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ABSTRACT 

Contaminants, such as volatile organic compounds, are 
removed from an environmental medium, such as contami 
nated soil, rock, groundwater, Waste Water and the like, by 
treatment With a combination of a persulfate, such as a 
sodium persulfate, and hydrogen peroxide. 
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TREATMENT OF ENVIRONMENTAL 
CONTAMINANTS 

[0001] This application claims the bene?t of Us. Provi 
sional Application No. 60/491,007, ?led Jul. 29, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the in situ and ex 
situ oxidation of organic compounds in soils, groundwater, 
process Water and WasteWater and especially relates to the in 
situ oxidation of volatile and semi-volatile organic com 
pounds, pesticides and other recalcitrant organic compounds 
in soil and groundWater. 

BACKGROUND OF THE INVENTION 

[0003] The presence of volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs), pesti 
cides, polychlorinated biphenyls (PCBs), polyaromatic 
hydrocarbons (PAHs) and total petroleum hydrocarbons 
(TPHs) in subsurface soils and groundWater is a Well 
documented and extensive problem in industrialized and 
industrialiZing countries. Notable among these are the vola 
tile organic compounds or VOCs Which include any at least 
slightly Water soluble chemical compound of carbon, With a 
Henry’s LaW Constant greater than l0.sup.-7 atm m.sup.3/ 
mole, Which is toxic or carcinogenic, is capable of moving 
through the soil under the in?uence of gravity and serving as 
a source of Water contamination by dissolution into Water 
passing through the contaminated soil due to its solubility, 
including, but not limited to, chlorinated solvents such as 
trichloroethylene (TCE), vinyl chloride, tetrachloroethylene 
(PCE), methylene chloride, 1,2-dichloroethane, 1,1,1 
trichloroethane (TCA), l,l-dichloroethane, l,l-dichloroet 
hene, carbon tetrachloride, benZene, chloroform, chloroben 
Zenes, and other compounds such as ethylene dibromide, 
and methyl tertiary butyl ether. 

[0004] In many cases discharge of VOCs and other con 
taminants into the soil leads to contamination of aquifers 
resulting in potential public health impacts and degradation 
of groundWater resources for future use. Treatment and 
remediation of soils contaminated With VOCs and other 
organic contaminants have been expensive, require consid 
erable time, and in many cases are incomplete or unsuc 
cessful. Treatment and remediation of compounds that are 
either partially or completely immiscible With Water (i.e., 
Non Aqueous Phase Liquids or NAPLs) have been particu 
larly di?icult. Also treatment of highly soluble but biologi 
cally stable organic contaminants such as MTBE and 1,4 
dioxane are also quite difficult With conventional 
remediation technologies. This is particularly true if these 
compounds are not signi?cantly naturally degraded, either 
chemically or biologically, in soil environments. NAPLs 
present in the subsurface can be toxic to humans and other 
organisms and can sloWly release dissolved aqueous or gas 
phase volatile organic compounds to the groundWater result 
ing in long-term (i.e., decades or longer) sources of chemical 
contamination of the subsurface. In many cases subsurface 
groundWater contaminant plumes may extend hundreds to 
thousands of feet from the source of the chemicals resulting 
in extensive contamination of the subsurface. These chemi 
cals may then be transported into drinking Water sources, 
lakes, rivers, and even basements of homes through vola 
tiliZation from groundWater. 
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[0005] The U8. Environmental Protection Agency 
(USEPA) has established maximum concentration limits for 
various haZardous compounds. Very loW and stringent 
drinking Water limits have been placed on many halogenated 
organic compounds. For example, the maximum concentra 
tion limits for solvents such as trichloroethylene, tetrachlo 
roethylene, and carbon tetrachloride have been established 
at 5 .mu.g/L, While the maximum concentration limits for 
chlorobenZenes, polychlorinated biphenyls (PCBs), and eth 
ylene dibromide have been established by the USEPA at 
l00.mu.g/L, 0.5.mu./L, and 0.05.mu.g/L, respectively. 
Meeting these cleanup criteria is difficult, time consuming, 
costly, and often virtually impossible using existing tech 
nologies. 

[0006] Many methods exist for the remediation of soil, 
groundWater and WasteWater to meet the clean-up standards. 
Examples include dig-and-haul, pump-and-treat, biodegra 
dation, sparging, and vapor extraction. HoWever, meeting 
stringent clean-up standards is often costly, time-consuming, 
and often ineffective for many compounds that are recalci 
trantiie. not responsive to such treatment. 

[0007] Chemical oxidation, either applied in situ or ex situ 
of the subsurface or Waste stream, is an approach to treat 
contaminants With strong oxidiZing chemicals, With the 
ultimate goal of complete mineraliZation, or conversion to 
carbon dioxide and Water. Examples of oxidants that have 
been utiliZed for this purpose include Fenton’s chemistry 
(activated hydrogen peroxide), permanganate and oZone. 
Persulfates, and in particular sodium persulfate, have more 
recently been suggested for use in environmental remedia 
tion through chemical oxidation. 

[0008] The use of hydrogen peroxide, and in particular 
metal-activated hydrogen peroxide (Fenton’s chemistry) has 
been employed in the ?eld application of chemical oxidation 
remediation over the past decade. Metals and chelated 
metals have been utiliZed to generate hydroxy radicals, 
Which are capable of destroying a Wide range of contami 
nants. HoWever, there is signi?cant demand on the hydrogen 
peoxide form nascent organics in the soil or groundWater, 
and from reduced metals. Thus, a signi?cant amount of the 
hydrogen peroxide is expended on non-critical reaction 
pathWays. In addition, transportation of the metal activators 
Within the environmental medium is a key technological 
factor in the ef?cient use of hydrogen peroxide as an oxidant. 
Also, there is little data demonstrating that Fenton’s chem 
istry is effective against highly recalcitrant contaminants. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a method for the 
treatment of contaminated soil, sediment, clay, rock, and the 
like containing organic contaminants, as Well as the treat 
ment of groundWater, process Water or WasteWater contain 
ing organic contaminants. 

[0010] The method of the present invention uses a com 
bination of Water soluble oxidants, namely a persulfate and 
hydrogen peroxide. The combination is introduced into soil 
or Water in amounts, under conditions and in a manner 
Which assures that the oxidiZing compounds are able to 
contact and oxidiZe most, and preferably substantially all, 
the target contaminants rendering the target contaminants 
harmless. 



US 2007/0189855 A1 

[0011] In a preferred embodiment the composition of the 
present invention is introduced into soil in suf?cient quan 
tities to satisfy the soil oxidant demand and to oxidiZe the 
target contaminants and render them harmless. This meth 
odology may also be used ex situ to treat quantities of 
contaminated soil Which have been removed from the 
ground. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] In accordance With the present invention it has 
been found that a broad range of contaminants in an envi 
ronmental medium can be effectively reduced or removed by 
treatment With a composition comprising a persulfate and 
hydrogen peroxide. Further improvements have been found 
When an activator is included in the composition. 

[0013] Contaminants susceptible to treatment by the com 
positions of the present invention include: volatile organic 
compounds (V OCs); semi volatile organic compounds 
(SVOCs); polychlorinated biphenyls (PCBs); polyaromatic 
hydrocarbons (PHHs); total petroleum hydrocarbons (TPHs) 
including benZene, toluene, xylene and ethylbenZene; 
methyl t-butyl ether (MTBE); brominated solvents; 1,4 
dioxane; and pesticides (insecticides, herbicides, etc.). 
[0014] In accordance With the method of the present 
invention the contaminants are treated in an environmental 
medium. As used herein “environmental medium” refers to 
an environment Where contaminants are found including, 
Without limitation, soil, rock, groundWater, contaminated 
plumes, process Water, Waste Water and the like. 

[0015] The process of the present invention may be carried 
out in situ or ex situ. In situ treatment is conducted in the 
physical environment Where the contaminant(s) are found. 

[0016] Ex situ treatment involves removal of the contami 
nated medium from the location Where it is found and 
treatment at a different location. 

[0017] In accordance With one embodiment of the present 
invention, the oxidation of volatile organic compounds at a 
contaminated site is accomplished by the injection of a 
combination of a persulfate and hydrogen peroxide into soil. 

[0018] In a preferred form of the invention, sodium per 
sulfate (N a2S2O8) is introduced into contaminated soil along 
With hydrogen peroxide. 

[0019] For in situ soil treatment, injection rates must be 
chosen based upon the hydro geologic conditions, that is, the 
ability of the oxidiZing solution to displace, mix and disperse 
With existing groundWater and move through the soil. Addi 
tionally, injection rates must be suf?cient to satisfy the soil 
oxidant demand and chemical oxidant demand in a realistic 
time frame. It is advantageous to clean up sites in both a cost 
effective and timely manner. Careful evaluation of site 
parameters is crucial. It is Well knoWn that soil permeability 
may change rapidly both as a function of depth and lateral 
dimension. Therefore, injection Well locations are also site 
speci?c. Proper application of any remediation technology 
depends upon knowledge of the subsurface conditions, both 
chemical and physical, and this process is not different in 
that respect. 

[0020] While sodium persulfate is the preferred persulfate 
compound for oxidiZing the contaminants, other solid phase 
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Water soluble persulfate compounds can be used. These 
include monopersulfates and dipersulfates. Dipersulfates are 
preferred because they are inexpensive and survive for long 
periods in the groundWater saturated soil under typical site 
conditions. 

[0021] The most preferred dipersulfate is sodium persul 
fate as it has the greatest solubility in Water and is least 
expensive. Moreover, it generates sodium and sulfate upon 
reduction, both of Which are relatively benign from envi 
ronmental and health perspectives. Potassium persulfate and 
ammonium persulfate are examples of other persulfates 
Which might be used. Potassium persulfate, hoWever, is an 
order of magnitude less soluble in Water than sodium 
persulfate; and ammonium persulfate is even less desirable 
as it may decompose into constituents Which are potential 
health concerns. 

[0022] In accordance With the present invention the per 
sulfate is used in combination With hydrogen peroxide. 

[0023] The hydrogen peroxide may contain an organic or 
inorganic compound such as phosphoric acid, Which can 
generate hydrogen ions. The hydrogen peroxide may be 
introduced into the soil, groundWater or WasteWater, either in 
combination With the persulfates, or sequentially, either 
before, after or in repeated sequential steps to the persulfate 
introduction. Enough of the persulfate and hydrogen perox 
ide need to be introduced to overcome the soil oxidant 
demand and to reduce the concentration of the contaminants 
to the desired levels. 

[0024] The amounts of oxidants used are not critical, 
except it is preferred that enough is present to satisfy 
substantially all the soil oxidant demand and to remove the 
contaminants to acceptable levels, or as close thereto as 
possible. Thus, any amount Within a mole ratio of persulfate 
to hydrogen peroxide of from 1:20 to 20:1 may be used. 
Preferred results are achieved With a mole ratio of persulfate 
to hydrogen peroxide of from 1:10 to 10:1. 

[0025] The preferred concentrations are a function of the 
soil characteristics, including the site-speci?c oxidant 
demands. Hydrogeologic conditions govern the rate of 
movement of the chemicals through the soil, and those 
conditions must be considered together With the soil chem 
istry to understand hoW best to perform the injection. The 
techniques for making these determinations and performing 
the injections are Well knoWn in the art. For example, Wells 
could be drilled at various locations in and around the 
suspected contaminated site to determine, as closely as 
possible, Where the contamination is located. Core samples 
Would be WithdraWn, being careful to protect the samples 
from atmospheric oxidation. The samples Would be used to 
determine soil oxidant demand and chemical (i.e. VOC) 
oxidant demand existing in the subsurface. The precise 
chemical compounds in the soil and their concentration 
Would also be determined. Contaminated groundWater 
Would be collected. Oxidants Would be added to the col 
lected groundWater during laboratory treatability experi 
ments to determine Which compounds are destroyed in the 
groundWater. It Would then be determined Whether the same 
oxidants are able to destroy those chemicals in the soil 
environment. 

[0026] The goal is for the concentration in the injected 
solution to be just enough to result in the reaction front 
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traveling at the same velocity as the groundwater in the 
saturated Zone, or as close as possible thereto. (The saturated 
soil Zone is the Zone of soil Which lies below the Water table 
and is fully saturated. This is the region in Which ground 
Water exists and ?ows.) In certain saturated Zones Where the 
natural velocity of the groundWater is too sloW for the 
purposes of treatment Within a certain timeframe, the veloc 
ity of groundWater can be increased by increasing the How 
rate of the injected persulfate solution or installation of 
groundWater extraction Wells to direct the How of the 
injected solution. Certain soils to be treated may be in 
unsaturated Zones and the method of injection may be based 
on in?ltration or trickling of the solution into the subsurface 
to provide sufficient contact of the soils With the injected 
chemicals. Certain soils and conditions Will require large 
amounts of oxidants to destroy soil oxidant demand, While 
other soils and conditions might not. For example, sandy 
soils having large grain siZe might have very little surface 
area, very little oxidiZable compounds and therefore very 
little soil oxidant demand. On the other hand, silty or clayey 
soils, Which are very ?ne grained, Would have large surface 
area per unit volume. They are likely to also contain larger 
amounts of oxidiZable compounds and thus have a high soil 
oxidant demand. 

[0027] In another embodiment of the invention, activators, 
such as metals and chelated metal complexes, may also be 
added either in combination, sequential fashion or multiple 
sequential steps either to the addition of hydrogen peroxide, 
the addition of persulfate, or the addition of both hydrogen 
peroxide and persulfate. 

[0028] Activators Which may be used to enhance the 
effects of the persulfate/hydrogen peroxide include divalent 
and trivalent transition metals such as Fe (II), Fe (III), Cu 
(II), Mn (II) and Zn (II). The metal may be added in the form 
of a salt or a chelate. Preferred chelants Which may be used 
include ethylenediamine tetraacetic acid, citric acid, phos 
phate, phosphonates, glucoheptonates, aminocarboxylates, 
polyacrylates, catechol and nitroacetic acid. 

[0029] In addition to treatment of soil, the invention is also 
useful for destroying contaminants in groundWater, process 
Water, Waste Water or any other environment in Which 
contaminants susceptible to oxidation are found. 

[0030] In order to describe the invention in more detail, 
the folloWing examples are set forth: 

EXAMPLE 1 

[0031] A composition Was prepared containing 300 ml 
deioniZed Water and 150 grams of soili“?ll sand” obtained 
from Nimbus Landscaping Materials, Rancho Cordova, 
Calif. Approximately 85% of the sand Was less than 30 mesh 
(600 microns). The soil contained 3700 mg/kg total organic 
carbon (TOC) and 17000 mg/kg iron. The composition Was 
placed in a 500 ml glass, amber bottle and Was spiked With 
a 500 ul aliquant, using a gas-tight glass syringe, of a 
methanol stock solution containing MTBE, CT, TCA, TCE 
and benZene such that the initial concentration of each 
chemical Was about 20 mg/l. The bottles Were capped and 
placed on a shaker table for three Weeks to equilibrate. 

[0032] A master batch of 200 g/L sodium persulfate aque 
ous solution Was prepared by dissolving 100 g of sodium 
persulfate into 500 mL of deioniZed Water. Enough of the 
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sodium persulfate solution, With additional deioniZed Water 
if needed, Was added to the “Persulfate Only” and “Persul 
fate/Peroxide” test samples to bring the total aqueous vol 
umes to 350 mL With a persulfate concentration of 5 g/L. In 
addition, 50 g/L of a 17% hydrogen peroxide solution Was 
added to the “Persulfate/ Peroxide” test samples. The sample 
containers Were capped, placed on a shaker table, and 
periodically shaken. 

[0033] Periodically, one sample from each test group Was 
sacri?ced, With approximately 200 mL of the soil-Water 
mixture quickly decanted into a 225 mL centrifuge tube. The 
sample Was then centrifuged at 4400 rpm for 5 minutes. A 
portion of the resultant aqueous phase then Was decanted 
into HCI-preserved VOA jars. Volatile organic compound 
concentration analysis Was then performed utiliZing EPA 
Method 8260B. 

[0034] The results, in percent of contaminants removed, 
are shoWn in Table 1. 

TABLE 1 

Time 
(days) Control Persulfate Only Persulfate/Peroxide 

Benzene 

1 31.9 57.4 77.7 
3 13.8 37.2 93.9 
8 42.6 85.1 99.7 
24 22.3 98.9 100.0 

Carbon Tetrachloride 

1 69.0 19.0 93.3 
3 53.4 12.1 94.8 
8 77.6 75.9 96.7 
24 81.0 37.9 100.0 

Trichloroethane 

1 59.3 11.6 81.4 
3 44.2 4.7 88.7 
8.0 72.1 66.3 93.8 
24 68.6 23.3 99.6 

Trichloroethene 

1 47.7 45.3 77.9 
3 31.4 29.1 90.9 
8 64.0 82.6 99.0 
24 46.5 94.9 100.0 

MTBE 

1 4.1 —9.6 —9.6 
3 4.1 —9.6 11.0 
8 4.1 4.1 32.2 
24 4.1 11.0 69.9 

EXAMPLE 2 

[0035] Using the same procedures and materials as in 
Example 1, batch tests Were conducted by adding sodium 
persulfate and/or H202 to 75 g of soil and deioniZed Water 
that had been spiked With a methanolic solution of VOCs. 
The total solution volume Was 175 mL, giving a soil to liquid 
ratio of 112.3. The initial conditions are given in Table 2A 
beloW. The control, Persulfate Only, Very LoW H202 tests 
Were capped tightly. The H202 Only, LoW H202, and High 
H202 tests Were loosely capped for the ?rst 24 hours (to 
prevent buildup of pressure due to decomposition of H202); 
caps We re tightened after 24 hours. 
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TABLE 2A 

Initial Initial Mole Ratio 
Test ID Na2S208 H202 (%) H202:Na2S208 

Control 0 0 n.a 

Persulfate Only 10 0 n.a 
Peroxide Only 0 2.6 n.a 
Very LoW Peroxide 10 0.01 0.1 
LoW Peroxide 10 0.65 5 
High Peroxide 10 2.6 20 

[0036] The percent removed for each VOC is given in 
Table 2B. The percent removed Was calculated from the total 
mass in the aqueous phase and the headspace. The concen 
tration in the headspace Was calculated from the aqueous 
concentration and volume of headspace using Henry’s laW. 

TABLE 2B 

Very LoW High 
Time Persulfate Peroxide LoW Per- Per 
(days) Control Only Only Peroxide oxide oxide 

Benzene 

1 9.1 42.9 97.1 63.0 96.3 99.9 
3 63.6 67.5 98.9 80.5 99.6 100.0 
8 39.0 >998 99.4 98.7 100.0 100.0 

23 91.6 >999 99.9 >99.9 100.0 99.9 
Carbon 

Tetrachloride 

1 25.8 4.6 99.4 43.5 97.3 99.8 
3 78.8 48.8 99.6 70.0 98.4 99.8 
8 55.8 95.2 99.6 78.8 99.8 99.7 

23 98.9 96.6 >999 99.4 98.9 99.5 

1,1,1-TCA 

1 18.3 0.0 99.2 35.8 94.8 99.7 
3 74.2 36.7 99.6 60.8 97.0 99.8 
8 48.3 88.3 99.6 65.0 99.6 99.8 

23 97.4 56.7 100.0 86.7 97.7 100.0 
TCE 

1 14.3 28.6 98.5 55.7 95.4 99.9 
3 70.7 55.0 99.2 71.4 99.1 99.9 
8 48.6 99.3 99.4 94.1 100.0 99.8 

23 95.5 >998 99.9 >999 99.8 99.9 
MTBE 

1 —3.4 —3.4 50.7 6.4 45.8 86.7 
3 26.1 —13.3 80.3 6.4 60.6 97.3 
8 —3.4 16.3 84.7 —37.9 93.1 98.6 

23 36.0 26.1 94.1 66.0 94.1 99.2 

EXAMPLE 3 

[0037] A composite soil sample Was prepared in a steel 
boWl by combining equal masses of representative samples 
of soil collected from a ?eld site. 100 gram portions of the 
composite Were transferred to 250 ml amber glass bottles 
?tted With Te?on lined caps. Treatment of the samples Was 
performed by mixing the 100 grams of the soil sample With 
the amount of chemical corresponding to the treatment 
dosage (see beloW). Ten ml of deionized Water Was added to 
each sample to simulate the amount of liquid added during 
a full-scale injection. After treatment, the samples Were 
alloWed to stand at ambient temperature With the cap loosely 
attached to the bottle to alloW the samples to degas. After 
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eight days, a portion of the aqueous component Was 
removed and analyzed for volatile organic compounds using 
EPA method 8260B. 

[0038] The chlorinated compounds of concern Were: 
methylene chloride, 1,1,1 tri-chloroethane and, 1,2di-chlo 
roethane. Results are shoWn in Table 3. 

TABLE 3 

Treatment A Treatment B 

Control % % 
Contaminant pgkg pg/kg reduction pgkg reduction 

Methylene 80,000 82,000 0 25,000 98 
chloride 

1,1,1 3,700,000 2,000,000 46 91,000 98 
Trichloethane 
1,1 21,000 10,000 52 2,500 98 
Dichloroethane 

Treatment A Iron activated persulfate 10 ml of a 20% Na2S2O8 solution + 
10 mL ofa 20% FeSO4 solution (yields 2 g of each compound per 100 g 

soil) 
Treatment B Iron/Peroxide activated persulfate 10 ml of a 20% Na2S2O8 
solution + 10 mL of a 20% FeSO4 solution + 10 mL ofa 20% H202 solu 
tion 

EXAMPLE 4 

[0039] Using the procedure described in Example 3, an 
additional contaminant Was evaluated. 

[0040] The chlorinated compound of concern Was: 1,4 
chlorobenzene Results are shoWn in Table 4. 

TABLE 4 

Treatment A Treatment B 

Control % % 
Contaminant pg/kg pg/kg reduction pgkg reduction 

1,4 430,000 160,000 63 2,500 99 
Chlorobenzene 

Treatment A Iron activated persulfate 20% Na2S2O8, 20% FeSO4 
Treatment B Iron/Peroxide activated Persulfate 20% Na2S2O8, 20% 
FeSO4, 20% H202 

EXAMPLE 5 

[0041] Decomposition of Sodium Persulfate in the Pres 
ence of Hydrogen Peroxide 

[0042] Persulfate anions are long lived species and can 
survive from days, Weeks and even months in the subsur 
face. On the other hand, sulfate radicals are short lived 
species, and once the persulfate is activated to form sulfate 
radicals, the lifetime of the radical species is less than one 
second. Although there may be several decomposition path 
Ways for persulfate, a primary route is the formation of 
sulfate radicals, and subsequent termination of the radical by 
combination With other radicals or organic species. Thus, 
measurement of the persulfate decomposition is an indirect 
determination of the extent of radical formation. 

[0043] Combinations of sodium persulfate and hydrogen 
peroxide Were added to soiliWater slurries, and the subse 
quent decomposition of sodium persulfate Was measured 
after three days of reaction time. Soil Was obtained and 
combined With Water at a 50:50 ratio and placed into glass 
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jars. Sodium persulfate and hydrogen peroxide Were added 
to the jars at varying sodium persulfate concentrations, and 
hydrogen peroxide to sodium persulfate ratios of 1:10, 1:1 
and 10:1. The jars Were sealed and placed in the dark. 
Analysis of the sodium persulfate concentration Was con 
ducted on day three utilizing persulfate titration methods. 
The results of the study are shoWn in Table 5. 

TABLE 5 

Initial Persulfate 
Persulfate Initial Concentration @ 

Concentration Mole ratio Day 3 % Persul fate 
(ppm) N32 S208 5H2O2 (ppm) L955 

4000 10:1 3067 23 
4000 1 :1 13 70 6 6 
4000 1:10 60 99 
11000 10:1 7206 34 
1 1000 1 :1 1727 84 
1 1000 1 :10 89 99 
22000 10:1 11434 43 
22000 1 :1 3335 83 
22000 1 :10 1 19 99 
22000 0 15007 25 

[0044] Table 1: Persulfate Decomposition as a Function of 
Peroxide Level 

[0045] Resilts from Table 5 indicate that as the amount of 
hydrogen peroxide increases, the greater the decomposition 
of the sodium persulfate, indicating increased formation of 
sulfate radicals With increasing peroxide concentrations. A 
Wide range of persulfate to hydrogen peroxide may be used 
in the present invention. 

EXAMPLE 6 

[0046] Using the procedure described in Example 3 addi 
tional samples of contaminants Were treated. 

[0047] Acid Water refers to a 1% aqueous solution of 
phosphoric acid. When used 1 ml of this solution Was added 
With the hydrogen peroxide. 

[0048] The results are shoWn in the folloWing tables. 

TABLE 6A 

Parameters (ug/kg) 

Untreated Persulfate H202 and Persulfate 
Control With Iron With Iron 

Tetachloroethene 1,800,000 750,000 340,000 
Trichloroethene 21,000 12,000 1,800 

[0049] 

TABLE 6B 

Parameters (ug/kg) 

Persulfate H202 With H202, Acid 
Untreated With Acid Water, & 
Composite Iron Water Persulfate 

1,1,1- 340,000 57,000 15,000 9,200 
Trichloroethane 
1,1,—Dichloroethene 4,500 550 170 63 
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[0050] 

TABLE 6C 

Parameters (ug/L) 

H202 With Acid H202 With 
Control Sample Water Persulfate Acid Water 

Diesel Range Organics 13,000 5,500 7,800 

EXAMPLE 7 

[0051] Using the procedure described in Example 3, 
samples of contaminants Were treated. The folloWing treat 
ments Were used. 

Treatment A 25000 PPM H202 
Treatment B 25000 PPM H202 

100 PPM H3PO4 80 PPM Na2S2O8 
100 PPM H3PO4 

[0052] The results are shoWn in Table 7. ND indicates 
“none detected” meaning the amounts Were beloW the limits 
of detection. 

TABLE 7 

Contaminant Control (PPB) Treatment A Treatment B 

Trichloroethene 1200 17 99 
cis 1,1 Dichloroethene 6900 4 370 
1,1,1 Trichloroethane 12000 810 1400 
11 Dichloroethane 1100 ND 250 
1,1 Dichloroethene 2100 ND 180 
Tetrachloroethene 220 ND 124 

EXAMPLE 8 

[0053] Using the same procedure as in Example 7, an 
additional sample Was evaluated. The results are shoWn in 
Table 8. 

TABLE 8 

Contaminant Control (PPB) Treatment A Treatment B 

Trichloroethene 2800 ND 350 

What is claimed is: 
1. A method for oxidiZing a contaminant present in an 

environmental medium, said method comprising contacting 
the contaminant With a composition comprising a persulfate 
and hydrogen peroxide. 

2. The method of claim 1, Wherein the persulfate is a 
monopersulfate or a dipersulfate. 

3. The method of claim 1, Wherein the persulfate is 
sodium base, ammonium base, or potassium base. 

4. The method of claim 1 Wherein the persulfate is sodium 
persulfate. 

5. The method of claim 1 Wherein the mole ratio of 
persulfate to hydrogen peroxide is equal to from 1:20 to 
20:1. 
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6. The method of claim 1 wherein the mole ratio of 
persulfate to hydrogen peroxide is equal to from 1:10 to 
10:1. 

7. The method of claim 1 Wherein the persulfate and 
hydrogen peroxide are applied simultaneously to the 
medium. 

8. The method of claim 1 Wherein the persulfate and 
hydrogen peroxide are applied sequentially to the medium. 

9. The method of claim 1 Wherein the persulfate is applied 
to the medium prior to the application of the hydrogen 
peroxide. 

10. The method of claim 1 Wherein the hydrogen peroxide 
is applied to the medium prior to the application of the 
persulfate. 

11. The method of claim 1 Wherein the persulfate and 
hydrogen peroxide are applied to the medium sequentially in 
repeated applications. 

12. The method of claim 11 Wherein the repeated sequen 
tial additions of persulfate and hydrogen peroxide occur 
continuously. 

13. The method of claim 11 Wherein the repeated sequen 
tial additions of persulfate and hydrogen peroxide are sepa 
rated by time intervals. 

14. The method of claim 1 Wherein the environmental 
medium is selected from soil, rock, groundWater, WasteWater 
and process Water. 

15. The method of claim 1, Wherein the oxidation is 
performed in situ or ex situ. 

16. The method of claim 1, Wherein the composition is 
introduced into the environmental medium in suf?cient 
quantities and under conditions to oxidiZe substantially all of 
the contaminants in the medium. 

17. The method of claim 1 Where the composition also 
includes an activator. 

18. The method of claim 17 Where the activator is a 
divalent or trivalent transition metal. 

19. The method of claim 18 Wherein the activator is a 
divalent transition metal selected from Fe (11), Cu (11), Mn 
(11) or Zn (ll). 

20. The method of claim 18 Wherein the activator is a 
trivalent transition metal, iron (Ill). 

21. The method of claim 17 Wherein the activator is a 
divalent or trivalent transition metal combined With a chelat 
ing agent. 

22. The method of claim 21 Wherein the activator is a 
divalent transition metal selected from iron (11), Cu (11), Mn 
(11) or Zn (11). 
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23. The method of claim 21 Wherein the activator is a 
trivalent transition metal selected from iron (Ill). 

24. The method of claim 21 Wherein the chelating agent 
is selected from ethylenediamine tetraacetic acid, citric acid, 
phosphate, phosphonate, catechol or nitroacetic acid. 

25. A composition suitable for use in treating a contami 
nant present in an environmental medium, said composition 
comprising a persulfate and hydrogen peroxide. 

26. The composition of claim 25, Wherein the persulfate 
is a monopersulfate or a dipersulfate. 

27. The composition of claim 25, Wherein the persulfate 
is sodium base, ammonium base, or potassium base. 

28. The composition of claim 25, Wherein the persulfate 
is sodium persulfate. 

29. The composition of claim 25 Wherein the mole ratio 
of persulfate to hydrogen peroxide is equal to from 1:20 to 
20:1. 

30. The composition of claim 25 Wherein the mole ratio 
of persulfate to hydrogen peroxide is equal to from 1:10 to 
10:1. 

31. The composition of claim 25 further including an 
activator. 

32. The composition of claim 31 Wherein the activator is 
a divalent or trivalent transition metal. 

33. The composition of claim 32 Wherein the activator is 
a divalent transition metal selected from Fe (11), Cu (11), Mn 
(11) or Zn (ll). 

34. The composition of claim 32 Wherein the activator is 
a trivalent transition metal, Fe (III). 

35. The composition of claim 31 Wherein the activator is 
a divalent or trivalent transition metal combined With a 

chelating agent. 
36. The composition of claim 35 Wherein the activator is 

a divalent transition metal selected from Fe (11), Cu (11), Mn 
(11) or Zn (ll). 

37. The composition of claim 35 Wherein the activator is 
a trivalent metal, Fe (III). 

38. The composition of claim 35 Wherein the chelating 
agent is selected from ethylenediamine tetraacetic acid, 
citric acid, phosphate, catechol or nitroacetic acid. 


