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Sorbent Materials in Storm Water Applications

DESCRIPTION

Sorbent materids (which include absorbents and
adsorbents) have specific physica and/or chemica
properties that alow them to attract specific types of
liguds and/or gases. Absorbents and adsorbents
function in different ways. In generd, absorbent
materids attract compounds into their pore spaces,
adsorbents attract meaterials to their surfaces but do
not dlow them to penetrate into their pore spaces
(U.S. EPA, accessed 2000). The American Society of
Tegingand Materids (ASTM) has defined absorption
by absorbent materids as “a process where the
materid taken isdistributed throughout the body of the
absorbing materia.” Adsorptionis “aprocess where
the materid taken is digtributed over the surface of the
adsorbing material.” Both processes can essentidly
“capture” sorbed materias, concentrating them or
removing them from solution. Thus, ether process
alows captured materids to be more easily removed
from amedia

Recent research has shown that sorbent materials can
be used in storm water gpplications to remove oil and
grease (O&G). High concentrations of O&G can
cause toxicity in receiving waters, and most discharge
regulations require that there be no discharge of oily
wastes that produce a sheen on the surface of the
recelving water.

Sources of oil and greasein sorm water include O& G
sorbed to trash and other debris; O& G sorbed to
paticulates, emulsfied oils (smdl drops of aill
suspended in gorm water); free floating oil; and
suspended oil (CDS Technologies, 2000, literature
provided by manufacturer). Research shows that
between 83 and 98 percent of total hydrocarbons in
storm water runoff are associated with particulate
matter, and evidence suggests that a sgnificant portion
of these particles are settleable solids, such as
sediments (Hoffman, €. d., 1982). Therefore, storm

water Best Management Practices (BMPs) designed to
remove sediments may aso remove some oil and
grease associated with the sediments.

Typicdly, only free-floating oil concentretions are
measured and reported in storm water studies (CDS
Technologies, Inc., 2000). Concentrations of free
floating ol and grease typicaly range between 10-35
mg/L for urban storm water runoff (U.S. EPA, 1999a),
dthough concentrations can vary widey and are
dependent on catchment characteristics (Hoffman, et
a., 1982; and Stenstrom, et a., 1984).

Because the specific gravity of free floating O&G is
lower than that of O& G sorbed to sediments, it can be
difficult to removethrough traditiona gravity separation
BMPs. Sorm water BMPs such as oil/water
separators are designed to reduce influent flow rates,
which enhances gravity separation of oil and water
over thelength of the unit. The useof codescing plates
may further enhance oil/water separation. However,
these systems mugt retain relaively large volumes of
gorm water in order to function effectively, and
therefore they may not be practical where space is
limited. Therefore, many BMPs ae desgned
specificaly to remove these hydrocarbons through
higher-rate physicd interactions.

One method for removing free floating oils and grease
from storm water is through the use of sorbent
materids. Sorbent materids have traditionaly been
used to clean up spills, such as for soaking up fud
illed on a roadway. More recently, however,
sorbent materials have been incorporated into storm
water BMPs to improve water qudity from storm
water runoff. Sorbent materials are currently being
utilized within BMPs placed in storm water catch
basins, sumps, or other parts of a storm sewer system
to capture hydrocarbonsand other toxic chemicalsand
prevent them from being carried through the storm
water system.



APPLICABILITY

Sorbent materids are usudly used in areas where
stormwater runoff islikely to have ahigh amount of ail
and grease. Because much of the oil and grease in
urban storm water originates from motor vehicles,
through engine drippings, exhaust, and maintenance
activities, most storm water BMPs using sorbent
meaterid sare placed near roadways, parking areas, and
service sations (Hoffman, et d., 1982; and Stenstrom,
et al., 1984).

Sorbent materiads are diverse, dlowing them to be
utilized in severd different types of BMP applications,
induding new and retrofit applications. While many
vendors market sorbent materias, reaively few
sorbent manufacturers have developed and marketed
materiasto remove oil and grease from storm water.
This Fact Sheet discusses only those sorbents currently
used in storm water BMPs.

ADVANTAGESAND DISADVANTAGES

Liged below are some of the advantages and
disadvantages of usang sorbent materids to removeail
and grease in storm water BMPs.

Advantages

. Sorbent materias can be applied to a variety
of storm water applications. There are
numerous types of naturd and manufactured
sorbents and a wide range of BMPs that use
them, including catch basn and curb inlet
insats, skimmers, and filters.  These BMPs
can be gpplied at dmost any point in a storm
system, and can be retrofitted into an exigting
system or inddled into a new system.

. Many unitsare easly ingtalled because they do
not require specialized equipment.  For
example, the OARS® Passive Skimmer ishung
on hooks from a manhole cover;
DrainGuard™ products are suspended froma
geotextile fabric that can be stretched
underneathagrate over acatch basin or acurb
inlet.

. Stormwater BMPs using sorbent materidsare

relatively easy to operate and maintain. Many
sorbent materids change colors when they
need to be replaced; others use pop-up
indicators that extrude through the grate when

capacity isreached.

. These BMPs are passive structures with no
moving parts, and thusthey are not susceptible
to mechanicd failure or breakdown.

. Mogt synthetic sorbents retain their shape and
will not bresk down under field conditions.
Some sorbents are enclosed in polypropylene
encasaments to prevent damage from
ultraviolet exposure. Others, such as the
DrainGuard™ catch basin and curb opening
sysems, ae hed within a polypropylene
“sock” that issupported by arigid framewhich
ensures that the insert maintains its shape as
storm water flows through it.

. These sorbents are designed to retain sorbed
contaminants and minimize the potentid for
leaching. Most sorbentsdiscussed inthis Fact
Sheet meet RCRA requirements prohibiting the
rdease of sorbed liquids, making them
acceptable at RCRA Subtitle D landfills.

Disadvantages

. Sorbent materias require frequent inspection
to ensure that the sorbent materid is not fully
used or “spent”. Each type of sorbent materia
has a maximum sorbent capacity based on its
chemica compaosition and volume. When this
capacity is reached, the sorbent will no longer
capture oil and grease and must be replaced.

. Sorbent materid can capture only the free ail
and grease present in the water column. It
cannot capture emulsfied ails.

. A Cdifornia Depatment of Transportation
(CdTrans) dudy involving drain inlet inserts
with sorbent materials found that units clogged
frequently, causing flow bypass and ponding
(Othmer, et. d., 2001). Large litter and



debris, such as leaves, clogged the inserts,
decreasing the sysem’'s hydraulics and
reducing sorbing capability.

. Most locd jurisdictionsrequireproper disposa
of used sorbent, ether through landfilling or
incingration. Proper handling and disposa of
used sorbent materid is discussed in more
detal in the Operation and Maintenance
section of this Fact Sheet.

MEDIA CHARACTERISTICS

Sorbents can be divided into three basic categories:.
naturd organic, naturd inorganic, and synthetic. Table
1 describes the three materids and their sorbent
capacities.  This Fact Sheet focuses on synthetic
sorbents, however, many BMPs can be fitted with
natural organic or inorganic sorbentsto help absorb oil
and grease.

PERFORMANCE

Stenstrom and Lau (1998) tested five different
sorbents, including Rubberizer® and OARS® media, in
a Continuous Deflection Separation (CDS) device for
their ability to remove free oil and grease. A CDS
deviceisan on-line hydrodynamic separator (see EPA

Fact Sheet on Hydrodynamic Separators, EPA 832-F-
99-017). The researchers floated sorbents on the
surface of an unmodified CDS unit, introducing free ail
at an approximate rate of 25 mg/L. Thisconcentration
is within the range of 10 to 35 mg/L which has been
reported as the average storm water oil and grease
concentrationin urban runoff (U.S. EPA 19993). The
researchers measured concentrations of oil and grease
in the effluent to determine removd efficiencies.
Removal efficiencies for the different sorbents ranged
from 41 to 87 percent at a flow rate of 8 L/s (125
gpm). All but one of the tested sorbents removed at
least 77 percent of the oil and grease. The removal
rates appeared to depend on the flow rate of the
influent. OARS® sorbent material was tested at three
flow rates, ranging from 5to 12 L/s (75 to 190 gpm).
Thisflow rate is within arange of 30 to 75 percent of
the desgn flow of the CDS device used in the
experiments. Andyss of the removd ratesfromthese
experiments showed thet, in generd, thelower theflow
rate, the higher the removal rate. Table 2 summarizes
the results.

The Rubberizer® and OARS® sorbents showed similar
levels of performancein thesetests. Both were denser
than the influent, causing them to floa just below the
circulaion pattern that alowed them to achieve high
removal efficienciesfor surface oil and someemulsfied

TABLE 1 MEDIA CHARACTERISTICS

Type of Media! Description

Sorbent Capacity

1. Organic

products.

2. Inorganic

3. Synthetic

3a. Rubberizer®

3b. OARS® Smart
Sponge

3c. Imbiber Beads™

Leaf compost, peat moss, straw, hay, sawdust, ground
corncobs, feathers, and other readily available carbon-based

Clay, perlite, vermiculite, glass wool, sand or volcanic ash.

Man-made materials similar to plastics, such as polyurethane,

polyethylene, and nylon fibers.

Non-toxic, non-hazardous polymers

Combination of petroleum derived co-polymers

Solid, spherical plastic particles

3to 15 times their
weight in oil

4 to 20 times their
weight in oil

Up 70 times their
weight in oil

1 Ib material adsorbs
1.9t02.5L(0.5t00.67
gal) of oil

2-14.5times its
weight in oil

Each bead absorbs up
to 27 times its own vol.

L For more detailed information visit http://www.epa.gov/oilspill/sorbents.htm

Source: EPA, 2000; Abtech Industries, 2000; Haz-Mat Response Technologies, 2000; and IMTECH, 2000.



TABLE 2 OIL & GREASE REMOVAL IN
A CDS UNIT USING SORBENT MEDIA

Sorbent Flow Percent Removal of 25
Type (GPM) mg/L Oil and Grease
Nanofiber 125 87

OARS® 75 94

OARS® 125 86

OARS® 190 82
Rubberizer® 125 86

Sponge Rok 125 41

Xsorb 125 79

No Sorbent 125 77

Source: Stenstrom and Lau, 1998.
als.

The researchers dso measured oil and grease effluent
concentrations 30 minutes after oil and grease pumping
was stopped to determine whether oils leached out of
the sorbents. Effluent oil and grease concentrations
were generdly lessthan 1 mg/L for dl trids, indicating
that most sorbents retained oil and grease. The only
sorbent with a resdud oil and grease concentration
greater than 1.0 mg/L was Rubberizer®, which had a
1.96 mg/L ail and grease concentration in the effluent
30 minutes after oil and grease pumping had been
stopped. Theresearchers speculatethat thisincreased
leaching rate may betheresult of Rubberizer' s® highQ
vaue, which is a measure of the ratio of the oil and
grease absorbed per mass of sorbent (Stenstrom and
Lau, 1998).

Few other studies have directly tested the oil sorption
effidencies of sorbent materids, but severd studiesdo
compare the efficiencies of different BMPsthat use oll
sorbent materials. While these studies do not provide
gpecific comparisons of sorbent materials because of
the confounding effects of the types of BMPs utilized,
they do illudrate the effectiveness of different BMPs
that use sorbent materids in storm water applications.

The Rouge River National Wet Weather
Demondtration Project monitored four on-line media
filter devices (Hydrocartridge®, dternady using

Rubberizer® and Wool zorb® media; StreamGuard™,
usng Rubberize® media; Gullywashe™, using
cdlulose media; and the grateinlet skimmer box, which
aso used cellulose media) for a 19 month period at
two gas station stesin southeast Michigan. The study
found that al four units removed some debris,
sediment, and oil; however, the Hydrocartridge®
retained dmost twicethe amount of oil asthe next most
effective device (Alsaigh, et. d., 1999, see Table 3).
The authors concluded that the Hydrocartridge® and
the StreamGuard™ devices absorbed more oils and
grease than the skimmer box and the Gullywasher™,
and pose two potentid explanations for the observed
differences:

. TheHydrocartridge® and StreamGuard™ may
have been better able to retain water, thereby
dowing the flow and dlowing the media to
absorb ail; or

. The absorbents used by the Hydrocartridge®
and the StreeamGuard™ were more effective at
removing ails then the cdlulose media used by
the skimmer box and the Gullywasher™ .

The authors did not directly test these possibilities, and
therefore they make no conclusonsasto which of them
caused the Hydrocartridge® and the StreamGuard™
devices to absorb more oils and grease than the
skimmer box and the Gullywasher™ (Alsaigh, €. d.,
1999).

TABLE 3 OIL ABSORPTION
EFFICIENCIES OF FOUR STORM
WATER BMPS UTILIZING SORBENT

MATERIALS
Average Oil
Device Captured/Gallon
Filtered ((mg/kg)/1,000
gal)

Hydrocartridge® 9,700
StreamGuard™ 5,000
Gullywasher™ 2,100

Grate Inlet Skimmer Box 700

Source: Alsaigh, et. al., 1999.



The results dlow some comparison between
Rubberizer®, a synthetic polymer, and Woolzorb®, a
naturd wool fiber product. Both of these sorbent
materids were used in the Hydrocartridge® BMP over
the course of this project - Rubberizer® during six
obsarvation periods and Woolzorb® during two
observation periods. The efficiency of Rubberizer®
media ranged from alow of 200 mg/kg of oil captured
per 1,000 gdlons of storm water filtered to a high of
46,700 mg/kg of oil captured per 1,000 galons of
storm water filtered. The efficiency range of the
Woolzorb® media overlaps that of the Rubberizer®
media.  The Woolzorb® media absorbed 11,500
mg/kg oil per 1,000 gdlons of storm water filtered
during thefirst observation period, and 2,600 mg/kg ol
per 1,000 gdlons of sorm water filtered during the
second period observed (Alsaigh, et. al., 1999).

The Cdifornia Depatment of Transportation
conducted a comprehensve study to evauate two
drain inlet insertsfor their suitability for retrofitting into
exising highway infrastructure. As part of this study,
CdTrans estimated the pollutant removd efficiencies of
three Foss| Flter™ units containing Fossil Rock, an
amorphous dumina glicate, and three DranGuard™
units containing Rubberizer® media, indtaled a sitesin
Didtrict 7 (Los Angdes County) maintenance stations
(Othmer Jr. et. d., 2001). These maintenance stations
were ided for testing the units hydrocarbon remova
capabilities because they are used for vehicle storage,
fuding, and/or maintenance operations. One Fossl
Filter™ and one StreeamGuard™ unit wereingtaled a
each dte to alow within-gte comparisons. The units
were monitored from September 1999 through May
2000, with routine maintenance conducted according
to the manufacturer’s recommended schedule to
reduce the likelihood of clogging. When it became
apparent that the systems clogged a a much higher
than expected rate, maintenance schedules were
increased. However, even the increased maintenance
schedules did not prevent clogging during storms and

resulting system bypass.

The authors concluded that both units reduced
hydrocarbons in storm water, but that Ste-specific
conditions, such as flow raes, dictaed the
effectiveness of the unit. The mass baances were
ca culated, then converted to percent removal vauesto

determine hydrocarbon removd efficiencies.  The
authors noted that remova efficiencies may be low
because bypass occurred frequently for both types of
units. In addition, they notethat the Fossil Filter™ unit
often became clogged, further reducing removd
efficiency. Hydrocarbon remova ranged from 5 to 7
percent for the Foss| Filter™ and from 2 to 31 percent
for the StreamGuard™. StreamGuard™ achieved
higher hydrocarbon remova efficiency at two of three
Stes sudied. The authors dso emphasize that the
units' intensive maintenance requirements are a factor
to be consdered when determining which BMP is
appropriate for a specific application.

OPERATION AND MAINTENANCE

The basc operations and maintenance (O&M)
requirements for sorbent materias include periodic
checks to ensure that they have not reached their
sorbing capacity or become clogged. Thefrequency of
vidts and cleaning of sediment and debris from BMPs
usng sorbent materials depends on the type of BMP
and the area in which it is located. In generd, al
BMPs using ail sorbent materids should be inspected
a least monthly. If the materid is placed in an area
where it is susceptible to a high il loading rate, the
BMP should be inspected and serviced more
frequently. BMPS should be checked immediately in
the event of an ail spill.

I ngpections depend on theindividud unit and vary from
monthly to quarterly. For example, the UltraUrban™
Filter should be serviced quarterly to remove
accumulated sediment and debris and to check the
sorbent. The manufacturer recommends that OARS®
Passve Skimmer systems be inspected at least once a
monthto check the position of the skimmer and ensure
that it remains on top of the water for maximum oail
removd efficiency. The unit should be changed when
the sorbent materid has turned from its origind light
color to adark color, indicating that it has reached its
maximum oil sorbing capecity.  This changeout
schedule depends on the specific gpplication. AbTech
edimates that a skimmer inddled in an oil/water
separator lasts between two weeks and three months,
while a skimmer ingaled in ahydrodynamic separator
will last two months to one year. Changeout involves
removing the skimmer and replacing it with anew unit.



Foss Environmental recommends monthly ingpections
of its StreeamGuard™ catch basin insert until the
operator becomes familiar with how often the system
needs to be cleaned of grit and sediment. The filter
pack should be visudly inspected and sediment
removed, if necessry. To maximize removd
effidency, the catch basin insert system should be
emptied and cleaned when it has accumulated 30 cm
(12 inches) of sediment.

Disposal/Recycling

A sorbent must be replaced once it is spent or has
reached its maximum sorbing capecity. Mogt of the
sorbents discussed in this Fact Sheet can be removed
and replaced easily by the user once they are spent.
Depending on the type of sorbent, there are four
different optionsfor disposdl: recycle, waste-to-energy
(WTE), cement kilns and landfills.

Recycling offers an dternative to digposing of used ail
sorbent materials.  For example, CRI Recycling
Service, Inc., recycles many types of used sorbent
usng a patent pending technology that effectively
removes contaminants from both inorganic absorbent
materials, such as clay and diatomaceous earth, and
most synthetic absorbent materias, such asmats, pads,
socks, and rolls. These absorbent materials can be
reused after processng, with little change in ther
overdl appearance or absorptive capacity. CRI has
had success recycling both generic and proprietary
sorbents.

WTE facilities utilize spent products to produce
electricity as an dternative energy source.  Cement
kilns dso utilize used products as an dternative fuel to
produce Portland cement. Thelast option for disposal
islandfilling the materiad. Most of the spent media has
passed the EPA Toxicity Characteristic Leachate
Procedures and the Paint Flter Test, qudifying it for
acceptance at RCRA Subtitle D Landfills (i.e., most
municipd landfills).

COSTS
AbTech Industries markets severa ssormwater BMPs

that use the OARS® Smat Sponge technology,
induding the OARS® Passive Skimmer, the OARS®

UltraUrban™ Filter curb opening insert, and the
OARS® UltraUrban™ Filter catch basin insert.
Skimmer prices range from $18-$72, and skimmers
are usudly replaced when their sorbent capacity has
been reached. AbTech's curb opening inserts cost
$250, while catch basin inserts cost between $400 and
$600. These unitsare used until their sorbent capacity
is reached, and then the entire unit is replaced. Under
norma operating conditions, the entirerecyclablefilter
units should be replaced at least every three years.

FossEnvironmenta StreamGuard™ catchbasininserts
(using the sorbent filter pack congisting of Rubberizer®
media) sdll for $93 each, with multiple packsavailable
a areduced cost. These inserts can be ingtalled by
the user, minimizing ingalation cods,

Imbiber Beads® Absorbent Pillows, which can be used
in several different types of storm water BMPs, are
sold in 18-pillow packs for approximately $275.
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ADDITIONAL INFORMATION

AbTech Industries

Robert Liguori

4110 N. Scottsdale Road, Suite 235
Scottsdale, AZ 85251

CDS Technologies, Inc.

Robert Howard

16360 South Monterey Road, Suite 250
Morgan Hill, CA 95037

CRI Recycling Service
John Summerfield

101 Hagen Drive
Woodville, WI 54028

Foss Environmental
Bill Pola

P.O. Box 80327
Seattle, WA 98108

Haz-Mat Response Technologies, Inc.
Shirley Washum

4626 Santa Fe Street

San Diego, CA 92109

The mention of trade names or commercial products
does not constitute endorsement or recommendation
foruse by the U.S. Environmental Protection Agency.

Office of Water
EPA 832-F-02-020
September 2002

For more information contact:

Municipal Technology Branch
U.S. EPA

1200 Pennsylvania Avenue, NW
Mail Code 4204M

Washington, D.C. 20460
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