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Most of the recent studies on fecal indicator levels in coastal sediments

have been conducted in tropical areas such as Florida (Solo-Gabriel, et al.,

2000), Hawaii (Oshiro and Fujioka, 1995) and Australia (Davies, et al.,

1995). However, fewer data are available from temperate waters or small

embayments. Baby Beach, located in southern California, is subject to

chronic bacterial contamination. The beach is situated in an artificial harbor

protected from ocean swell and currents by a series of breakwaters. A

circulation/bacterial monitoring study conducted in September 2002

indicated that water quality problems may be exacerbated due to limited

circulation. Although surface currents in the area are generally slow, tides,

wind, and eddies can trap surface water along the beach and also resuspend

bacteria present in the sediments. Sediments may be seeded with bacteria

from storm drain discharges and birds. To assess indicator levels in

sediments, samples collected along transects near storm drains, bathing

areas, and a control site were analyzed for E. coli, total coliforms, and

enterococci. Sediment samples were resuspended in 1% sodium

metaphosphate solution and sonicated for 30s at 30% output (Bronson ®

Sonifier 450) to extract bacteria from sediment particles. Fecal indicators

were enumerated from sediment suspensions and water using membrane

filtration (APHA, 1998). High levels of total coliforms (3 x 105 CFU/10g)

were obtained in sediments along a 15 ft. transect from the storm drain.

Enterococcus counts ranged between 200 and 14,250 CFU/10g and the

majority of E. coli levels were at or near the detection limit (200 CFU/10g).

A grain size analysis was done on sediments to correlate with

concentrations of bacteria. Preliminary results indicate a trend of higher

indicator levels in fine-grained sediments. Sediments from storm drain

transects had higher proportions of silt and clay as compared to those from

near shore sites. Understanding the role of sediments as a reservoir of fecal

indicator bacteria is critical for agencies involved with water quality

monitoring and management of coastal waters.

Table 1. Sampling transects.

West End Stormdrain
(a) Up to 50 ft. north of the mouth of the drain.
(b) From the drain mouth to 12 ft east at the waterline.
(c) From below the waterline to a distance of 15 ft east, at 2 ft. water depth.
(d) From below the waterline to a distance of 20-50 ft. east, at 7 ft. water depth

Buoy Line
60 ft. and 30 ft. above the Low-Tide Drop-Off. 0 ft., and 5 ft. belowthe Low-Tide Drop-off; to a maximum depth of 5 ft.

Swim Area
60 ft. and 30 ft. above the Low-Tide Drop-Off. 0 ft., 5 ft., and 30 ft. belowthe Low-Tide Drop-off; to a maximum depth of 5
ft.

West Seawall
Every 20 ft. from 0-400 ft. east of the West Seawall, adjacent to the water line

East End
60 ft. and 30 ft. above the Low-Tide Drop-Off. 0 ft., 5 ft., and 30 ft. belowthe Low-Tide Drop-off; to a maximum depth of 5
ft.

Low-Tide Drop Off
Every 25 ft. along the lower edge of the Low-Tide Drop-Off beginning in-line with the mouth of the west storm drain and
extending475 ft. east; to a depth of approximately 5 ft.

Figure 1. Baby Beach, Dana Point Harbor
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Sample locations. A total of 145 sediment samples were collected at

various intervals along transects on the beach, above and below the low-tide

drop-off line and near the west storm drain area as shown (Figures 2 – 4,

Table 1). Sediment samples were also collected from a shoal area located

inside of the jetty (Figure 1) located distant to the storm drains.

Sample collection. Water samples (100 ml) above sediments were

collected prior to collecting sediments usin g sterile, disposable bottles. The

bottle was clamped to a 5-ft. pole to collect samples in deeper water.

Sediment from 5 – 7 ft. depths below the water surface was collected by a

diver. Sediment samples were generally collected during minus tide levels.

Approximately 100 g of sediment was collected from the top 2 cm of

sediments.

Enumeration of bacteria. Bacteria were separated from sediment particles

by suspending 10 g of sediment in 100 ml 1% sodium metaphosphate and

sonicating for 30 s at 30% output, using a Branson® Sonicator 450. Small

volumes (0.1 – 10 ml) of the suspended sediments were then filtered

similarly to water using the membrane filtration technique (1). Total

coliforms, fecal coliforms, Escherichia coli, and Enterococcus spp. was

recovered using m-Endo, m-FC, m-Tec, and m-EI media (9), respectively

and enumerated as colony forming units (CFU) per 100 ml water or 10 g of

sediment.

Sediment particle size determination. After removin g 10 g for bacterial

enumeration, the sediments (N=95) were dried overnight in a drying o ven at

105 ºC. Approximately 100 g of dry sediment was separated into 5 particle

size classes using 4 screen sieves (Hubbard Scientific) stacked on top of

each other as follows: #5, #10, #60 and #230 sieves for particles >5 mm, >2

mm, >250 µm and >63 µm, respectively (5,7). Finer sediments (< 63 µm)

were obtained from the bottom pan. Each sub-sample was weighed to

determine the percent weight by size classes and total weight.

The high densities of fecal indicator bacteria in sediments at Baby

Beach may be attributed to the geography/topography, harbor design and

poor water circulation. Thus, FIB contributed by storm drains, seagulls or

other sources can be localized to waters and sediments at the nearshore

areas. The storm drains also contribute nutrient-rich, fine-grained

sediments to Baby Beach. Since the grain size of sediments is correlated

with the energy of the depositional environment, fine sediments can

accumulate in areas that are not heavily impacted by currents and waves.

Survival of FIB may be enhanced in sediments due to the availability of

nutrients, as well as protection from solar irradiation and predators.

Currently, there are no standards for FIB levels in sediments. In this study,

we did not determine how the densities of FIB in 10 grams of sediment

relate to levels in 100 ml of water. The 30-day log mean standards for TC,

FC and ENT are 1,000, 200 and 35 organisms/100 ml of water. It is very

possible that high levels of TC and ENT found in sediments at Baby Beach

could contribute bacteria to the overlying water to concentrations that

exceed these limits. Enterococci may be more resistant to environmental

and have higher a survival rate in sediments as compared to the other FIB.

Recently, Craig et al. (2002) reported higher decay rates for E. coli as

compared to Enterococcus. The high densities of ENT detected suggest

that these organisms may even be growing in the sediments. If sediments

are sources of ENT in water, these organisms may not be indicative of

recent fecal pollution of water. TC levels in water have not correlated well

with gastrointestinal illness, as some coliform bacteria are found in

environmental sources such as decaying vegetation. In this study, E. coli

was generally not detected in sediments, thus elevated levels of this

indicator in water may provide a more accurate assessment of fecal

contamination as compared to TC and ENT. Further studies are needed to

determine the spatial and geographic distribution of FIB in coastal

sediments. Perhaps unsafe-recreational water advisories should be based

on levels of both ENT and E. coli rather than a single indicator.

B ab y B each is located in an urb an ized harb or an d is wid ely u sed b y

fam ilies w ith todd lers and youn g child ren (F igu re 1 ). W ate r quality

th rou gh o ut the harbor is gen era lly goo d with th e excep tio n o f th e beach area

lo cated b etw een 2 sto rm dra ins. S ince 1996 , th e b each has frequ ently b een

p osted as unsafe fo r swim min g d u e to vio latio n o f the Ocean W ate r Contact

Sports S tand ard s. In C a lifo rn ia, th e sin gle samp le standard fo r feca l

in dicato rs (F IB ) p er 10 0 m l rec reation al o cean wate r is 1 0,000 total

co lifo rms (TC ), 4 00 fecal co liform s (FC ), 104 E nter ococcu s (E NT) or

>1,0 00 TC if the ratio o f FC /TC exceed s 0.1. S in ce the storm d rain s are no t

co nnected to san ita ry sew er systems, they convey sto rm an d u rban run o ff

co ntam in a ted with F IB in to th e h arbo r. Sho reb irds an d p igeons, wh ich can

n um b er u p to the h undred s, can also contribu te sign ifican t levels of F IB .

Oth er po tentia l sou rces o f feca l co ntamin ation to B ab y Beach in clude

h um an s, do mestic and wild an im als and b oatin g related activities.

Id en tifyin g p red o min an t sou rces o f F IB h as been co mp lex and d ifficu lt.

S ince 1 996 , th e County h as cond ucted nu mero us in vestigatio ns in clu d in g:

? Dye testing of restroom facilities, in clud in g m o ored vessels

? FIB testing o f the water co lum n , sed imen ts, sto rm d rain d isch arges,

gro u nd w ater seep s o n th e b each and gro und water m on itorin g w ells

? Vid eo tap in g of sewer lin es an d sto rm d rain s

? B lockin g storm d rain ou tlets du rin g th e su mm er u sin g d rain plugs

? Dredgin g th e san d off th e beach and rep lac ing it w ith clean sand

? Inc reasin g anim al excremen t con trol and cleanup

? R edu cin g land scap e irriga tion

? Installin g b ird n ettin g to d iscou rage n estin g

? E du catin g the pub lic abou t litte ring and b ird feed in g

? Inc reasin g c lean in g o f parkin g lots an d streets

Desp ite th e inten sive e ffo rts to reduce fecal po llution at the beach, the

p ostin gs co n tinu e. M on itor in g da ta fro m 1 997 – 2002 in dicate a lon g- term

d ecrease in th e con centration an d frequ en cy o f TC and FC con tam ination ,

su gge sting so me b en efit of mitigatio n effo rts. In 1999 , the Co unty b egan

mo n itorin g fo r E N T in add ition to mo n ito rin g fo r TC and FC . S ince th en ,

mo st o f th e postings at B ab y B each have been due to exceedances of E N T

stand ard s.

P reviou s stu dies ind icate FC d en sitie s in co astal sed iments can be

significan tly h igh er than in the overlyin g water and wh en resusp ended, can

result in inc reased leve ls in wate r (3 ). Ho wever , th e re is little in fo rmatio n

as to the occu rren ce o f F IB in co asta l sed iments in temperate clim ates.

In 2 002, Oran ge C ounty Public Health Labo rato ry cond ucted severa l

studies to id entify sou rces o f F IB at B aby Beach, inc lud ing a deta iled stud y

o f the sedim en ts throu gh o ut th e b each . Th e con centra tion s of TC , FC , E.

co li and E NT in sed imen ts obtain ed n ear sto rm d ra in s, th e inte rtid a l zone

an d dry beach areas were de term ined . Th e sedim ent p article sizes w ere a lso

co rrelated w ith F IB den sitie s to examin e the possible rela tion sh ip of F IB

levels to sed imen ts with h igh er p ro po rtion s o f silt and clay.

There was high variability in concentrations of TC, FC, E. coli and

ENT in sediments throughout the beach. The levels of ENT and TC in 10 g

of sediment ranged from below the detection limit (< 90 CFU) to 200,000

CFU. The maximum densities of FC and E. coli in sediments were 12,300

CFU/10G and 100 CFU/10g, respectively. The geometric mean values for

FIB concentrations in 10 g of sediment (for up to 14 samples at various

points along transects) are shown in Figure 2. The geometric mean value for

samples with FIB concentrations below detection are indicated as “1

CFU/10g”.

Previous investigators reported detecting higher levels of FIB in fine-

grained sediments with high proportions of silt and clay as opposed to

coarse sand (2,4). Therefore, a particle size analysis was conducted to

characterize the sediment type at various locations at the beach (Figure 5) as

well as a control site (shoal) (Figure 1). A direct correlation between FIB

levels and fine sediments (particles with a diameter < 0.250 mm) was not

found in this study. Although elevated levels of enterococci were mainly

found in fine sediments along transects at 5 – 50 ft. from the west storm

drain outlet, the sediments immediately below the west storm drain had

moderate to high proportions of gravel and coarse sand. Finding FIB in

coarse sediments at random sites where a number of seagull droppings were

observed on the sand, further complicated finding a correlation to fine

sediments. The average concentration of enterococci found in seagull

droppings (N=18) was 1.4 x 107 CFU/g.

The mean levels of ENT was determined for 5 samples each of

sediments and overlying water collected daily near the storm drain outlet

over a 4 day period. The mean concentrations of ENT were generally

higher in sediment than in the overlying water (Figure 6). In contrast, ENT

and E. coli levels in sediment obtained at a control site distant to the storm

drains were below the detection limit.

? The high concentrations total coliforms, and especially enterococci,

found in sediments above and below marine water suggests that these

organisms may accumulate and persist in sediments, particularly those

impacted by storm drain runoff, seagulls and poor circulation of water.

? A direct correlation between higher bacterial levels and fine-grained

sediments was not found since high densities of indicators were also

found in coarse sediments directly below the storm drain and at areas

frequented by a number of seagulls.

? In this study, E. coli was generally not detected in sediments. Thus,

elevated levels of E. coli in water may provide a more accurate

assessment of fecal contamination in comparison to total coliforms and

enterococci, which also include species that are non-fecal in origin.

? Further studies are needed to determine the reliability of fecal indicator

bacteria, which may accumulate or multiply to high densities

sediments, as indicators of fecal contamination in water.
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