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RetrosP8ctive evaiiiatiin iI shireline"ater. .
~U8lilvalingSanla ,lnicaBavbeaches

. ABSTRCT'

S'. . I .'. .'antaM;onicaBay (SMB)beacli~s are the, most
" heavily n,s~jn the.CCuntry, qespite an increased
. .,m'fIi.r %1v"\' qi¡itypotin¡$ Qyer thô ¡as¡severa

years. To assess whetlerw~ter quality problems are '
concentrateq at. a;sIIallnumber of chronicaly afected sites
or whether theprqblems,are\Vidtlydistrbl.tec, \Ve cpm- .

pile,g, fiy~ yeas ofpionitoringdata CClleçted.at 59 sites, 24
of whichaiesampled cllY.Otle.r,l~lya~ailapíe rainfall
and sewage spilmonitoringinfolratian dataw~re'addedto .
this data set to assess whether sewág~ spÜì:S, di-~~äther
runoff, or wet-weather ruoff contrbute the most to
exceedences of water quaity thesholds. Approximately..

13%i.of W.e, sp.oreline mile~dâys alongIIonitored beaches in
5MB exce~,q~.th_eState.of.Califoriiiads beach water, '
quaity sutdRd~,~urllg the.fiye~Year studype,riod. Mostof
the~ater qualitY excee.deíiêes occurrCd near urban runoff
drains eventhoughäreasaffected by drainSI'eprešentonly
a small wi;pnof tpe.total sb.Qreline. Althqugh storms ,are
relati.ve.ly.. Imrequent,n southemCaliforna thé exte. n. t of.. '.' " . c, ','. "':'. _... " '".' ;'.. _ . . :::" '.',. :~.,: -'--..".. : . .
water qualitY exceedeIlce~re,;niiting from storm water
runoff was similar to the extent of waterqüality .
exceedentes found durng dry . weather. Sewage spils,
while pqteiitiallymare se,riQJ,sbecause they lead ,to beach .'.

closures rather than to the more limited posting of warng
signs, represented leSs than 0.1%i0fthe shorelinemile-'days
that e;xceeedwåterqnalitythresholds. Durngdry-
weather conditions, most of the water quality problems

. occurred near five of the largest drains and at two,beach
areas tnat have unique physicalc:haracteristics ,which
limited mixing, dispersion, and dilution. Durngwet-weather
conditions, waterq1.ity problemS were more widespread.

IYalè SchbolöJFòrestryand EA'vironinental Studies. i:. .
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INTRODUCTION

Santa Monica Bay (SMB) beaches are the most widely
used in the countr , with theit50 millon aiímiabechgoers
exceeding'that of beaches in-any other statëin.thenation

(Schiffetal.2oo1). Alniostamillon swimfers'visitSMB
beaches on a typicalsûier weekend (SMBRP ì994), a
level of iisagêtht geiiêiates tremendous econoricrev-
enue. Toursmcontrbuted$7 Jbilion to the Los Angeles
C0uìtyeCIlOfuy lâSt yea, with beëhvisitåtion being the
secòndmostpopularto~rist activity:..

'Despite the'importnce of 5MBbeaches. çls anattiral
ård economic resource,' the number of beach Closures' and

water quality. warIig8'has iiicreased.òver the last several
years (Califoria State'Water Resources Control Board ., ", -..' ."
personal ~irmninication). . Considerable focus has been
placed on dry.:weather tiban ruoff as one of the.reasons
for the increase in'beachwarruhgs, largely in .responseJô an
epidemiology study demonstrating irtcreased health risk
from swimmng near urban ruoff outlets (Haile et ät.
199~). This awareiiesshasbeen~eightened by the ruoff-
related 'Closure ofriearby Huntington Beàèh for the sÚrImer
of 1999; Beach warrtgs,however, also result from wet~
weather runoff, sewage spils;. septicsystemfaihires, and
locizedconcentr~tions of anmal activltý(e.g. ,birds,
liprs~s, etc;J. Id.entl;ng the relativycontribütion to beach
water qtialityexceedences of eachofthes'esburces is an
importt first step in understading aidrharagiiig'beåch
water quaity problems.

The 5MBbéaches are among the most comprehen-
sively monitored for bacterialwatei quaityinthe nation,

with more than onè-thrdof the samplinglüCtionsQeing
monitored daly. Ths wealth ofdatå prbvides an unparal':
leled opportuhtytocharacterize the ~atureofwatetCJuality
issues. In ths paper ,we compile the eXisting monitoring
data from 5MB for the last five yearS to assess whether
most of the water quality exceedences are concentrated at
à small"i:umber ofchlonicaly afected sites br whether
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these exceedences are more widely distributed. We also
combine the results of ths study with other locly available
rainfall and sewage spil data to assess, whether sewage
spils, dry-weather ruoff, or wet-weatherruóff contrbute
the most to exceedences of water quality' thresholds.

~ .

METHODS

Fift-nine sites withn Santa Monica Bay are routinely
sampled for bacterial water quaity. Twenty-two of these
sites are located 50 m upcoast or downcoast from urban
ruoff loctions, 6 sites are locted along rocky shoreline,

27 sites are located on open beaches away from known
sources, and 4 sites are located along other shoreline types

sUch as dfcks and restricted access areas.. Tota coliforms,
fecacolitorms,artd enterococci ate measured ateach site.
Twenty-four sites are measured daily for tota cöliforms, 20
sitesfor.fecacoliforms (orE. coli),anØ n. 0 sit,e.s for
enterococcus; the remaining. sites aretypicaly measured
weekly. Our study focused on thefive,Yea period be-

tween Januar 1, 1995,ard Decmber 31~i999, and
included 112,295 data points (fable 1).

Rainfall dam collectep by the National Weather Servce
at Los Angeles International ,Aitport were, iisedto segre-
gate sarples into wet-weather and dry-weather categpries.
Wet'wy,athe,r days w~re defined as any day within 72h of a
rainfall. event of ~ inch Qr more,. Sewage spil dam were
obtaned from the Los Angeles Regional Water Quality
Control)30Rrdand inclll~ed the loction of thespi1l, the
volume of the spil, the volume of the spil recovereq, and
whether tlie spil reached receiving waters. For the pur-

poses of this stuqy, we used the YQlume of~pill that was not.
recver~ as the volume of. the spil dischargtd (if the spil
was determined tQ have reaclie,d receiving waters). Based
upon the loction of the spil, shoreline monitoring station(s)
were designated as potentially afected by each of the spil

events. Tpere "Yere 17 sewage
spils that reachedSN1 durng the
study period, potentially afecting
16 shoreline monitoring sites.

Our analysis focused on
estimating' the number of shoreline
mile-:days that exceeded water
quality ilesholdsanddierentiat-
ing what percent ofthese
exçeedences were.attributable to
dry-weatp.er runoff, "Yet-weather
runoff,andsewa;ge spils, as well
as what. percent ocsurred on open
beaches compared to areas. near
storm drains. . To accmplish these

goals, we assigned a shoreline distace of 200 m as the
area afected by each water quality excursion, based upon
the findings of Haile et aL (1999).. The timeperipØ,as-
signed to each wâter quaity excursion. wasdefinéli lis the
time until the next sample of that indicator type was col-
lectedattht site. This 

typicaly represented 24 hfor tota

and fecal coliform since these indicators were collected.
daily at sites with a high incidence of exceeences, and 7 d
for enterococci, which are measured weekly.

Water quality exceedences were defined using the'State
of Caiforna Heath Deparment thsholds for single
sample results: (1) tota coliform;: 10,000 organsms per
100 II; (2) fec coliforms;: 40 organsms per 100 II;

(3) enterococcus;: 104 organsms per 100 mL; or (4) tota
coliform per fec coliform .c 10, when tota coliforms are

greater than 1,000 organsms per 100 mL. To assess .'...:,......'

whether larger magnitude water quality exceedences häclâ
different spatial or temporal. distrbution, we also repeat~\.
the analysis using higher thesholds. The higher théshóldš
ensured that the observed exceedencè of the State tbrešh-
oÎd could not have resulted from natural laboratory mea-
surementvarabilty (McGee et at. 1999) and are as
follows: (l)totalcoliorm;: 21,875 organsms per 100 mL;
(2)fe6al cöliform;: 875 organSms per 100 mL; and(3)
enterococcus;: 228 organsmS per 100 mL.

RESULTS

Approximately 13% of the shoreline mile-days inSMB d
eXceeded ~ater. qu:ity thesholds durng the five-year .
study period., Fifty~three percent of these theshold .' " '

exceedeIices.occurred near störm drains (Figure 1). Fort
percent of the shoreline mile-day ex.ceedences occurred on
sandy beaches. 'Rocky and other types of shorelineac-
counted for the remaining 8% of the shoreline mile-days
that exceeded watèr quality thresholds.

T ABLE 1. Summary of sampling effort by stratum and indicator in Santa Monica Bay
from January 1995 to December 1999. ,

Stratum Dry or Wet

Beach
BÌ3ach
Dock'
Dock
Rock
Rock
Storm Drain
Storm Drain

Total Wet
T otalDry

Total

Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry

Enterococcus Fecal C.oljforms Total Coliforms Total

875 . . 1,419 1,538 3,832
6,153 9,996 11,485 27,6~4

197 355 489 1,041
1,075 2,207 3,649 6,93,1

312 238 854 1,404'
1,922 1,390 'e¡,952 .10,264.,c

759 . 3,241 3,241 7,241
5,693 24,126 24,129 .53,948

2,143 5253 6,122 13,518;
14,843 37,719 46,215 98,777

16,986 42,972 52,337 112~295

"".~ !;:
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. ÆtMgst,ptJ;aer~~t~r gmiity,~)Cceeences. were attbutable., - DISCOSSION.
toenterocqcchGfable 2)JExceedences':of,the enterococcus The extent of water quality exceedences we observed
threshol~;óccüÌTedaFappròXiIIately twice the frequency of in 5MB was almost trple that found in a recent study of
f~ c9)iI(jria~9Jiv:~ times the ftequency of the toW regional bech water qualitY throughout southern Californa
coliform thresholds. Regardless of which indicator and (Noble et al. 2000). Some of this disparty results becuse
threshold were selected, the most frequent water quality our study included sampling durng wet-weather conditions,
exceedences.occurred near storm drains.. while Noble et al. (2000) was limited to the sumer dr

, Although rainstorms are relativelyinfrequènt in southern period. However, some of the difference may also be
Cáiiforna,theextent of water quality exceeences in attbutable to the higher density of stopii drains in 5MB
periods immedately following rainstorms was similar to relative to the rest of southem Californa. In this study, as
those duririg dry weather conditions (fable 2). Only one- well as in Noble et al. (2000), areas near storm drains were

quarter of the samples were collected during wet weather, found to have a disproportonately higher incidence of
but approximately half of the enterococcus and fecal
coliform shoreline mile-day exceeences, as well as two-
thirds of the tota:fecal coliform exceedences and tota
coliform tl¿eedeils, occured during wet-weather..". .'
Sewage spills reaching the beach were relatively rare ard
accounted for less than 0.1 % of the shoreline mile-days that
exceeded Water quality thresholds.

Five dráin systems (Malibu Creek, såíta MoniCa'Pier, ;:

Santa Monica Cayon, Pico-Kenter, and Topanga Point)
acÇQ,unted for over half of the drain-related shoreìinefuile-'

clay exceydences durng dry-weather conditions (Table3).
Bacterial contanation was more evenly distributed among
storm drains during wet-weather conditions, with tlie sane
drns comprising only 36% of the shoreline mile-day
eXCeeences(fable 3). Similarly, the top five mostêgn-
tarnated beach sites (three in Marna del Rey and two in
Malibu) accounted for 48% 0fall bech ,water quaity,.;
exceedences durng dry-weather conditions and 34% of all
bèãbh'W~tè¡'qtiá.ity'èx.ceedences 'dtiril1giwet-weathet"'...:
cbnditidiîš' (Tablt;4)J'¡

Dürìigâr-wèâiler 'ooriditións;the fteqüenëy of large':';
magntidfhïVaterquality exceedehcesatstöridrainswas
nearly dóuble that
of open b~~ch~s

(Figure 2); ,,,
Similady inwet-

weather coi~di-,
tions, drains had a
greáter frequency
of. large-magntude
exceêdences than
openbeaches;'but
not nearlY'to the

extèntfouid
durng dr':
,weathercondi-
tions.

FIGURE 1. Proportion of water quality excursions by
stratum and indicator in Santa Monica Bay between
Jan'uary 1995 and December 1999.
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TABLE 2: Number and percent of shoreline mile-days (SMD) that exceeded water quality thresholds
in Santa Monica Bay by stratum, rainfall (dry or wet), and indicator between;Janüái''1995 and

': I l)cèmber''1 9991 ..Indicators Included enterococcus (Erit), fecal coliforms (FC), totalcoliforms (TC),
.total to fecal coliforms ratio (TC:FC), or any ofthe four indicators. (Any).

, Dry

or Wet
Any

Strata
Bèach;
Beach
Other
Other
Rock
Rock
Storm

Drain
Storm

Drain
Spils

SMD
'428.6
179.1
,65.7
27.0
15.4
11.0

564.2

%
27.9
11.6
4.3
1.8
1.0
0.7

3.6.7

Dry
Wet
Dry
Wet
Dry
Wet
Dry

Wet' 246.7' 16.0

0.7 0.1

Total 1,537.6 100.0
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Ent

SMD
241.9
207.3
41.4
34.3
13.2
12.0

322.7

%
21.4
18.4
3.7
3.0
1.2
1.1

28.6

254.3 22.5

0.7 0.1

1,127.8 . 100.0

FC TC TC:FC

SMD
161.6
105.9
20.8
18.3

1.0
4.2

220.9

%
24.5
16.1
3.2
2.8
0.2
0.6

33.5

SMD
16.3
60.8

2;3
14.0
0.7
0.8

55.3

Site
7.3

27.2
1.0
6.3
0.3
0.4

24.7

SMD
113.5
84.9
17.8
13.4
0.3
0.9

133..0

%
24.5
18.3
3.8
2.9
0.1
0.2

28.7

125.5 19.1 69.5 31.1 96.3 20.7

0.5 0.1 0.4 0.2 0.4 0.1

658.7 100.0 223.7 100.0 464.1 100.0
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TABLE 3. Percent of shoreline mile-days (SMD)
that exceeded water quality thresholds during
wet anddryweather between January 1995 and
December 19,99 for each of the monitored storm
dråins in Santa Monica Bay.

P~rcent SMD

"~;~.' '" ~ ¡ :-.; i.: , .'
"SurfricJal':Be?c;p.i:,Malibu Greek
Santa Monica'Pier . .
Santa Monica Canyon
, Pico-Kenter
Topanga Point
Redondo Beach Pier
Ashland (City)
Pulga Canyon
Ballona Creek
A~la.nd (Health Dept.).
M'libu Poi,nt ,., .... .

Culver Blvd.
Wilshire Blvd.

Strand St.
Brooks Ave.
Windward
Imperial Highway
Ave. 1

Temescal
HennosaBeach Pier
Montana AV~~ .,
Herondo St.

,Wet. ... .
)3.3 14.~.
6.2 10.9
6.1 10.1
8.1 8.7
6.2 7.4
3.5 5.2
5.3 5.0
5.6 3.8
7.0 3.8
3.6 3.6
.S' '3.6 .,:
6.0 3.6
3.0 3.3
3.9 2.7
4.2 2.7
4.5 2.2
3.2 1.9
2~9 1.8
2.8 1.8
2.8 1.5
3.3 1.4
1.8 0.7

100.0

bacterial c?ntanationthan other shoreline areas. The
5MB is oneofthern?st,extensivelydevelope regions in
southern Cáliforna;wÍthmoreth 5 ,00 miles of storm
drain infrastrcture in ~s Angeles County and more than
200 documented drains dischaging,to the ocan (SMBRP
1994). The watershed is nealy 50% developed and con-
tans 25% impervious suràce (Wong etal. 199).

Similar to Nople et al. (2000), we found that a high

percentage ofthe contanation, parkularly higher.magn,-
tude concentrations, was focused ona small subset ofthe
tota shoreline. For Nobleetal. (2000),thatsubsetwas
primaily limited to storm drns. In our study, we found at
least several open beach sites in which the chronic natue
of the problem was as severe as at the wOTst drain sites..
However, the chronic beach sites appear toreflect special
"circÜtstaèes related to thê unquephysiêaÌ"characteristics

; of the. sit~s., 'Two sites are located i ,000 m or more from
Malibu Creek, a known âIea of heavy contanation. Dye
studies have shown that urban runoff from that creek
recives minimal diution and does not disperse readily
before reaching the affected beach stations (SCCWR,
unpublished data). three of the beach stations are located
in Marina del Rey , a man-made marne lagoon system that
receives limited mixing. It is unclear whether these

. ~ -. '- .~.~ ;'~,~ "u~"

. 't_, . ')
TABLE 4. Percent of shòreline mile-days (SMD)"thaf~xcèéded
water quality thresholds during wet and dry weather between
January 1995 and December 1999 for each of the inonitored
beaches in Santa Monica Bay. t,:;'

Percent SMD

~u.r:riclerBe.ach¡ Malibu (City)
Malibu Pier .' ¡' . ...
Marina dèl ReyLifÉlguard Tower (City)
Marina del Rey"Beach
Marina del Rey Lifeguard Tower (County Health)
Big Ropk Beach. .
LasFIÓÍes Beach
paradise.Cove , . .
Malibu Beach (County Health).
Bel Air Bay Club
Pacific Palisades
Topaz Street
Topsail Strel9t
San Vincente Blvd.
Tranca.$;Beach
Corral Beach
OPPo.s!te Hyperion Plant
Westwiird Beach
World Way
Grand Avenue
Venice Pier ..
Broad Beach
2ßth Street
Cabrilo Beach
Leo Carrilo Beach
Manhattan Pier

Manhattan Beach

~ ~
~.~. L:l¡lJ,1
5.6' 1O.O~
9~2 .. gX'
6.2 9;2
5.3 8.2
4.6 6.0i

. 5.0 '.5:Ò'f

:J ,..,./,.~:lf~
3.6 3.3.'
3.4 2.8
2.4 2A
4.7 2.4
4.7 2.3
2~à ,2:2;l
1.a .4:1l
.2.0 1.9
2:6;1:81'
3.2 1.7
2.6 1.6
2.0 1.3'
2.6 ".1;3f
1.0 1.2
1.7 1.1
3.3 1.0
2.2 0.9
1.5 0.5

Totai 100.0 100.

beaches receive contanation primarly as ruoff from th.e,
heavily urbanzed areas that drain into the lagoon system, as
spilage from the large concentration of nearby boats, or
from the large nuiber of birds that frequentthe~area.
Unlike the open shoreline sites, however, there is limited
flushing to dilute and dis~rse,*e bacterialinputs.

The infuence of storm drains ,may have beenunderesti..
mated in our analysis, Ths.is mostly because the saipling,
sites werè loeated50m from stórmdrains and any runoff:: .
related impact may have occured at less than 50 m.
Conversely, the importce of storm drains may have ben
overestimated because: ,( 1) an equal distace weighting, was
applied to each site; and (2) the. open beach sites curently
monitored represent only a small fraction of the tota beach
area. In contrast, the majority of shoreline nea large stori
drains is already monitored. ,To assess the importce of,
this assumption, we repeated our aialysis, but treated the
entire distace between two adjacent monitoring sites as .
contanated if they both exceeded water quality stadards.
However, ths varation did Ilot change our conclusion as
most of the adjacent pairs of contanated sites were
located iIl the vicinity of storm drains. Làstly, we may have

Retrospective evaluation of shoreline water quality 251
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FIGURE 2. Magnitude of water quality exceedence by density
of indicator bacteria at storm drain and beach strata in Santa. .
Monica Bay during wet and dry weather from Janliary 1995 to
December 1999. High levels correspond to the density at
which bacteria are so concentrated, they exceed water
quality thresholds by more than what is attributable to
laboratory variabilty.
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overestimated exceedences by assuming that enterococcus
samples, which are sampled weekly by the Deparent of
Health Services, were representative of an entire week.
Examination of daily data indicates that exceedencesof
enterococcus thesholds, which occur more frequently, do
not appear to last much longer than exceedences of tota or
fecal coliform thresholds (Lecaster and Weisberg, 2001).

As importt as it is to identify chronicproblemsites, it
is equally importt to identi those loctions and conta-
nation types that were not the principal sources of concern.
For example, several beaches (including Paradise Cove and
Corral Beach) had a low frequency of water quality
exceedences despite the presence of septic tans in the

area. Similarly, sewage spils accounted for a very small
percentage of water quality exceedences. However, the
importce of the sewage spils should not be discOunted

becuse the County Health Deparent typicaly closes the
beach when a sewage spil occurs, whereas it only posts
waring signs when the source is thought to originate from
other urbaninfueIices.

252 Retrospective evaluation of shoreline water quality
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ABSTRACT

Santa Monica Bay (SMB) beaches are the most heavily used in the countr, despite an increased number
ofwa1Fr quality po stings over the last several years. To assess whether water quality problems are
concelitrated at a small number of chronically affected sites or whether the problems are widely
distributed, we compiled five years of monitoring data collected at 59 sites, 24 of which are sampled
daily. Other locally available rainall and sewage spil monitoring information data were added to this
data set to assess whether sewage spils, dr-weather runoff, or wet-weather runoff contribute the most to
exceedences of water quality thresholds. Approximately 13% ofthe shoreline mile-days along monitored
beaches in 5MB exceeded the State of California's beach water quality standards during the five-year
study period. Most of the water quality exceedences occurred near urban runoff drains even though areas
affected by drains represent only a small portion of the total shoreline. Although storms are relatively
infrequent in southern California, the extent of water quality exceedences resulting from storm water
runoff was similar to the extent of water quality exceedences found during dry weather. Sewage spils,
while potentially more serious because they lead to beach closures rather than to the more limited posting
of waring signs, represented less than 0.1 % of the shoreline mile-days that exceeded water quality
thresholds. During dry weather conditions, most of the water quality problems occurred near five of the
largest drains and attwo beach areas that have unique physical characteristics, which limited mixing,
dispersion, and dilution. During wet-weather conditìons, water quality problems were more widespread.
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