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CHAPTER 112

ti5 7

SURFACE WATER MONITORPIC UNDER THE COUNTRY' S
LARGEST MUNKlPAL STORlVIWATER PERMIT

Bill DePoto', P.E., M.ASCE; Mcrt Ramoss, P.E, Tim Smith', P.E

The Los Angetea County Departincnt of Pubhc Works and its predcccssor Flood Control
District have been actively ~ in stormwatcr quality monitoring for many years. As
thc principal permittee of' the ncw Los Angeles County Municipal Stormwater NPDES
Permit. thc Department is undcrlaking one of the most comprehcnsivc water quality
monitoring programs of any municipal stormwatcr prognun in the country The program
features water quality monitoring of stortn and dry weather flows from both mass
enuasion and land-usc specific drainage areas, an illegal connection elimination program,
8 critical source monitoring program, and a receiving waters impact study. The list of
constituents sampled is extensive, induding metals, hydrocarbons, pesticide, solids,
nutrients, semi-volatile organics, and selected minerals.

Thc information cogected from the monitoring program will bc used to track waler
quality status, trends, and loads and identify pollutants of concern; monitor and assess
land usc and walcrshcd pollutant loads.' identify and assess significanl water quality
prob!cms in walcrsheds; identify sources of pogutants in runoff; identify and eliminate
illicit connections and discharges'. evaluate the effectiveness of best management
practicea, and, aSSeSS impaCtS On rCCCiving Waters.

Los Angeles County is onc of the largest governmental jurisdictions m the country At
morc than 10,200 square lun �000 square mila! with a population of over g. 8 migion,
it is larger than two states in size and 42 states in population. Roughly thrcc fourths of
thc land surface drains to the Pacific Ocean,' only thc northeast corner of thc county
drains to the Mojave Desert at the edge of' the Great Basin Thc downlown Los Angeles

'SupervisinSCivil Engineer II, l. h Couniy public works, 900 so rrernoix Ave, hihsmbrs, ch ulsi73
gupervisinaCwa Enguscer1, L h Couniy Public Works,9008o Frernon! Avc, Athiunbrs, CA 91803

area averages about 380 mm �5*! of rrunfall a year, rnosi of ii fal'ling in ihc six monihs
~ October and Apnl Higher ctevatrons in the San Gabriel Mountains can expect
up to l l43 mrn �5"! of'rain a year

Ever smcc ils inception in 1915, lhe Los Angeles County Flood Control District has been
ccneerned with inland surfaCC water quality BeeauSe Of itS mandate lo rcchargc
stormwa cr runolf into underground aquifers, the District has always been concerned
with conventional water quality ~ers hke turbidity and suspended solids ln I 967,
thc District expanded water quality rnoniloring into a regularly scheduled activity ol' dry
weather and wct weather grab sampling. tn 1985, the Los Angeles County Flood
Control District was integrated, along with ihc County's Road and Enginccring
Departments, into thc newly formed Los Angeles County Departmeni of Public Works
Over ihc years, rhc water quality monitoi7ng program has been rcviscd and modified a
nurnbcr ol' limes io suppori inlrnsiruciure nnd uperaliunal needs and nioei reguluiury
requirements

The latest regulatory rcquoemcnts denve from the l 990 and I 996 Municipal Stormwaier
NPDES permits issued by the State Regional Water Quality Comrol Board under lh»
federal Clean Wa er Acl amendmenls ol'1983 Recognrang thai nonpoint source
pollution was al least as inuch a threat lo water quality as point source pollution, thc
amcndrncnts focused on controlling pollutants associated with stormwater and urban
runof Thc regulations apply to urban areas with a population of at least 100,000. Since
thc Department of Public Works is the major owner and operator of the storm drain
system, ii became ihc "principal penniucc " Thc other 85 incorporated cities within the
portion ol'ihc county thai drains io the Pacific Ocean, including the City of Los Angclcs,
became "COpermiliecs "

The total drainage area covered by the stormwatcr perrrut comprises some 7900 square
km �l00 square rrules! and includes tributary area from thrcc adjacent countics  see
map!. The population is distributed on some 2 million parcels served by roughly 4000
kin �500 miles! of storm drains, chaimels, and rivers The permit area also contains
some t 50,000 licensed bu smcsscs

Thc 1990 permit, onc of the first in the nation under the newly revised federal Clean
Water Act, called for the development of a comprchcnsivc monitoring plan, an illegal
connection and discharge elimination program, and implementation of in-stream
monitoring in thrcc distinct phases. The plan that the Department developed departed
from thc historical program already in place, Thc largest departure was in characterizing
runoff quality in terms of the land use of thc drainage area. Under this approach, lhe
Dcpartmcnl would focus on runoff from seven land use lypcs developed from
information compiled by thc Southern Caiiforrua Association of Governments  SCAG!,
namely
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The seven land use types, aggregated according to suttUar imperviousness characteristics,
closely resembled thc types already in use by ihe Dcpartmcnt's peak ratiifalVruiioff
model. In addition, the plan included monitoring "mass emission" runoff from large
drainage areas that have s wide variation of land use types

To begin linpleiucnting the in-stream moidtonng phases of  hc plan, Department staff
manuagy overlaid land usc transparencies over watershed and drain alignment maps lo
identify the bcs  candidates for nonpoint source monitoring. Siting was accomplished by
answering the fo!lowing questions.

Is the chosen land use type predominant and homogeneous  hroughout
the tnbuisry ares7

Are the design Uow i'ate and drain hydraulics known for the tnbutary area
so ths  the drain wiU not flow surcharged in a moderate storm7 Are there
tidal or backwater influences that would a5'ecl Itow rate measurernents7

~ IS there uSually water in the drain duititg Pericds Of iic rain7 If So, what
is Ihe Acw rate7

~ ls the sile near a source of elecincal power7 For underground drains, is
Ihere a nearby manhOI»7

~ Is the site in a relatively safe tteighborhood7

~ Does additional right of way need io bc purchascd7

Once these questions werc answered, and the individual designs and construction peniuts
completed, the instaUation of Phase I stadotls began in the spring of' l994 Phase I
covered aU of the surface drainage arcs tributary to Santa Monica Bay, some I I 00 square
km �14 square miles! Through the land use enaly«s process, the Department chose five
land use sites monitoring a total of 2t5 square km �0 square miles! of drainage arcs, d
our mass eoussion monitoring sites covering 530 square km �09 square miles! of, an

drainage area. Fifty thre» percent of the monitored arcs would be undcvelopcd while the
balance would bc urbanized coastal basin By Jatt 15, f995, aU nine stations were
tnstagcd.

t=i- ~ as a requircmcnt in the 1990 plan was thc estimation of total pogutant Ioadin1~1"dw
to thc ocean. 0 ifig
model that

ocean. The cstumtnon would bc accomplished by the apphcation of a spreadsheet
mod that converts rainfall to runoff via the use of imperviousness values for each of the
s»vcn land usc types. The I3»partmem had been using such impervious values for years
in its peak raistftdVrunoff mod»Ung. We volume of ruttoF derived from rccordcd rainfall
amounts would then be multiplied by an "event mean concentration" for a number of
"poguusnts of'concern" identi6cd in the pcrrmt The result, multiplied by an appropriate
conversion factor, would represent total loading, in pounds per event, dischargin to thco

Event mean corlccntrations would be derived &om flow-weighted compositing of
samples The scope of the program meant that the only feasible method of cogcctutg

U ws was ~ " automated refrigerated samphng equipment The samplers,with 38 liter   I 0 gallon! water cnUection capacity, could bc progranuned in advance to
cover a wide range of storm sizes without requiring onc or morc bottle ch~~ d
a rainfall event. A >maqscs uilnga rainf event. A prcssui» transducer in thc bottom of the storm drain would sense thcdepth of flow once a predetermined triggering level is exceeded. Convening thc depthto a IIow rate for thc drain's «ze and slope, the proce«or would start measuring the
volume of Gow going past the station, After a prcdctertruned volume of Qow cusucd, thc
~ampler would begin its cycle of purge and coUcction. Programming for each station
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would take into account thc size and overall imperviousness of the drainage area so that
runoff tram a storm of I 0 mm � 4"! ramfall would fill onc I 0 liter �- ! /2 gallon! samp!c
bottle in increments of 400 ml aliquots. Similarly, runo F from a storm of 40 mrn < I 6 !
would dove!op 38 liters  ! 0 gal!ons! of sainplo,

Tho 1990 monitoring plan identificd a wide range of constituents to be tcstcd, including
bacteria
general minora!s
biochcmica! oxygen dcrnand
 otal orgatuc carbon
total petroleum hydrocarbons
volatile organic compounds
semi-volatile org uuc compounds

Those consutuents rcquinng short holding times or no  amcnab!c to cornpositing would
be ca!!ected via manual grab samples. If sa o and convenient, open chance!s would bc
sampled E am nearby bridges. Underground drains would have to bc sampled menue!!y
with the automatic Imp!cr's pump already in place.

Finally, the plan called for monitoring five storms per year. Dry weatho sarnphng would
also be conducted every other mon!h. For thc dry weather case, cornpositing would bc
time weighted.

The 1994-95 storm satnpbng season, lhc first under thc ncw stormwater permit plan, was
the last season of the historic sampling program, By thc advent of the nex  storm season,
1995-96, thc Depart i er had idcntif cd and installed cn additional 15 land usc and mass
ciniasion storrnwater moiu oring stations under Phases tl and �  of lhc 1990 NPDES
permit, bringing the total to 24 sites in the permit area.  bose additional stations
monitored runoff in the Los Ange!ca River, San Gabric! River, and Santa Clarita River
watcahtA. All told, the Department was monitoring runoff from l4 land use sites and
t 0 mass emission sites; I I werc open channel and l3 were underground drains. Mass
emission monitoring covered 4240 square km �657 square mgcs!, and land use
monitoring 59 square km �3 square miles!.

Thc need for collecting mcaningf'ul storm grab aunp!ea meant arriving at the sampling
site before thc peak  !ow occurred, any time of day, Thi ~ roquirement introduced a
logistical task of mobiTiz!ng a squad of up to 26 poople into toama, oocb with a dozen
bottles and sample collection paraphernalia. A command and coordination system was
thus sct up to train personne!, assign people to co  oct!on sites, fog ow weather fo~
notify the contract laboratory, and aced out camp!ers in the oven  of rain. Storm cvcnt

ors were able to track weather forecasts and actual rainM in real time through
thc Department's real time remote sensing system, o~ known as ALERT. At the
first sign of sustained rainfa! , thc coordit ator would activate the sampling teams Io fan
out across thc county I o co!Ice  grab samples at tho predetermined locations. By virtue
of the re&igeraled units, compositcd samp!es could be kept at each site until personne!
cauld retrieve tho samples during normal working bours,

An extra mcratonng requircmcnt imposed hy the Regiona! Water Qua!tty Control Board
was a toxics runoff sampling program The program called for sampling runoff from a
municipal cOrpOration yard and two indus ital sites to detCct lhe prCSenCe Of taxies Of
concern as sct forth in EPA's NPDES Stormwater Sampling Guidance Document ln
both the l 994-95 and I 995-95 storm seasons, runoff was samp! cd at the Department's
road maintenance yard in Westchester. In the 1995-96 season,  he program expanded
 o include sampling of storrnwster runof al an auto dismantling site and a heavy
industrial site

As the original stormwalcr permit was drawing to a close in 1995, negotiations began on
the succeeding pcrrnit. The new document issued in !996 varied in a number of ways
Irom its predecessor One ol'the di8erences was s statement of objccuves to be attained
by the rnonitortng program Those objecuves arc lo:

track water quality status, trends, and loads and identify pogutants of
concern,
monitor and assess land usc and watershed pollutant loads,
idemify and assess significant water quality prob!orna in watersheds,
identify sources of pouutants in runoff,
identify and eliminate igici  connections and discharges
evaluate effectivenes of Best Management Practices,
assess impacts on reccivmg wa ers,

Ta achieve ihese goa! s,  hc new perrnil scparaled lhe monitoring program into five basic
elements

Continued land use monitoring
Continued mass emission monitor ing
Canlinued i arm drain inapeC ian
Ncw "critical source" morutanng
New receiving waters study

The permi  further divided lhc 7900 square km � �0 square rrulc! drainage arcs imo six
management areas based on natural watcrshcd boundaries. Those managemen  areas are

Malibu Creek and neighboring rura! watersheds
Ballona Creek and neighboring urban watersheds
Las Angeles River watershed
San Gabriel River watershed
Santa C!ara River watershed
Dcminguez Channel and Los Angeles Harbor watcrshcd

While slarmwaler monitoring under the original permil was designed to collect runo!f
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heavy utdu st<tel
rural residential
utility faciluies
mixed res idenuel

l3y the start of'the l997-98 storm season, two of these four land uses will also be chosen
for monitoring, bnnging thc total to mnc land use monitoring stations
Lastly, in the I <>/6-97 storm season, the perniit requires <lie I>cpa<<ment lo sample iip lo
I 00 "station evcnis " 'I'hat is, lh» number ol sampling stations inuliiplicd by the number
of sampled storms would nol exceed 100 In l997-98 and subsequent years <il' the
permit's duration, the Department woufd sample up to 200 station events

Thc constituents of concern to be monitored under tfie land use program a<e

haenatton of the iime dependent cons itucnls has allowed the Departmen a respite in
responding personnel lo land use stations to collect grab samples dunng storm<

M~a~m~t~in +I <2<u~nng

ln addition to monitonng the <unoff fro<n specific land uses, the Department of Public
Works is also monitoring the major drainage areas near their outfall to the ocean Five
of the mass emission monitoring stations installed under the original f990 permit would
bc retained under the new permit, namely Los Angeles River, San Gabriel River, C oyote
Creek, Ballona Creek, and Mahbu Creek Four of the original mass emission sites would
bc abandoned, while one would bc kept to conbnue the calibrati on of thc S WMM model
begun under the 1990 permit Amounting to some 4200 squarC km   l 654 square rtules!
of'drainage area, the rnorutoring stations would produce information used to calculate
total loading to the ocean

Consutuents tested I' or mass enussions include those under the land use program plus
bacteria, oi! and grease, total phenols, cyanide, and TPH Because these additional
const~tuentS could only be collected by grab, thc storm response cOOrdinating task

aAcr an inilial rainfall of I 0 mm � 4"!, the new perin'it called lor collection ol' runoff
from as little as 6 rnrn � 25"! of rainfall. In addition, a pdol study would bc sel up on
one station to evaluate  he f'casibility of collecting <unoff from a storm of 2 5 min � l "!
rainfall. The basic list of constituents would stay the same, but volatile orgaiuc
compounds would be dropped in favor of the hc*icidcs dtazinon, chlorpyrifos, diuron,
and male hion,

While keeping wi li lhe primary objective of "developing and supporting eff'ective
programs towards reducuon of pollutants to the maximum extent practicable," the new
permit refocusscd lhe land usc monitoring program lt dcscribcd in detail an 8 step
process by wluch thc Department would reassess its ongoing program Thc object of the
reassessmenl was lo identify and then monitor types of' land uses behevcd lo cause ihc
greatest mass loading of pollutants The loading calculation would take into account not
only land use type but also areal extent and rainfidl distribution.

Starting with an initial list of 104 land usc types arranged in 45 groups identified by the
Southern California Association of Govcrnmcnts  SCAG!, Department staff aggrcgalcd
and split the land use types into a list of 37 catcgorics. Of these, the top I2 u*an uses
based on total area were chosen for field survey For each of thc l2 types, 8
representative areas no larger than a cily block were chosen for field survey during the
spring of I 996

With field-derived estimates of imperviousness, a loading model was run for four
hypothetical constituents  copper, phosphorus, COD, and TSS! and the results ranked
according to a insrg<nal benefit analysts. Thc top seven land use types that had marginal
benefits above or equal lo the maximum and were chosen f' or monitoring They were

Vacant
leigh Density Single Family Residential
Ligh'I 1 lidust<ial
Ti ansportalion
l<etail/Commercial
Multifanuly Residential
Educational Facilities

As it turned out, the first 5 land use types listed above were already being monitored
under the 1990 siormwaler permit The. Department would be able to keep one site from
each land use f' or continued sampling, the excess sites could be abandoned under the
terms of' the !996 permit New stations to monitor the last Iwo land use types,
multifamily and educational, would be installed by the cnd of the l 996-97 slorm season

ln addition to the loading analysis, land usc was also ranked by total area in each of the
six individual watershed management areas Four land use types not already on ihe list
were then identified, namely

Total PAH
Copper
Chromium
S cl e<uum
Total phosphorus
Chio rpyrifos
Total DDT
Chl ord anc
Nickel
Silver

Mercury
TSS
Malat leon
Total PCB's
Cadmium
Lead
Zinc
Total nitrogen
Dias<non
S<maatne
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ChemiCal Manufacturing

Consti uents tested would include

Total petroleum hydrocarbons
 d eSel and gaSOline!
pH
EleCtnCal COnduC ivi v
Oif and grease
Semivolatile organics
Chcrnical oxygen demand
MB AS
Total suspended sohds
Total dissolved sohds

To al organic carbon
Total and dissolved aluminum
1o a! snd dissolved cadmium
Total and dissolved chromium
'!'otal and disso!ved copper
Total and dissolved iron
Total and dissolved lead
Total and dissolved nickel
Total and disso!ved zinc

p-QRRx TxEKN

continued, el hough at a reduced scale

ear-=""z wee her, storm, or a combination of both In addition, the Bellona Cree
Fa "wide ~" study dcsigncd to dc ermine if there is anystabon is the s tc o a one-year c

f po!!utant concentrations across the width of a large channe . csu
study will define what rneasurcs, if any, need to be taken in modify'ngin results in thissituatiori.

The ioxics evaluation o iunof f! from the three industrial sites under thc or gina!
stormwater permit exp into an eended ' nhanced "critical source" inonitoring program
under thc !996 perrni . Similar to thc land use monitoring evaluation process escri

men  of Public Works undertook a five s ep process to identify andpr!on'~ a list or criti~ indus n~ Mt~ t coun'y I
pollutants to s ormwater runoff Standard Industrie! Codes, or SIC's, p ay a major
role in the se!cct!on process. Once se!ected, appropriate sites would bc monitored over
a two year peri or l e urai n'od I' r lhe duration of thc permit  o measure  uno8' quality with and
without remedial c!eanup actions These remedial actions are ca! cd esI Best Mana ementPractices, or BMP's.

Thc first step was to devc op an ini i isI ' 't'al list of candida c industries. This list contained
b th inc!udcd and cxcludcd under the State's General !ndustrial Activitiesindustries ot inc u an cxc u

on reve!ence in theSt water permit process. Initial candidate se!ection was based on prev nce '
county and the extent of outdoor activities. The resulting list yic gr p' !d a ou of 30candidate indus rica ranked by the number of facilitics.

The next step involved developing a set of criteria to priori ize't' the list. A number ofem irical fac ors were used to assign levels of signif canoe to each SIC category
be addressed b the number of sources at a site and thc likelihood OF

Pollutant toxicity  T! would bc denoted by the nu nber of toxic po!lut tilts and i  herc tt
tox c ty mix,of the mix, An cxposurc factor  E! signiges if act! vitics «rc exposed to ra!nfa!I.
And Sna!!y, number FN! would represent thc total numb of sites !n unty,

assi cd a ualitative number from I to �. W!th ! 0 representing the
ia!  P! used to rank thc results would  hus be thcworst condition. Thc pol utan  potent

product of all the factors, or

Based on this ranking scheme, the top !Ive "crit!ca! source" industries were:

Wholcsalc Trade  scrap and auto diemen !ing!
Aulo motive Re!! ur/Parking
Fabricated Meta! Products
Motor Freight

A literature search wes siinullaneously conducicd  o iden ily whai "critical source"indus ries, if any, have already been «na yzcd I'hc search reveled Ihai similar siormws erstudies have yc   o be performed

/0!er the ideniificetion and pnoiiiization, lhe Dcpai mcn  then had  hc  ask of finding sixcompanies ol'any one of thc top five industries to eri!is  for monitoring runoff from tivestorins during the 1996-97 storm season For  he subsequent season, half'of  he chosensites would bc filled with  he same structural or nonstructural BMP at the Depar mcn 'sexpense The other half would remain as controls in order to evaluate BMPeffectiveness At thc same time, stormwater monitoring of six companies of the nextcritical source industry would bcg n This scenano would continue for six years until fivecrt ical source industries and remedial BMP's «re  ested snd evaluated, or until anothersearch reveals similar studies underway in some o hcr pari of the country

Begun under thc !990 permit, the i!!cga  connect~on and discharge elimination programwas inst! uted by thc Departmenl to identify, investigate, and eliminate i!legal connectionsand discharges to the municipal storm drain system The program is centered around ageographic data base and a field inspection operation.
Compilation of the geographic data base began in 1990 with the r enumental task ofinventorying the entire County 4000 krn�500 mile! storm drain system The Foundauonof the inventory is a CADD depiction of ail  of the Department drain alignmentsDepartinen  s aff from the beginning have been superimposing over each CADDalignment information extrac cd from the drain's construction drawings The datacollected relate to each storm drain's naine, size, material, and s atiorung ln addition.aU catch basin and manhole locations are cnicred on ihe CADD drawing A ong with thcCADD entry, s a T is enierirlg th» identical data into a tabular data base
A second! abular data base has also been compi! cd that enumera es all ol the connec Ionpermi s granted by  he Departmcn  to o her agencies and piiva c parties over lhe years
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allowing their connection to the Department's storm drains Permitted connection
information includes receiving drain name, pcnnit applicant, drain material, and station
To dale, more than 86,000 connection records have been cntcred and approximately
3500 kin �200 mi.! ol'storm drain attribute data have been plotted and tabvlaled A
geographic in or nation system soon to be installed in-house for the NPDES Stormwater
Permit program will greatly enable stafF lo compile and analyze these kinds of data

The 6eld inspection opera ion is conducted by the Department's storm drain maintenance
division The maintenance division develops its own inspec ion schedule and requests
the storm drain connection maps and data tables in advance. Since the beginning of the
inspection program in Jaovaiy 1996, 75 drains have been inspo:ted, yic ding a total of
984 undocurnenlcd connections. OIF ce staff witt then detemunc tf  hc undocumented
connections arc legal or illegal and issue pcrrnils or orders lo seal the ovtlct accordingly

Perhaps the most eager! y awaited study is ihe receiving waters inudy being pcrforrned in
Santa !vtonica Bay otF the mouths of rural Malibu Creek and urban Ballona Creek The
Department of Public Works, pulling together ongoing works in progress, is funding a
half-million dollar 3-phased ocean mottitoring program, The parliripants are  he
University of Southern Califorrua Sea Grant Program, Southern Califorrua Coastal
Waters Research Pro!ec , and U C Santa Barbara The work plan is composed of

4 pl v me dispersion study that will deal with si o rrnwater
spreading, mixing, and impac s at ihe ocean interface.
a bcrtthtcs study that will assess slorrnwater impacts on the
sedirncnts and benthic invertebrate community,
a toxics effects study that will determine if water column or
sediment toxicity results from stormwatcr discharge,

Thc plan calls for the collection of data for thc ocean studies to end  tftcr the l996-97
storm season. However, if either the benthics or toxicity studies need Further
investigation, they will bc extended into thc 1997-98 storm season.

On thc 6'esh water side, three sample will be co6ectcd at the Los Angeles River and San
Gabriel River monitoring st cs in I 997-98 and I 998-99 to conduct a sca urchin toxicity
assay to be funded by the Department.

Ever since thc 6rst nonpoint source regulations were proposed, s ormwater management
agencies nadonwidc have argued that not enough scienti6c evidence exis s to quantify
a cause-andwffect relationship bctwccn stormwatcr runofF and rccciving water itnpacts.
Already in its second year, this study will go a long way in defining those impacts

The Los Angeles County Department of Public Works is actively executing thc terms of'
the latesl NPDES iMuntctpat Stormwalcr permit, which includes a comprehensive

monitoring program The permit applies to more ihan 7900 square km �100 sqvare
miles! of area that eventually drains to the Paci6c Ocean The drairiage area is lhe largest
such per nit ed area in the nation

In 1990, the Department modified its historic satnpling program under the terms of one
of the nation's firs  s ormwater pelt uts The ncw program included in-streain
monitoring of runofF from speci6c land usc  ypes, an illicit connection elimination
program. an industnal runofF toxics study, and an estimation of total loads to the Ocean

In 1996, under tbc terms of thc succeeding stormwater permit, the Depart ment added a
critical source momtonng element and a study of possible stormwa ter impacts on ocean
receiving waters.

Dec D pattment of Public Works has comtmtted and will continue to commit significant
resources to develop and support eHecttve programs towards thc reduction of
storinwater pollutants to lhc receiving waters in and adjacent to Los Angeles County

State of California Regional Water Quality Control Board Los Angeles Region, Order
No 90-079, NPDES No CA006l654  CI 6948!, Waste Discharge Rcqiuremcms
Stotmwater/Urban Runo F Discharge for Los Angeles County and Co-pcrntt  tees, I 990.
State of Califorrua Regional Water Quality Control Board, Los Angeles Region, Order
Nv 96-054  NPDES No CAS6�00l!, Waste Discharge Requircmcnts for Municipal
Siorm Waier and Urban Rvno F Discharges with the Covnty of Los Angeles, l 996
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An Epidemiological Study of Possible Adverse Health Effect of Swimming in
Santa Monica Bay

An epidemiological study of possible adverse health effects of' swimming
was conducted in Santa Monica Bay during thc suminer of l99S. The study was
COndueted in rcspOnae IO WidC public pCrecptiOn and eVidence thai  here may be
heal h risks associated with swimming in beach areas contaminated ' v runoff.
Higher risks of a broad range of symptoms  gastrointestinal and upper ra, iratory!
werc observed for subjects swimming close to s orm drains � versus. 400 yards!.
Higher risks of several symptoms were also observed for subjccls swimming in
water with high levels of single bac erial indicalors and in water where entcric
viruses werc de ec ed, Low ratio of  otal Io fecal coliforms was found to be
associated with higher risks of a broad range of symptoms. In response to the
study results, an action agenda has bccn adopted and implemented by ihc local
community lo reduce the exposure to  hc nsk and ihc sources of contamination.

As onc of the 28 National Estuary Programs, the Santa lvfonica Bay
Restoration project  SMBRp! is charged with assessing the Bay's pollution
problems and with producing a Bay Rcstoralion Plan lo serve as a blueprint for
the Bay's recovery. Since its genesis in 1988�8 pnmary focus of energy has been
to find the answer to a fundamental huinan health question: "How safe is it to
swim in Santa Monica 8ay1" Nearly fifty million tourists and local residents
come  o Santa Monica Bay's public beaches each year to enjoy iia recreational
resources, bu  there has been wide public perception and some scientific evidence
Ihat  here inay be heal h risks associated with swimming in beach areas
contaminated by runof,

' Staff Seien is , Santa Monica Bay Rcsloralion Project, 101 Centre Plaza
Dr. Monterey Park, CA 91154

ln previous investigations conducted by the Sfv BRP  SMBRP,  992. 1991,
l990!, human pathogens were dctec cd in suminer runoff, an unexpected result
since sewer and storm drain systems in Los Angeles arc completely separate.
Possible sources of pathogens contamination into the storm drain system include
illegal sewer connections, !caking sewer lines. malfunctioning septic sys ems,
illegal dumping from rcercahonal vehicles. or direct human sources such as
campers or  ransicnls. Other po ential sources of human pa hogcns in near shore
areas include sewage spills into storm drains, smalf boat was c discharges and
swiinmcrs themsclvcs,

The mcmbcrs of' thc SMBRP therefore decided that the defini ivc step
necessary to answer this ques ion of' swimming-relalcd heal h risks was an
epidcmiological study. Thc study was launched in Ihe su niner of' !995 under the
auspices of the SMBRP, with a wide impport of governmental agencies.
discharge a, and environmental communities. Ii was hoped that ihc study would
provide a scientific basis for addressing  he wide public perccp ion about ihe
health risks associated with swiinming in urban runoff impacted beach areas, for
developing poilu an  control mcasurcs if necessary. and ul imately f' or promoting
ih» I ocal tourism-based economy.

l!uring  he course of' Ihe study IJune to September !995!, !5,492
beachgoers who swam at three Santa Monica Bay teaches located near fiowing
storm drain ou lets werc interviewed. Nine to I 4 days aflcr the beach interviews,
13,278 follow-up telephone interviews were conducted io ascertain the occurrence
of l 6 symptoms { including fever, chills, eyc discharge, earache, car discharge, skin
rash, inlec ed eul, nausea, vomiting, diarrhea. diarrhea with blood, stoinach pain,
coughing, coughing with phlegm, nasal congestion, sore throat!, and a group of'
symptoms indicative of "highly credible gasuointestinal illness"  HCGi!' and
significant respiratory disease"  SRD!'.

Water samples were collec cd daily in ankle depth at various distances
froin lhe drains �, 100 yards nor h and south, and at 400 yards'! and analyzed for

'Two definitions of HCGI were used in this study and grouped as HCGI-I
 vomi ing, diarrhea and fever. stomach pain and fever! or HCGI-2  vomi ing
and f'ever!

I Symp oms including fever and nasal congestion, fever snd sore throa ,
and cough with sputum.

' PreViuua studieS have ShOWed ihat indiea Or haCICria ieve S ai 400 yards
are generally low, therefore comparisons could be made be ween ra es of
illness in swinimers a   his distance and a  0 yards
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Figure 1. Reports of HCG!-2 and SR�
relative to di stance from drains

HiEALTH EFFVt:TS Of. SwiIMMIND Ihi sANTA MUIvlcA BA Y

toia! aod l'ccal coliforms, cmerococci, and S c'oli In addition, water samples
werC collected at storm drain sites every Friday, Saturday, and Sunday and
analyzed for «meric viruses.

Persons who bathed and immersed their heads in the ocean water were
potential subjects for this study. There were no restrictions based on age, sex or
race. Persons who had bathed at Ihe study beaches within seven days of the
survey date  before and after! were excluded, as werc subjects who bathed on
multiple days Since a primary research question wus whether Ihe risk of illness
was associated with levclt ol particular indicaior organisms in thc water  which
cou!d vury lrom day io day!, ii would have been impossibl» to link subjects'
experiences with spccilic counts on a given day il ihey were in Ihc water on
numerous days.

Fifty-five percent of the subjects surveyed werc male, 45 percent fcrnalc,
Forty-eight percent of the subjects were children  under l2 years of age!; 13-to-25
year-olds comprised 26 percent of the survey population and the remaining 26
perccnl were aged 26 and over. The ethnicity of thc survey population was 45
perceni white, 43 pcrccnt Latino, 3 percent black. 3 percent Asian, 3 percent
multi-ethnic, and 2 perceni "other." Children and Latino subjects tended to swim
closer to the drain Sixty-three pcrccnt of subjects swimtning at the drain were
children under 12 Eighty-eight perCenl Ol' the Surveyed SubjeCtS Were reSidenls
of California.

The analyses conducted in this study addressed lwo questions: a! What arc
the risks of illness relative to Ihe distance onc swims from a f!owing storm drain?
and b! Are lhe risks ol illness associa ed with measures of water quality? The
major findings resulting from these analyses are as to!Iowa:

There is an increased risk ol' i!!ness associated with swimming ttear
f!owing storm drain outlets in Santa Monica Bay, Statistically
signilicanl increases in risks for a broad range of' adverse hea!th ciTects
werc found fOr Subjecta thai swam in front ol' storm drains in cumpartaon
to those who swam over 400 yards away  Tab!c l!. These increases in
risk appeared to bc limited to the 0 yard distance, as a significant drop-oF
effect was observed at other distances from the drain  Figwc I!,

The estimated number of excess cases of illness atlrtbutable to swimming
at the drain reached into the l00's per iO,IIKI exposed subjects  greater
than I percent, !'able I! suggesting thai sigoI!icant numbers ol'beachgoers
swiminiiig iicui siorm drain out!cia arc tub!eel io increased hcallh risks

' See SM8RP !996 for detailed summary

Table I Comparative health outcomes for swimming in front of drains versus
400+ yards away.

Vhe results did noi change when adjusted for age, beach, gender, race, California
versus oui-of-slate resident, socioeconomic status, or worry about potential health
hazards at the beach. Dtstance results also did not change substantially when
control!ed for each bacteria! indicator.

2 There is an increased risk of illness associated with swimming in areas
with high densities of bacteria! ilttdtcators. "Cutoff points" werc used to
determine whether thcrc wer» difference in the incidencc of il!ness for
those who swam in waters with bacteria! dcnsitics "grcatcr thaii" versus
"!ess than certain cutoff lcvcls. Symptoms were found to bc associated
with swimming in areas where bacterial indicator counts were greater than
the cuto!T points that are used as part ol' federal and state water qua!it!
standards  Table 2!. However, efTccts were noted for only few symptoms
for thc three bacterial indicators analyzed in this study.
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Table 2. Health outcomes associated with sviiotmina in areiu with high bacteri

The total coliform to fecal coliform ratio was found to be ossa of the
better ltsdicatosa for predicting health risks. When analyses were
restricted to titnc when total coliforms excccded l,000 cfu, significant
associations were observed, with incidence of illness gcncrally increasing
as the ratio of dcnsitics of total coliforms to fecal colilorms decreased
 Figure 2!. The strongest effects were generally observed when the total-
to-fecal coliform ratio of 2: I was used for comparison.

None ol' thc bacterial results changed when adjusted for agc, beach,
gender, race, Catifornia versus out-of-state resident, socioeconomic status
or worry about potential health hazards at thc beach.

Figure 2. Relaiioiuhip of eaeess cases of illness aad total-io-fecal
eoliforra ratios  when total eolilorin cascaded t,XO ctuh

illnesses were reported more oAen on days when the samples were
positive for enteric viruses, Seventeen samples werc posilivc for enleric
viruses. Although based on small numbers, a comparison of subjects who
were swimming within 50 yards of  he drain on days when samples were
tested for viruses indicates that a number of outcomes were reported more
often on days when the samples were positive for viruses versus days
wnen samples were negative. Symptoms for which increased risks were
noted include: fever <53% increase!, vomiting  89'%%d increase!, HCGI-I
�4% increase!, and HCGI-2 �26% increase!. Results remained
ciisclltially uiichangcd when adjusicd I'or covariates or for each bactcriat
indicator.

5 High densitics ol' bacterial indicators were measured an a significant
number of survey days, particularly in front of drains. A great deal of
day-to-day vanability in bactenal indicator counts was recorded, however,
high bacterial densities in water samples were detected most frequently
direcdy in front of drains  at 0 yards!. High densities of E co!i, fecal
coliforms, and «nlerococcus occurred on over 25 percem of survey days.
Total coliform levels were excccdcd less frequently  8.6 percent ol' days!
Total-lo-fecal eolif'orm ratios ot less than 5 occurred on 12 percent of
survey days.

This epiderniological study was the first large-scale study in ihe nation to
invcstiga e possible advcrsc health effects associated with swimming m ocean
waters contaminated by urban runoff The results of this health risk investigation
provided both good news and cause for concern. The good news is that, of the
Bay's 50-plus mile coastline, less than 2 miles are problematic. However,  he
study has also confirmed that there is a risk of illness associated with swimming
immediately adjaccn   o flowing storm drains Although it is not yet knovm what
specific palhogens causi.' illness, the study confirms that  he distance from storm
drains and the bacterial indicators tha  arc being monitored do help io predict risk
ln addition, the total-io-fecal coliloim raiio has bccn found to be a useful predtrtor
of illness and could be used as a new analytical toot

The scientific f'indings documented through this study laid the foundation
to develop new policies and actions that will improve our ability to protect the
public's health The SMBRP has identified an "Epi Study Action Agenda' to
respond to thc findings of this study. This Action Agenda included steps to be
taken in live areas: education and advisortes to thc public, implementation of
source control measures, identification and prevention of pathogen sources,
modification ol'water quality slandards snd monitoring programs, and I'inancing.
Since adoption of ihe Action Agenda in May 1996. significant progress has been
made in its implementation. New warning signs with stronger language have been
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posted near Fiowing storm drains in Santa Monica Bay Dry-weather flows ot'
eight problematic. drains have been scheduled I'ur diversion or on-site treatment
In addition. given the results ut this study, the StvtBRP recommends that the US
BPA and the State health agencies develop national and state-wide bathing beach
water quality standardsrcri teria.

Santa Monica Bay Restoration Project. 1996 An epidcmiological study of
possible adverse health effects of swimming in Santa Monica Bay. Santa
Monica Bay Restor. Proj., Monterey Park, CA 21I p plus appendices.

Santa Monica Bay Rcstoratiiin Vro~ect 1992 !'uthugens and indicators in storm
drains within the Santa Monica Bay Watershed. Santa Moruca Bay Restor.
Proj., Monterey Park CA . 64 p.

Santa Monica Bay Restoration project. 199I. Storm drains as a source of surf
zone bacterial indicators and human enleric viruses to Santa Monica Bay.
Santa Monica Bay Rcslor. I'ruj., Monlcrcy Park, k'A . 32 p

Santa Momca Bay Restoration Project. 1990. An assessment of inputs of Fecal
indicator organisms and human cntcric viruses from two Santa Monica
storm drains, Santa Monica Bay Restor. Proj, Monterey Park, CA . 39 p.
plus appendices.
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CHAPTER I l 4

AN INTEGRATED STRATEGY FOR MANAGING URBAN RUNOFF
POLLUTION IN LOS ANGELES COUNTY

Dr, Xavier Swamikannu'

Contaminated urban runoff can harm important water resources, including
estuaries, coas'lal waters, and wetlands. Urban runoff typically conlains the
same types of pollutants that are found in wastewater and industrial
discharges. The enormous volume of runoff discharges transport significant
mass loads of pollutants.

Caiifornia issued the first urban runoff permit program to eighty-four
municipalities  now eighty-stx! in I os Angeles County in 1990. A
countywide approach was used because of the complexity and networking
Of the urban drainage Sya tern. The perlnit prOg ram waa reviaed in July 1996
lo promote watershed management. Staff utilized consensus-building
techniques and worked with a committee of stakehokfers  the "negotiating
group"! comprised of representatives of selecled municipalities and
environrnenial groups. Separate discussions ware afso held with other
interested parties lo resolve areas of disagraemant.

The municipa I storm water and urban runoff program ln Los Angeles County
offers a unique challenge to protecting the coastal environment because of
the large number of municipal jurisdictions participating to implement an
Innovative and cost~ffectlve approach. This paper describes the process
fallowed to reach agreement on this landmark effort, the progress to date,
and imminent challenges that lie ahead.

'Storm Water Program, CalEPA, California Regional Water Quality
Contral Board - Los Angeles Region, 101 Centre Plaza Drive, Monterey
Park, CA 91754-2f 56

Storm water and urban dry weather runoff pollution can damage important
water resources, including streams, lakes, estuaries and wetlands, and
ground water  USEPA 1994!. Many recent studies have shown that runoff
from urban areas typically contains significant quantities of fhe same
general types of pollutants that are found in wastewater and industrial
discharges and often causes simillar wafer quality problems  CRWQCB-LA
1988; Pitt and Field 1990; SCCWRP 1993!, These pollutants Include heavy
metals  e.g., chromium, cadmium, copper, lead. mercury, nickel, zinc!,
pesticides, herbictdes, nutrients, bacteria, and synthetic organic compounds
such as fuels, waste oils, solvents, lubricants, and grease.

ln addition, large impervious surfaces in urban areas increase the quantity
and peak flows of runoff, which in turn cause hydrologic impacts such as
scoured streambed channels, instrearn sedimentation, and loss of habitat
 Tl 1994, CWPR 1996; Arnold and Gibbons f 996!. Furthermore, because
of the enormous volume of runoff discharges mass loads of pollutants in
storm water can be significant  SMBRP 1994!. There are multiple sources
of pollution that contaminate storm wafer. incfuding land use activities,
operation and maintenance activities, illicit discharges and spills,
atmospheric deposition, and vehicular traffic conditions  USEPA 1992A!.
While the impacts on the beneficial uses of water bodies are site-specific
and vary due lo differences in local land use conditions, geography,
geology, hydrologic conditions, and the type of receiving water, the
characteristics of urban alarm water are similar.

Amendments to the Clean Water Act  CWA! in 1987 estabwshed new
statutory requirements to control industrial and municipal storm water
discharges to waters of the United States [CWA Section 402  p!!. Storm
Water ftOm municipal Separate StOrm Sewer systems  S4S4S! are required
to be managed with, "cofttrols lo reduce the discharge of pollutants to the
maximum extent practtcabIe, including management practices, control
techniques and systems, design and engineering.," �0 CFR Pt. f 22.28!

Urban runoff and Storm water Cantamtnattan ln tha SOuthern CahfOmia
Bight, which includes the Los Angeles region, was identified as a
regionwida problem by the National Research Council  NRC 1990!.
Furlher, water quafity assessments conducted by the California Regional
Water Quality Control Board - Los Angetes Region  CRWQCB-LA! identified
urban runoff as a leading cause of impairment of a number of water bodies
in Los Angeles County  CRWQCB-LA 1993!, Pollutants associated with the
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Figure 1 Map of the watershed management areas in Los Argeles and
Ventura counties that are under the regulatory authority of the California
Regional Waler Quality Control Board - Los Angeles Region.

impairment include heavy metals, coliform, enteric viruses, pesticides,
nutrients, polycyclic aromatic hydrocarbons, polychlorinated biphenyls,
organic solvents, sediments, trash, debris, algae, scum. and odor.

More recently, an epidemiological study demonstra'led the increased nsk of
acute illness associated with swimming near flowing storm drain outlets in
Santa Monica Bay  SMBRP 19968! Human pathogens have also been
identified in summer urban runoff  SMBRP 1992!. Possible sources of
human pathogen contamination include pet and livestock feces, illicit sewer
connections to the storm drains, leaking sewer lines, malfunctioning septic
systems, improper waste disposal by recreational vehicles, campers or
transients. Additional potential sources of human pathogens in nearshore
waters include sewage overflows into storm drains, small boats waste
discharges, and bathers themselves.

MENACING UABAN ftUNQFF POLLUTION IN LOS AIvCELES COLrNTY 579

Los Angeles County, California, is the most densely populated county in the
State Of Catifcmfa. The storm water program area includes eighty-five cities
as welf as the unincorporated areas of the County within the jurisdiction of
CRWQCB-LA. The storm drain system serves a population of about g
million who live on approximately 7,000 km' �,100 mi'! of land area
Nearfy a third of statewide industry is included within the program boundary.
There are six major watershed management areas  Figure f !.

The CRWQCB-LA is the National Pollutant Discharge Eliininafion System
 NP DES! permitting authority for the Los Angeles region under defegation
provisions of the Federal Clean Water Act and the Porter-Cologne Act
 CafNornia Wafer Code!, This delegation authorizes it to regulate and control
the discharge of pollutants into waters of the U S. and the State of
California.

Pursuant to changes to the CWA, the CRWQCB-LA issued the first storm
wafer permit  Order No. 90-079! in June 1990. to the municipalities in Los
Angeles County Because of the complexity and networking of the storm
drain system and drainage facilities within and tnbutary to the County of Los
Angeles, a countywide approach in permitting storm water and urban runoff
discharges was adopted. The County of Los Angeles was designated sP'rincipal Permittee under that permit. As Principal Permittee, the Countyas

of Los Angeles is responsible for the general administration of the permit
and facilitates cooperation among municipalities The first permit terin
expired in 1995

The first step in restructuring the storm water permit program was fo
convene a stakeholder group to work with CRWQGB-LA staff to develop
permit requirements and implementing fanguage. Since direct discussions
with eighty jurisdictions was not practical, the CRWQCB-LA asked the
County of Los Angeles to assemble a representative group of city
delegates. Besides the County, three small city representatives and the
City of Los Angeles were chosen from the membership of the Storm Water
Executive Advisory Committee, a p~xfstlng group that occasionally met
lo coordinate implementation of the first storm water permit. These parties
comprtsed the stakeholder group, along with Heal the Bay, an advocacy
organization which was asked lo participate and provide the environmental
perspective on this issue. This organization's invo! veinent was important in
order lo reduce the likelihood of third party citizen lawsuits or appeals, This
advisory cornrnittee, often called the "negotiating group," met approxima'lely
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60 times over an 16-month period to identify areas of agreement and
narrow areas of disagreernenl

ln addition to holding meetings of the negotiating group, CRWQCB-LA staff
held numerous meetings with the cities, watershed cornrnittees, stakeholder
attorneys, industry spokespeople and individual city representatives.
Working with the negotiating group's input, staff sent out a first partial draft
permi'I in September, 1995 A first full draft was distributed for comments
in December, 1995. A Public Service Announcement video was made
available to elected officials and decision makers lo facilitate understanding
of the objectives and the benefits of the effort  SMSRP 1996A!. In large part
due to the involvement and buy-in of the majority of participants, the permit
was ultimately approved by the CRWQCB-LA Board in July, 1996
 CRWQCB-LA 1996!.

The permit requirea muniCipalitiea tO ilnplernent Cornprehenaive POItution
prevention and management programs to educe storm water pol'lution. The
Storm Water Management Program  SWMP! must include controls
necessary to reduce the discharge of pollutants from the MS4 to the
Maximum Extent Practicable  MEP!. These controls consist of a
combination of best management practices, control techniques, system
design and engineering methods.

Specificaily, municipalities are required to develop end implement programs
to control storm water pollution in the fallowing areas: �! Illicit connections
and illicit discharges elimination; �! Development planning and construction
controls; �! Public agency activities management; and, �! Public
information and participation Initiatives. The development and
irnplerneniation are scheduled over a period of thirty six months.

The requirements of Section 6217 g! of the Coastal Zone Act
Reauthorization Amendmen'ls of 1990  CZARA! were also reviewed to
ensure consistency with guidelines for urban runoff pollution rnanagernent,
CZARA requires coastal states with approved coastal zone rnanagernenl
programs to address nonpoint pollution impacting or threatening coastal
water quality  USEPA 1993!

Monitoring is performed by Los Angeles County to characterize sources,
evaluate water resource impacts, and to assess the effectiveness of
pollution control methods. Preliminary resu'lts on the impact of storm water
pOllution On SeleCted reCeiving Watera are reparted in the COnferer!Ce
Proceedings  Bay 1997, Schiff 1997!.

MANaGING URBAN RUNOFF POLLUTION IN L08 ANGELE8 C'OUNTY 88l

Flg" 2 Mod'IMPolluta t loads fo PPer C.! ba,ed.n thtese".
use types in Los Angeles County. The inffexion point of th I

!Oad CurVe Indeatea the cutwff point for diminishing marginal be fit
Additional ianduse type sampling for the pollutant beyond the cutwff point
is ot marginal benefit. The copper EMC for the transportation landuse was
calculated using storm water data provided by the California Department of
Transportation.

A scientifically defensible approach ls assent~at to pnontizrng poll t
control efforts. Consequently, predominant landuses that contribute
significant pollutant loads, and the numerical dominance of certain types of
industrial and commercial activities in Los Angeles County have been
selectecl for further study.
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Landuse selection Landuse for special monitoring were selected in a multi-
step process as follows,  i! selection of eight representative locations from
selected fanduse categories identified from an initiaf landuse list compiled
from landuse overlays and landuse data from the Southern California
Association of Governments  SCAG!;  ii! performing a site survey at
representative locations,  iii! evaluation of the use of aerial photographs as
an alternative measure of imperviousness for each survey location;  iv!
modelling of mass emissions based on landuse categories using Event
Mean Concentrations  EMCs! from past landuse monitoring, and  vi!
performing a marginal benefit analysis to select landuses for monitoring
The marginal benefit analysis was conducted for representative pollutant
categories solids  total suspended solids, heavy metal  total copper!,
nutrient  tote! phosphorous. and organics  chemical oxygen demand!, for all
Los Angeles County and also by watersheds.

Seven landuses out of thirty seven were selected for monitoring and
characterization because their landuse-mass emissions were equal to or
greater than the maxirnurn marginal benefit for at least one poltutant
category The seven are;  i! High density single family residentral;  ii!
vacant;  iii! light industrial;  iv! transportation;  vi! retail and cornrnercial;
multi-family residenlial; and  vii! educational facilities. The marginal benefit
analysis for Cu for Los Angeles County is shown in Figure 2. Just seven
landuses contribute 85'yo of the Cu pollutant toad in storm water. Cu is a
prionty pollutant in storm water and Cu concentrations in many estuaries
exceed water quality criteria  Moran t 997!

Figure 3 illustrates modelfed pollutant loads for Cu by dominant landuses
in the two watersheds that drain to Santa Monica Bay  i! Ballona Creek and
urban; and,  ii! Malibu Creek and rural, The Source Significance Index  SSI!
which is the ratio of pollutant load percent to land use percent is also
shown. The SSI is influenced directly by pollutant concentrations and
inversefy by landuse area percent, and thus may be utilized as an indicator
of transient in-stream effects such as toxicity or to evaluate cost benefit of
control measures implementation. Currently, there is no evidence that Cu
in storm water has any measurable impact on Santa Monica Bay  Schiff
1997!.

Critical Pollution Sources Selection: The County identified a list of
candidate industrial sources based on the numerical prevalence countywide,
designation under USEPA Phase I storm waler regulations. and storm water
pollution characteristics <LACDPW t996!. These industrial facilities were
then ranked based on a semi-quantitative measure The Pollution Potential
 P! was computed as a product of several cntena and norinalized lo fall
between 0 and t00
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Figure 3. Modelled percent load for copper  Cu! in two watersheds which
differ in the dominant type of landuses, A0- Malibu and rural,' B1- Bellona
and urban. A2 and B2 are their respective Source Significance Index  SSI!
which is the ratio of percent load to percent area for a particufar landuse.
The dashed line indicates SSI value of t, the theoretical value were
pollutant concentrations all equal.  VAC - Vacant, SFR - Single Family
Residential, MFR - Mufti Family Residential, COM - Commercial; TRN-
Transportation, INO - industrial; REC - Recreational. and OTH - Other!
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Pollution Potential  P! ~ Q x R x T x E x N,
where Q is pollutant quantity; R is the runoff amount; N is number of
facilities; T is pollutant toxicity, and E is the rain exposure factor.

Table 1. Ten highest ranking industrial facility types selected for storm water
charactetfzatlon and pollution control assessment in Los Angeles County.
 SIC - Standard Industrial Classification Major Group number}

Number of Facilities
�!

Pollution Rank

�!

SIC
 t!

Industry
�!

The top ten ranks from the thirty induatrial typea that Were analyZed fOr
POllution Potential  P! are Shcwn in Table 1. LOS Angelea Ccunty SeleCted
the first five ranking industry types for further study to characterize storm
water pollution and evaluate potential best managernenf practices  BMPs!
to control pollution In each induslry type, six facilities will be evaluated
over a five year period. In the first year of the study, a basetine
characterization of each industry type will be completed by sampling storm
wa ter discharges from all six facilities, Three of the facilities in each industry
type will then be augmented with appropriate BMPs and monitored in
subsequent years to measure reductions in slorrn water pollution.

Numerous challenges lie ahead both for the municipalities and the
CRWQCB-LA. The large size of the Los Angefes Storm Water Program
ensures that the gamut of environmental participation - from pro-activism
and passivity to active resis'lance - ls well represented among municipal

50
75
35
42
26
55
33
49
45
30

Scrap! Auto Dismantkng 587
Automotive Repair r Parking 6,067
Fabricated metal Products 3,263
Motor Freight 872
Chemicals r Allied Products 1,069
Automotive Dealers i Gas Retail 2,744
Primary Metal Products 703
Electric I Gas r Sanitary 2,001
Air Transportation 319
Rubber I Miscellaneous 1,034

t

2 3
4 5
6 7
e
9

10
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participants. Any inherent inerfia on the other hand is adequately
counte*atanced by a vocat and vigilant environmental community
represented by nationally active groups, The CRWQCB-LA must reconcile
competing interests and be fully engaged in program implementation. This
will be dificult to do if staff resources become limited by State budget
constraints. Similarly, municipalities face competing budget priorities in an
era of voter and legislative fiscat conservatisrn.

Los Angeles County is in the process of preparing countywkfe model
components, These models will be submitted to CRWQCB-LA for approval
over the next three years. The integrated cooperative approach offers the
opportunity to cut costs from economies of scale, cost sharing, pooling of
resources and coordination of implementation actions. No doubt some of
the municipalities will make modifications to the models to reflect conditions
within their municipal areas. Balancing municipal flexibi'lity with countywide
consistency will offer a challenge to the CRWQCB-LA,.

The Watershed Area Management Plans  WMAPs! are the long-term blue
prints to aggressively protect water resources, human health, and aquatic
habrtats in the proximate geographic subunit of the cities. Watershed
committees are required to develop WMAPS in order to focus priority
actions once countywide baseline programs have been established. The
critical financial mechanism to fund development of the WMAPs has not be
identified

Los Angeles County is required lo identify and develop performance
standarda for SWMP COmpOnenlS by the year 20001 to quantify level Of
effort, program effectiveness and provide BMP baselines. The candidate
parameters for the performance standards must be identified and evaluated
durirtg model development in order fo ascertain meaningful indicators of
storm water pollution reduction.

The monitoring program conducted by Los Angeles County must be
sustained tong-term and integrated with other regional monitoring programs
to track fhe condition of water resources and assess the effectiveness of
BMPs, ln addition, watershed monitoring programs may need to be
diversified to assess the needs and status of other watersheds beyond the
present two. Such undertakings will need the financial participation and
resources support from the other eighty-five municipalities.

The efforts to control urban storm water pollution is a huge undertaking The
current rmplementation agreement in Los Angeles County reflects fhe
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benefits of taking a consensus seeking approach to protecting coastal
environments when there are a large number of stakeholders. In order for
the storm water management program to be successful, the full participation
of divergent interests - the municipalities, business, environmental
advocates and the public - is essential to ensure effectrve implementation
of a storm water programs to achieve a healthier coastal environment. In
addition, both the State and the Federal governinents inust expend
adequate resources to a~sure continuous engagement with the
implementing community. In this new environment of openness and
responsiveness any perceived governmenlal apathy will erode public trust.
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Burton H. Jones l and Libe Washbuttt2

Storm water I unaff into Santa Moritca Bay Identification, Impact and Dispersion

Storm water runoff into the coastal ocean can have major Impacts on a variety
of oceanographic properties and processes that include coastal cutTcnts, cosa at
nutrient and optical characlcristics, and contamination from hcavy metals, organic
compounds and microbial input 0 f southern Californi ~ these inputs arc low for
mos  of'  bc year, but during  he winter season, large rairotortns result in large inputs
of freshwater and lhe aSSocialed contaminants frOm StOrm watCr runOK ThCSc inputS
have both event and seasonal scale effects on Santa Monica Bay. Towyo and surface
mapping werc used to map the three-dimensional distribution ot dissolved and
particulate r4mponents associated wi h storm water runoff into Santa Monica Bay
during the winter of 1996. ReattitS frOm this attldy iIXJieate that the pl  me Can eXtet d
0FShOre appr0Ximatefy S km from the cORSI and alongshore at leaat 5 km. Thc
freshwater generally forms a  hln surface layer that is initially less than 5 rn thick,
although the influence of the plume  salinity < 33 0 pss! can be detected lo nearly I 0
m depth Three major particle groups are observed during these periods I! particles
within the storm water runoff, 2! phytoplankton in the water colutnn, and 3!
resuspended sediments These particles have a large eflect on Ihe wa'ter' cotufnn
optics, and may carry a measurable load of absorbed contaminants including heavy
me aB and organic compounds which may be toxic to marine organisms Following
lhc plurne over the course of 2 3 days s  the end of' a s orm indicates that  he plume

IResearch Associate Professor, Department of Biological Sciences, University of
Southern Calitornia, Los Angeles, CA 90089-037 I

2Associate Professor, ICESS, Department of Geography, University of California,
Santa Barbara, CA 931064060

STOIC WATER RUNOFF  NTO SANTA BBONICA BAY

remains in the coastal area for at least 3 days with graduaJ dilution during this period
DinoAagellate blooms can develop sAer the ram even  providing a secor dary
particulate field associated with ihe p ume It is hkety that the stratification and
nutrtem input provided by the freshwater inflow comribute to the presence and
de elopmenl ol' his dinoltagellste population

The storm water component of urban runoff into the coastal ocean can have
major impacts on a variety ol oceanographic propert~as and processes that include
cOaatal CurrCnlS, COasta  nutrient and Op  cat Charac arts tea, and the preaeneC of toxiC
material ~ such as heavy metals and organic compounds Storm water runoff is a
small part of urban runoff in southern Catifortaa during most of the year But during
the winter season, November through March, large rairtstortns result in large inputs
or freshwater and the associated contarranants from storm water runoff  SCCWRP.
l 992! At the least, these inputs have borh c ent and seasonal scale effects on Santa
Monica Bay Two major driunage systems, the Bat etta Creek and Ma ibu Creek
Wateraheda, COntribu C nearly 60 perCent Of the Ireahwater inHOw inlO Sama MOrtica
Bay  Table I ! Thc Begone Creek watershed is highly urbanised with only 17 percetrt
open tend In contrast. ihe Malibu Creek watershed is comparaiively rural with 88
percent open land
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The impact of these storm water mputs on thc coastal receiving waters has
been poorly understood until recently, because there has been little research on the
freshwater impacts on the coastal zone in southern California. In contras , o her
inpuls, such as tres ed sewage outfalls, have been well studied, partly because of
environmen al regulation, engineering interests, and community concern In other
regi ons where fi eshwaler input from river is a continous process there have been
studies ol' ihe physics fe g Garvine, 1982, Muchow and Garvine, 1992!, nutrient
chen is ry, and biulugical impac s on  hc coastal region  c g Malone, l982, Lohrenz
ei al, I 990 !

Field sampling consists of several types of measure nants to study the
distribution of I'reshwater inputs from river sources dunng win er storms
Continuous mapping of physical and optical properties was performed with a towyo
sys em  hat we have developed and used successfully for sewage outfalls  Washburn
e  al., I 992; Jones et al, 1993, Wu et al., I 994! The towed platform carries a
conduc ivity-temperature-depth instrumen   CTD! that is used to measure
teinpera ure, saliiiity, and density of seawater Seawater turbidity is measured with a
transnussomeier haviiig a path length if 0 25 in and a 660 nanorneier  nm! light
source and detector The presence of chlorophyg in seawater, which can derive from
acean and terrestrial sources, is quantified with ~ ttuorometcr The gght distribution
in the water column is measured with a photosynthetically Available Radiation  pAR!
sensor The platform is moved through the water column along a zigzag tow path by
winching the platform up and down as  he ship stearns ahead a  about 4 knots
Vertical sections obtained in this way are referred lo as lowyo sections The upper
limit of the towyo sections is the sea surface, we tried to break through the sea
surface in order to sample to the top of the water column The lower limit is
generally within about 5 m of thc sea floor, although on a few occasions the ptatfortn
made contact with ihe bo tom

Continuous sui tace sampling is accomphshed using the same set ol'
instruments through which near-surface water is pumped continuously while lowyo
sampling is occurring An instrument which measures spectral absorption and
attenuaiion at 9 visible wavelengths is also incorporated m the near-surface
measurements Ship's position is recorded at 10 second intervals from a GPS
receiver

Ocean currents are measured with an electromagnetic current sensor that also
measures temperature and instrumenl depth were also ineasured by thc current meter
The currerit meter, deployed by SCCWItp, was mounted on a mooring that was
located at 33o 56 t72' N, i l8o 30 103' W in a waterdepth of'40 m The depth ol'
the current meter was about I 5 m from the surface Thc current meter was
configured to sample as follows. I! raw current speed and direc ion were obtained at
a rate of 2 samples per second, 2! raw current samples were averaged over 10

sTQRM WATtR RUNOFF  NTO sANTA Iv ON CA BAY

seconds and 30 of these ! 0-second averages were stored in memory every 30
minutes That is a 5-minu e segment of 10-second averages was recorded every I/2
hour

The study region f' or th» impact of'storm water runo A'on the receiving waters
of Santa Monica I ay is shown in I igurc t The iwii niaiiir fitctis areas are  lie
regions ull'of tlie mouths ul' tsattona Creek aiid Ivt~tibu Creeks blot all track tines Ilri'.sampted each time Rather, thc track lines are chosen according to the direction that
the plume is flowing and the wav» and wind patterns

Figure l Map of northern Santa Monica Bay showing the way points  diamonds> and
sampling tracks  dashed lines! l'or towyo mapping and benthic sampling si es  black
circles used by SCCWRP fbr studying the benthic impacts from the storm water
runo ff

The storm water study that is described below occurred during th» period ol
March 5-7,  996 The rain4ll began on March 4 and ended early on March 5,
yielding morc than 0 8 inches of precipitation  Figure 2! The integrated flow from
Ballona Creek for the period of the storm was aboui I 2x10' m' over the pertod of
24 hours between 0730 on March 4 and 0730 on March 5 We sampled I'or 3 days
sequentially during this study, permit ing a longer study of the lemporal evolution of
the coas al ocean following the storm event

Dn March 5, we obtained f'our towyo transects near Malibu Creek and five
towyo sections near the mouth of'Bellona Creek From ihe towyo tracks near the
mouth of Bellona Creek we werc able to construct thc near-surface maps of
temperature, salinity, chlorophyg fluorescence and beam attenuation coeAicient
 Figure 3! It is evident in these maps that there is a significant freshwater plume that
extends between 2 and 4 km otTshore from the beach The plume is evident From the
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warmer  tighter! and fresher  darker! water that was present near the mouth of
Ballona Creek Both suspended particulate matter, as indicated by the beam
attenuation coeAicient, and chlorophyll fluorescence were high within thc BEUona
Creek plume and decreased seaward

Figure 2 Rainfall events during the winter of' f 995-96 Sampling events are indicated
across the top of  he figurc squares indicate plurne mapping, circles indicate water
COlumn tOxiCity Sampling, and trisnglea indiCate benthiC Sainpling

Towyo 9 extended seaward from the south end of the h4arina Del Rcy
breakwater and reveals thc subsurface structure associated with the plume across the
shelf' When the sampling began, the flow from the storm had already subsided
significantly As scen in the surface map, the plume characteristics of fresher,
warmer, and more turbid water were evident in the nearshore, near-surface layer
 Figure 3! This layei was less than 5 meters near thc coast and thiiiiicd offshore
eXtending to a distance of about 4 kin frOm the cOast The subauiface water on the
shelf was cool  < t4 'C! and saline  >33 4 pss! as shown in Figure 4. High particle
concentrations, indicated by beam c, wer» observed in the near-surface layer
associated with the storm water plurne and in the bottom boundary layer  Figurc 4!
ln the nearshorc 0 5-1 km of the transect the particle concentration was high  beam c
> l In l! thrOughout the Water COluinn, perhapS reault'ing frOm a COmbinatiOn Of
bottom rcsuspcnsion and sinking from the runoff plume. Thc near-bottom layer is
siinilar to near-bottom layers that we have oflen observed off of Palos Verdea  e.g.
Washburn et al, 1992! Deeper water appeared to intrude up the shelf'near thc
bottom as evidenced by the cool  <12 5'C!. salty  >33 45!, low chlorophyg water

STQRlvl 'wATER RUNOFF tNTO SANTA lvlONICA BAY

Figure 3 Surface maps construmed from the near-surface observations of the  owyo
indicated by the diamonds, which indicate locations where thc towyo was within 2-3
tn of the surface This map is from March 5, l 996 Chlorophyll fluorescence is in
relative units  thc voltage output of thc sensor, where l volt corresponds to about 0 6
pg/I chlorophyll!,' hearn attenuation is in the units of m', salinity is expressed in the
units of practical sahnity scale  pss!, essentially parts per thousand
Subsurface chlorophyll fluorescence at -20 dbar between 2 5 and 4. 5 km ia likely to
bc evidence of phytoplankton rather than terrigenous plant material.

Two days later on March 7, a larger scale msp of the area waa obtained with
transects extending from south ol'Manna del Rey to Point Durne, west of Malibu
Creek Low salinity water, cvidcnce of'the storm water runoff, was stig present
nearshore throughout the area  Figurc 5! However, sahnities were not as low as
observed on March 5 Nearsurface particle concentrations werc highest in thc low
salinity water and corresponded somewhat with higher chlorophyll fluorescence in the
surface layer. The highest chlorophyll fluorescence values were observed both
nearshore and south of Magbu Creek The largest values found between Point Dumc
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Figure 4 Towyo section extending southwestward f'rom the southern end of the
Marina del Rey break water Corresponds to the central lransect shown m Figure 3
Units are the same as in Figure 3

and Ma!ibu Creek were associated v ith reddish brown water typical of dinollageffate
blooms

The transect extending offshore f'rom the southern end of the Marina del Rey
breakwater was again profiled with the towyo on March 7  Figure 6! As seen in the
surface map, there was still evidence for the presence of runolT In the Inner 2 S km of'
the tranaeCt where salinilieS Of i 33 4 penetrated IO > It3 dbar ParttCle COnCCntratlunS,
as indicated by beam c, were siill high in the upper layer. but did not show the
extreme values observed on previous transects Chlorophyll guorescence were no
longer high the low salinity, iurbid waler near the surface, but showed subsurface
maxima that were independent of' the higher particle concentrations in ihe surface
layer and near Ihe bottom

An unusual feature was observed within this transect Between 2 5 and 4 km
there was a dynamic I'ealure that was apparent in all of'Ihe variables  Figure 6! ll is
mosi noticeable in the elevation of the contour lines ol temperature and salinity But
there is also evidence in chlorophyll fluorescence with the bif'urcalion of the
subsurface chlorophyll rnavimuln and in beam c with the clcvation of parlicles lo
i»ore;han ! 5 dbar above tire lip tom This narrow uplifting is probably the result of'
ar»ntcrr;al wave passing lhiough lhc region Fvamining the surface map in Figure s
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Figure 5 Surface maps from the towyo mapping on March 7, 1996 Units are thc
same as in Figure 3

It appeara lhal the COOI SpOt in the center OF thiS iranSeCI mav be ihe Surfaoe
eVPreasrort ol Ihi!i li.'I'I rip trig PIOVIJCS iio ii'Idiudli iii Oil!Ills Ic  tule iii aliv Ol tire Olhel
transect s

Tile currc»l lime series al 15 m reveals tha  ocean currents near the Ballona
Creek outflow are higlily viiiinblc h sunirnary ol some basic statistics of the current
dat» are presented in Table 2 For both the eastward and northward components ol'
current, the standard deviation exceeds the mean which confirms Ihe vanable nature
of'currents in Ibis region The mean current speed is 8 9 + 6 2 crn s in the direction
of'162 + 83 Irue Thus ilia mean current direction is inward the southwest and is0 0

Orienled alOngSliore, iliuie ur ICSS parallel tO hneS Of'COnatanl depth  ISObathS!

BeCauSe theSe data are effeclively Sampled al a rate Ol'2 pOinlS per hOur. they
resolve flu tuatinns in currents on a minimum time-scale of «bnui I hour The lolal
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Figure 6 Towyo section obtained on lvlarch 7, 1996 As in Figure 4, this section
extends southwestward from thc southern end of ihc Marina del Rey breakwater.
This transect corresponds io the second hne from the south in Figure 5 Units arc the
same as m Figure 3

length of' the time series is about 70 o days, so thc maximum resolved time scale of
Current fluetuattOnS iS abOui 2 rnOnlhs Several phyaical OceanOgraphic prOceSSes
pioduce vanability over this range of time scales inrluding tides, wind I'ormng,

STOtuvt wATFR RUNOFF INTO sAMTA tvtONICA BAY

dis rain
All of ih se pi~ mmay imporianl "or

ispersing storm water runoff plumes from Bellona and Mafibu Creeks.

It is important to detertune th» dominant time scrdes of currents durin
events to understand the d namic ry ic processes which disperse the storm water runoff
pumc. To aid inidentiF 'n h~ g t ese time scales, power spectra are computed f' or the
eastward  u! and northward  v! velocity components A clear k is f
spectra at frc ucncics rls corfcspontlirig tv itic lunar and solar semi-diurn 1 d
in the range 11 97 to 1242

i- iurna ti es periods
to hours! A smaller peak is associated with the lunar and

solar diurnal tides  periods in the range 23.93 to 26.87 h
p s in t e spectra, current fluctuations occur over a continuum of time seal
12 hours to about 11 da s hays, t e longest period which is resolved by the spectra

i litiilt o time scales trolll

rem rat ure
Other important quantitics measured by the m edmoor current meter are

empcrature and pressure. The temperature time series shows a 2.5 temperature
oscillation over a period of about 30 days A full period of thepert o the oscillation waa

fre uen
o Serve, ui il is not known it continued beyond lhe Observat o 'od Ff h

quency temperature fluctuations with a period of about 12 hr
i n pen igh

a i es e prcssure tirnc series measures lhe water depth with respect to thc
currCnl meter peak-tO-trOugh vahattOna Of 2 m in water depth OcCur on time SCaleS
of 12 hours and are duc to the scrni-diurnal tide The low fr uen "env

tides Clearl tides are
a peri o about 14 days results from the spring-neap cycl f h

y ' a dominant source of current fluctuations are likel be
ceo I e

imporlani in trans isporting the storm water plumes over periods of several hours
are i ey to very

successgtl . g ' near~rfaee tinuous putnp,'�
successfully map ihe distribution of the storm water runoff ini S M

storm events Results from a single smaller even  in Mar h
nO iniO ants MOniCa during

several as e tp c s of the impact of storm water runoff into the coastal ocean
even in arc 1996, demonstrate

initially the plume spreads as a thin layer over the surface ext d ff h
2-5 km and al nongshore lor larger extent s depending on the alon shor

ace e en ing o s ore

During ihe initial sta es, w
e a ongs re advection

fume i
ini ia s ages, when there is still significant discharge fr the k, herge rom t creek, the

p umc is demarcated at its offshore boundary by a sharp I h
visibl 'i e, o tical r

roni w ich is apparen!
visi y  i e, optical propcrtiesl, in salinity and temperature Dunn this 'od h
p ' o en less than 5 m deep, and the. most intense art f h I p
less than 2 m deep, as seen in Figure 4

p o t e p ume is probablp y

Over tinie the plume becomes more dilute and the particle concentrations
decrease in the upper layer This can be seen by comparing the surface ma s 'Fi

.! n e owyo sections Figures 4 and 6! from March 5 and 7, 1996 Other
gree er an just t e initial input offactors indicate thai the impact of'the plume is gr I th ' h

dissolved and paniculale material The development of'the dinogagellate bloom seen
on arch 7 near!vlafibu indicates that the nutrienls and stratification provided by the
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tunoF plume contribute to the biological productivity of' thc region. In other areas,
dvcr plumes are a significant factor ln coastal primary and secondary production
through the transport of buoyancy and nutnents into the coastal ocean  Malone,
1982, l 984, Lohrertz et al, 1990! Initially, primary production may be inhibited or
limited in the region of the storm water due to the rapid attenuation of hght by the
high paritcle concentrations in the s atm water, and perhaps by the toxic components
that may be present  e.g. SCCWRP, 1992!.

There are several deleterious eFects that can result from runoF plumes The
most obvious factors sre the introduction ol'pathogenic bacteria and viruses which
aFect the human populalion, and toxic elements and compounds which can aFect
inarine life lt is likely that  hesc effects are intially directly correlated with the
proportion of storm waier in thc sea water Bay et al  this volume!, as part oF this
project, have shown  hat toxicity to indicator organisms correlates welf with salinity
They found that toxic metals are most likely to be the toxic component m the storm
water runoF These toxic effects can be apparent when runoF concentrations are as
little as 5%  salinity $-32! in the surface seawater, Therefore, the dis iibution of thc
storm water in the surface layer, as measured by salinity, is an important tool For
 napping the dispersion of toxicity cfTects in the coastal ocean

Coastal currents are highly variable in this region and  hereforc prediction of'
the direction and speed of dispersion of the plume v ill be diFicu t The mean rurreni
speed during the current meter deployment was about 3 4 cm s', or <0 I knots,
suggesting very low mean advection However, because ol  he strong tidal varia! ion
al currents, the actual dispersion can bc mare than 10 km alongshore during 8 single
phase of he tidal cycle The circulation within Santa Moruca Bay is complex  Hickey,
1993! and the maps that we have obtained indicate that thc frontal boundaries are
spatially variable  e g Figure 3! Theret'ore, although the predominant direction of
advection will be alongshore, eddy systems within the Santa Monica Bight cou'ld
result in significant oFshare transport of storm water tunoF.

The results presented here provide an initial look at ihe impacts of storm
water runoF on the receiving waters of Santa Monica Bay, Plume mapping, combined
with toxicity and benthic sampling, provide a powerful technique for assessing the
spatial impact of storm water and for evaluating the influence of physical dynamics on
the dispersion oF  hc storm wa cr More detailed analysis of the data se  is ongoing
and is expected to yield additional insighi into the interaction of storm water runoff'
with the coastal ocean off of southern Calif'amia

This research has b«cn supponed by ihe USC Sca Grani Program and by thc
County of Los Angeles, Department ol'Public Works Ship time was generously
provided by the City of'Los Angeles We thank the crew of the Research Vessel La
Mer for their helpful support during field sampling. and for the scientists ol' the City

of Los Angeles Environmental Moniianng Division who a tawed us to interrupt their
schedules when storms occurred Technical support during field sampling was
provided by Zhihong Zheng and Ivlatlhew Ragan at USC. Brian Emery at UCSB, and
Harold Stubbs and Dario Dich  ai SCCWRP
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S ormwaler RunofF Ef'feels on Santa iMonica Bay'
Toxicity, Sediment Qua!i y, and Benthic Community Impacts

Steven Bay', Kcunah Schiff', Darrin Oreenstcin', and Liesl Tiefcnthalcr'

Results from the initial year of a three year study of  he cffcc s of stormwater
in San a Monica Bay arc described. Surface water and scdi nen  samples werc
collcc ed for ana!ysis following four significantly-sized storm events in January
through March, !996. Toxicity was present in water samples offshore of Ballona
Creek and was proportion! to thc concentration of runoff in thc plurne. Changes
in scdimen  charac eris ics. Such as grain size and TOC, were evident offshore of'
bo h Ba!Iona and Malibu Creeks. 24o  only were the changes in scdimen 
characteristics temporal!y stable  simi!ar pat erns observed aRcr storms and
during dry weather periods!, but there was a gradient of change decreasing both
upeoast and downcoas  away from each crack mouth. Sediment contaminants,
such as !cad.  o al DDT, toial PCB, and  otal PAH, were clevatcd at statio  s
directly offshore Ba! iona Creek compared to sediments a  siml! ar depths offshore
Malibu Creek. The firs  year's results have not detected significant stormwatcr-
related cha!tgcs m benthic infaunal community assemblages or sediment toxicity
in the vicinity offshore the discharge of either creek.

Urban runoff has been shown to discharge laige quan i  es of eon aminan v
 Schiff and Stevenson 1996, SCCWRP 1990, 1994a! and can be toxic to rnarinc
organisms  Bsy is o . 1996! Unlike munieipa! was cwa er, storinwaicr runoff
cole s  hc ncarshore marine environment, often through estuaries or wet!an b,
wholly untrca ed New regulations and increased monitoring eFReiency are

Sniiihern Csliinrnia C naiixl waici Resea ch Prn]cch 2 >I Fenmck  .anc, Weunnns cr CA
926X! Iwww sccwr i nial

STORMwATER RUNOFF EFFI-CTS ON SANTA MONICA BAY

enhancing in-channel mcasurcmcn s. yielding be  er  nfo mat on on
characterization of we  weather inputs snd effectiveness of' bes  managemen 
proc icev  LACDPW 1996! However, virtually no information exists on
contaminan  fa es and iheir biological cffec v once wm weather dischiuges en ei
Ihe inarine environrn en 

The fa e and effec s of eon am nants on  he rccc v ng environment cannot be
predicted From in-channel mcasurcmen s alooe The mixing of' the Freshwater
plume with ambient seawa c  alters the chemical state and solub I  y of some
conlaminants, par icle aggregation and setding are also affected in complex ways.
Further nore, th» ncarshorc environment is very dynamic with waves and currents
having a strong  nf!ucncc on  he dcposi ion and d s ribut on ol stormwa er
con aminan s. Moreover. much of what we know about the effects of
eoniaminan s in  he bcnthie environment has been learned from studies of ocean
wastewater ou falls These systems d ffer greatly from s orinwa er discharges in
terms of discharge composition and variability, inixing and d spersion, xs wc!i as
the receiving envirorunent characteristics Therefore, direc cd studies of
slormwaier discharge are needed in order  o idenliFy  hc contaminants of' concern
and their biological effects

The research dcscr bed in  his rcport represents th» initial results of a three
year program to investigate the linkage betwccn stormwater discharge and
environ ncntal effects. This study, conducted in collaboration with thc University
of Southern California  USC!, USC Sca Grant, and  he University of California at
Santa Barbara  UCSBh had  hrce principal objce ives. The Rrst objceiive was to
measure the dispersion and mixing of stormwatcr plumes in Santa Monica Bay,
this work was conducted by our co labors ors and i s presented in an
acco npanying article. The second objective was to exa nine the magnitude and
charac eristics of water column and scdimcnt toxicity near stormwatcr discharges.
This work e!cmen  examines potentia! contaminant eFfccts and provides an
important link wi h similar data from mcasuremcnts within the watershed. The
final objective of  his project was io measure  he impacts to benthic co nmuni ics
in the immedia e vicmity of' the discharge. This artie!e presents thc resuhs from
the  ox city and benthic stud es for the frat ct seaso of sampling.

The Ra!Iona Creek and Mslibu Creek watershecb wer» selected for evaluation
in this study Both wsteisheds arc roughly similar in size  Figure I!, and together
they encoinpass over half of Ihc en ire Santa Monica Bay drainage area
 S cnsirom and Sireckcr 1993!. The Ballona Creek drainage bas n is highly
urbanized, !�% of' the ws ershcd is developed and compnsed of picdominan ly
residential land use Almost the entire channel is concrete-lined Converse!y,
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Malibu Creek is predommantly undeveloped, gg% of' the walershcd is open tand
and the channe! is aiinosi cntircly earthen. These differences in watershed
characteristics. combined with localized diversity in rarofa! t, lead to large
vartattoos m flow and pollutant loadmg to thc oceats, even For thc same stortn
event  LACDPW 1996!. By comparing impacts associated with each watershed
type, we hope to distinguish between effects arising from urban aod non-urban
stormwaler ruoof'f.

Figure t. Watershed characlerlsliCS and Sediment sampling Sites for the hvo
study locations. All stations were located along the 25 m isobath. Circles   ~ !
indicate stations sampled after mulliple storms for chemistry and infaunal
COmmunity analySeS. Sediment from all 10 StatiOns were collected fOr toxialy
tests following Ihe February igg6 storm event

sTORsrtwA TER RuNoFF EFFECTs ON SAherA IvlONICA BAY

Svm/rfrngvnrl.yvmfi/< Brrnrlfrngr
Wet !ca!on !ampling wa! accompti!hcd a!'Icr lour l99h storm events oi'

variable magnitude January 2l   .52 cm rain ai Los Angeles Civic Center!,
January 3! �.5! cm!. February 19-21 �0 lh em!, and March 4  I 7g cm!. Wet
season samphng was coordinated with plume dispersion studi«' conducted by
L!SC and UCSB Water sample For toxicity were co!!ected as soon a! possible
fo!!owing a storm  !t-4
 hour! l. while sediment!amp!«were collected up to 14
days lotlowing target! Iorm! in order Io allow!uspended panicle- io!cele

Surface water !ample! tupper rneicr! were collected dunng each of the four
storm events Five waicr sample were obtained from the Ballona Creek area
during each event Fe~er samples were collected off Malibu Creek, due to
diFFiculiie! <n acce!!Ing the!Iudy area and the relaiively !matt amount of' runoff
found in the !url'ace water Water sampling meiho<L! varied because of the
necessity t<i use different boat! for some sampling Surf'acc water samples were
either collected by dipping a glass Jar attached to the end of an a!urn<num pole or
from a submersible puinp deployed from a boom amidships ol' the boat Sampt«s
were stored under refrigeration at SCCWf P and I«-tcd within 4f  hour~

Loca»ons of the water sampling stations werc determined during each cruise
d varied between evenes Salinity measurernentr, were used to select loca»ons

that represented a gradient of' runofF concentration, usually aligned along a
transect running between the creek mouth and a rcfcrence station contairung nc
rneasurab!e runoff; located up to 6 km offshore

Four sta»on! offshore of' each creek mouth were Iargeted for post-!torni
sediment Chemistry, toxicity, and infauna mcaauremcnt!  Figure l! All eight
station! were located at roughly 25 m, a depth indicated by a pre-sea!on!pa»al
!urvey to!how strong gradient! oF change across the area of' stormwaier influence
 Bay and Schiff f99~! One additional sediment ~ample ai each sile wa! collected
far SCdimem tOxiCity and ChemIStry Fol!Owing thC February SIOrrn

Sediments were collected using a 0 l m modilied Van Veen grab Foi
COntaminant analyxi!, Only SurfiC<al sedirnCnLS  tOp 2 cm! FrOm undixturbed.
representative grabs were collected. Sediment samples were placed in separate
containers I'or grain size, TOCFTN. trace organics, and metals ana!yses Sampt«
were either stored under refrtgeratIOn  grain size! or frozctt until analyzed
Samples fOr Sediment iOXieity tests were taken frOm rrpliCate grabv and !tered
under refrigeration

Fiir henihi<. invent'brute corn<»unity  infaunal! analy!I!, entire sediment grab
samples were gently washed through a I 0 mrn mesh stainless steel screen on the
boat The organism! retained on the screen were "relaxed" using MgSO,  Fpsom
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sails! in seawater, After 30 minute thc sample was fixed with IO'/o borax
buffered formalin and returned to the laboratory. After 24 hours, sample werc
rinsed with freshwater to rcmove Formalin and preserved in 70'/o ethanol.

rlnulyfi < ul Chemi srrv

Grain Size lnafysiss Sediment grain size was measured using a Horiba IVfode}
LA-900 laser scattering patticlc size distribution analyzer. Stxhmeni samples
werc First homogenized, then a rcprcsentativc aliquot was passed through thc
instrument and ihc particle size' determined by detection of scattered  refracted
and reflected! laser lighl

Tii ai Oiguni< Curb<ex Toluf hhlrngen vnd T<nnf V<d<<nf<' Srshels nn<ihu<i
Total organic carbon and total nitrogen  TOCrf N! measurcmcnis weir conducied
using a Carlo Erba I IOR CHN Elemental Analyzer, according to mc hods
developed by SCCWRP  l993b! Se<brnent sainplcs werc homogenized, dr~ed.
and then digested with acid to remove inorganic carbon Samples were then
oxidized by combustion in the analyzer and the evolved carbon and niirogen
quantified using a thermal conductivity dcicctor.

Total Volatile Solids  TVS! was measured using a Therrnolyne Model 62700
muffle furnace Sediments were dried at b0 'C overnight, combusted ai 500 'C.
and then weighed after cooling, TVS was determined f'rom the nct I< .. in weight
after combus ion. While not as specific a measure as TOC, TVS has been shown
 o be significantly correlated with TOC measurements in reference areas oF the
Southcm California Bight  Thompson ei <rl. f993!.

isferai Anal<cia Samples were prcparcd for metal analysis  a!urninum,
antimony, arsemc, beryl!ium, cadmium, chromium, copper, iron, lead, mercury,
nickel, selenium, silver, and zinc! ih accordance with EPA Ivfethod 305 I tEPA
I99Fi!. Dried scdiinent samples were digested using a nitric acid:hydrochloric
acid mixture. Metal concentrations were determined using a Hewlett Packard
Model 45D0 inductively coupled plasina-mass spectroineier  ICP-MSI according
io EPA Meihod 200 R  EPA 199 I I

Pexf'<<icier anrf Pnfvchforinufed Siphenyfs  PC8j. Analytical melhodx for
chlorinated pcsticidcs and polychlorinaled bipheny'ls followed EPA protocols
 EPA l9RFi or EPA 19R3! Six DDT isomers and metabofites  o,p'-DDT, p,p'-
DDT, o,p'-DDD. p,p'-DDD, o,p'-DDE, p,p'-DDE! and 27 individual PCB
congeners  congeners R. Ill, 2R, 29, 44, 50, 52, 66, 77, BV, 101, 104, 105, I I R,
12fi, 121 , I31 , 153. 154, 170, II�, IB7, I BB, 195, 201, 206, 209! were quantified
Samp! es were also examined for twelve additional chlorinated pesticides  isorncrs

ST !RMWATER RUNOFF EFFECTS Ohi SANTA MONICA tth Y

oF chlordane and lindane, hexachlorobcnzcne, and derivanves of cndosulfan!, bui
none oF the e compounds werc detected for any sample in this study

Specific rncthodological details for the analyses can be found in SCCWRP
 I994b! or Zeng and Khan �995!, but a general description of the procedure
Follows Samples for DDT and PCB analysis were homogenized and then
centrifuged to rcmove pore water Following sediment extraction by rncthylcne
chloride, the extraax were cleaned of interfering compounds using activated
copper addition and preparative columns of alumina and silica Extracts were
concentrated io I rnL and injected into a Hewlett Packard Model 51 90 ll gax
chrornatograph equipped with s  <0m x 0 25 inrn ID � 25 Iim fibn thickness! DB-
5 Fused silica capillary coluinn and a fsfi electron capture detector  GC-ECD! for
an a lyte measurerneni

pnfvnu<ieur nnimun< Hv<ir<i<arhnn<  PAH! PAH analyses were conducted
usmg EPA protocols  EPA 19gfi or EPA 19R3! which quantify 2g diffcrcn 
PAHs Specific inethodological details can be found in Zeng and Khan   f995! or
SCCWRP  l995a! Analysis was accomplished by in]ecting a portion of the same
solvent extract used for  he chlonnaicd hydrocarbon measuremcnts into a Hewlett
Packard Mode'I 5R90 II gas chromalograph eqmppcd wiih a DB-5 column  Fi0m x
025 mm ID x 0 25 pm film thickness> and a Hewlett Packard Model 5890 Mass
Selcc ive Detector in electron impact ionization mode

Inf«un<if Cr>mmunn i' 8 nniuvii

Each infaunal sample was sorted into six different taxonomic groups
annefiCs, molluscs, arthropods, ophiuroiCk, inisccltaneous echinodcrms, and
"other phyla" A minimum of I0'fo of each sample was rcsortcd by another person
to detect missed organisms II sorting efficiency was less than 95%, then ihc
entire sample was resorted. Biomass measurements were obtained by weighing
each group of organisms io thc nearest 0.01 g  wcf weight!

Each organism was identified to the lowest taxon possible, usmg standardized
nomenclature developed for the Southern CaliFornia Bight  SCAfvffT !99fih
Specie level identifications were assigned by scientists who were experts in their
taxonomic group and were active members of' the Southern California
Association of Maine Invertebrate Taxonorni six  an interagency quality
assurance group!. Ten percent of al! samples were re-<demi fied and enurneratcd
by a second taxonomisi for quality assurance AB new specie encountered werc
maintained in a voucher collection which i< located at SCCWRP

T<iri<vh' f<feusur< nieni

Three types of environmental samples were tested I' or toxicity surface walei,
sediment iniersiiiial water. and whole sediment Surface waicr samples were ooi
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ft!tered or centrifuged before testing Brine  prepared by the partial free'zing o 
seawater! was added to samples with a salimty bc!ow 30 gtkg to adJust the
salinity io 34 g/kg. Each water sample was tested at a single concentration. l 00'r»
Sainple Or Ihe maximum cOncentratiOn aftCr salinity adjuattnenl. FOur repltcates
of each sample werc tested. The percentage of runoff present in each toxicity tert
sample was calculaied from the imtial salinity value and included dilution
resulting From salmity adjustment This calculation assumed that thc percent of
runoff' prcseni in the angina'I sample was inversely proportional to the reltoive
salinity, exprer vcd av a percentage of Ihe background value  ouisid» ol plurne!

Iniers itial water was extracted l'rom the sediment samples by cenirifugaiion
twice at 3.000 x g for 30 ininulcs. Laboratory seawater was added to the sample
to produce three test concentrations conlaining 100, 50, and 25% interstitial
watei Three icpticatcs of each concentration werc tested.

Water quality measurements conducted during each toxicity tested consisted
of salim y, dissolved oxygen. pH. and total amtnonia content. Mcaswements
werc made using electrode that were calibrated daily. McasurcmcnLs were made
at the start of each tesi and also at the end of the 10-day amphipod survival leal.
Electronic thetmameters werC uSCd tO meaaure water temperature continuously
during each expenmcnt

Sea Urchin Ferrtfizatiott All samples of surface water and interstitial water
werc tcslcd 1'Or tO~iCity uaing a Sca urChin feltitizattan teal  Chapman et a/ 1995!
Thc test consisted of a 20 mmule exposure of sperm to the samples at ! 5 'C
Eggs werc then added and given 20 minutes for Fertilization to occur. The eggs
were preserved and examined late. wtlh a microscope to assess the percent
fertilized Toxic eff'ects are «xpressed as a reduction in Fertilization percentage

Purple sca urchinx  Strotrgvhtcentrarux putftutatut! used in Ihe te,is were
collected f'rom intctTidal areas in northern Santa Monica Bay. The ie is weie
COnduCled In glass vialr COntaining 10 mL Ol' SOlulian A nCgalivC COntrOI �45
ttm and acttvated carbon filtered natural scawatcr from Rcdondo Beach! and a
brin» control  distilled ~ater containing 50% bone! werc included in each tcvl
series for quality asSuranCe purpases

Amfthipiuf turvivaf The lOXiCity Of Sediment SamplCS wax asSeSSCd by
meavuong the survival of amphipods Following a 10 day exposure period. Test
methods f'ollowed standard guideline  ASTM 1991! A one liier sedimeni
sample was removed from vioragc and homogcnixcd with a ptaviic vpo<m A 2
cm layei ot' sediment wai added Io five ieplicate one-quan gtavv canning Jws toi
each staiion Approximately 750 mL at lab seawater, adJusled to a salinity ol' 30

STORMWATI.R RUIvoFF EFFFCTS tyN sxwTA MONIC'A uaV

g/kg, was added IO eaCh Jar The Jara were fitted with aCraiiOn tubei and allOwed
lo equilibrate overnight bel'ore addition of Ihe amphipodv

TWeniy amphtpadS  RheJtaxvntuo ahrOitiu.t! were added lO CaCh Jar The ICSt
animals werc collected From Pugcl Sound  Washington! A sample of collection
sile sediment was aLvo included In the test, as a negative control The test was
conducted ai l 5'C. under constant illuininat ion Surviving antmab were removed
tram the sediment at Ihe ciid nf Ihc expovure by iuev ing and counied to detertnine
ihe pcrceni survival ftchuriat vuccess was not dcteiniined

Surfaet' Water T<irteit I

Toximty was preem in surface wale samples collected near the mouth of
Ballona Creek during three of thc four sam phng, events No toxicity was dctcctcd
in water samples colleclcd one day following the January 21 siorm. Water
samples from this event contained less than 4'/v runofF, below thc concentration
range ot Ballona Creek runoff  >Ft %! shown to produce toxicity in related studie
f Bay ct a! l 997!. The relatively small ainouni of runofF present in the January 22
sainplcs may have bccn due to a dehiy in collection following the storm.

A map of lhc results for water sample collected following the January 3! and
F ebruary 19-21 storms shows thai toit,icily was usually present near the mouth af
Ballona Creek Toxic water samples were rcstoctcd to a relatively small area  <1
km offshore of' Ballona Creek! following the January 3l  Figure 2! and March 4
storms  Bay and Schiff t997! A greater area of toxicity appeared io be present
on February 2l, with toxic wale' present up io 4 km From the mouih of Ballona
Creek No ioxiciiy wax detected in wa er samples co}lcctcd near the rriouth of
Malibu Lagoon in January and March Toxicity was noi expected in  hc Malibu

plex, since all vamplex f'rom Ihc area contained less than 2'/ti runoff Too few
sample werc collected io examine thc longshore distribution of toxic surface
water

Th c rnagniiude of' toxiciiy was proporlional io the amount of Ballona Creek
runoff present in the sample  Figure 31. This relationship was also similar lo lhe
dose response pattern measwed For Ballona Creek storrnwater sarnplcs collected
during the Saine storm  Figure 3!.
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Figure 2. Surface water toxicity results for sta'lions sampled after two storms.
Pie diagrams show results of sea urchin fertlllzatlon test.
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gure 3. CompenSOn Of Sea u~Chin fertillZatiOn leal reaulta for Febmay 21-22,1996 samples of L lions Creek sto~ater  up tream! a~ head,y ~d
water  mean and Standard deviation!, Slermweter dnse reapdnae lineS are fdrhvO Samplea that ~epreaent the range Of textotty meaaured during the stOrm  B~
et ai. 'f 997!. Alf vaiues have t!eerl normattZed lO tha COittret teepdnse

Sediment Concentrations. The ana!ytica! results from thc four sets of post ~
stoitn sediment samples were used to determine thc wel season average
concentrations of seditncnt charactaistics and contaminants directly offshore the
mouths of Bat!Dna and Ma!ibu Creeks. Sediments sampled at fvtatibu Creek
contained twice the ftnes, 50'/s tnore TOC, and 25% greater TN than Ballona
Creek  Table l ! Of thc 14 dii'ferent inorganic/meal constituents, seven werc
substantially greater in sediments offshore of Ma!ibu Crcck  Al, Bc, Cd, Cr, Fe,
Ni, Se!, three were substantially greater in sediments offshore ol'Ballona Creek
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 Pb, Hg, Ag!, and the remaining three constituents were roughly similar in the
sediments offshore of the two drainages  As, Cu, Zn!. Ballona Creek was
significantly greater io sedltncnt concentrations of total DDT, total PCB, and total
PAH than Malibu Creek.

Table 1. Mean  + 95% confidence intervals! sediment charactenstics and
pollutant concentraliona offshore a highly urbanized  Balktna Ck! and less
urbanized  Mallbu Ck! watershed. Sedimenl sarnpies were laken directly
offshore each creek mouth at roughly 25 m depth fallowing storm events.

Ballona Creek  nH! Malibu Creek  n=3!
Mean 95'%%d CI hgean 95'fa Cl

General Characteristics  '/v dry wt!
Fines 30.5 1,2

TOC 0.662 0.263

TVi 0 064 0.012

53.6 8.2

0.912 0 106

0.080 0 008

Organic Contaminants  ng/dry g!
Total DDT 26 5 6 7
Total PCB 26 0 I I 0

Total PAH 289.3 185 3

17.5 3.3
3.6 2 1

735 22

la or ganic Contaminants
Aiummum 14075
Arsenic 4.9

Beryllium 0.39
Cadmium 0.45
Chromiuin 41.8

Copper 1 1.2
iron 15575

Lead 26.8
Mercury 0.17
hltcket 14
5 eienium 049
5 t iv er 0.93
l,tnc 56

 ug/dry g!
258

0.7

003
0.07
3.1
2,0

123

2 2
002
1
005
013
3

21500

5.0
057
0.68

57.5
13.0

22933
10 3
0.10

29

0.69
031

58

898

1.3
0.10
015

13.7
2.6

2103

I 2

001
4

004
005
7

Gradients of Srorrrisssarer flijhence. Sethmcnt characteristics offshore of
Ballona Creek followed a shstinct pattern across the gradient of stotmwater
influence  Figure 4!. The propOrtian Of scdimCntary fine-grained matcrialS  Sift +
clay! was greatest threctfy offshore the creek mouth and decltned both upcoast
and downcoast. Gran size was significantly higher direedy offshore BaUana
Creek � 1'/a ftnes! relative to sediments 4 km upcoast �9'!a fines!. Similarly, a
spanaf pattern in sethrnent TOC and TlV content was associated with Ballona
Creek discharges. Sediment orgamc carbon content doubled directly offshore
Ballona Creek � 66'te TOC! compared to acthments 4 km upcoast �.30'itt TOC'1

The spatial pattern in segment characteristics offshore fvfalibu Creek was less
disnnct than at Ballona Crcck, but was still discernible  Figure 4!. Finwgrained
sediments at 25 m depth directly offshore thc crock mouth werc I 5'/a greater than
in sediments coflected at simi!ar depths 4 km upcoast ln general, background
conditions ai Malibu Creek, as indicated by sediment characteristics such as graio
size, were substantially different compared to background conditions offshore
Ballona Creek.

horgaiuc contatninaots offshore of Bal!ona Creek followed a pattern across
ihe gradient of stormwatcr mfluence which was similar to the panern observed m
sediment characteristics. Stormwatcr associated metals such as lead, copper, and
zinc were significantly higher m scduneots sampled directly offshore of the creek
mouth and conccnnations declmed both upcoast and downcoasi  Figure 4!, Wet
season averages at chstant stations 4 fcm upcoast were between 41'!s  for copper!
and 704/o  for zmc! of average conceattrations direct!y offshore of Ballona Crcck
mouth.

The panern ol' tnorgamc sediment contamination across the gradient of
stormwa er iofluence offshore k4ahbu Creek was small or oon-cxistcnt compared
to thc patterns observed of'fshore Ballona Creek  Figure 4! As with the sediment
charactcrisncs, where patterns shd exist the magtutude of changes werc smaller
than at Bal!ana Creek. WCt SeaSOn aVeragea al dtatani StatiOnS 4 km upCOaat were
between 58v/  For copper! and 80'Je  far zinc! of values measured threcily
offshore at' ihe Malibu Creek mouth. Average metal concentrations were lughcsi
io sediments sampled 2 to 4 km downcoast from the Mattbu Crcck mouth

Organic contamtnants ofl'shore of Ballooa Creek followed a distinct panertt
across the grathen  of stormwater tnfluence <Figure 4! Total DDT, total PCB,
and total PAH werc highest iu sahments dtrectly offshore oF the creek tnouth and
concenn attons declined both upcaast and dowilcoasi Wet season averages at
distant stations 4 km upcoast were belween 6'k  for total PAH3 and 4 I'4  for total
DDT! of average concentrations directly offshore of Ball ooa Crock mouth
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Organic contaminants offshore of h4libu Creek gcneraUy did not follow a
panern across the gradient of stoimwater inf!uence  Figure 4!. There was no
conslsten'l 92rend to the data and organic coiltattunant concentranons were very low
overall. Thc greatest wct season concentrations of total PCS snd total PAH werc
not direct!y offshore of Ma!ibu Crock, but 4 !on downcoast instead. However, thc
lowest va!ucs for all three organic compound c!asses were rcgu!ar!y observed 4
knt upcoast from the Ma!ibu Crcck mouth.

e>

Taxi cr!y. Atnphipod survival was high  89-98'fe! and indicative of no toxicity
in all sediment samples  Table 2!. The concentration of ammonia in the water
overlying the sediment was slight!y higher for stations within 2 km of either
creek, possibly reflecting the orgauic enrichment identified by cheinica! ana!yses.
These arrunonia concentrations werc not toxic snd were within the range typically
found in sediment toxicity tests.
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intcrstitia! water from nine of ten scdimcnt samp!es wss nontoxic to scs
urchin sperm  Tab!c 2!. On!y interstitial water from the Ba!!ona Creek station
located 6 km upcoast was toxic, reducing ford!ization by about 60'/I  re! ative io
thc control!.
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Table 2. Summary of tdxiofty test reaults fOr whole Sediment  amphipnd
Survival! and interalitial water  Sea urchin fertllizatiOn!, Sediment Samples were
collected February 28, 1996. Oistances refer to the u pcoasl  +! or downcoast  -!
direction at a depth of 26 m,
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Figure 4. Grain size, lead, and total PCB concentrations in surfida! sediments
offshore of Bellona and Ma!!bu Creeks. Values are mean  +95% Cl! of 3-4
alarms during the 199M6 wet season. Distance from creek mouth refers to the
upcoast  +! or downcoasl  -! direction at a depth of 25 m.
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Irrfattttaf Cornrrutrt!0t Srrucrtrre A total of 30 samples were sieved, sorted.
weighed and identified for infaunal commumty structure analysis A total of
8,531 individuals werc identified comprising 389 different taxa About 90'/e of
the total abundance ai each creek represented species cornraoa to both sites The
dominant species recorded at each creek site included thc polychaetcs,
Spiopharter rrtt'ssiartersiLs and parapet'tPaaspio pianam, thc mullusc, Tellrrta
rttaderra, and the amphipoth, Aarphirfeuropus octdarus and Arrtpelisca
brevisrmu ara bstercstingly, the Malibu Creek site also contained some
organisms  c.g., Amphi'odin tttrtca! which are rypical of fine-gramed habttats
common in deeper water  Bergen 1 995!.

sr !RMWATFR RU'NOFF FFFECTS oN SANTA MDNlcA BAY

Examination of trends across the gradient of stormwater influence did not
reveal any signiftcant relationships to storntwater chscharges  Table 3! instead,
mean abundance decreased moving upcoast offshore of both creeks Similarly,
species richness was highest downcoast and lowest upcoast of thc Balloaa Creek
mOuth Species richness was fairly cnnatant across the gradient of stormwater
influence at Malibu Creek, but the station 2 km downcoast showed high
variability Diversity and evcness measures showed no strong trends berwccn
stations

Table 3. Summery of infaunal results for the f995-96 wet season. Distances
refer tO the upCOaai  +! Or dOwncOaat  -! dlreottart at a depth Of 25 m

Distance

from creek Mean  95Vs Confidence Interval!
mouth fkm! Abundance Species Richness Diversi Evencss
Ballona Creek  nW!

~ 2 324 �6!
0 244  lg!
2 2}6�3!
4 145 �7!

fvtalibu Creek  o 3!

374 �6!
~ 2 328 �25!
0 333 �8!

303 �2!

L>3 �,08!
i.yo �.04!
l.60 �.05!
1.68 �.08!

94.5  ! 2,4!
800  4.4!
66$  44!
67.3 �3 I!

0.88 �.03!
0.89  O.ot!
0,88 �.02!
093 �02!

94,0 �0.4!
85.3 �7.1!
95,7   9,1!
91.3 <10.4!

1 70 �.10!

1,60 �,30!
1.74 �,02!
1.71 �.08!

0.86 �.03!

0.90 �.08!
0 88 �.02!
0.87 �.04!

l
hlumber of inch vtduals/0. I rn2

h
Shannon-Wiener H'
Pic!ou's J

For the entire wet season, stations direcdy offshore of Ballona Crock and
h4altbu Creek at 25 tn depth had sunilar diversity  Shannon-Wiener H'!, evenness
 Pielou's J!, and spccics richness  Table 3!. Abundance was slightly reduced
offshore of Balloaa Creek relative to Malibu Creek.

Results from the first year of this study, though preliminary, have already
helped address scvcral unportant qucsuons regardmg runoff effects m receiving
waters. Stormwater runoff m Southern California is extremely vartahle between
stortns aad years. We cannot be sure that the patterns or mayutudes of effects
discussed below are representative without conducting suai!ar measurements over
a longer tune span, as planned for the subsequent years of this study.

~ Do storm water discharge plumes contain 'toxic materials
The results indicate that smfacc water toxicity ui the Bellona Crork arcs tnay

occur when thscharge plumes contain greater than about 10'/i runoff. Malibu
Creek discharge plumes did not contain toxic conceotrations of runoff, primarily
because of greater dilution. Differences in runoff concentrations m the surface
water saroples prevcxtt a direct comparison of thc results for lvtatibu and Ballona
plmnes. Less concentrated runoff plumes off Malibu are probably the result of
scvczal factors, including much lower flow rica  up io rwo orders of magnitude
difference! due to the morc permeable watershed and skhttonal dispcsston
resulting from delays in obtaining samples from the Malibu area.

Tbe SurfaCe waler taxtmty reaultS are Cnnsistent with teats Of stormwater
 samp!ed upstream of the creek mouS! conducted as part of a project ftmded by
thC Santa Monica Bay RestoratiOn Prnjeet  Bay el ai. 1997!. TOJLteity Of Malibu
Creek stormwater is usually less than similar samples from Ballona Creek, with
concentratioas of 2 25'Ys usually needed to produce toxic effects. Extending these
results to surface waters, it is likely that less toxicity wiH be present offshore of
h4alibu Creek.

~ Da stormwater discharges produce Iong-tasting a!terations tn Santa
Monica Bay sediments?
Discharges frotn BaHona and lvtatibu Creeks appeared to alter the general

characterisucs  c.g. grain site and organic content! of offshore sediments.
Spatial partern Of a!tered sediment CharaCteriatiCs waS persistent  present in dry
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weather! snd could hc obscrvcd at least 2 km distant. Some alterauons in
scdimcnt characteristics werc obsetved at depths of 40 m, but were not seen in
depths of less than IO m  Bay and Schiff !997!. Thcsc changes are not
unexpected sine the combmed !oads of suspended solids froin these two channc!s
were estimated to bc greater than 2! x 10' mt during the 1994-95 water year
 LACDPW 1996!. Moreover, thcsc rcsu!ts arc consistent with other studies
which observed increases in scdiineni fmes st distances > 2 km offshore of the
Santa Clara River following large winter storms  Kolpack and Drake 1985!.

Runoff from urbanized watcribods appear to have some effect on thc
receiving water bcnttuc cxivironmcnt. Sediments offshore of Ba! luna Creek werc
higher in concentrations of organic conuuninants such as total DDT, iota! PCB,
and total PAH as well as lead, a staimwater-associated metal, compared to
sediments offshore of the !css urbanized Malibu Creek watershed. This
contamination covaricd with scdimcnt characteristics across the gradient of
Bellona Creek staimwater influenc, Sediincnt concentrations of organic and
inorganic pol!utants werc highest offshor af the Ballana Creek mouth and then
dccrcascd upcoast and downcoast. Similarly, other researchers have shown that
runoff from wateisheds with ss litdc as 15 to 25'/a urbanized land use xc.
impcrviouscstess! have a!tered freshwater ecosystems  Yoder and Rankin 1996,
Schuclcr ! 994!.

lt is un!ikc!y that the changes m sediment contaminants measured near
BaHona and Malibu Creeks represent inost of the many tons of contaminants
enter'tng Santa Monica Bay from stormwater each year. More rcscarch is nccded
to define the range of influenc and cventua1 deposition of storm discharged
particles in Santa !v!on!ca Bay. This worL ts continuing at SCCWRP, and is part
of the effort being conducted with our co! laborators at USC and UCSB.

~ h sediment toxlctiy affected?

Results from the sediment toxicity tests indicate that the a!tered sediment
characteristics and increased contaminants resulting from stormwatcr discharge
did uot resu!t in increased sediment toxicity. Amph! pod survival was not reduced
by exposure to sediment from any station. These resu1ts are simi!ar to sedimeut
toxicity data fram the Southern California Bight Pilot Project  SCBPP!, a
rcgiona! study of coastal seduncnt quality conducted in 1994  SCCWRP ! 996!,
Sediment from 72 stations in Soutbetn California  in depths of 10-200 meters!,
inc!uding 13 sites in Santa Monica Bay, were caUccted and tested for toxicity
using a similar amphipod survival test. Nn significant ainphipod inoria!ity was
found at any of ihe SCBPP stations.

Amphipod survival tests do not always provide a high!y sensitive measure of
sediment toxicity. Rcccnt ampbipad survival tests on much more bigsg y

sToRNtwATLR RUNoFf EFFEcTs VNSANTA MONICA BAY

conmninatcd sediments !ocated near Southern Ca!ifottua wastewater outfalls
fai!ed to detect toxicity in samples that caused sublctha! effects on other toxicity
lest species  SCCWRP !995b! or contamcd altered benthic coinmunities
 SCCWRP ! 993c!. The 10 day arnphipod survival test was used in this program
bcctnec it is a reliable method couunonly used in sediment quality studies, and
toxic effects observed with this test are often associated with adverse benthic
community changes

tuteistitia! water toxicity mcasurcmcnts werc included in Ibis program to
provide a inorc sensitive measure of sediment qualiry Previous studies have
dctcctcd iniersuual water toxicity in Southern Ca!ifortua scdimcnts that did not
affect amphipod survival  SCCWRP !9951 and 1996!. The sea urchin
fertilization test of interstitial water ihd detect toxicity in onc sainp!c at tbc
northern cnd of tbc Ba!!ona Creek study area. Sediment chemistry results
indicate that this station is outside the area most influcnccd by tbc Creek  Figurc
4!. As interstitial water toxicity did not corrcspond to variations in scduncnt
contamination, ii is un!ikc!y that the toxiaty was rc!atcd to Ballona Creek
sioimwaicr. A cause for thc micrstidal water toxicity cannot yet be identified.
This toxicity may mthcate the presence of umdentificd containinants from an
unknown source, or ii may rcf!cct temporary varianons m scdirncni quality
caused by natural factors or scdirncnt storage. Addiuona! research is ncedcd to
clarify thc tugnificancc of the results. Addinonal toxicity tests af sediments from
tbe Ballona Creek study area arc in progress to assess the sub!etha! effects aud
bioavai! ability of the sediment-associated contaminants.

~ Are Infauna 1 communlt!cs lm paired?
No dramatic biological effects in tbe benthic community structure were

evident from the first wct season of sampling. There werc no indications of'a
strong!y degraded environment. Differences in commututy composition betwexm
sites offshore of the two creeks were most likely a result of varianons in sediment
cbaractrristics  c.g., grain size! rather than differences m seduncnt-associated
contaminants.

Due to re!ative!y small samp!e sizes  n < 4!, it is premature to reach
conclusious regarding commuruty disturbance at this time. However, these
prclimmary resu!ts are simi!ar to previous surveys of reference areas which have
reported 273-358 individuab and 78-91 species per grab at depths of 30 m during
the summer months  Thompson er nl. 19g7, !993!. Comp!etion of the second
year of infaunal analysis will provide a greater ability io detect subtle differences
in couununitics across gradients of stormwater influenc and determine whether
the rcsu!is ar» consistent over tine
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This project would not be possible without the dedication and effort by many
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CA!. MEC Analytical Systems, Inc  Carlsbad, CA! conducted the uifautiaf
taxonotnic analyses. We also vnsb to acknowledge our co-mvestigators Patrick
Hartney  USC Seagrant!, Burton Jones  USCh and Libe Washburn  UCSB!
This ork as fund d by th Los Ang fes County Department of Public Works
and we are grateful for the cooperative interaction by their staff, includmg Jim
Noyes, Gary Hildcbrand, Bill DePoto, Tun Smith, and Mert Rainos. Addsuonaf
review of ttus prorect was provided by Richard Gersberg  San Diego Slate
Umversity!.
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