‘pon refease into the marine

environment, wastewater
- particles are either dispersed and
transported away from the site of -
discharge, incorporated into the
biological cycle, or deposned on’
the sea floor. Because many of
the most toxic constitoents in -
effluents are associated with

‘ suspcnded pamculaic matter, the
fate of wastewater pm’tacles has
been of i mterest to marine envi- |
ronmental scientists for decades
" Field studies offer an opportumty
to-measure the effects of ‘waste .
dlscharge -and the distnbumon of .
parﬂcie—assomated contani ants
Unfortunately, mtexpretauon of
. such.measurements is often- -,
cornphcated by thie. mterplay of -
- natiral processes, and mputs from

, multlple SOUrCes. R

Source—sPec;ﬁc molecv]ar

", miarkers can hielp track the move—_

~ment and fate of waste pamclcs

Molecular markers are substances '

whose sfructures are umqucly
1dent1fied with a smgic source.
Mumclpal wastewater freat-
Tent plants discharge-a: complex
“mixture of synthetic and natural
chemicals. If particle-bound -
substances persist in the environ-
mient, and if they entér the ocean
only through waste discharge,
they are potential waste-specific
“molecular markers. The presence
of such cempounds would prob-
ably be of little interest except for
the fact that many toxxc contami-
nants of concern (e.g. PCBs,
PAHs, frace metals) reach the

ocean from a variety of sources in.

addition to municipal wastes (e.g.
surface runoif, atmospheric -

Chemist Azra Khan evaiuates dam from samp!es anaiyzeﬁ
for contaminants.
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aerosols, eil seeps, tanker spills,
etc.). Consequently, in urbanized
coastal areas with multiple inputs,
it is difficuit to determine if an
effectis attributable solely to™

- waste discharge. Under these

conditions, the présence of a

waste-specific molecular marker

in the environment is clear evi-

" derice that waste parucies are

‘ prcsent '

K The purpose of this amcle 15

to promde background informa-

tion on two classes of waste-:
specific molecular markers: long—
chain’ aikyibenzenes and fecal
steroids. We describe three

"apphcatlons of these compounds
-to ilustrate their potential for -

‘ answering questlons related to the

- -discharge of wastes inthe. manne o

* environment. The treatment
provided. here is limited and thc
interested reader is refeired to .

Eganhouse-(1986a) and Walker et -

al. (1982} for more: extenswe

T d;scussmns o

:MQIEC&EE@E‘ ﬂﬁaﬁﬁefs '

‘ Alkylated benzenes Wlth stde E
chams of 1014 carbens hiave beep ‘

synthesmed mdustﬂally since
“about 1950, They were used in.
“the preductwn of alkylbenzene

sulfonates, the anionic surfactants -

-most commonly used in commer-
cial detergents. Alkylbenzenes
produced between 1950 and the

- 1id-1960s had highly branched - -

.. side chains (tetrapropylene-based
alkylbenzenes: TABs) that.con-
ferred stability upon the TABs .
and their sulfonated analogs -

(ABS). The persistence of these -

branched alkylbenzene sulfonates
resulted in undesirable foaming
problems in wastewatér treatment
plants aitd natural water bodies.
Conseguently, a more biodegrad-
able substitute was sought that led
to the development of the linear

Fﬁgw‘e %o

Waste-specific molecular markers: A) Symh@sas of lineay aiky benzenesuifonates
fronv finear aliylbenzenes, B} Conversion of cholestero! o coprostanoi

%%;@Em@ﬁaé" 5@@?5@@3

: Cholgsteral )

" Coprosfanol -

: :alkylbenzcncs (LABS) (Flgure 1) )
' The LABsare a mixture of 26 -
: secondary pheny}alkanes They

are pI'GSCHt in mmor amourits in

“commercial detcrgents <1%) and
in mumc:ipai wastewater effiu-

ents, usually from domestic |
inputs. However, industrial-

- sources may be irnportant in

certain ¢ases, The LAB3 are

"casﬂy measured using conven-
tional methods (Eganhogse o
19863, Takada and Ishiwatari ‘

1985), and they occur in pumer- -
ous waste-impacted riverine,
miarine, and estuarine environ-
mients (Egannousc et al. 1983a;

. Muiray ef al. 1987, Takada and

Ishiwatari 1987, Valls er af. 198%)

- including the tissues of organisms

(Albaigés er al. 1987, Shéerblom

“and Eganhouse 1591}. No natural

sources of thcsc compounds are’

known :
- Pecal stemlds parncularly

,coprostanol (Figure 1), are natiral
products that have besn used for

more than 30 years as molecular

~~_ indicaters of human fecal cori-
- . tamination. Coprastanol is pro-

duced principally from choles-
terol, an ubiquitous steroid, by
stereo- -specific biohydrogenation
reactions mediated by the enteric

- bacteria of mammals. Because
_mammals reptesent a quantita-

tively minor component of all but
a few ecosystems, the presence of

- coprostanol in urbanized coastal -

areas is ¢vidence of human fecal

“inputs. Coprostanol and other

fecal steroids are usually among
the most abundant organic con-
stituents of municipal wastes.




They are easily determined in
marine sediments and particles
collected in sediment traps posi-
tioned near waste discharges.
However, our understanding of
the biodegradability and ultimate
fate of fecal steroids in the marine
environment is incemplete.

Materials and
Methods

The metheds used in this study
are based on classical solvent
- extraction, adsorption chromatog-
raphy, and either high resolution.
gas chromatography (HRGC) or
- HRGC/mass spectrometry. These
procedures are described in
Eganhouse (1982, 1986a) and
~ Egarhouse et al. (1983b, 1988).

Results and Discussion
‘LABS as a "Meﬁecuﬁar
Clock™

The LABs are five groups of
1somers w’ith diff_f__;rent- ¢hain

lengths (C,, | 4) Wlthm each
group, there are four to six indi-
vidual isomers that differ by the
substitution position of the ben-
zene ring on the alkyl chain
(Figures 1 and 2). “Internal
isomers” are LABs with the
benzene ring substituted near the

intericr of the alkyl chain (e.g. the

6-phenylalkanes). “External
isomers” are LABs with the
benzene ring substituted near the
end of the chain (e.g. 2-phenyl-
alkanes).

The comiposition of the LABs
found in commercial detergents,
municipal wastewaters, and

. waste-impacted sediments differs

significantly (Eganhouse et af. -
1983a, 1983b). The relative
abundances of internal and exter-
nal isomers is similar in deter-
gents and treated wastewater

effluents (Flgure 3a,b). Seditments ‘

affected by wastes, and patticles

. collected in Sedirment traps, have -
. greater relative amounts of the

internal isomers (Figare 3¢,d).
This difference is die to selective

microbial degradation of the

: Fagur@ 2.

Mass fragmentograms of linear alky!benzenes in sludge samples from Mt Island
Treatment Plant Bosten, MA. (after Eganhouse etal 1 988}

m/z 1

external isomers (rather than
physical fractionation) (Bayena et
al. 1986, Takada and Ishiwatari
1990). Particles collected in
sediment traps, and surficial
sediments collected near the Los
Angeles County Joint Water
Polution Control Plant (JWPCP)-

- outfalls, have a slightly lower

degree of depletion of the external
isomers than sediments deposited.
at greater sub-bottom depths ‘
(Eganhouse ef al. 1983a). This
siggests that LAB degradation
occurs prior to and following -
sedimentation. Because most of -
the modification occurs prior to
incorperation of LABs info
sediments, degradanon rates are
probably greater in the oxidizing
envirenment of the water column
than in reducing sediments. This
hypothesis is consistent with the
results of laboratory degradation
experiments conducted under -

aerobic and anexic conditions. .

Careful studies of the degrada-
tion kinetics of LAB isomers
under environmentally relcvant
conditions have noi been per-

- formed. However, if these degra-

dation rates were known, isomer
distributions might be used to
infer the approximate age of the
particles with which the LABs are
associated. Degradation experi
ments, thus, represent “calibra-
tion™ of a short-term “molecular
clock™. : '

One application of sucha
clock is the analysis of LABs.in
microlayer samples such as those
collected by the City of Los
Angeles in their ocean monitoring
program. The presence of LABs
would be evidence of wastewater
mput to the ocean surface; the
isomer distribution could provide
information on the age of waste
particles.




Figure 3.

A} Distribution of dodecylbenzene isomers in a commercrai detergent, B} Joint Water Po!lut:on Control Plant {Los Angeles
County] final effiuent {6/15/79], €] sediment trap particles from San Pedro Basin, and D} surface sediments frem San Pedro

Basin {after Eganhouse et al. 1983a).
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Gemhmn@a@gy and
Baagenesas

The TABs and their sulfonated
derivatives dominated the anionic
- surfactant market until the mid-
1960s when they were supplanted
by the LABs. If long-chain '
alkylbenzenes survived transport
to the sea floor, one should find
thém in sedimentary deposits
affected by municipal waste
discharges. A sediment core
might bear the history of deposi-

" tion of these compounds.

The trends in suspended solids
emissions from the TWPCP
outfalls from 1945 to 1981 (Fig- -
ure 4a) are similar to the distribu-
tion of erganic carbon ini a core
from Station 3C, 8 km down--
current (Figure 4b), The correla-
tion between these profiles sug-
gests that sediments deposited at
this site record the history of
waste ernissions. Similar core
patierns occur for total nifrogen,
total hydrocarbons, and other
constituents known er believed to
come from the JWPCP effluent

(Eganhouse and Kaplan 1988).
The usage rates of the
alkylbenzéene sulfonates from
1950 to 1981 (Figure 5a) are
assumed to mirror the input of
alkylberizenes into waste treat-
ment systems. Both types of long-

- chain alkylbenzenes are found in

sediments at Station 3C (Figure
5b). The TABs are more abundant
in the deeper sediment layers;
concentrations decline below
detection limits deeper than

24 cm. Most important, the TABs
occur between 12 ¢cm and the




-‘ sediment-water interface. By k much higher than have been - cause TAB production and use

. comparison, the LABs are most reported for other sites affected ended in the mid-1960s, and
abundant in the upper sediment - by municipal discharges. The because significant amounis of
layers and decline below detec-~ presence of TABs in the surficial - TABs are found in the néar-

- tion limits at about 18 cm. Unlike  sediments is surprising because . sarface sediments, it appears that

' the historical usage trends of the the core was ¢ollected in 1981,  the sediments have undergoric

_suilfonated analogs (Figure 5a), _-Even if some surface sediments - vertical mixing, However, the
- the vertical sediment profiles of ~ were lost during coring, the -Imixing rate(s), or mixing depths
the iong ~chain alkylbenzenes presence of TABs in the surficial -~ were not great enough to obliter-
overlap. " sediments cannot be aitributed to ate razjor features of the stratlgrau
_ The presence of Iong ~chain . contemporary inputs from -phy (Figure 4. .
aikyibcnzenes is uncquwocal - JWPCP. They were not present in “The co-occurrence of 2 TAB
evidence of waste contaminationn  final effluent samples in 1979 - ‘concentration maximum and the

" at the site. The concentrations are ~ (Eganhotise.ef al. 19832). Be- - first détection of LARS probably
' T A ‘ ~  represents the alkylbenzene

" changeover penod {Figure 5b).

This is consisteat with other data

- Eﬂgma‘@ &, : . : .. that suggest.| that the 24 e hori-

"A} Historical emission ‘of suspended solids from the Joint Water Poiiutnon cOntmi, | zon is abou’t 1650; the sutface

* Plant {Los Angeles County}, and B} vertical profile of total organic carbon in . sediment -2 cm) is the fate’
sediments of Seatmn 3C on the Paios\!erdes Sheif in 198'5 Qaﬁer Eganhouse gtal - 19708 16 1981 and the 6- 8 M

‘.1?863 scctlon is about 1970-71

- LT e ,;',‘,' o ... -] (Eganhéuse and Kaplan 1988)
A .~ SUSPENDED SOLIDS EMISSIONS (METRIC TONS/YR). | | The long-chain alkylbenzenes
AL e " provide information on the his-" .
so50 tory of effluent deposmon Be-
A | cause these sediments were
e - deposited under conditions that -
19703 “violate assumptions 6f radiomet-
. .| “ric'methods of dating, the
L 2 | . alkylbenzenes provide strati-
AR . graphic and diagenetic mfonna—
Q 1850 .- tion that would otherwxse be
R ' d1fﬁcult 10 obtam N
Cigdod i
o : @aﬁemmmtmg
1430 & ‘Inputs from. Different
‘ & : Wasﬁewa&ew Scurces
ORGANIC CARBON (%)
: - ‘ Thc most cbvious &pphcatmn ‘
B 0 2 N 8 10 of molecular markers is in track:
, ' _@® ing waste particles in the environ-
%\ i \@ A
= B - ment. However, currents can
Ry -8t . : : . | move suspended particles great
L B ‘ e distances frony their source as
. . & . i ; T A
5. 16 . e L T | evidenced by the widespread,
= a0l e . s ‘contamnination of the northern
i o—F : ‘ portiont of the Southern California
g T & ' o | Bight by DDT. If effluent from
& TBT g I ‘ - . | one treatment plant were to be
7 -2 & : : transported into a region affected
~3541 @ ‘ ’




by another municipal discharge; it

iight be difficult to differentiate

between their contributions. This

situation exists in Santa Monica -
* Bay. The predominantly north-
ward flowing subsurface currents
‘on the shelf transport efflient
. pamdes from the Palos Verdes
arca into Santa Momca Bay; -
" Another exampie 18 Boston
Harbor where two major treat-
ment plants discharge municipeal
- wastes into shallow water,
We became interested in this

' question when studies in Boston

Harbor mdzcated that the sedi-
 ménts near a CSO {combined

. sewer overflow) had ZLAB/
coprostanol ratios that were A
different from the effluent par-
‘ticles discharged from the CSO..

* This suggested that despite their

proximity.to-the ‘outfall and their -
sewage origin, the’ accumulatmg

sediments did not come from that =

. €S0. The requlrements for using

. this ratio to differentiate wastcwa-
ter Sources ave: 1) mumclpal
freatment plants have distinet

e ):,LAB/coprostanol ratios and 2)'

~ the ratios-are conserved after the
particles are discharged
Regun'ernent 1. The FTWPCP

- .- receives influent from one of the
few factenes in the United States‘ .

that synthesme LABs. Thig

e industrial souree probably ac-

counts for the exceptionaﬂy high
‘LAB concentrations in the efflu- .
ent {Table 1) and the mabﬂlty 10
“account for >85% of the LABs

based on domestic detergent use

‘ (Eganhouse et al. 1983a) Al

' though LABs have been detected :

in final effluent discharged by
Hyperion Treatment Plant, the
mean annual concentration, and
its variation over time, 1§ un-

known. The LAB coticentration in

Hyperion effluent is probably
lower than the concentration in

FWPCP effluent. We are cirrently

conducting a survey of LAB and
coprostanol concentrations in
effluents from the four largest
treatment plants in southern
Catifornia in a project sponsored
by the State Water Resources
Control Board. :
Reqguirement 2 The demmam

. sotirce of contamiinants o the
. sediments near the MPCP and

South Essex Sewage District

- (SESD, Salem, Massachusefts)

ontfaﬂs are _inumclpai efﬂuemg

w

- (Eganhouse 1986b, Eganhouse .
and Kaplan 1988). Although’
2LAB/coprostanel ratios in -
effluents are vatiable, the
ranges generaﬁy ‘do not exceed
a factor of two (Table 2). Sedi-
ments on the Palos Verdes Shelf -
‘have a mean ratio that is greater’
than the ratio for TWPCP effluent
(Table 2). However, the 95%
confidence intervals for the two
groups overlap. The simildrity
between éfftuent and sediment

* LAB/coprostanol ratios at the

SESD site is more remarkable, -

ﬂgm’e 5

A} Usage rates oﬁ linear alkyl sulfonate (LAS) and aikylbenzene su!f@nate {ABS)

surfactants in the 1.5, ang B} vemcai concentration profiles of linear {LAB} and

Verdes Shelf {aﬁ:er Eganhmuse et al. }

. ~highly branched [TAB) aﬁ‘kyabenzenes in sed:ments from Statzon 3C on'the Paios
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"E‘abﬁe % .

Linear atkylbenzene concentrations in ﬁnai effluent from the Los Angeles County Joint Water Poliution Contro§ Plant {JW/PCP},
South Essex Sewage District {SESD; Salem, MA), and the Fox Pomt cOmbmed Sewer Overflow {FPCSO; Boston Harbor, MA}L

Concentration -
Date (ug/liter) (pefdry g)
JTWPCP? 1479 108 614
2/79 242 1220
3779 98.0 612
4179 140 686 |
5/79 78.4 an-
679 302 1340
79 114 . 504
8779 142 651
919 155 728
10479 - . 812 484
12,79 149 931
" SESDY : 2/17/86 5.30 nd®.
) - 2/18/86 5.24 nd
2/26/86 9.68 nd
3/11/86 . 6.29 “nd. ’ o
3/18786 - 8.20 nd - e
3/25/86 11.8 nd ; : .
4/01/86 6.38. nd
FPesgt - 3/16/88 0.09 4.4
. 401788 ©0.22 106
i 4/13/88 0.16 8.7
T 7/12/88 085 - 15.9
o C 7]20{88. 2.26 55:1
“Ct)ncentranons rcportcd by volume dre for dissolved + particulate samples Concentrations reported as dry solids-assume that 100% of LABs are
associated with suspended solids. Datx from Eganhouse et af, (1983a)
Concentratlons reported on 4 volume basis are for dlssolved + pamculate samples. Data from Eganhouse (1 986!))
“ nd=not detemined :
dConoen:ranons based on particles isolated by flltranon through GF/C filtess. Data from Eganhouse and Sherblom (1990)

Conclusions

The long-chain alkylbenzenes
and fecal sterols are molecular
indicators of mumclpal wastes.

These compounds may allow ~ contributions made by different

us to: 1) track waste effluent- wastewater discharges to the
particles in the water column, 2) | environment. The extent to which
age-date recent versus historical these compounds can be exploited
effluents, 3) establish geochro- for these purposes will depend on
nonot amenable to other types of their survivability in the marine

dating, and 4) differentiate environment.




Tabhle 2.

The ratio of linear alkylbenzerie {LAB) to copro

stanol in final effiiient samples from the Los Angeles County.!oint Water Poliution
Control Plant LIWPCP}; the South Essex Sewagée District {SESD},-and sediments collected near the marine cutfalls [Palos Verdes
Shelf and Salem Harbor, respectively}. The mean and standard deviation {in parenthesesj are given for the ratios.

Effluent Sediments .
Date _ LAB/copros Depth/Sto. LAB/copros
JWPCP yie - 0 0-2cm 1.12
2779 106 24 cm C2.04
37 1.02 46em - 1.18
4/79 0.73 . 6-8 cm nd?
5/79 -0:23 8-10cm 0.85
6179 0.76 16-i2 om - 114
7479 . © 040 12-14em . . _125
8f79 - 074 ' mean 1.26 (0.40) -
9779 0.66 ‘
10779 - 0.88
12/7¢ . _LO3
. mean .75 (0.263
SESD L1786 0.082 B - 0.182
- 2/18/86 0084 1E 0.105
2/26/86 N AYS| 1D . “(L099
%1186 T 0.088 tean 0.129 (0.046)
L 325486 . 0.167 ‘
411786 0.158
. mean 0.120 (0.04) -
" ‘md=no data
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