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netrnsnectwe evaluatlon oI slmrelme water
llllalllv alnng Santa Mnmea Bav beacnes

. anta Monlca Bay (SMB) beaches are the most
W\ heavily. used in the country, desprte an increased -
¥ number of water qualrty postings over the last: several
years _To assess whether ‘water quality problems are

concentrated ata: small number of chromcally affected sites -

or whether the problems are. wrdely drstrrbuted we.com-
piled five years of monitoring data collected at 59 sites, 24
of whrch are sampled daily. Other locally avarlable rarnfall v

and sewage spill momtonng mformatron data were added to :

this data set to assess whether sewage sprlls dry-weather
runoff, or wet-weather runoff contribute the mostto "~
exceedences of water quality thresholds. Approximately - -
13% of the shorehne mlle-days along monitored beaches in
SMB exceeded the State of California’s beach water .
quality standards durmg the ﬁve-year study penod Most’ of
the water quahty exceedences occurred near urban runoff
drams even though areas affected by drarns represent only
a small portron of the total shorehne Although storms are
' relatrvely 1nfrequent 1n southem Cahforma, the extent of
water quality exceedences resultlng from storm water
runoff was similar to the extent of water quality -
- exceedences found during dry weather.  Sewage SplllS
while potentially more serious because they lead to beach -

: srgns 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 at two-beach
areas that have unique physical characteristics, which
.~ limited mixing, dispersion, and dilution. During wet-weather
, condltl_ons water quality problems were more widespread.-
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‘Santa Monica Bay (SMB) beaches are the most wrdely

used in the- country, with their 50 million annual beachgoers -

exceeding that of beaches in'any other state in the nation -
(Schiff et al. 2001) Almost a million swimmers visit SMB

" beaclies on a typical summer weekend (SMBRP 1994), a

level of usage that generates tremendous economic rev-

‘enue. Tourism contributed $7:1 billion to the Los Angeles =

County economy last year, with beach vrsrtatron berng the
second most popular tourist activity. -
Desplte the importance of SMB beaches as a natural

~ and economic Tesource; the number of beach closures'and

water quality warnings has increased-over the last several
years (Callforma State Water Resources Control Board,
personal commumcatron) Considerable focus has been
placed on dry- weather urban runoff as one of the reasons
for the increase in beach warnings, largely in response to an

- epidemiology study demonstrating increased health rrsk

from swimming near urban runoff outlets (Haile ez al.
1999). This awareness has been heightened by the runoff-
related closure of riearby Huntington Beach for the surhmer
of 1999. Beach warnings, however, also result from wet- .
weather runoff, sewage spills, septic system failures, and
localized concentrations of animal activity (e.g., ‘birds,

closures rather than to the more limited posting of warning . horses, etc.).. Identlfyrng the relative contrrbutron to beach

water quality exceedences of each of these sources is an

- important first step:in understanding and managlng beach

water quality problems
The SMB beaches are among the most comprehen—
swely monltored for bacterial water quality in the nation,

with more than oné-third of the sampling locations being
‘monitored daily. Thrs wealth of data provides an unparal- -

leled opportunity to characterize the nature of water quality
issues. In this paper we comprle the existing monitoring
data from SMB for the last five years to assess whether

- most of the water quality exceedences are concentrated at

a small number of chronlcally affected sites or whether



‘tween January 1, 1995, .and December 31,1999, and

-16 shoreline monitoring sites.

these exceedences are more widely distributed. We also

- combine the results of this study with other locally available
rainfall and sewage spill data to assess whether sewage

spills, dry-weather runoff, or wet-weather runoff contribute :
the most to exceedences of water quality thresholds.

METHODS N
Fifty-nine sites within Santa Monica Bay are routinely
sampled for bacterial water quality. Twenty-two of these

sites are located 50 m upcoast or downcoast from urban

runoff locations, 6 sites are located 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 drcks and restricted access areas. Total coliforms,

“fecal coliforms, and enterococci are vmeasured at-each site.

Twenty-four sites are measured.daily for total cohforrns, 20

sites-for fecal coliforms (or E. coli), and no sites for

enterococcus; the remaining sites are typ1cally measured.
weekly. Our study focused on the. five~year period be-

included 112,295 data points (Table 1) .

- Rainfall data collected by.the National Weather Serv1ce
at Los Angeles International Airport were used to segre-
gate samples into wet-weather and dry- weather categories.
Wet-weather days were defined as any day within 72'h of a

‘rainfall event of % inch or more. Sewage spill data were

obtained from the Los Angeles Regional Water Quality
Control Board and included the location of the spill, the
volume of the spill, the volume of the spill recovered, and.

- whether the spill reached receiving waters.- For the put-

poses of this study, we used the volume of spill that was not
recovered as the volume of the spill discharged (if the sp111
was determmed to have reached receiving waters). Based
upon the location of the spill, shorehne monitoring station(s) .

- were designated as potentially affected by each of the splll

events. There were 17 sewage -
spills that reached SMB during the
study period, potentlally affecting. -
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goals, we assigned a shoreline distance of 200 m as the :
area affected by each water quality excursion, based upon -

the findings of Haile et al. (1999) The time period ; as-

signed to each water quahty excursion was: deﬁned as the
time until the next sample of that indicator type was col-
lected at the site. This typlcally represented 24 h for total
and fecal coliform since these indicators were collected -
daily at sites with a high incidence of exceedences, and 7d
for enterococci, which are measured weekly. v '

Water quality exceedences were defined using the State
of California Health Department thresholds for single
sample results: (1) total coliform > 10,000 organisms per
100 mL; (2) fecal coliforms > 400 organisms per 100 mL;

(3) enterococcus > 104 organisms per 100 mL; or (4) total
coliform per fecal coliform < 10, when total coliforms are -
greater than 1,000 organisms per 100 mL. To assess .
whether larger magnitude water quality exceedences had a .
different spatial or temporal distribution, we also repeated
the: analysis using higher thresholds. The higher thresholds™
ensured that the observed exceedence of the State thresh- -

- old could not have resulted from natural laboratory mea-

surement variability (McGee ez al. 1999) and are as
follows: (1) total coliform-> 21,875 orgamsms per 100 mL
(2) fecal coliform> 875 organisms per 100 mL; and (3)
enterococcus > 228 orgamsms per 100 mL :
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Apprommately 13% of the shoreline rmle—days in SMB __: _

 exceeded water quality thresholds during the five-year =
_ study period. F1fty-three percent of these threshold ‘
exceedences occurred near storm drains (Flgure 1). Forty '

percent of the shoteline mile-day exceedences occurred on
sandy beaches. Rocky and other types of shoreline ac-
counted for the remaining 8% of the shorehne rmle—days
that exceeded water quahty thresholds

TABLE 1. Summary of sampling effort by stratum and mdlcator in Santa Momca Bay '
from January 1995 to December 1999. . , iy

Our analysis focused on < | Stratum - Dry o Wet Enterococ_:cus “Fecal Coliforms ~ Total Coliforms Total | -
estimating the number of shoreline | — — — ——— — |
mile-days that exceeded water Beach™ Wt - 875 C1419 1,638 3,832 |

y “‘Beach ~ - : Dry 6,153 . 19,996 .~11,485 27 634:' .
- quahty threShOldS and dlfferentlat" . . Dock: . Wet . 197 355 - 489 . 1,041 | :
ing what percent. of these . Dock Dry 1,076 2,207 - 3,649 : (13231 T
“Rock Wet 312 ¢ : 238 - 854 : 4
exceedences were attrlbutable to | Rock - Dry 1022 . 1,390 6,952 10264 |
dry-weather runoff, wet-weather | siom Drain = -~ . Wet 759 © 3.241 3.241 7,24
runoff and sewage spﬂls as well ' Storm Drain . Dry 5,693 24,126 24,129 53,948
as W‘hat.PerCf?m occurred on open | 7ot 2,143 5253 6122 . - 13518 -
beaches compared to areas near - | Total Dry. 14,843 37,719 46,215 98,777
ins. mplis — : o
storm dralns ) Toacco 'P _1 h t'hese . Total 16,986 42,972 52,337 ©112,295.
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threshold ‘Occurred at-approximately twice the frequency of
fecal oollform and five times the fréquéncy of the total -
cohform thresholds. Regardless of which indicator and
threshold were selected, the most frequent water quality
exceedences occurred near storm drains. ‘

+ Although rainstorms are relatively infrequent in southern
Cahforma the extent of water quality exceedences in
periods 1mmed1ately following rainstorms was similar to
those durmg dry weather conditions (Table 2). Only one-
quarter of the samples were collected during wet weather,
but approximately half of the enterococcus and fecal -
coliform shoreline mile-day exceedences, as well as two- -
thirds of the total:fecal coliform exceedences and total
coliform exceederfces, occurred during wet-weather.’
Sewage spills reaching the beach were relatively rare and
accounted for less than 0.1% of the shoreline nule-days that
exceeded water quality thresholds.

Five dram systems (Malibu Creek, Santa Momca Pler,.
Santa Monica Canyon, Pico-Kenter, and Topanga Pomt)
accounted for over half of the drain-related shoreline mlle-
day exceedences during dry-weather conditions (Table 3). .
Bacterial contamination was more evenly distributed among
storm drains during wet-weather conditions, with the same
drains comprising only 36% of the shoreline mile-day
exceedences (Table 3). Similarly, the top five most ¢on-
taminated beach sites (three in Marina del Rey and two in
Malibu)-accounted for 48% of all beach-water quality -~
exceedences during dry-weather conditions and 34% of all
beach water quality: exceedences dunng wet—weather S
cond1110ns (Table 4

magnitude’ water quahty exceedences at storm drams was"
nearly ‘double that
of open beaches
(Figure 2).°
Similarly in wet-
weather condi-
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ater quallty exceedences were attributable..
to: enterococc1,(T “able 2).- Exceedences:of the enterococcus -

( “

The extent of water quality exceedences we observed
in SMB was almost triple that found in a recent study of
regional beach water quality throughout southern California

“(Noble ez al. 2000). Some of this disparity results because -

our study included sampling during wet-weather conditions,
while Noble ez al. (2000) was limited to the summer dry
period. However, some of the difference may also be
attributable to the higher density of storm drains in SMB
relative to the rest of southern California. In this study, as
well as in Noble et al. (2000), areas near storm drains were-
found to have a disproportionately higher incidence of

FIGURE 1. Proportion of water quality excursions by
stratum and indicator in Santa Monica Bay between
January 1995 and December 1999.
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TABLE 2. Number and percent of shoreline mlle-days (SMD) that exceeded water quality thresholds
~'in'Santa Monica Bay by stratum, rainfall (dry or wet), and indicator between’January 1995 and
:!December’ 1999; Indicators included enterococcus (Ent), fecal coliforms (FC), total coliforms (TC),
fotal to fecal coliforms ratio (TC:FC), or any of the four indicators (Any). .

tions, drains had a Dry- Any Ent ‘. UFC TC TCFC
-_orWet : . . .
gredter f_r‘?quffn‘?y Strata” SO % SO % _SWD__ % SMD_Site SVD__ %
of large-magnitude Beach' Dry 4286 279 2419 214 1616 245 163 7.3 1135 24.5
exceedences than . Beach Wet 179.1 11.6 .207.3 © 184 1059 161 60.8 272 - 849 183"
beaches but | Oter- Dry 657 43 M4 37 208 32 23 . 10 178 38
open beaches, bul Other  Wet 270 18 343 30 183 28 140 63 - 134 29
not nearlyto the Rock - Dry 154 1.0 132 12 1.0 02 07 03 - 03 01
' g Rock  Wet © 110 .07 20 11 42 . 06 08 04 09 02
extent found Storm Dry 5642 367 . 3227 286 2209 335 553 247 _ 1330 287
during dry- Drain = =~ _ : :
weather condi-- Storm* Wet 2467 160 2543 225 1255  19.1 695 31.1 9.3 207
thI‘lS : ; Drain o ; L : : .
Spils - , 07 . 01 07 04 05 0.1 04 02 04 0.1
Total 15376 1000 ~ 1,127.8 1000 ©  658.7 -100.0 223.7 1000  464.1 100.0
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TABLE 3. Percent of shoreline mile-days (SMD)

- that exceeded water quality thresholds during
wet and dry weather between January 1995 and
December 1999 for each of the monitored storm

~ drains in Santa Monica Bay.

Percent SMD
. oo Wetb. . o Bry .

A,Surfnder Beach ;JMellbu Creek .83 . 143 -
Santa Monica’ Pier 6:2 10.9
Santa Monica Canyon 6.1 10.1
‘Pico-Kenter 8.1 8.7
Topanga Point 6.2 7.4
Redondo Beach Pier 35 52
Ashland (City) 5.3 5.0
, Pulga Canyon 56 3.8
Ballona Creek 7.0 3.8

land (Health Dept) 36 36

M libu Point » 8 36"
Culver Bivd. 6.0 3.6
Wilshire Blvd. 3.0 33
Strand St.- 3.9 27
Brooks Ave. 42 27
Windward 45 2.2
" Imperial nghway 3.2 1.9
Ave.1 .. . 2.9 1.8:
Temescal 2.8 1.8
Hermosa Beach Pier 28" 1.5
Montana Ave 33 1.4
Herondo St - 1.8 - 0.7
Total 100.0 100.0

bacterial contarhination than other shoreline areas. The

SMB is one of the most extensively developed regions in

southern California, with more than 5,000 miles.of storm

drain infrastructure in Los Angeles County and more than

200 documented drains discharging to the ocean (SMBRP

~ 1994). The watershed is nearly 50% developed and con-
tains 25% impervious surface (Wong et al. 1997).

Similar to Noble et al. (2000), we found that a hlgh -
percentage of the contamination, particularly higher magni-
tude concentrations, was focused ona small subset of the -
total shoreline. For Noble et al. (2000), that subset was
primarily limited to storm drains. In our study, we found at
least several open beach sites in which the chronic nature
of the problem was as severe as at the worst drain sites.
However, the chronic.beach sites appear to-reflect spec1a1
circumnstances related to the unique physical-characteristics

‘of the sités.. Two sites are located 1,000 m or more from
Malibu Creek, a known area of heavy contamination. Dye
studies have shown that urban runoff from that creek
receives minimal dilution and does not disperse readily
before reaching the affected beach stations (SCCWRP,
unpublished data). Three of the beach stations are located
in Marina del Rey, 4 man-made marine lagoon system that
‘receives limited mixing. It is unclear whether these
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TABLE 4. Percent of shoreline mile-days (SMD) that éxcéeded
water quality thresholds during wet and dry weather between-
January 1995 and December 1999 for each of the momtored
beaches in Santa Monica Bay. e

' Peroent SMD .
Wet

Surfrider Beach; Malibu (City) .
Malibu Pier

Marina dél Rey Llfeguard Tower (Clty)

Marina del Rey'Beach 6.2

Marina del Rey Lifeguard Tower (County Health) 6.3

Big Rock Beach 46

Las Flores Beach - - 5.0 :

Paradise Cove; . . : 44

Malibu Beach: (County Health) <497

Bel Air Bay Club 3.6

Pacific Palisades 34

Topaz Street 24 - 2.4
Topsail Street 47 4
San Vincerite Blvd. 4.7 3
Trancas:Beach:: . 28 :2:2%
Corral Beach 15.
Opposite Hyperion Plant 20 9l
Westiward Beach’ T2)8 gl
World Way 3.2 1.7+
Grand Avenue 26 1.6
Venice Pier. 2.0 1.3 |
Broad Beach 26 w138
26th Street. . 1.0 1.2 |
Cabrillo Beach 1.7 1.1
Leo Carrillo Beach ‘33 1.0
Manhattan Pier : - 22 0.9 -
Manhattan Beach 1.5 0.5
Total 100.0 100.0° |

beaches receive contamination primarily as runoff from the.-
heavily urbanized areas that drain into the lagoon system, as
spillage from the large concentration of nearby boats, or
from the large number of birds that frequent the area. .
Unlike the open shoreline sites, however, there is limited - .
flushing to dilute and disperse the bacterial inputs. :

~ The influence of storm drains may have been underestl—

- mated in our analysis. This-is mostly because the safmplmgb
‘sites were located 50 m from storm drains and any runoff-.
related impact may have occurred at less than 50 m. =~ .~
Conversely, the importance of storm drains may have been.
overestimated because: (1) an equal distance weighting was
applied to each site; and (2) the open beach sites currently
monitored represent only a small fraction of the total beach
area. In contrast, the majority of shoreline near large storm
drains is already monitored. To assess the importance of - .
this assumption, we repeated our analysis, but treated the.
entire distance between two adjacent monitoring sites as -
contaminated if they both exceeded water quality standards.
However, this variation did not change our ¢onclusion as
most of the adjacent pairs of contaminated sites were
located in the vicinity of storm drains. Lastly, we may have
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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 January 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 variability.

- High Magnitude
C— Low Magnitude

Proportional Exceedence By Stratum
(Shoreline Mile-Days)

overestimated exceedences by assuming that enterococcus
samples, which are sampled weekly by the Department of
Health Services, were representative of an entire week.

- Examination of daily data indicates that exceedences of
enterococcus thresholds, which occur more frequently, do
not appear to last much longer than exceedences of total or
fecal coliform thresholds (Leecaster and Weisberg, 2001).

As important as it is to identify chronic problem sites, it
is equally important to identify those locations and contami-
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 -
exceedenées despite the presence of septic tanks in the
area. Similarly, sewage spills accounted for a very small
percentage of water quality exceedences. However, the
importance of the sewage spills should not be discounted

 because the' County Health Department typically closes the

‘beach when a sewage spill occurs, whereas it only posts
warning signs when the source is thought to originate from
other urban influences.

252 Retrospective evaluation of shoreline water quality
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ABSTRACT

Santa Monica Bay (SMB) beaches are the most heavily used in the country, despite an increased number
of watgr quality postings over the last several years. To assess whether water quality problems are
concehtrated 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 rainfall and sewage spill monitoring information data were added to this
data set to assess whether sewage spills, dry-weather runoff, or wet-weather runoff contribute the most to
exceedences of water quality thresholds. Approximately 13% of the shoreline mile-days along monitored
beaches in SMB 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 spills,
while potentially more serious because they lead to beach closures rather than to the more limited posting
of warning signs, represented less than 0.1% of the shoreline mile-days that exceeded water quality
thresholds. During dryweather conditions, most of the water quality problems occurred near five of the
largest drains and at two beach areas that have unique physical characteristics, which limited mixing,
dispersion, and dilution. During wet-weather conditions, water quality problems were more widespread.
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