Department of
Environmental Protection

Twin Towers Office Building
Jeb Bush 2600 Blair Stone Road David B. Struhs
Governor Tallahassee, Florida 32399-2400 Secretary

Cct ober 24, 2002

M. Sam Ward, President
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Re: di noSoi
Dear M. Ward:

The Bureau of Petrol eum Storage Systens hereby reaffirns its origina

Decenmber 13, 2001 acceptance of dinoSoil, a humi c substance, as a product for
ex situ renmedi ation of petroleumcontam nated soil. This reaffirmation
supersedes the original Decenmber 13, 2001 di noSoil acceptance letter, and is
updated to cover in situ uses of dinoSoil for the renediation of soil and
groundwat er as wel | .

As the information you provided indicates, there are other uses for this
product beyond the cl eanup of petrol eum pursuant to Chapter 62-770, Florida
Admi ni strative Code (F.A.C.), which is the jurisdiction of this bureau. Sone
of those other uses are the chelation of netals, cation exchange,
neutralization of acid wastewater, renmpoval of anions, and floccul ation

O her state agencies and other bureaus within the Departnent of Environnental
Protection nmay recogni ze this acceptance if their needs and regul ations are
simlar to those of this bureau. This bureau, however, is not responsible
for applications beyond its jurisdiction.

Also as indicated in the literature you provided, humus is a natural -
occurring group of substances consisting of partial or conpletely decayed
plant matter. The bureau, as a result of its own literature search, notes

t hat hum c substances account for sonme 70 to 80 percent of all the organic
matter present in soils. Humic acids found in soil and groundwater are known
to act like surfactants, so there may be a role for themto play as an
alternative to artificial surfactants in the renedi ation of petrol eum
cont am nat ed soil

Encl osure 1 contains a sumary of dinoSoil’s chemical and physica
properties. Enclosure 2 identifies applicable regulations, and provides
addi tional information about dinoSoil and hum c substances in general. It is
antici pated, however, that in the near future there will be changes to the
soi|l and groundwater criteria for some chemical species listed in Chapter
62-777, F.A.C., especially arsenic. Users of dinoSoil are advised to keep a
wat ch on “Rul es” at web page www. dep.state.fl.us, for a revision of Chapter
62-777, F.A C., that supersedes the current August 5, 1999 issue. Those
users shoul d note and observe any changes that apply to the chenica
constituents of dinoSoil, and the site-specific contam nants of concern at
remedi ati on sites where dinoSoil is involved.

“Protect, Conserve and Manage Florida's Environment and Natural Resources”
Visit Our Internet Site At www.dep.state.fl.us
Printed on recycled paper.



M. Sam Ward, President
Cct ober 24, 2002
Page Two

A copy of this letter should be provided in the appendi x of site-specific
Renedi al Action Plans proposing the use of dinoSoil, so that technica

revi ewers throughout the state will be infornmed that the bureau has eval uated
the acceptability of the product froma regul atory standpoint.

VWi | e the bureau does not endorse specific or brand name renedi ati on products
or processes, it does recognize the need to deternine their acceptability
froman environmental standpoint with respect to applicable rules and

regul ations, and the interests of public health, safety and welfare. Vendors
nust then narket the products and processes on their own nerits regarding
performance, cost and safety in conparison to conpeting alternatives in the
mar ket pl ace. I n no way, however, shall this regul atory acceptance letter be
construed as certification of product performance.

The bureau reserves the right to revoke its acceptance of a product or
process if any aspect of its nature, conponents, constituents, or performance
has been falsely represented. Additionally, bureau acceptance of any product
or process does not inply it has been deened applicable for all cleanup
situations, or that it is preferred over other treatnent or cleanup
techniques in any particular case. A site-specific evaluation of
applicability and cost-effectiveness nust be considered for any product or
process, whether conventional or innovative, and adequate site-specific
design details nust be provided in Renedial Action Plans proposing the
product or process. You may contact ne at 850/245-8911 if there are any
guesti ons.

Si ncerely,

Rick Ruscito, P.E
Bur eau of Petrol eum Storage Systens

c: M ke Houghl and
2257 Cayenne Lane
Shal i mar, Florida 32579

Tom Conr ardy, PCS3, Tall ahassee

Hi story:
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CHEM CAL AND PHYSI CAL PROPERTI ES OF di noSO L

ENCLOSURE 1
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Fl ori da O eanup Standards !
Soi | Soi | Soi | G oundwat er
Direct Direct Leachability Cl eanup
Resi denti al Commercial & based on Criteria
See Exposure I ndustri al G oundwat er (mlligrams
Anal yti cal Foot - Exposur e St andar ds per liter)
Anal yte Met hod Resul t Units note (ng/ Kg) 2 (gl Kg) 2 ( g/ Kg) (ng/ L)
Arsenic (in sedinent) 3050/ 7061 1.5 ng/ Kg 3 0.8 3.7 29 0. 05
Arsenic (in sedinent) 3050/ 7061 15.7 ng/ Kg 4 0.8 3.7 29 0. 05
Arsenic TCLP 1311/ 206. 2 <. 005 ng/Liter 4
Cadmi um (in sedinent) 3050/ 7130 <1.0 ng/ Kg 3 75 1, 300 8 0. 005
Chl ori ne (in solids) EPA 325. 3 15.6 ng/ Kg 3 7, 800 200, 000 SPLP or TCLP 250 (chloride)
Chrom um (in sedinent) 3050/ 7190 11. 4 ng/ Kg 3 210 420 38 0.1
Lead (in sedinent) 3050/ 7420 22.6 ng/ Kg 3 400 920 SPLP or TCLP 0. 015
Mer cury (in sedinent) 7471 . 078 ng/ Kg 3 3.4 26 2.1 0. 002
pH (slurried) 3.6 586 6.5 - 8.5
Sel eni um 7740 2.6 ng/ Kg 3 390 10, 000 5 0.05
Sodi um 3050/ 7770 6, 457 ng/ Kg 3 160
Percent Soli ds SM 2540G 92. 38 % 3

Anal ysis of the Acid Sol uble Fraction (expressed as a wei ght percent of the original

Aci d I nsol ubl es 71.53 % 5&7
Al uni num (as Al ,0) 1.87 % 5

I ron (as Fe ) 3.78 % 5
Magnesi um (as MO 0.48 % 5
Phosphor us (as P,() 0. 00 % 5
Pot assi um (as KO 0.19 % 5
Sodi um (as Na,O 0. 68 % 5
Not es:

1. Per the August 5, 1999 issue of Chapter 62-777, F.A.C., to which a revision is expected in the near future,
The applicable standard for a given soil contam nant or a constituent of dinoSoil

arsenic in soil and groundwater.

exposure and the | eachability criteria, otherw se institutional and/or engineering controls nay apply.
condi tional and unconditional declarations of No Further Action (NFA) at petrol eumcontaninated sites,
Li kewi se, for infornation about conditional and non-conditional

pl ease see Section 62-770.680, F.A C
for non-petroleumand brownfield sites, please see Section 62-785.680, F.A C.
2. mg/ Kg i s an abbreviation for milligrans per killigram

3. From a di noSoil Incorporated informati on sheet dated June 25, 2002 summari zi ng anal yti cal

| aboratory: Analytical Services Corporation, Niceville, Florida.

4. Anal ytical results of a dinoSoil sanple sent to a certified contract |aboratory and analyzed in July 2002: Analytical
SPLP stands for Synthetic Precipitation Leaching Procedure.
Anal ysis reported by the Florida Institute of Phosphate Research (FIPR), February 14, 2002.

Florida. TCLP is an abbreviation for Toxicity Characteristic Leaching Procedure.

pH after slurrying 30 grans of dinoSoil in an unspecified volune of deionized water.
The acid insoluble fraction is nostly quartz and swel ling-Mntnorillonite clay.

No o

results of a dinoSoil

itself

“as received” sanple)

i ncludi ng changes to cleanup criteria for
is the lower of the direct

For more informati on about cleanup criteria for

and institutional
NFAs, and institutional

and engi neering controls,
and engi neering controls

sanpl e sent to a certified contract

Services Corporation, N ceville,



Sunmary of dinoSOL Interactions with Various Solutes in Aqueous Sol utions

Pounds of El enent

1.41 1bs. MO
2.851bs. CaO
0.38 I bs. A,
0.05 | bs. Fey0;

(expressed as the oxide) Released into Water from a Tonne
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per
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Phosphorus Rel eat ed Conpounds Adsorbed by di noSoi
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*

** of dinoSoil

Fl ori da Groundwat er Standard
for the el ement

Magnesi um not regul at ed.
Cal ci um not regul at ed.
0.2 mg/L (milligrams/liter) alum num

0.3 ng/L iron

0.8 Ibs. P, adsorbed from aqueous sol ution per tonne of dinoSoil

1.1 Ibs. PO, adsorbed from aqueous solution per tonne of dinoSoil

G ans of Heavy Metal

Adsorbed from Sol uti on by each Tonne of di noSoi

3.3 grans Cadmi um from aqueous sol ution per tonne of dinoSoi

8.6 grans Arsenic from aqueous sol ution per tone of dinoSoi

Anal yti cal

work performed by the Florida Institute of Phosphate Research, February 14, 2002

Tonne is a metric ton (1,000 kil ograns)
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ENCLOSURE 2

ADDI TI ONAL TECHNI CAL AND REGULATCORY | NFORVATI ON ABOQUT di noSOl L

The technical information bel ow includes that which was conpiled by the
Bureau of Petrol eum Storage Systemduring its literature search, as well as
i nformati on provided by dinoSoil Incorporated.

1

Appl i cabl e and appropriate rules and regul ations: The onus shall be on
users of dinoSoil, and dinoSoil Incorporated, to ensure that al
applicable soil and groundwater criteria will be nmet at the tinme of
project conpletion, for petroleum other contam nants that may be
present, any residuals associated with the constituents of dinoSoil, and
any byproducts produced as a result of chemical or biochenical reactions
i nvol ving those constituents. The chapters of the Florida Admnistrative
Code that may apply to a given cleanup may include but are not
necessarily limted to the follow ng: Chapter 62-550, for primry and
secondary water quality standards; Chapter 62-520, for groundwater

cl asses and standards, and mininmumcriteria; Chapter 62-522, for
groundwat er pernitting and nonitoring requirenments; Chapter 62-528, for
underground injection control; Chapter 62-770, for petrol eum cl eanup
criteria; Chapter 62-777, for cleanup criteria and also for mninum
groundwater criteria; and Chapter 62-785, for brownfields cleanup
criteria.

A noteworthy aspect of the mninumcriteria set forth in Chapter 62-520,
F.AC, is that it requires groundwater to be free from substances which
are harnful to plants, animals, and organisns, and free from substances
t hat are carci nogenic, mutagenic, teratogenic or toxic to human beings.
In effect, these “free fronf requirements forma catchall. They close
what woul d otherwi se be a | oophole in the regul ations by preventing the
i ntroduction of a potentially harnful remediation product in the event
that any of its ingredients or constituents is not regulated as a
specific primary or secondary drinking water contam nant.

No Further Action Criteria: Soil and groundwater cleanup criteria for
contam nants are set forth in Chapter 62-777, F.A.C. These criteria also
apply to any constituents of dinoSoil that happen to be listed as

contanmi nants. For a given contam nant in the soil, its applicable
cleanup target is the |ower of the direct exposure and |leachability
cleanup criteria set forth in Chapter 62-777, F.A C.

Users of dinoSoil for the renediation of petrol eumcontamnated sites are
advised to read Section 62-770.680, F.A . C., to determnmi ne whether a site
qgualifies for an unconditional declaration of No Further Action (NFA) or
a conditional NFA involving institutional and/or engineering controls.

Li kewi se, for non-petroleumbrownfield sites, Section 62-785.680, F.A C
shoul d be consulted for information about unconditional and conditiona
NFAs, and institutional and engineering controls.

Additionally, it is anticipated that soil and groundwater cleanup
criteria in the current August 5, 1999 issue of Chapter 62-777, F.A C.
will revised in the near future, including changes to the cleanup
criteria for arsenic. Users of dinoSoil are advised to keep a watch on
“Rul es” at web page www. dep.state.fl.us for the revision. They should
note and observe any changes that apply to the chem cal constituents of
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di noSoi |, and the site-specific contam nants of concern at renediation
sites where dinoSoil is involved when the revision is issued.
Groundwater nonitoring: |If dinoSoil is used in a location or in such a

way that there is a potential or concern that the underlying groundwater
could be inpacted by | eachate, fromeither the contam nants of concern
bei ng renedi ated or the constituents of dinoSoil itself, then groundwater
noni toring of appropriate chem cal species and paraneters should be
addressed in a Departnent-approved Renedi al Action Plan

Regar dl ess of whether the dinoSoil is used in a topical, ex situ,

in situ, or injection-type manner, if there is potential or concern for
an inpact on the underlying groundwater, then nonitoring should be
conducted. G oundwater nonitoring should al so be conducted if there is a
situation where dinoSoil has been used as backfill, or as an amendnent to
t he backfill dunped into an open excavation pit that has been allowed to
fill with contam nated groundwater, for the purpose of renediating that
wat er .

Anot her situation in which groundwater nonitoring nay be necessary woul d

be one in which the dinoSoil is applied topically for the purpose of soi
renediation at a site where there is a shallow water table. Regardless
of whether or not the dinoSoil is plowed, disked, or watered, if there is

a potential or concern for |eaching, then groundwater nonitoring should
be addressed in the Departnent-approved Renedial Action Plan

Based on the chem cal and physical properties of dinoSoil, as indicated
in enclosure 1, groundwater nonitoring would, at the |least, be necessary
for pH, sodium alum numand iron. And even though the TCLP result shown
in enclosure 1 suggests that the arsenic |level in dinoSoil does not
render it a toxic waste, or likely to |l each arsenic, it may be prudent to
t ake groundwat er sanples, before, during, and after application of the
dinoSoil, for analysis of arsenic. At non-petroleumcleanup sites, where
the dinoSoil is actually being used to adsorb heavy netal contam nants
such as arsenic, cadmiumand the like, it may be prudent to nmonitor the
under | yi ng groundwater for these contam nants of concern before, during,
and after the use of dinoSoil. This will help to make sure that watering
and/ or precipitation is not flushing the netal contam nants through the
di noSoi | faster than the dinoSoil can adsorb them

Q her considerations: Those who prepare Renedial Action Plans proposing
the use of dinoSoil should take into account and address the following in
the plan when they apply to the situation. |If spent dinoSoil wll be
renoved fromthe site, then an appropriate and proper nethod of disposa
must be identified in the plan. |If spent dinoSoil will remain at the
site, especially those sites at which heavy netals are contam nants of
concern, then the Renmedial Action Plan should address the verification of
dinoSoil’'s ability to adsorb and i nmobilize heavy nmetals in the | ong-
term Institutional and engineering controls may be necessary, and so
may long-termverification sanpling, albeit at sample intervals |ess
frequent than those during the active renmedi ati on phase of the cl eanup

Humus: This is the termused to describe the group of natural -occurring
organi c soil colloids consisting of partial or conpletely decayed pl ant
matter. Humus accounts for approximately 70 to 80 percent of all the
organic matter present in soils. |Its approximte general chem ca
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conposition can be described as 30%Ilignin (the chief noncarbohydrate
constituent of wood); 30% protein (nitrogenous organi c conpounds whose
nol ecul ar structures contain amno acids); and pol yuronides (a m x of
conpl ex sugars and uronic acid). An exanple of a uronic acid is

gl ucuroni c acid, a carboxylic acid having the nolecular formula CsHyO.
G ucuronic acid is widely distributed in the animal and plant ki ngdons.

Hum ¢ substances: These substances are a m x of conplex organic
conpounds, typically described as polyneric pol yhydroxy acids, or as a
conpl ex mi xture of |arge nolecul es of polymeric phenolic structure.

Chemi cal behavi or of hunus: GCenerally, the main fraction of hunus is the
hum c acids and their salts, the humates. The renmaining fractions
contain fulvic acids and humins. The nost concise description of the
chem cal behavi or of humus found by the Bureau of Petrol eum Storage
Systens was in the McGraw Hi Il Encycl opedi a of Science and Technol ogy.

“Based on their solubility in alkali and
acid, hum c substances are partitioned
into three main fractions: humc acid,
which is soluble in dilute alkali but is
coagul ated by acidification of the

al kaline extract; fulvic acid, which is
the humc fraction that remains in
solution when the alkaline extract is
acidified, that is, it is soluble in both
dilute alkali and dilute acid; and hunin,
which is the humc fraction that cannot
be extracted fromthe soil by dilute base
or acid.”

Chemi cal composition of the soluble fraction: The humic and fulvic acids
that are extractable fromhunus are a m x of chenical species. Both of
them contain essentially the sanme species but sone of themare present in
di ffering amounts dependi ng on whether the acid is humic or fulvic. The
followi ng functional groups are present in these acids: carboxyls (COOH);
hydroxyls (OH) of phenolic and al coholic associations; carbonyls (C=0
that are either ketonic or quinonoid in nature; and nethoxy groups (OCH).

Degradati on products: Humic and fulvic acid, and hum ns are degradabl e by
oxi dative processes, producing straight chain (aliphatic) fatty acids,
aromati c carboxylic acids, and phenolic acids that bear hydroxyl (OH and

car boxyl (COOH) groups.

Deci sion regarding humic and fulvic acids: The Bureau of Petrol eum

St orage Systens notes the natural -occurring abundance of hunus in the
envi ronnent, accounting for sone 70 to 80 percent of all the organic
matter present in soils, and that hum c and fulvic acid, and hum ns are
known to degrade to fatty acids. Wth this in nmnd, and know ng that
groundwater in the environment is already in contact, naturally, and to a
great extent with soil containing hunus, the bureau reasons that
groundwat er nonitoring of humic and fulvic acid constituents should not
be mandat ory when di noSoil is used.

There are al so elenents of practicality and econonics factored into this
decision. |f humic and fulvic acid were sinple chem cal conpounds that
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| end t hensel ves to quick, easy and inexpensive analysis, then it would be
expedient to sinply require their nonitoring. But they are not, and it
woul d be cunbersone to track their presence by sanpling and anal yzi ng for
their various constituent chem cal species described in paragraph 8, or

t he di sappearance of them by sanpling and anal yzing for the appearance of
t he vari ous degradati on products described in paragraph 9.

Utimately, however, the final decision regarding whether or not to

nmoni tor the groundwater for humic and fulvic acids should be nmade by the
state’s technical reviewer of a Renmedial Action Plan, on a case-by-case
basis, with the input fromthe party that prepares the plan

Commercial humic acids: For infornmation and conparative purposes only,
t he bureau notes that hum c acids are avail able comercially under
various trade nanes and synonyns such as Soil Organic Matter, Agro-Lig,
and the like. The chem cal conposition of these conmercial products is
simlar to that of the naturally occurring hum c and ful vic acids.

Si gma- Al dri ch Chem cal Conpany produces humic acid in granul ar and
crystal forms having a nmajor elenmental conposition as foll ows:

carbon 39-40% hydrogen 4.4% and nitrogen, approxinately 0.7% The
trace el enent analysis for the sodiumsalt technical grade is as follows:
sodium 7,670 parts per mllion (ppm; sulfur, 2,500 ppm iron, 1,300
ppm cal cium 1,200 ppm magnesium 1,091 ppm phosphorus, 215 ppnm and
[ithium 3 ppm

Material Safety Data Sheet (MsSDS): The Material Safety Data Sheet for
di noSoi | describes it as reddi sh-brown solid particles of inert organic
soi | / humat e, having a specific gravity of 1.35 and being 90% sol uble in
wat er .

Application procedure and dosage: Procedural infornmation provided to the
Bureau of Petrol eum Storage Systens for the use of dinoSoil was for a
topi cal application. A 2-inch thick layer of dry dinoSoil is spread on
top of the petroleumto be renediated. This is equivalent to a dosage of
approxi nately 10 pounds of dinoSoil per square foot of petrol eum

contam nated area to be renediated. Water is then applied until the
dinoSoil is conpletely wet. Subsequent watering is generally on a weekly
basis. Renediation tinme is approximately 1 to 1-1/2 nmonths. For
procedures, dosages and noisture |levels required for other methods of
renediation (i.e. ex situ soil piles, land farmng, and in situ soi

cl eanup) the bureau suggests that users contact the manufacturer



