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Abstract Stormwater contamination represents the largest source of contaminants to many receiving
waters in the United States, such as Santa Monica Bay in Los Angeles, California. Point sources to these
same waters generally receive secondary or better treatment before they are released, and they are usually
discharged through outfalls that diffuse the wastewater plume to prevent it from contacting the shoreline.
Stormwaters receive no treatment and reach the receiving waters through a variety of ways, but most enter
through catch basins or inserts to storm drains that terminate at the beach or in shallow coastal areas. Under
these conditions, the stormwater discharge may have greater impact on the quality and utility of the receiving
water than the treated wastewater discharges. One method of reducing pollution is to equip catch basins
with an insert that can capture pollutants. A number of commercially available devices exist but few have
been evaluated by independent parties in full-scale applications. A series of tests using bench and full-scale
devices under both laboratory and field conditions were conducted to evaluate their ability to remove trash
and debris, suspended solids and oil and grease in stormwaters. The results presented in the paper should
provide a basis for future insert development and application.
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Introduction
Most industries and municipalitiesin the United States have full secondary wastewater treat-
ment, and some have nutrient removal and Bration. Asaconsequence of thesereductionsin
water pollution, stormwater now represents the greatest threat to aquatic habitants in the
United States. Stormwater quality has been largely ignored in many areas, although thereis
usually concern for 8od control and Bod damage prevention. As  aresult, we have storm-
water management systemsthat prevent Bods at the expenseof e nvironmental protection.
Los Angeles is a good example of an area that has emphasized flood control at the
expense of environmental protection. In thishighly urbanized areathereislittle opportuni-
ty to reduce stormwater pollution through traditional means. The average imperviousness
ismore than 60% in many cases. Land values are such that it is prohibitively expensive to
retro-fit storage basins or infiltration zones. This paper addresses a potential best manage-
ment practice for such urbanized areas. The stormwater system has been constructed with
catch basins, which may be several cubic metersinvolume. These catch basinscan beretro-
fit with devices, called Dserts(Xo capture pollutants. A nu mber of commercially avail-
able devices exist, but few have been evaluated by independent parties in full-scale
applications. The authors conducted a series of tests using bench and full-scale devicesto
removetrash and debris, suspended solids(TSS) and oil and grease (O& G). Field testswere
also performed with boards, screens and baskets to observe their ability to remove or pre-
vent debris from entering storm drains. The results are sufficiently promising to suggest
additional testing with avariety of devices.

Background
Santa Monica Bay is the receiving water for a major portion of the City of Los Angeles
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metropolitan area. The watershed is 1072 km?, and is largely urbanized, serving a propor-
tion of thethree million peoplein Los Angeles and more than 11 million peoplein the met-
ropolitan area. Only two wastewater treatment plants discharge directly into the bay; the
largest is the Hyperion Treatment Plant (~1.3 ¥ 106 m3/day). This plant has recently
achieved full secondary treatment, and discharges secondary treated wastewater viaan 11
km outfall. The second source is a petroleum refinery that has advanced wastewater treat-
ment. Another sourceis L os Angeles County&Joint Water Pollut ion Control Plant (~1.3 ¥
10° m3/day, ~60% secondary), which discharges outsi de of the bay, and isupgrading to sec-
ondary treatment. Currents carry the partially treated wastewater into the bay.

The improved treatment has decreased pollutant discharge to the bay by more than an
order of magnitude during the past 20 years. Asaresult, non-point sources now contribute
an increased fraction of the total pollutant mass to the Bay (Wong et al., 1997). The non-
point contribution is already the major source for many pollutants, e.g. heavy metals, and
will become the major source for many more pollutants as full secondary treatment is
achieved. Reclamation and water conservation will further reduce point source
contamination to the bay.

Various agencies, cities and environmental advocacy groups have proposed structural
methods for reducing stormwater pollution. These methods are all difficult to employ
because they are small-scale solutions that must be applied to a very broad area, across
many jurisdictions with varying interests in controlling stormwater pollution. One
proposed method for controlling dischargesisto use catch basin inserts.

Catch basininserts are devicesthat can be placed into acatch basin or stormwater insert,
which will in some way reduce pollutant discharge to the receiving water. A variety of
devices have been proposed and marketed, but very few have been evaluated by independ-
ent sources, or have been used long enough to create arecord of performance. In order to
establish creditable performance of insert devices, a consortium composed of the Santa
Monica Bay Restoration Project and 14 other Santa Monica area jurisdictions funded a
two-year study to determineif insertsare aviable method for controlling stormwater pollu-
tion. The results of thisinitial study (WCC, 1998) were sufficiently promising to warrant
additional laboratory testing and afield study.

Objectives were established for testing and insert development. These were based in
part upon environmental impact of the pollutants, but in greater part upon the ability of a
hypothetical deviceto removethe pollutantin the constrained volume of acatch basin (gen-
eraly only afew cubic meters). Litter (trash, debris, etc.), particulates and oil and grease
were selected as pollutants of concern. Litter was sel ected because of itsinterest to regula-
tors and its high visibility with the public. Total Daily Maximum Discharge Limits
(TMDLs) will soon be applied to the SantaM onicaBay Watershed, and litter will beamong
thefirst. Particul ates, asmeasured by total suspended solids (TSS) are especially important
because a large fraction of the heavy metals in stormwater are adsorbed to their surfaces.
Qil and grease, especially oil and grease from vehicular areas, isimportant because it may
contain many anthropogeni c compoundsthat may betoxicto aquatic life.

The approach was divided into two parts: dry and wet weather. This was required
because of the seasonal rainfall and the desire to collect litter during the long dry period
(generally April to November). It was envisioned that controlswould be used in dry weath-
er that would be removed in the wet season. Additionally, public agencies were adamant
not to increase flood risks. The approximate cost of installation should be no more than
USS$ 500; cleaning should beinfrequently required. A survey of the member cities suggest-
ed that, on average, catch basin cleaning occurred no more frequently than once every two
months for beach communities, and approximately once per year for Los Angeles County,
as awhole. A problem-solving, practical approach was required. The inserts should not



increaseflood risk and should only marginally changetheway stormwater isremoved from
streets, without increasing the accumulation on streets. Safety considerations such as
avoiding confined space entries were important. The public agencies responsible for man-
aging the inserts would soon tire of them if they could not be conveniently, economically
and safely maintained.

A sampling program was conducted and differed from previous programs in that sam-
pleswerecollected directly from stormwater on street surfaces, just prior to entry into catch
basins. Litter was not measured in the water quality program but was measured during the
dry periods asaccumulation in the catch basins.

Sampling program

Four locations were selected and sampled during the storm events of the 19978098 wet
season. This was significant in that it is an El Nino year, and rainfall was at least 200%
greater than normal. Table 1 shows the sites and information about them. They were all in
the City of SantaMonicaand within4 km of each other.

Samplesweretaken by scooping 100 to 200 ml at atimeuntil 81 sampleswere collected.
For short storms only one such samplewas collected. For longer storms, three sampleswere
collected and averaged. The oil and grease concentrations were measured by solid phase
extraction (Lau and Stenstrom, 1995) and do not include the oil adsorbed to suspended
solids. Table 2 shows the mean and standard deviation of conventional water quality
parametersfor 14 storm events between October 1997 and February 1998. Generally, water
quality isworse for Site 1, although the variability tends to make statistical significance

Table 1 Site description

Site number Land use type Area (m?)
1 Commercial (parking lot) 14,000
2 Commercial (streets with small businesses, shops, restaurants, etc.) 7,000
3 Single and multifamily residential 23,000
4 Single and multifamily residential 18,000

Table 2 Stormwater quality (mean followed by standard deviation)

Concentration

Site 1 Site 2 Site 3 Site 4
Water quality parameter Average Std.dev. Average Std.dev. Average Std.dev. Average Std.dev.
TSS (mg/l) 55.1 71.6 38.6 32.3 32.7 33.0 34.1 38.2
VSS (mg/l) 38.5 60.5 21.6 14.7 18.5 18.2 18.1 17.7
Turbidity (NTU) 21.2 24.4 14.4 11.3 11.4 8.2 12.0 10.4
Conductivity (mmho/cm) 153.3 199.4 155.2 163.3 180.3 144.2 151.4 146.0
pH 6.4 0.4 6.7 0.4 6.8 0.5 6.9 0.6

Alkalinity (mg/l as CaCO,) 19.1 13.2 22.5 13.0 27.8 16.7 26.0 15.6
Hardness (mg/l as CaCOy,) 38.8 42.4 37.8 33.8 41.3 311 44.9 41.2

COD (mg/l) 171.7 205.0 100.9 119.3 106.0 1025 111.3  116.3
SPE oil and grease (mg/l) 7.4 10.3 5.5 5.7 5.3 5.2 5.8 8.0
Ammonia (mg/l as NHg-N) 1.3 1.1 1.0 1.0 1.6 1.8 0.9 0.8
CI~ (mg/l) 26.6 36.0 25.6 28.8 24.7 20.9 20.7 19.2
NO3 (mg/las NOz-N) 0.1 0.2 0.1 0.1 0.3 0.4 0.2 0.2
DOC (mg/l) 40.1 57.1 31.4 44.9 26.8 29.1 26.3 28.8

Av.=average; Std. dev.=standard deviation
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Table 3 Selected total metals and percent adsorbed to suspended solids

Metal Concentration

Site 1 Site 2 Site 3 Site 4
g/l % pg/l % pg/l % pg/l %

Aluminium 2235 96 1141 91 1335 91 678 76

Copper 103 53 42 6 52 8 40 11
Lead 45 93 4 33 7 46 11 17
Nickel 75 83 24 61 38 56 39 71
Zinc 2601 70 2062 63 2377 74 1321 70

% =percentage of particulate phase

Table 4 Size fraction of TSS from site 1

Size distribution (pm) Distribution (%)

> 150 26
150-75 13
75-45 11
<45 50

testing difficult. Trash and debris were not quantified, but trash and debris from the com-
mercial siteswasobviously greater. Table 3 showstheresultsfor selected metals (only four
storm events), as a total concentration and the distribution that was adsorbed onto the
suspended solids. These results tended to confirm that metals were associated with the
suspended solids.

Toward the end of the sampling period, variousinsert devices had been evaluated, and it
became apparent that the devices could remove larger particles. Therefore additional sam-
pling was performed to determine the size of the particlesthat composethe TSS. Site 1 was
monitored for three storms and the TSS was determined by bailing several hundred litres of
water through sieves. Particle sizes are shown in Table 4. These results suggest, for exam-
ple, that a device that could remove particles larger than 75 mm could remove 39% of the
TSS.

Insert evaluation
A survey of all commercially available inserts was performed. At the time of the survey
(19971098), no devices were found that met all the criteria. A number of promising tech-
nologies were found that could treat stormwater, but not for the most common catch basin
geometry used in greater Los Angeles. After some review, a concept was developed for a
basket that could beinserted and removed through the opening of the catch basin, as shown
in Figure 1. Several manufacturers offered prototypes featuring this general concept. This
device has the advantage of being useful for both dry and wet weather applications. This
design has the advantage of easy installation. An insert that is flexible, or is no greater in
width than the openingin the curb, can beinserted and removed from the street. Two chains
or cablesto the curb support the insert. Workers do not need to enter the catch basin, which
in some places is considered a confined space. Alternatively, if worker entry to the catch
basinispermissible, theinsertscan beinstalled by bolting to theinterior wall. Additionally,
high flows are directed around the insert, and flood risk is not increased. Additional
material including photographsisavailable elsewhere (WCC, 1998).

The climate in Southern California presents a special opportunity for dry weather con-
trol. The litter that accumulates during the spring and summer, if not removed from catch
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Figure 1 Elevation view of the model catch basin insert developed in this study. Typical minimum basin
dimensions are 1 m tall by 0.75 m deep by 1 m wide. The minimum opening is typically 0.15 m

basins, isswept into the bay by thefirst large storm of the season. To mitigatethis problem,
the basins are cleaned in September or October. One community has routinely covered
catch basins (curbside inlet only) in the dry season to prevent litter build up, insect and
rodent problems. Street sweepers then remove the litter, and street sweeping is routinely
practiced in these locations. The cover consisted of a plywood board, extending the entire
length of catch basin with a gap of 1P cm between the bottom o f the board and the
pavement to allow for nuisance water to enter the basin. The covers or Bbardovers@re
used only for catch basinsin sensitive or high litter-producing areas, and must be removed
prior to therainy season.

To better understand the utility of this practice, two catch basinswere covered with ply-
wood and two with wire screens with 2.5 cm square openings. Trash accumulation was
monitored. The screens and boards provided roughly equal performance, preventing more
than 95% of the build-up in the catch basin, as compared to controls with no covers. Tests
were conducted with conventional street sweepers to show that they were capable of
removing material that accumulated at the bottom of the covers, and that the sweeper did
not destroy thecovers. Thecoversareespecially useful in areaswith high pedestriantraffic.

Tests to evaluate the inserts@bility to remove contaminants f rom flowing stormwater
were conducted in phases at different scales. Bench scale tests, full-scale laboratory tests
and field testswere conducted. Field testswere conducted primarily during the second year
of the study. The majority of the testing evaluated oil and grease removal. Many commer-
cialy availableinsertsor stormwater treatment devices claimed that sorbents could be used
to remove the oil and grease from stormwater. Previous tests by the authors (Lau and
Stenstrom, 1995) al so suggested that this might be promising.

Testswerefirst conductedin columnswith 5 cm diameter and height of 5 cm, with mix-
turesof used motor oil (to simulatethe oil and greasein stormwater from commercial areas)
and tap water using many different types of sorbents. The oil and grease concentration was
generally set to approximately 25 mg/I, whichis higher than found in this study, but closer
to concentrations of oil and grease found in earlier studies by the author (Stenstrom et al.,
1984; Fam et al.,1987). Emulsified oil was produced by intensely blending used motor oil
with 1| of tap water to produce a &ock@nixture, which wast hen further diluted when
pumped to the column. Free oil and grease was produced by pumping oil and grease using a
syringe pump into a mixing @e@hich was then applied to the  columns. The combined
flow was allowed to @i ckle€hrough the loosely packed column

Table 5 shows some of theresults. The reported efficiencies are for the period when the
sorbent remains Besh@r unexhausted. As the sorbent is satur  ated, its efficiency will
decline. The mass of adsorbed material per unit mass of sorbent, analogous to G®r O MO
for activated carbon isotherms, is an important parameter for overall operation. It
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Table 5 Removal efficiencies of various sorbents

Sorbent type Oil and grease type Removal efficiency (%)
OARS polymer Emulsified 3

Activated carbon Emulsified 11

Aluminium silicate (e.g., perlite, Xsorb) Emulsified ~0

Straw Emulsified ~0

Compost Emulsified ~0

OARS polymer Free 88, 91
Aluminium silicate (e.g., perlite, Xsorb) Free 88,91, 94, 89
Compost Free 28, 49
Polypropylene (type 1) Free 86,92
Polypropylene (type 2) Free 78,85

Table 6 Summary of OARS insert device tests

Test Prototype Sorbent Q Influent 0&G Removal Final M**
no. no. condition (I/min) conc. (mg/L) efficiency (%) (9)
A 1 New 56 20.7 91 11
B 2 New 56 14.1 74 6
1 2 Used in the field* 56 8.4 73 40
2 2 Used from test 1 56 24.7 79 172
3 2 Used fromtest2 132 10.7 62 275
4 3 New 132 19.0 78 233
5 3 Used fromtest4 132 14.0 65 374
6 3 Used fromtest5 132 10.9 46 452
Inf. TSS (mg/I) Mesh size
8 3 From test 6 66 99 40
66 96 60
66 78 100
200 91 Average

PAHSs ( nominal
conc. 50 pg/l)

9 3 New Acenapthene 34
Fluorene 31
Phenanthrene 33
Anthracene 61
Fluoranthene 33
Pyrene 42
Chrysene 26

Benzo(a)pyrene 16

* does not include oil and grease removed in the field;
** M = total mass of O&G absorbed (g)

determines the sorbent replacement frequency and therefore the economics of operation.
Further work in our laboratory is ongoing to determine these parameters. The sorbents
shown in Table 5 are similar, or very similar, to commercially marketed products. The
polypropylene materialsare used in oil spill control pads and booms. The straw isalso used
for ail spill clean-up.

None of the sorbents was effective in removing the emulsified oil and greasein thistype
of experiment. The polypropylene sorbents were evaluated in other tests with 8 to 12 hour
contact times and were able to remove 40% to 60% of the oil and grease. If tightly packed



into columns, they will removeemulsified oil and grease from waters pumped through under
high pressure, but thisfiltration procedureisnot economically feasiblefor stormwater.

A new series of testswas performed in the full-scal e catch basin simulator. Thissimula-
tor iscomposed of astilling chamber, a0.6 m wide flume that simulates street surface, and
a catch basin with a0.9 m wide opening. Contaminants are released into the flume at con-
trolled rates to produce the desired concentrations. Tap water is used for stormwater. This
size is the same as the smallest catch basin routinely constructed by the Los Angeles
County Department of Public Works. It was constructed of plywood and cement and built
abovegradeto allow easy access. The 0.9 m opening could accommodate avariety of types
of inserts. The inserts were temporarily clamped to the walls of the catchbasin and were
easily changed and refitted, as needed.

Two prototype designs were extensively tested. The first used OARS sorbent, which
was placed in metal boxeswith open topsand screened bottoms. Stormwater flowsfromthe
top, through the OARS sorbent, which has a particle size from 580 mm with a density of
0.22 g/ml (our measurements, not the manufacturerspecificati ons). Theinternal arrange-
ment of the box traps suspended solids and trash. This allows the box to perform as oil and
grease, suspended solids, and trash removal device. It also meansthat ininstallationswhere
high trash and suspended solids are present, the box may clog beforethe il sorption capac-
ity is reached. The second insert extensively tested used polypropylene cloth as a sorp-
tion/filtration media. The cloth is supported by a geotextile used for stabilizing soils. The
clothisavailablein different weights. The geotextile has openings of approximately 1 cm
by 8 cm. The prototypeinsertshaveametal collar at thetop, which formsthe support for the
geotextile. The insert is flexible and can be compressed for insertion though an opening
smaller than itsheight. Thisdesign has all the previously cited advantages, and can aso be
easily constructed in custom sizes.

Tables 6 and 7 show the results for both sorbents. The oil and grease removal efficiency
ranged from 40% to more than 90%, depending upon sorbent condition and influent con-
centration. Removal efficiency was generally higher with higher influent concentrations.
The mediaused in tests 1 and 2 for OARS had been used in the field for four months and
represented partially used sorbent. Several tests (Figures 2 and 3) were conducted using the
samemedia, in an attempt to exhaust the media.

Also shownin Tables 6 and 7 aretest results for TSS and PAH removal. For the case of
TSS, sand particles were sieved and recombined to produce an evenly divided mixture, by
mass of sand with US standard meshes of 40, 60, and 100 (approximately 400 to 120 mm).
The box removed 99% of the large particles and 78% of the smallest particles. PAH
removal was measured by spiking tap water with known masses of PAHs and then measur-
ing effluent concentrations. The removal efficiency ranged from 16% to 61%. Again, the
total capacity of the insert was not determined, so the mass of solids or PAHs that can be
removed before maintenance is not known. This is the subject of further testing in our
laboratory, and should be evaluated inthefield aswell.

Field tests

Field tests were conducted in the second year of the project at commercial and residential
sites. Six sites were initially selected. Three used the polypropylene style insert (two in
commercial areas) with double thicknessliners, two used the OARS containing insert (one
in acommercial area), and one used a simple wire mesh basket (~1 cm opening, in aresi-
dential area) with no sorbent or filter media. Theinsertswere observed to bypassflow at the
greatest runoff condition and gradually bypassed more flow asthey became clogged. After
about two months of active rainfal, the bypassing became more frequent and the
polypropylene sorbents were replaced with medium screens (see test 14 in Table 7).
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Table 7 Summary of a polypropylene insert device tests

Test Liner Sorbent [e] Influent 0&G Removal
no. type condition (I/min) conc. (mg/l) efficiency (%) Final M* (g)
1 120z New 473 13.5 65 121
2 120z New 283 28.8 82 200
3 120z New 56 37.0 86 54
4 120z New 720 12.7 53 145
5 120z used fromtestno.2 283 26.3 78 569
6 120z used fromtestno.5 283 21.4 79 714
7 120z used fromtestno.6 283 30.2 70 1400
8 120z used fromtestno.7 283 23.9 58 2058
9 120z New 283 8.1 56 157
10 12 0z New 283 17.6 63 366
11 120z New 283 30.5 59 578
12 8oz New 283 8.1 49 133
13 Double bag New 283 11.0 74 274
TSS (mg/L) Mesh size
14 Screen New 283 66 34 40
66 2 60
66 0 100
200 12 Average
15 12 0z New 283 66 98 40
66 96 60
66 95 100
200 96 Average
PAHSs (50 ug/l)
16 Double bag used fromtest 13 Acenapthene 55
Fluorene 51
Phenanthrene 58
Anthracene 88
Fluoranthene 61
Pyrene 56
Chrysene 82

Benzo(a)pyrene 69

*M = total mass of O&G absorbed (g)

Testing ended for the OARStype sorbents. When stormwater bypassed theinsert, therewas
no change in street runoff rate or increased accumul ation on the street surface; the clogged
insert had no impact on stormwater removal rate from the street. Sampling was performed
asbefore, except that effluent sampleswere al so collected.

Each residential site was ~12,000 m?in area, and the three commercial sites had areas
~5000 m? each. Table 8 shows the average water quality for the second year of the study.
Thevaluesaresimilar to those shownin Table 2. The standard deviationsare high, whichis
typical for stormwater. Site2in Table2issimilar to thecommercial sitesused inthe second
year. Theresidential sitesinthetwo studiesare similar inland use and housing density. The
high standard deviations mask water quality comparisons; however, turbidity, COD, DOC,
chloride, SPE oil and grease and are higher in the commercial sites (one-tailed test at
a=0.15).

Thewater quality datashownin Table 8 servesastheinfluent for an efficiency test of the
inserts. Effluent samples were collected from the insert using a cup on a stick. Samples
were collected when the inserts were not bypassing. Removalsfor the polypropyleneinsert



100

e ;
80 - @W—deoo -

60_............E........................... . B — S

Flow 56 /min;

Removal efficiency (%

¢

40 __"""Ih'ffd:é'h't""'"" """""" ! “ée
19.02 mg/I forit = 0—120 min i ®
14.0 mg/I fort = 120-240 min ! !
10.91 mg/l for; t = 240-360 min | i i i
0....:........:....:....:_....i[........
0 50 100 150 200 250 300 350 400

Time (min)
Figure 2 Oil and grease removal efficiency versus time for an insert using OARS sorbent

| ! | L i L |
7

LIRS B s S s s R L s et B S S S S B
L 1st . 2nd 3rd 4th: : 5th

100

test : ; test :
; k B E—

g

>

o

=

[

K

E

[

S 40 , ‘ :

g | Sorbent = 120z fabric:

2 [ Flow=283 I/m ‘ ‘ ;
20 - ,,,,,,,, 71 +/‘353 ,,,,,,,,, ............ ,,,,,,,,,, ,,,,,,,, o
0 A=t ‘Z‘.‘:‘H : RN TR B S R S R :

0 50 100 150 200 250 300 350 400

Time (min)

Figure 3 Oil and grease removal efficiency versus time for an insert using polypropylene sorbent

averaged 21, 36 and 34%for TSS, V SSand turbidity, respectively. The OARS device aver-
aged 21, 9 and 12% for the same parameters. Thevariability in oil and greaseremoval rates
precludes making any conclusion. Table 4 suggested that 26% of the sediment in storm-
water might be removed by afilter that captures solids greater than 150 mm. The removals
in actual field test are below this prediction, but are not too much different, especially con-
sidering the highly variable nature of stormwater. The TSS procedure captures 100% of all
particlesgreater than 0.8 mm; the majority of thematerial that composes suspended solidsis
lessthan the size that can be removed by insert filters.

At the end of the study, the polypropylene bags and screens were removed and the con-
tentswere air dried. The material smaller than 12,700 mm (0.5 in) was weighted, screened
and reweighed. Table 9 shows the resultsfrom the first part of the study. Theinserts at the
two commercial sitestended to recover smaller particles. Table 10 showstheresultsfor the
second part of the study. This study used a much coarser mesh screen, but still recovered
many small particles. Again, thereismuch morefiner material at the commercial sites.

The final data reduction was to calculate an equivalent concentration of captured
material per unit of runoff volume. Thisis similar to an event mean concentration, in that
thetotal runoff volume can be multiplied by the coefficientsto produce an expected mass of
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Table 8 Water quality parameters for the second year. Number of observations = 16 for commercial sites
and 14 for residential sites

Commercial Residential
Water quality parameter Mean Std. dev. Mean Std. dev.
TSS (mg/l) 54.9 41.7 43.2 39.4
VSS (mg/l) 23.5 18.4 20.0 15.7
Turbidity (NTU) 32.5 23.7 15.6 10.0
Conductivity (mmho/cm) 136.5 95.1 118.8 61.8
pH 6.9 1.1 7.1 0.8
Alkalinity (mg/l as CaCQOj) 27.4 22.0 28.7 16.7
Hardness (mg/l as CaCO,) 37.9 29.5 35.9 175
COD (mg/l) 147.6 1135 103.6 66.7
DOC (mg/l) 36.4 33.0 229 115
SPE Oil and Grease (mg/I) 16.6 21.7 5.4 3.5
Ammonia (mg/l as NHg-N) 1.1 2.1 0.5 0.6
CI~ (mg/l) 13.7 10.4 7.2 6.0
NO; (mg/l as NO,~-N) 0.1 0.1 0.1 0.0
NOj3 (mg/l as NO4-N) 0.7 0.6 0.7 0.4
SOZ~ (mg/l) 9.3 9.6 7.3 4.7

Table 9 Sieve results for the first part of the study

Percentage finer than based on total sample

Sieve
pening (um) C ial1 C cial 2 Resi ial

12,700 100.0 100.0 100.0
6,350 56.6 69.0 93.4
3,175 38.2 571 82.6
1,999 241 40.5 64.3
841 235 39.8 60.5
419 15.5 24.9 32.8
249 10.8 14.6 14.8
150 7.6 8.9 5.5
74 4.8 4.4 1.9
Pan 2.2 1.2 0.6

Table 10 Sieve results for the second part of the study

Percentage finer than based on total sample

Sieve
opening (pm) Commercial 1 Residential 1
1 2 3 4 5 1 2 3

12,700 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
6,350 49.7 42.4 33.9 79.6 65.9 97.0 49.1 29.8
3,175 38.5 32.8 25.5 66.7 55.1 89.5 31.1 19.1
1,999 25.1 24.3 19.1 53.4 44.9 76.0 20.8 11.0
841 241 23.3 18.9 51.0 37.3 72.3 19.7 10.6
419 13.3 21.3 14.7 30.3 20.1 43.6 9.4 7.1
249 7.2 17.8 10.4 14.2 15.6 17.8 3.3 3.9
178 3.7 12.4 7.4 5.8 9.7 6.3 1.2 1.8
150 2.2 8.5 5.9 3.2 6.3 2.8 0.5 1.0
74 1.6 6.5 5.0 2.3 4.7 1.6 0.3 0.7

Pan 0.5 2.1 2.6 0.8 1.3 0.3 0.1 0.2




Table 11 Unit loading rates of collected material (kg/m? of runoff)

Commercial Residential

Size

(um) 1 2 3 4 5 1 2 3

> 12,700 092 1.24 206 068 082 062 0.17 0.11
12,7000 - 6,350 0.20 0.21 0.26 043 0.26 0.22 0.03 0.28
6,350-3,175 0.25 0.18 0.20 0.44 0.24 0.13 0.02 0.50
< 3,750 0.46 0.52 0.60 1.79 1.08 0.25 0.03 2.84
Total 1.83 2.15 3.12 3.34 240 1.22 0.25 3.73

captured litter and particles. Table 11 shows these results. The coefficients are shown in
units of kg/m3. Note that the solids larger than 12,700 mm are included. These coefficients
were calculated using the catchment area for each site, rainfall observed during the study,
and runoff coefficientsof 0.39for residential and 0.68.7 for commercial sites. Thesetotals
include material swept or blown into the catch basin during non-rainy periods, which in
Southern Californiaisthe majority of the time. The coefficientsin Table 11 will have two
systematic errors. The coefficients will be lower than the actual load, since the insert
devices are imperfect and bypass at high flow. The coefficients are higher than the actual
load carried by stormwater, due to the flux of material in dry weather. The coefficients can
be used as a first-order approximation of the litter and debris to be expected from
commercial and residential sitesin urban areasin climatessimilar to LosAngeles.

Conclusions

Thismanuscript has brief described theresults of laboratory and Hdteststo determinethe
opportunitiesfor using catch basin insertsto remove specibp ollutants (oil and grease, litter
and suspended solids). Theinserts have the advantage of using the existing urban infrastruc-
turetoremove stormwater pollutantsat low cost. Theestimated cost of eachinsertislessthan
US$500. Aninsert design hasbeen proposed that iseasy toinstall and doesnot requirework-
ersto enter the catch basin. Observations during storms showed that they do not create Bod-
ing problems, even when they are clogged. Laboratory testing has showed that free oil and
grease (simulated by used automobile crankcase 0il) can be removed by avariety of sorbents
in simple Bw-through contacters. Emulsied oil can generally n ot be removed. Oil and
grease removal in Bd testswas inconclusive. Laboratory testi ng showed that particles can
be removed down to a size of 100 mm, and Bld results showed that much smaller particles
can also betrapped. L aboratory testing showed that the sorbents can remove dissolved PAHs
with efbienciesranging from 16 to 88%. Additional testingis needed to further demonstrate
the utility of these inserts. The removal capacities for oil and grease and suspended solids,
which will dictate maintenance frequency and cost, need to be determined. The results pre-
sented inthispaper are preliminary and should be applied with caution. The authorshopethat
they will stimulate othersto develop catch basininsert technology.
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