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Abstract—The variation with depth of the concenteation of linear
carboxylic acids (SPCs) resudting from LAS biodepradation w
cores taken from three locations in
the southwestern pant of the Iberian
whereas the concentration of long-ch;
in the interstitial water are strictly anoxic (Eh = —380 mVY
versus the interstitial water are very different for LAS
partition coeflicient values were between 2.4
are simikie to those obiained from 1
partition coefficients

Peninsula. The vertical profi

Keywards—Linear aikylbenzene sulfonates
Distribution

ENTROBUCTION

Coastal ccosystems that are exposed to discharges of un-
treated urban wastewater receive large guantities of surfac-
tants, which are the principal constituents of commercial de-
tergents. Among these is linear alkyibenzene sulfonate (LAS),
the anionic surfactant most used in the formulation of deter-
gents and ather cleanming products. The global production of
LAS s 2 million 1onnes per year {1]. The commercial for-
swlation of LLAS (Fig. 1a}is a mixture of homologues, most
with chain lengths between 10 and 14 cirbon atoms. Each of
these homologues consists of various positional isomers.
7 The distribution of LAS in continental sediments hus heen
studied (2], and the verticul profiles of L.AS concentrations
Wwith depth in several lake sediments have been established
£3.41. However, there is little information availuble on LAS
concentrations in littoryl sediments. [n Tokye Bay (Japan), the
LAS content in sediments is reported o be extremely low
{=<0.01 pe/e) [5]. However, in other coastal zones, such as
- Cadiz Bay (Spain), concentrations of LAS as great as 103 of
ppm have been reported [6]. The differences between these
W0 bays in regard 10 LAS levels detecied in sediments are
thought 10 be due mainly 1o the different routes of entry of
LAS inte the marine medium, ie., removal of much of the
LAS in the estuary before it reaches the Bay of Tokyo, com-
' Pared with the direct influx of LAS to the Bay of Cidiz without
~. prior treatment, and differences in the characteristics of cach
coe, mainly with respect w the grain size of the sediment
- a0d the salinity of the warer. Bespite this variability, laboratory
-+ fests with marine sediment provide experimental confirmation
Hor the importance of the process of sorption of LLAS at cn-
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alkylbenzene sulfonutes (1,A8s) and of the long-
as determined in coastal sediments. We
a littoral zone subjected to the discharge ol untrested urban

vin SPCs (6-13 carbon atoms) wis arealest
). The panition coefficients between the
and for its degradation intermediates, or LAS, the organic carbon-based
107 and 6.6 X 10° Lékg for the C10
aboratory 1ests for the sorption of LAS onto
are several orders of magaitvde less s a consegquence of th
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chain sutfopheny)
analyzed samples of sediment
elftuents in the Bay of Cidiz in
le of LAS concentralions showed a sharp reduction with depth,

at (1o 14 em depth. AL this deprh, the conditions
sotid phase of the sediment

and C13 homologues, respectively: these values
marine sediments. For the long-chain SPCy, the
eir lower hydrophobicity.

Coustal marine sediments Vertical profifes

virommental concentrations [73. These resuits agree with pre-
vious experiments conducted with continental seditments {§.9]
and have shown that LAS sorption is a hydrophobic process
that takes place predominantly onto organic mutter (5,10,117.
For this reason, the partition coelficient (K is usvally nor-
malized by the lractional organic carbon content (FOC) {11 i.
The organic carbon-hased partition cocfficient (Koo) is ex-
pressed as K = KJ/FOC, as Karickhoff et al, {12] have pro-
posed for hydrophohic organic compounds,

Many studics have demonstrated that LAS can biodegrade
under acrobic conditions in continental waters [13,14], estu-
aries [15.16], and seawater [17.18}. The gencrally accepted
LAS hiodegradalion pathway beging with w-oxidation of the
terminal methyl of the alkylic chain and continues with the
shortening of the chain by successive B-oxidations (two carbon
atoms) generating various sulfophenyl carboxylic acids {SPCs)
(sce Fig. 1b) [14]. Some authors consider w-oxidation to be
the phase that controls the rate of the entire LAS biodegra-
dation process {19,204, putticularly in systems with low ox-
ygen [13) Sulfophenyl carboxylic acids with tonger carboxylic
chain are rapidiy degraded to shorter chain SPCs (first p-ox-
idations). However, the degradation of short carboxylic chain
S5PCs requires the opening of the ring, which is the other
limiting step in the complete LAS biodegradation patiway
{21]. This explains why the tong-chain SPCs usually are
detected in field studies. However, LAS intermediates have
been detected in ground waters {22} and in coastal watery that
receive discharges of untrested urban sewage effluent th
tains LAS 123].

Under anaerobic conditions, LAS does not biodegrade [24]
or biodegrades very slowly [16,23,26]. Some investigators
suggest thar biodegradation of LAS can take place in purely
anzerobic conditions enly afler the compound has resided in

1ot

at com-
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CH, - {CH,), - CH = (CH,), - CH,  CHy - (CHy) - CH - (CH,),,. - COCH

S0y a S0, b
MMzn+nz7 1tzm+m =0
14=n,n' =0 2=m' =0

Fig. 1. General chemical structures of linear alkylbenzene sullonates
ta) and the sulfopheny] carboxylate (b} compounds.

the mediuvm under acrobic conditions {131, As far as we know,
to date. no study has been published on the possible biodeg-
radation of LAS under anaercbic conditions in marine sedi-
ments. Nor are there data on levels of SPCs in marine sedi-
ments. afthough these have recertly been identified for the first
thne in the water column [23].

The three objectives of this study are 1o determine the levels
of LAS in coastal sediments in areas receiving discharges of
untreated urban effluents; to determine the distribution ol LAS
between the solid phase and the interstitial water: and to de-
termine, in turn, the prescace of SPCs in the sediment column
at depths between that at which an acrobic oxidation of the
organic material takes pluce and that at which conditions are
very reductive.

MATERIAL AND METHODS
Description of the study area

The study was carricd out in a salt marsh in the south part
of the Bay of Cadiz in the southwest of Spaia. Samples were
taken rom three stations along the Sancti Petri chunnel. which
receives unatreated urban efffuents from San Fernando, a tawn
of about 100,000 ishabitants (Fig. 2}, The width and depth of

"“«\ ey Effinent

3 Sampling
L&w’ e Siation

& 15w

Saneti Petri
Sound

Scale 1540

Fig. 2. Mup of the Bay of Citdiz. Spain. showing the positions of the
sampling sttions AL B, and C.
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Tible b, Sediment charaeleristics at the sampling stations

Swtion
A B C

DPE (knp 13.0 0. RAY
Porosity® 0.55 = 0060 D63 5008 0.67 = 005
Sund (%) 48.5 110 20
Silt (%0 17.5 o 19.0
Clay (%2} KRR 36.0 5940
Crganie carbon (5) .61 296 285

@ Pisance from sowree of wastewater efffvent/discharge point.
» Wass of intersilial water per unit of wet sediment mass,
* Standard deviation,

this chanael are very limited. so the levels of LAS in the
medium are very high, especially near the elMuent discharge
points (Lc.. I pa/ml) {0].

Table 1 shows the location and sediment characteristics of
the three sampling stations selected. The sediment at station
A is sandy and subjected to intense bioturhation. Station B is
the closest to the urbun effluent discharge point, and Station
C is typificd by a strong tidal current vegime. The sediments
al stations B and C have a high proportion of clay and are
severely vontaminated. As a consequence, benthic organisms
are very scarce [27]. Station B constitules an extreme case;
hased on 10 samplings there with @ Van Veen drag (cach ~0-
10 cm depth and 230 cm? area), we found only two organisms
with a size greater than 900 pm. The capacity for irrigation
af the sediment also is very low. This conclusion was drawn
from studies conducted in the same vone o measure nutrient
fluxcs across the water—sediment interface {28]. Because bio-
turhation is essentially absent. diffusion is the primary mech-
anism controlling the vertical transport of the chemical species
dissolved in the inlerstitial water in this littoral zone.

Sampling and sawmple pretreatment methods

At each station, 10 cores of sediment were collected using
a gravity corer with an internal diameter of 40 mm and a length
of 40 cm. The cores were maintained in o vertical position
and at a temperature of 4°C during transier Lo the laboratory,
where they were frozen and stored until the tme of analysis.
Later, they were cut into 1-cm-thick sectionst then 12 of these
sections were selected from between 0- and 31-cm depth. The
interstitial water of euch section wis oblained by centrifugarion
at 39,200 g for 30 min. The agueous phase was separsted by
decanting, obtaining a recovery of total interstitial wuter of
herween 73 and 83%, and the solid phase was dried in a beater
at 83°C until constant weight. Herealter, sediment should be
undlerstood 1o refer only 10 the solid phase. Then the sections
of cores of cach slation were pooled by depth in order to get
sufficient volumes for analysis.

The dricd samples of scdiment were milled using u zir-
coniwm oxide ball mill (Fritsehy and passed through a 63-jum
sieve. Six to 10 g of sediment were extracted with methanot
in o Soxhlet extractien cartridge for 11 k. The methanolic
extract was then evaporated until dry in a rotavapor, and the
residue was redissolved in 200 mi of hot water in an ubtrusonic
bath.

Both the interstitial water (23 miy and the sediment exiract
samples (200 mh were acidified to pH 3 with HCE and the
anatytes were purified and concentrated by solid-phase ex-
traction using minicolumns of the hydrophobic (C, ) and strong
anionic exchange types consecutively {23]. The recoveries us-
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Tuble 2. Recovery percentage, standard devistions (8D) {n = 33, calibration curves, and detection limit obtained for seawater (L0 ml}y spiked
witlt linear alkylbenzene sulfonate (LAS) and sutfopheny} carhoxylic acid (SPC) standards in (he solid-phase extraction: calibration was performed
by plotting the peak arca () versus the mass injected (v, g}

: Recovery Detection limit
Compoaand %y = 8D Calibralion ¢urve r? (pafl)
Ca-5PC 43.9 = 4.4 ¥y = 7897y + 7.672 (.999 1.5
C§-8PC 083 = 38 y o= A Q48x + 3578 0.998 {+8
CH-SPC 129 = 44 v = 6.073x + 7.020 0.999 0.7
Cii-8PC 723 > 64 ¥ = 5757¢ + KRI85 0.999 0.7

©CHLLAS 021 = 1.9 ¥ = 5.6000 + 9.036 (LU 0.6
ClLi-LAS 942 = 1O ¥ = 6.133x + 15770 {1.999 0.3
C12-LLAS 061 = 23 ¥ 3784 4 16,772 0960 0.5
CI13-LAS G4.6 = 1.8 y = 3228 + o466 (.998 0.5
_CH—L.*\S 67.8 = 3.0 v = 4512 + 4.895 0.997 0.7
» Spiked level, 10-604 ppb.

Trg this procedure were calculated using seawater and sediment Quality assurance/guality control considerarions

samples spiked with C6-, C8-, and C10-8PC and LAS ho-

: .  recovery officicncios fo SPC usine the So
mologues at environmental concentrations. The recovery cfficicncics for LAS and SPC using the Soxhlet

. extraction procedure for sediment samples spiked with LAS
Linear alkylbenzene sulfonates and SPC analysis methods (from 0.05 to 23.0 pg/e} and SPC (from 0.03 10 0.5 pg/g)
homologues were >90% in all cases except for C6-8PC (72%}.
The recovery efficiencies obtained for the LAS and SPC in
the solid-phasc extraction stage are shown in Table 2. Recovery
decreased as polarity of the compounds increascd. The recov-
ery efficiency for the shorter chain (C -< 5) SPCs was <20%

Concentrations of LAS and SPC were determined wsing a
BP 1050 high-performance liquid chromatograph (HPLC)
equipped with a Muorescence detector (A, = 225 nm, A, =
265 nm). Homologues were separated using a Lichrosorb RP-
% column of 230-mm length and 4.6-mm i.d., with a punticle

size of 10 pm (Teknokroma). Eluents used were (A) 100% {data not shown). As the nonpolar character of these molecules
water and (B) 80% methanol/20% water. Eluent B also con- diminishes, they interact less with the Cjy minicoluma. The
tained 1.25 mM of teiraethylammoniwm hydrogen sulfate, The more polar homalogues are lost during Lhe treatment. as pre-
chromatographic separation gradient was from 905 sotvent A viousty indicated by other authors [29]. When the nonpolar
and 106 solvent B to 100% solvent B over a 40-min period. interaction is very intensc, the compounds tend to be retained
fsocratic conditions (solvent B) were maintained until elution and not fully cluted. This seems 10 be the case with C14-LAS.
of all the compounds was complete. Quantities injected were Figure 3 shows the chromatogram corresponding to a sed-
100 pl of samplc. Both LAS and SPC concentztions were iment sample spiked with commercial LAS and SPC homo-
determined by measoring the peak areas using external stan- logues, applying the described analytical treatment. The chro-
dards. These standards were trealed in the same way as the matogram shows an efficient separation of each homologue of
samples. The SPCs of 7,9, 12, and 13 carbon atoms. for which LAS and SPC in one single peak, under which all the positional
standards were not available, were identiticd by HPLC mass isomers are cluted without interference and with sufficient in-
spectrometry according to the procedure described by Gon- lensity 10 permil accurate quantification.
zdlez-Mazo et al. [23] and were quantified by measuring their The calibration curves obtained for SPE in 100 ml scawater
peak areas by means of C8-, C10-, and C11-SPC (for C12 and spiked with 0. 30, 50, 100, 300, and 600 pg/t of each ho-
(C13-8PC), respectively. mologue of LAS and $PC are shown in Table 2, which also
%F ]
35 2 SPCS
3 cd cB
4 LAS
b C2
251 €5 8 C10
] Cit
20 C12
15 c13
3 | Cid ]
i |
16 ~
1 lics \
5] : k K C1o
|y
EERS
T B e i M e e i
10 | 0 40 =0 min

_ i_g. 3. High-performing liguid cirromatography/fluorescent detection (HPLC/FL) chromatogram corresponding to a sediment sample (10 g} spiked
“Wilh near alkybenzene sulfonate (LAS) and sulfophenyl carboxylare (SPCY homologues (160 peihomologue). The units of fluotescence are
xpressed as percentige [ull seate,
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Table 3. Average surface layer concentrations (-8 cm depthl of 1otal lincar alkylbenzene sulfonies
(LASs) and tedal sulfophenyl carboxylates (SPCs) in sediment (sed), expressed as dry weight, and in
interstitial water (bw) at the three sampling stdions

Y.AL Ledn et ab,

SLAS,S SLASL XSPC. ISPC,Y
Station {107 pafke) {pefl) (pg/kay (/L
B 138.6 © 4.2 44.8 = 133 924.6 + 3167 2326 = 114,
C 16.4 = 8.0 359 = 109 2242 = 169.0 128.7 = 60.7
A 03 =02 R B 3 0.6 = 121 284 » 3.2

SELAS = X . (G — LAS)
¥EPC = X, ., (G, — SPCL

includes their delection limits for this reatment based on a
signal-to-noise ratio of 3: L. The behavior of all the compounds
was lincar over the runge of concentrations stadied.

Fhe solvents used as the chromatographic eluents in the
chromatographic measurcment experiments were water and
methanol, both of chromatography quality, purchased from
Scharlau {(Barcelona, Spain). Tetraethylammonium hydrogen
sulfate was purchased from Sigma-Aldrich (St. Louis, MO,
USA}. The LLAS standards, of compuosition similar 1o the com-
mercial product nsed in Spain and with low dialkylietralin-
sulfonates content (<20.3%%), were supplied by PETRESA (Al-
geciras, Spainj. The proportional composition of the different
homologues was C10, 3.9%; CI11, 3746, CI2, 35.4%: Cl3,
23.1%: and C14, 0.2% (PETRESA, ).I.. Berna, personal com-
munication). Due to the very low proportion at which Cl4-
LLAS oceurs in this mixture, 2 specific standard for this ho-
mologue was used. The standards of CG-, C8-, and C10-SPC
were provided by Jennifer Field (Oregon State University, Cor-
vullis, OR, USA}, The C1{-SPC was prepared in cur laboratory
by sulfonation of the corresponding acid according to the pro-
cedure described by Marcomini et al. [30] for short-chain
SPCs. The solid-phase extraction minicolumns used (C,, and
strong anionic exchange) were purchased from Supeico (Bel-
lefonte, PA, USAY

Other analyvses

We used the method deseribed by El Rayis {31] to determine
the oeganic carbon content in sediment sarnples that had been
previously dried and pulverized. Redox potential was deter-
mined directly in the sediment cores using a redox clectrode
(Metrohim, Herisau, Switzerland). The nitrate concentration
was determined spectrophotometrically with a segmented con-
tinuous flow awleanalyzer (Technicon, TRAACS 800, Bran
Luebbe, Buffalo Grove, IL, USA). The analytical method em-
ployed is o modification of that described by Grasshoff et al.
f32). Suifate was delermined gravimetrically [321].

RESULTS AND DISCUSSION

Spatial distribuiion of LAS and long-chain SPCs in marine
interstitigl water and sediments

Table 3 shows (he average upper-layer concentrations (top
8 cm) of the total LAS (the sum of ail the homologucs, from
Cl0to C14) and of the SPC {the sum of homologues analyzed).
The LAS concentration in this sediment layer (0-§ cm) de-
creased with distance from the point of effluent discharge,
presuntiably duc to the removal of the surfactant from the water
column by biodegradation and sorption onta the particulate
matter. These resulis are similar 10 those obtained in previous
studies in zones with similar characteristics [2.6].

The concentration of LAS in the sediment was up to 1,000

times greater than the LAS comcentration in the interstitial
waler, whereas the concentration of $PC in interstitial water
was similar te the concentration of SPC in sediment. These
resulls are similar to those obtained for sorption lesis in the
laboratory [7.9,10} and for samples taken from a sewage-con-
taminated aquifer {333, in which it was coacluded that the
inleraction between the LAS and the sediment is predomi-
nuantly of the hydrophobic type. The behavior of SPC may be
expluined in these terms since these compounds have litle
affinity for the scdiment due to their low hydrophobicity.
The highest concentration of LAS in scdiment cccurred at
station B. In this zone, the surface waler presents a long res-
idence time [6], permitting a higher rate of deposition of par- -
ticulate matter onto which LAS has been sorhed, The low
solubility product of LAS calcium salts [34] could also con-
tribute (o this increased LAS concentration in sediment by
precipitation, particularty givea the high concentration of LAS
in water detected near the effluent discharge point {6]. This
phcnomenon is less intense at stations A and C due 1o the
fower amounts of particulate matter reaching these areas.
Therefore, the differences found between stations € and A
may be expliined by arother two Faclors, i.c.. the sediment at
station C has a grealer specific surface aren duc to its higher
content of clay, which correlates positively with LAS sorplion
{9}, und the scdiment at statiom C has a hipher content of
organic carbon, which also favors LAS sorption [8,1{,11]. This
Iatter factor is a consequence of the hydrodynamics of the zone
that lead to a much greater incidence of the urban effluent
discharge than at station A 6] Also, it can be observed in
TFuble 4 that, the further the siation is located rom the point
of efMuent dischurge, the lower is the concentration in the
sediment of the long-chain homologues (those more casily
degradable in the aqueous phase and having greater lendency
for sorption onto the sediment) [7]. Hence, at station A, which
is furthest from the point of discharge, shorter-chain homo-
togues of LAS predominate (Table 4). The presence of Cl4-
LAS in the sediment is also notable, even though it comprised
a very small percentage (<00.55) of the comumercial LAS used
in this region. However, this homologue was not detecled in
interstitinl water since its more hydrophobic character leads
to its prelerential sorption to sediment. In this context, we note
that the organic carbon-based partition coefficient (K, of
LAS homologues (Tuble 4) tends to increase in line with the
increase in the chain length for the three stations sampled. This
increase is higher for station B than the others, probably he-
cause of the fresh LAS received in wastewater discharged
nearby, which contains a higher proportion of Iong-chain ho-
mologues than that in other areas studied, and the low solu-
bility product of LAS,Ca, which decreases for homologues
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shle 4. Distribution, expressed as percentage of total linear alkyilbenzene sulfonates (LASs), and average partition coeHicient normalized by
the organic carbon content (Ko} of the LAS homologues in the surface layer sediments (0-8 cm depth) at the three sampling stadions

Stalion LAS-C10 LAS-CI1 LAS-C12 LAS-C13 LAS-CH4
‘Gediment {56} B 0.9 = 0.1 127 = 0.7 3.6 = 0.6 30.5 % L1 1.2+ 0l
C 1.6 + 0.6 (4.7 = 3.5 307 = 6.3 508 = 5.7 2215
A 59 % 0.2 330+ 1.2 343 = 1.0 255 * 2.1 1.0+ 0.6
Trerstinial water {(5%) B L6 = 1.8 41.7 + 4.9 374 + 57 92+ 24 NI
c 69 = 15 31 % 3.4 52,2 % 4.0 9.7 > 4.2 ND
A 6.1 = L0 26.9 & 5.6 519 £ 1.6 151 = 6.3 ND
Ko X 1077 (Likg) B 87+ 27 35.0 = 10.9 103.6 = 181 a60.2 = 173.5 —_—
C 35+ 1.5 74 >34 9.8 > 4.6 11.3 = 433 —_—
A 24 =08 2R =12 3.4 % L0 43 =23 —

AN = pot detected.

with longer alkylic chains [34}, favoring their preferential pre-
cipitation,

lLong-chain SPCs (C8- to CLO-SPCY predominale in the
. sediment, particularly at station B. The SPCs of 12 and 13
“oearbon atoms were detected at this station, which confirms that
the LAS biodegradation process starts with w-oxidation of the
rerminal methyl of the alkylic chain. For the interstitial water,
the SPCs of 8 and 9 curhon atoms conslituled the greatest
Proportions.

Vertical profiles of IAS and SPC

The vertical profiles of the concentradons of the LAS ho-
“mologues in the sediment and interstitial water found at the

three stations are shown in Figure 4, Except for station A,
where LAS concentrations were very low in both phases, a
clear decreuse in concentration with depth was observed, This
pattern was more prominent in the sediment than in the in-
tevstitial water. The decline was steeper in the first few cen-
timeters, which may be related 1o greater discharges of efflaent
into the zone in receat years. Al stalion B, the maximum
surfactant concentration found in the sediment was deeper than
surface layer {(Fig, 4). This condirion may be due to the praocess
of physical mixing of the surface sediment {4},

For stations B and C, where the LAS concentrations were
higher than for A, the variation in total LAS concentration
with sediment depth was determined by the homologues with

LAS (ng/g) LAS (ngig) LAS {ugig)
0 50 100 o 8 16
L t H L I3 [ : { 3 1
2 Y 43 Tt et
¥ L LA D
E 4 B e L
L3 AR ra &
By b e -
_ e E
£
8 i
£ @ LAS C10
@ ; o LAS C11
a L - LAS G12
v B'e -4 LAS 013
jg P chees LAS C14
iae
B c
LAS (pgit) LAS (pg/L) LAS (pa/L)
0 10 20 0 20 40 g 10 20 30
0 ek gy ‘ gt
oég;" .-v:__.. a® (%g.\o v%..u'n.. @ v{"v J:;Ejl;t
B¥¥e o {60 8 v T
o oo @ ©.w¥ 6b ¢ a
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Fig 4. Vertical profiles showing concentrations of linear alkylbenzens sulfonate (LAS) homologues (C10-C13) measured in sediment (upper

graphs) and interstitial water (fower graphs) for sampling stations A, B, and C
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Total SPC {ugiL)
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Fig. 5. Vertical profites of totgd sullopheny] carhoxylates {(SPCs) for stations B and C and vertical profile of SPC homologues in interstitial water

for siation B.

12 and 13 carbon atoms (Fig. 4). These homologues have a
large sorption tendency and are readily biodegradahle. The
vertical profile of the LAS concentration in inlerstitial water
is similar 1o that observed (or the sediment, particularly al
stations B and C. Considered in this manner, the homologue-
specific partition coefficient did not vary much with depth.
The reason for this was that there 1s no appreciable variation
in (he composition of the sediment with depth, as evidenced
by the vertical profiles of porosity and organic matter content.

A pronounced decrease in LAS concentration with depth was
noted at the stations closest to the point of effluent discharges,
which may be due 10 increases both in population and per capita
coensumption, heace in the amounts of LAS discharged, in recent
decades and LAS degradation oceurring in the sediment. The
first of these bwo hypotheses is certainly rue—the population
of the city of San Fernando has increased by 40% in the last
20 years {1975-1993), but LAS consumption per inhabitant had
not varied significantly in Spain during this period, However,
it is necessary to verily the second possibifity, too.

To that end. the interstitial water at different depihs between
0 and 30 cm was analyzed, The results obtained For stalions
B and C (closer than A 10 the effluent discharpe point) are
shown in Figure 5. The vertical profile obtained for the ¥SPC

(between 6 and 13 carbon atoms) was greatest at depths be-
tween 10 and 14 em. with values as great as 2,100 pge/l at
station B. Considering that the predominant mechanism of
transport in the interstitial water is diffusion [28], this (ype of
distribution Implies that the SPCs are acluaily produced ul thiy
depth, where the conditions are anoxic (Eh = ~380mV}. The
distribution of SPCs micasured is determined muinly by the
C3 to C11 homologues (station B, Fig. 6). Although the pres-
ence of short-chain SPCs has not been determined. it is prob-
able that these intermediates could also be a relevant lraclion
of LAS mewbolites. The SPCs of 5 1o § carbon atoms have
been described in severad studies as the key intermediates
{19.35]. but other mono- and dicarboxylic SPCs could also be
present at fower concentrations [361, The reduction in SPC
homologee concentration found at sediment depihs above and
helow this depth (10-14 cm) suggests that, after their initial
production, the SPCs are transformed into others SPCs of
shorter chain length, probably by successive B-oxidations
[14.37]. The SPCs with carboxylated chains <6 carbon atoms
in length have been detected both in sediment and in interstitial
witer, but these have not been quantified due to the low re-
coveries obtained for these compounds with the methods used
in this study.
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Fig. 6. Vertical profiles of nitrate and sulfate concentrations in interstitial water and total Yinear alkybenzene sulfonate (LAS) and sulfophenyt:
carboxylate (SPCY concontrutions, in sediment wet weight, For station

C.
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Sh e suggest that the long-chain SPCs are produced in Lhe
aitial stages of the degradation of LAS, which accounts for
heir appearance al o considerable depth (1014 cmi}. But this
esult also suggests that the rate of degradation of SPCs under
woxic conditions must be very slow. Unfortunately. the cores
ased in 1his study were not dated, although data are available
* ot the rate of sedimentation in other parts of the zone of study
25 km distant), which permits the calculation of the time of
“deposition of the material at a depth of 10 1o 14 cm as being
approximately 15 to 22 years ago.
In Figure 6, for station C, we show concentrations of the
rotal LAS and long-chain SPCy (sediment + interstitial water}
compared with the variation of NO7 and 50;- in the interstitial
»owater In the axie zone, the lower limit 3 cm) of which
could he estimated from the maximum concentration of NO,~
381, we observed an abrupt decrease with depth in the con-
centration of LAS. Aerobic oxidation of LAS should contribute
1o this patiern. The low concentrations of SPCs in this zone
indicate that the successive B-oxidations occur relatively rap-
wly in oxic conditions [14].

Al greater depths. where an increase in the vertical gradient
of SO concentrition occurs, sulfate serves as the terminal
glectron acceptor in the degradation ol organic matier {39].
Nevertheless, at this depth (4-8 cm), the vertical gradients of
the concentration of LAS and long-chitin SPCs are not as steep.
This observation is coincident with the opinion expressed by
Klump and Murtens {40] that sulfue reduction is not an cl-
ficient metabolic route for the degradation of complex organic
molecules. The maximum concentration of long-chain §PCy
oecurred al a depth of 10 10 14 cm, where sullate concentri-
tions were low ({0 mM), and decreased smoonthly. Anather
anaerebic mechanisms of organic matter decomposition could
be involved in the LAS degradation process.
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