—here ',
water. This analysis suggests that the ratxo of KB to Ko :

- thus the right hand Val:x
v changes from‘lo2 to 10%.Since ﬂmeaecuracy

ay show some constancy since . " 3 Bvemeae ed or Comp
; Hiéh‘l ge: ayfy i By B
KB/Kow Z(V‘/‘Y;v;) YoUo . -+ , u&..g%?;aﬁ%ﬂ‘ :
45 i sl dtow SaseeY Bm? sﬁ’ i - ﬂtﬁh{guggper:éil_;h”e{&g;u

4 The p catlon is that for organisms,of similar compo+7 d_ i "obvious correlas
slilon 0’,) with phases of similar. properties, ()i in which*" - ag'¥fidicat by V 3 ATso (g oW

“to that of octanol () is fairly constant, the ratio of Kg the hypothegm that'the' 31

Kow should be fairly constant. A smtable test would  oflog Kow~log Kg, whichi o f

'to tabulate Kg/Kow for an organism for compounds of - iti P

dely,varying Kow OF Kp. ‘o’ seciistanson -

practice for, hydrophobxc organic solutes.
T ;

N - r ‘i‘
*where subscnpt L refers to the hp:d phase Orgamsms of
high lipid content (y;) should exhibit high Kg values, an
qhservation conﬁrmed experimentally by Claybon et al. (5).

. range of values measured under equilibriuni‘conditions

Direct equlhbrlum measui' thent of b‘ai'ﬁﬁlg fﬁ(’:x;gl'i

drophob:clty and hydrophﬂxcxty or polar character, as™" "ij in excess of 108 is’ ceptlonélly dlfﬁcul%moo‘ > the walte A ereT] 7
3 ident from its very successful use in structure—actmty - phase c(moentrations’ are very lggg ch w?ﬁ.‘i..... e

“example, mcreas}hg molecular weight, it seems unhkely  of their molecular size, thus equilibri :may
that‘the change will be large Th.ls suggests testmg the tablished. Such compounds are designated o Several
( - compounds, desxgnated d, ax;e,surfactants or” ‘may 1omz
- thus their physxeal state in aqueous,"octa.nol," 'p‘d ‘h‘a’é’e& Bt 5
T xs in some doubt.« In some‘of these ,’(‘:ases. 15 b

OnC

CE day

: ﬂl"I‘;adlt' nally, correlatlons of KB ahd Kow have taken ‘
e W08 T0; . s -t

e

Values of n and b are given in Table I for various biota. : no e
t 18 striking that n is consistently close to unity (as is The line: correspondmg to th‘
:xpt:ﬁlt:d) but is usually lower in value. Possible reasons Figure 1'and has the equatlon L
. tor are discussed later. : - log Kg = 10 K - 1 82,
"Ehﬁt can be argued that although there is no fundamental A k.8 g ov.

+ Dasig for suggesting a linear correlation of log Ky and log or

SRy

w; such a correlation is an obvious first approach since  * - ‘ .
Ke_apd Kow vary by a factor of 104108, thus direct re- NN g il o .J{'WH tcmv'
fnmlon of Kp with Kow distorts the analysxs Further, The correlatxon coefﬁclen% is 0. 95 whxch compares fa-
& c:om in Kow and Kjp tend to be constant factors (e.g., vorably with the Veith et al: value of 09071 33 -;-
pro r.of 2) rather than absolute amounts, thus it is ap- It is thus concluded that the above correlatlon will
o mhi;late to use a least-squares regression of the loga- satisfactorily predict Kp by using only one constant with
¢ moleS quantities. It is as valid to correlate Kp/Kow with d standard error of 0.25 in log Kp, corresponding to & factor

: hgm properties and in essence the eq 12 type corre- of 1.8 in K,

D can be written in this form as : "It is believed that the fundamental process observed here :
Kp/Kow = 10¢--n) los Kow 13 is one in which Koy and Kp are proportional, thus 7 is
8 a/Kow . ( ) unity. . The reason that prevxoua correlations often ave,
ly, when n is umty, the nght-hand Blde becomes a n less than umty hes pnmanbr in the tendencylto-

. \*. TRy
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abhr IL. “:Vuluewof log Kow Repv-ued by Veith et al (4) i : J;molecularwelghtcompounds Wlth
with Additionnl Values: s eody gaves o the available expemmental data it is 1mpossxble to deter- -
Urr e e iri-*; ~ mine whether or not the slope of the Ky ~ Kow line does

RIS ‘eom-
" corre- ments tend to a lower value at high Kow values. - Clearly there

R% ‘-,w. [ TR

: v log -exptl lated and is a need for accurate Kow and Kp data in this region,
- chemieal Kow logKp log Kg ref which can be used to test the linearity hypothesis proposed
lindane 3.86 2.67 253 here.
atrazine 263 <090 1.31 It is possible that other factors such as membrane
_ heptachlor - < - B.44 . 4.30 . 4.12 permeability will limit hioconcentration and that chemicals
o -ethy]hexylphthalate 4,420 293 0288 .. . " that hind to protein may be underestimated in analysis
R gﬁgg.ﬁ R STY } 88 . zggg : :8 gg g S of biotic samples. The correlation must thus be used with
| NTS 1. L £ 100 082- -032 q - care in such situations and should not be extrapolated or
. e - 1.00- - . . " used for compaunds that differ in chemical nature from
“BSB . 1o . . 1.00 <032 -0.32-d- . those used in its development. :
) T
FWA-4-A | 120 <032 -012 4 Aqueous Solubility

In some recent work Mackay et al. (I3) analyzed the
relationship between Kow and aqueous solubility and
Adeveloped the followmg equatlons

nitrobenzene + 02,93 - 1,18 1.61

57.2.10 1 69

mKw" 7494 1nC+679(1 TM/T) for solids

v w-oﬁ ( ~
o bilphe‘;ﬁ!g Ph:‘:Yl 423187k - In these correlatxons the solubxhty 'C has units of
iphenyl ether 9 &.alo g S igeraia. g 0 mol/m Ty is the melting point (K), and T is the system

i temperature, usually 298 K. The differing treatment of
solids and liquids arises from the fact that solids have lower
solubilities than their subcooled liquidg, the ratio of sol-
ubilities being the fugacity.ratio or thé ratlo of the solid

- and subcooled liquid vapor pressures. From Yalkowsky’s

" (14) ‘estimate of the entropy of fusion this ratio can be
expressed a8 exp(=6.79(1' = T/ T)) or 1072960-Tw/D) . -
+Tt follows that solubility should also be a satlsfactory
correlating quantity for Kg; as has been noted by Kenaga
and Goring (8) and Chiou et al. (11). In such correlations,
the solubility that should be used is Cy, mol/m? which is
either the actual solubility if the solute is liquid, or, if the
solute is a solid, an estimated subcooled liquid solubility
obtamed from the actual sohd golubility Cg as

hexabromobiphenyl .
mefhoxychlor 3.92

MIXeX, ¢ iy iy i 0. 889, 4.26
+ h x.bro'mocy,c .8 .

3.76
- 4 34‘.

-325—logCL

LA

T vi:asm 428
o Ol'.’ Kow = 1795/CL" -3 s

in summary the bloconcent.ratlon facbor KB can be given
as either Kg = 0.048Kow or Ky = 86/Cy, where C|, is the
liquid solute solubility or the “corrected” solid solute
-~ solubility as described above. An interpretation of this is
- that the.* solubihtyl,of &solute in a fish is 86 mol/m® while
- the &solublhty ol is 1795 fnol/nis . .

_ 'Calculatwm bt

ned 1 :  of800g/m3or52mol/m3anda.logKowof264 i.e., Kow
chloroform . ©"0.63 19,13 is 437." Ky estimated from solubility is 86 /5.2 or 16. 5 and
acem}pl]lth:l:::acem .. 2.69 2,60 19,16 from Koy is 0.048 X 437 or 20.9. The experimental K i3

'f"é gg *@43'.22-, 174, i.e, log Kg is 1.24 (4).

aqueous solubility of 0:135 g/m® or 0.000667 mol /m? and

term at 25 °C (298 K) is exp(~6.79(1 —429/298)) or 19.8,

- 1Le, the “corrected” liquid solubility is 0.0132 mol/ m’. Kp

o estunated from this solubility is 86/0.0132 or 6515 and

B from Kow i8 0.048 X 75900 or 3643." The experimental Kp
is 2691, i.e., log Kg is 3.43 (19).

,"'-3'“éarbon tetrachloride (a liquid) has an’ aqueous solubxhty. o

B Pyrene, a solid of mielting point 156 °C (429 K), has an .
-dlog Kow of 4.88, i.e: ’Kow is 75900, The fugacity ratio

E

:
‘z
!
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"‘Analysis of the bioconcentration phenomenon from a

.. physical-chemical viewpoint suggests that Kg can be re-
i ,garded simply as a partition coefficient between an or-
L ' ganiam consisting of a multiphase system and water.~If®
# the dominant concentrating phase is a lipid that has similar -

relationship between Kp and Koy is expected Examma-
ion of: ‘available data suggests that this is the case, espe- -
.dially if some suspect data are disregarded: A one-constant-.
rrelatlon between Kpand Kow is thus suggested. - This <
B +'can'be’extended to give a simple KB-aqueous solubility
- correlation in which the actual solubility is used for liquid
solutes and a “corrected” solubility used for solid solutes. -

4. that-do not fit a proposed correlation, it'is believed that ™’
r+ 8 it'i8 justified in this case, particularly as a satisfactory fit -
.5 ig"obtained with one constant instead of the ‘usual two:-,

o hydrophobic organic solutes of the type used to develop
*% the. correlation. For compounds of very low Kp, the

; amount of solute in nonlipid phases may be appreciable,
. and thus it is suggested that values of Kg below 10 be
.- tréated separately. Compounds that react with half-lives
comparable to or less than the uptake time may.be in a
-, Steady state between uptake, depuration, and degradation,

‘ " and thus this purely equilibrium analysis will fail. Finally, .
~ .+ the value of Ky is sensitive to the volume fraction and -
¥ °°mposxtlon of the biotic phases, thus differences are to -

.expected between organisms and between the same
°’8amsm at different life stages or conditions. A fruitful
area of investigation would be to interpret Ky data for

erent organisms in the light of their contents of lipid

b ?ndbother phases and build up a more general equation
o

Acknowled ments o, 3 mz
,solute interaction characteristics to octanol, a proportional+ - 3 7

A Although there are inherent dangers in d.lsregardmg data:

3 1"ﬁo"l'he correlation must be used with discretion.: It iss
3% poesible that it will fail for high-Kqw compounds,’i.e;; 108 .
and above, and the Kowsolubility equation applies only :

. (10) Leo, A; Hansch, C:; Elkins; D. Chem Rev, 1971 71 526,

' (13) Mackay, D.; Bobra{ A.; Shiu, W, Y Yalkowslw S M

‘Or bioconcentration applicable to other orgamsms fave.
Flnally, the primary contribution of:this work is re-
Katded as being a suggestlon of a general alternatlve:'_

ST e BT D onaen L“!&’&'JQIN\Q&\XGQQ'WW

”"‘4’""'1;
structure for. Kp, Kow

proximate values for the’ parameters. . There is‘a need’ for
more data to test these hypotheses and establish more '
accurate values of the parameters, especxally for thh Kow ,
compounds LTI TN TR
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Gaseous Hydrocarbons around an Actlve Offshore Gas and Oil Field

Denls A WIesenburg,* James M. Brooka and Roge( A Burke, Jr.}
Department of Oceanography, Texas A&M Un!verslty. College Statlon, Texas 77843

ST e R
d1ffusxon or seepage across the sewater-sediment interface
m Low moleceuéa; welgg: hydrtc;car b(lms (LM%VHSC’! I'Ctg (9, 10). The biological processes producing C,~C, hydro-
~were measured from the water column and sedimen carbons are not well defined, although biogenic production

around an oil and gas field. No significant differences in
mearn methane levgels were obserlgglif between platforms of ﬁhene’ ethane, propene, or propane have been observed
that were and were not. dxschargmg brine. However, in the in :3 water column (11, 12) and surficial sediments (10,
: " ’grid,* the relative 'standard deviations were - ,-~13). " Most of the natu:al sources of LMWHSs to the
“and the inghest md1v1dual methane and ethane - | Lo mnafTexas shelf, however, are believed to be small
¥ ncenfratxons were found  in- surface waters .near the .. ~compared to the anthropogenic inputs from offshore
. platform discharging brine.-Higher methane values at all w-~~~P1m"f°l'1-'ﬂsr transportation, and runoff (14).
» depths observed d\mng summer coinciding with decreased -+ * Other studies (8, 15) have reported background levels
thane/ethene ratios in a near-bottom nepheloid layer Of LMWHs in the marine environment, as well as the
provided direct evidence of in situ biological production resultant increases in these levels assogiated with isolated,
ociated with'i mcreasesnl‘n zooplankton and bacterial - catastrophic inputs that have resuited from offshore
3pgg;nass m}}ze water column? The sediment LMWHsare =~ drilling accidents (4, 16). ‘In this paper, we report on
gp’re_& 1 tIy’ of: thex:mogemc ongm_probably due’to - - measurements of LMWHs around an active, established,
(e see nrf‘ace, nced by high'levels . "gas~ and oil:producing field in the northwestern Gulf of
w} ofs metha.ne“*‘and ‘elevatéd’ethane/ethene™ratios.** Theé - * Mexico.; The effects of anthropogemc mputs upon natural
LMWH input from bnne dlscharge the field is estunated ."concentration levels are detailed.
- : .3 %A% 47, 4iThe Buccaneer Gas and Oil Field (BGOF) is located ca.
. 50 km south southeast of Galveston, TX (Figure 1) in ca.
domnd TAF hate v aal 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
> into the:surface waters at only one of the production
D platforms (platform 296B)..-The brine discharge rate has
. been estimated at 95400 L/dsy (17).. The field has been
1 1 productmn since 1960.; A unique feature of BGOF is
that it is relatively isolated from other production fields,
"+ thus.our study was not comphcated by other nearby an-
thropogemchydrocarbon sources.-

I e
Introduction’s #15i 10} ‘”‘
As the energy requlrements of an expanding society

- continue to grow, there has been increased offshore drilling
for oil and gas to meet those energy demands : With this
ich Tecent ¢

of secondary importance ; smce they are mtroduced along Exp enmental Sectzon
3 f 9°aromat1<9com undg;the most 1mmed1ately ’Samples of the produced brine and oil were collected for

% fpefroleum )»‘!5 veral gtudles (3 S analysm oﬁIMWHs along with seawater and sediment
."" e
; eo‘eh n ol

I-\)
S‘ l:racera of.th semplee from a gnd of stations around platforms 288A and
oleum.'fL'MBV‘ZAI;ra 968 (see:Figure:1): :Water ‘column samples were taken
um. , om'the surface and. from.10- and 20-m depths around
both: productlon ‘platforms: : The 20-station grid for water
'~ sampling:comprised four lies extending north, south, east,
-and'west:of-éach platform, with samples heing collected
at 25, 50, 100; 150, and 300 m distant from the platform.
Sediment samples were taken along the same grid lines at
distances of 10, 25, and 50 m.
anWater column samplmg was performed aboard the M/V
lﬁ“gltu genefation - Ténya’and.Joe by.using standard 12-L Niskin sampling
% ﬁ"&% yidsiay i":;].:{{;*‘i . bottlesi Samples for LMWHs were transferred into 200-
Satior ' ml; "glass bottles, which were allowed to overflow, poisoned
d Chemical 0“‘“"%;%12' SB;‘::? - with'sodivny azide, and capped without a headspace. The
?’( h JM%{; 48 1)' eamples wareanalyzed in a shore-based laboratory after
‘ ‘the' methods:of Brooks et al. (8). ' The method involves
. st;xppmg the hydrocarbons from solution with a purified

2

[he’ turaI proéessee é : of . -
LMWHs in’the water Soltimn'are largely’unknown, éxcept
in anoxrc areas where obhgate anaeroblc bactena produce

nt-address: - Bfolo’giealan
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