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IMPROVEMENTS IN BIOREMEDIATION OF 
HYDROCARBON CONTAMINATED SOILS AND WATER 

FIELD OF THE INVENTION 

This invention relates to novel types of bifunctional sur­

factants suitable for enhancing the microbiological degradation of 

hydrocarbons in soils and water. 

BACKGROUND OF THE INVENTION 

As is well known, there are several microbial species found 

in soil and water that are capable of assimilating petroleum hydrocar­

bons. Unfortunately, the rate of microbial assimilation of petroleum 

hydrocarbons is relatively slow. It is necessary, therefore, to 

stimulate the microbial assimilation if bioremediation is to be 

utilized in removing such pollutants from soils and water. 

In general, the rate and extent of microbial utilization of 

petroleum hydrocarbons is limited by the concentration of microbial 

nutrients and microflora available at the hydrocarbon-water interface. 

Thus, microbial nutrients, especially nitrogen-containing nutrients 

like urea, have been added to contaminated soil or water as a method 

for enhancing the biodegradation of the petroleum contaminants. 

Because these nitrogen-containing microbial nutrients are generally 

water soluble and because the petroleum hydrocarbons are hydrophobic, 

the nutrients are generally delivered in an aqueous solution, along 

with a surfactant which aids in delivering the microbial nutrients to 

the hydrocarbon-water interface. Although this approach is useful, 

there remains a need for increasing the microflora available for 

hydrocarbon assimilation in order to further enhance the bioremedia­

tion process. 

Accordingly, it is an object of the present invention to 

provide an improved composition and method for stimulating the propa­

gation of naturally occurring hydrocarbon assimilating microflora to 
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enhance the bioremediation of hydrocarbon contaminated water and 
soils. 

SUMMARY OF THE I NV ENT ION 

Simply stated. the present invention employs a surfactant 
system for treatment of hydrocarbon contaminated soils and water that 
increases the interface between the hydrocarbon contaminant, microbial 
nutrients and microflora. and also stimulates the propagation of the 
microflora, thereby enhancing microbial degradation of the hydrocarbon 
contaminant. 

The surfactant system of the present invention comprises a 
mixture selected from the group consisting of (i) an aqueous solution 
of microbial nutrients and at least one surfactant having the general 
formula 

(CHzCHzO}xH 
I 

R-(CH2)z-N-R' A 
I 

{CH2CH20)yH n 

wherein R is hydrogen or an alkyloxide of from about 5 to about 20 
carbon atoms; x and y are integers, the sum of which is from 2 to 
about 20; z is an integer of from about 8 to 22 when R is hydrogen and 
from about 2 to 5 when R is an alkyloxide; R' is H or -cH3; A is an 
anion selected from N03-, oxy anions of phosphorus and organo car­
boxylic acid anions and n is an integer equal to the valance charge of 
A; and (ii) a microbial assimilable phosphorus-containing organic 
compound and at least one surfactant having the above formula in wh;ch 
A is N03- and n is 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides for enhanced bioremediation 
of hydrocarbon contaminated soils and waters by treating the soil and 
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water at least one surfactant having the general formula 

wherein R is hydrogen or an alkyloxide of from about 5 to about 20 
carbon atoms; x and y are integers, the sum of which is from 2 to 
about 20; z is an integer of from about 8 to 22 when R is hydrogen and 
from about 2 to 5 when R is an alkyloxide; R' is H or -cH3; A is an 
anion selected from N03-, oxy anions of phosphorus and organo car­
boxylic acid anions and n is an integer equal to the valance charge of 
A. 

In treating the contaminated soil or water, the surfactant 
generally constitutes part of a surfactant system. For example, the 
surfactant may be combined with an aqueous solution of microbial 
nutrients such as urea. Alternatively, when A in the surfactant is 
N03-, the surfactant may be combined with a microbial assimilable 
phosphorus-containing compound such as trilaureth phosphate or a 
surfactant of the above formula in which A is an oxy anion of phospho­
rus such as P04--- or HP04---

When the surfactant system is a mixture of at least one of 
the above surfactants and an aqueous solution of microbial nutrients, 
A in the surfactant preferably is an anion of an organo carboxylic 
acid. Suitable organo carboxylic acid anions include anions of 
aliphatic mono and dicarboxylic acids, aromatic carboxylic acids, and 
substituted aromatic carboxylic acids, especially aromatic hydroxy 
carboxylic acids. In general, the aliphatic carboxylic acid anions 
will have from 2 to 20 carbon atoms and the aromatic carboxylic and 
aromatic hydroxy carboxylic acid anions will have from about 7 to 
about 20 carbon atoms and from 1 ring to about 3 condensed aromatic 
rings. 
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The compounds having the above formula in which R' is H are 
readily prepared by contacting an ethoxylated alkyl amine or mixtures 
thereof corresponding to the surfactant with an acid. Compounds 
having the above formula in which R' is methyl are readily prepared by 

ion exchange of the quaternary methyl anunonium halides corresponding 
to the surfactant. 

The acid used is selected from the group consisting of 
HzS04, HzP04, HN03, aliphatic mono and dicarboxylic acids of from 
about 2 to about 20 carbon atoms, such as acetic and succinic acids, 
aromatic carboxylic acids and aromatic hydroxy carboxylic acids of 
from about 7 to about 20 carbon atoms and from 1 ring to about 3 
condensed aromatic rings. Specific examples of such aromatic car­
boxylic acids include pthalic acid and salicylic acid. Similarly, the 
ion exchanged for the halide in the quaternary methyl ammonium halide 
corresponding to the surfactant will be selected from ions of the 
foregoing acids. 

In general, the ratio of ethoxylate amine to acid will be 
stoichiometric and the contacting typically will be at ambient temper­
ature. As will be readily appreciated, neither the ratio of reagent, 
nor the time or temperature of contacting are critical. 

Ion exchange may be conducted under typical ion exchange 
conditions well known in the art. 

An important aspect of the present invention is the fact 
that the employed surfactant speeds up the natural process of biologi­
cal degradation by performing two functions: (1) increasing the 
interface between the hydrocarbon contaminant in the soil or water, 
the microflora and nutrients and (2) propagation of the microflora by 
supplying a readily bioassimilable carbon source at the interface. 

Another feature of the present invention is that many of the 
surfactants described herein are water soluble. Therefore, they are 
advantageously employed in combination with an aqueous solution of 
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other microbial nutrients, including a supply of additional nitrogen 

and phosphorus. For example, various compounds such as ammonium 

nitrate, ammonium phosphate, urea, proteins, amino acids, alkali metal 

ammonium phosphates and nitrates which are readily soluble in water, 

are quite suitable for use in conjunction with the surfactant of the 

present invention. 

In those instances when the surfactant is not water soluble, 

a co-solvent may be employed. Suitable co-solvents include alcohols 

such as isopropyl alcohol. 

Optionally, in those instances when the surfactant is not 

water soluble, they can be delivered to the contaminated soil or water 

in the form of an emulsion or microemulsion. 

A typical composition for treatment of contaminated soil or 

water will contain from 5 to 50 wt.% surfactant, from about 5 to about 

45 wt.% water, from about 10 to about 25 wt.% nitrogen source such as 

urea and about 10 to about 30 wt.% of a phosphorus source. 

Alternatively, the surfactant system may include a surfac­

tant of the above formula in which A is N03- and a bioassimilable 

organic phosphorus-containing compound such as trilaureth phosphate or 

a surfactant of the above formula in which A is an oxy anion of 

phosphorus, such as HP04= or P04---. Generally, the ratio of surfac-

tants will be such that the N:P ratio will range from about 10:0.1 to 

about 10:5. 

Specific illustrative compositions are given in Table I 

below. 
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TABLE I 

Comoositjons N-Source. Wt.% p-Source. Wt.% C-Source. Wt.% Solvent. Wt.% 

l to 4 Urea, 15 .1 TLP, 24.0 [th x I 26 · 0 1120. 24.9 

5 to 8 Urea, 15.1 TLP, 24. O Hh·X, 26.0 1120. 34.9 

9 to 12 Urea, 22.8 TLP, 24.0 Eth-X, 26.0 1120, 27. 2 

13 to 16 Urea, 16. l Eth-P, 13.3 Eth-X, 28.9 llzO, 41. 7 

l7 to 20 Urea, 22.8 Eth-P, 13.3 Eth-X, 28.9 H20, 35.6 

21 CEAN, 91.6 TLP, 84 

22 CEAN, 84.5 TLP, 15.5 

TLP: 
Eth-X: 

Eth-P: 

Tr1laureth phosphate 
Poly(n)oxyethylene 1sodecyloxypropylammonium salt of acetic, succinic, salicylic 
and pthalic acid, respectively 
Poly(n)oxyethylene isodecyloxypropylammonium salt of phosphoric acid 
Jsopropyl alcohol IPA: 

CEAN: Cocomethyl-[ethoxylated(2)]-ammonium nitrate 

Co-Solvent. Wt.% 

I PA I I 0. 0 

-- - Q) 
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The interfacial properties of some of these compositions are 
compared to a water-urea solution in Table II below: 

Composition 

Water/Urea 
1 

2 

3 

4 

Table II 

Interfacial Procerties 
DCA2 (Degrees) 

IFTl Teflon Parafilm 
(dynes/cm) (Adv/Rec) (Adv/Rec) 

NM 103/80 108/90 
4.74 38/27 69/45 

.66 59/45 71/49 
1.12 51/22 67/39 
4.59 66/38 65/25 

(1) The interfacial tension (!FT) was determined by the pendant drop 
method using s20·-1oso·F cut of crude petroleum and 10 wt.% of 
the composition. 

(2) The dynamic contact angle {DCA) was determined by the immersion­
emersion technique using a Cahn balance DCA analyzer. Advancing 
and receding contact angles (Adv/Rec) are reported. 

NM = Beyond the scale of measurement by the method used. 

The oil dispersion properties of typical compositions of 
this invention are shown in Table III. These values were determined 
on samples of a crude distillate treated with 10 wt. of each composi­
tion using a Coulter Counter. 
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TABLE III 

Oil o;spersion Properties 
o;spersed Vol., o;spersed Area, 

% cm2/ml 

60.2 
85.7 

50.7 
56.4 

The forego;ng compos;tions are applied to petroleum contami­
nated soil or water at a rate of about 5 to about 30 parts by weight 
of formulation per 100 parts of contam;nant in the soil or water. 

Examples 1 to 4 

The hydrocarbon biodegradation performance of a number of 
compositions of the present invention was determined by treating 
samples of a s20·-1oso·F distillation cut of a crude oil with 10 wt.% 
of the compositions listed in Table IV below. These samples were 
innoculated with preaccl;mated m;crobes from a process water biologi­
cal oxidat;on unit of a commercial petroleum refinery. The percentage 
of hydrocarbon biodegraded after 14 days was determ;ned both by 

gravimetry and by GC and the values are given in Table IV. Also shown 
is the percent hydrocarbon degraded that is resolvable by GC, which is 
largely linear and branched alkanes and those hydrocarbons unresolv­
able by GC, which are largely cyclic and polyaromatic hydrocarbons. 

r THlS SHEET HAS BEEN 
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TABLE IV 

% Hydrocarbon Biodegraded 
% Resolvable % Unresolvable 

Example Composition By Gravimetry By GC GC GC 

1 1 17 .9 15.9 1.5 19.5 
2 2 24.5 27.2 11.5 31.2 
3 3 45.5 57.9 44.l 61.6 
4 4 48.8 32.0 16.0 36.1 

In general, the above compositions were from about 1.7 to 
about 3.8 times more effective when compared with a water-urea treat 
composition. 

----------:~"l··rl'J. 
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1. A surfactant system for enhancing the biodegradation of 
hydrocarbons in soil or water comprising a mixture selected from the 
group consisting of (i) an aqueous solution of microbial nutrients and 
at least one surfactant having the formula 

wherein R is hydrogen or an alkyloxide of from about 5 to about 20 
carbon atoms; x and y are integers, the sum of which is from 2 to 
about 20; z is an integer of from about 8 to 22 when R is hydrogen and 
from about 2 to 5 when R is an alkyloxide; R' is H or -cH3; A is an 
anion selected from N03-, oxy anions of phosphorus and organo car­
boxylic acid anions and n is an integer equal to the valance charge of 
A; and (ii) a microbial assimilable phosphorus-containing organic 
compound and at least one surfactant having the above formula in which 
A is N03- and n is 1. 

2. The system of claim 1 wherein the mixture is (i), R' is 
H, and A is an anion of an organo carboxylic acid. 

3. The system of claim 2 wherein R is an alkyloxide. 

4. The system of claim 3 wherein A is an organo carboxylic 
acid anion. 

5. The system of claim 3 wherein A is an anion of a hydroxy 
aromatic carboxylic acid. 

THlS SHEET HAS BEEN 
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6. The system of claim 1 wherein the mixture is (ii), A is 
N03-, R' is -CH3 and the phosphorus-containing compound is trilaureth 
phosphate. 

7. The system of claim 1 wherein the mixture is {ii), A is 
N03 and the phosphorus-containing compound is a surfactant of the 
above formula in which A is an DXY anion of phosphorus. 

8. In the method for depolluting petroleum contaminated 
soil and water bodies by spreading onto the bodies a composition 
containing a surfactant, the improvement comprising using at least one 
surfactant having the formula 

wherein R is hydrogen or an alkyloxide of from about 5 to about 20 
carbon atoms; x and y are integers, the sum of which is from 2 to 
about 20; z is an integer of from about 8 to 22 when R is hydrogen and 
from about 2 to 5 when R is an alkyloxide; R' is H or -CH3; A is an 
anion selected from N03-, oxy anions of phosphorus and organo car­
boxylic acid anions and n is an integer equal to the valance charge of 
A. 

9. The improvement of claim 8 wherein the surfactant used 
is combined with an aqueous solution of microbial nutrients to provide 
a treatment formulation and the formulation is applied at a rate of 
from about 5 wt.% to about 30 wt.% based on the weight of petroleum 
contaminant. 

10. The improvement of claim 8 wherein A is N03-, R' is 
-cH3, and the surfactant is combined with a microbial assimilable 
phosphorus-containing organic compound. 



- 12 -

ABSTRACT OF THE DISCLOSURE 

IMPROVEMENTS IN BIOREMEOIATION OF 
HYDROCARBON CONTAMINATED SOILS AND WATER 

Simply stated, the present invention employs a surfactant 
system for treatment of hydrocarbon contaminated soils and water that 
increases the interface between the hydrocarbon contaminant, microbial 
nutrients and microflora, and also stimulates the propagation of the 
microflora, thereby enhancing microbial degradation of the hydrocarbon 
contaminant. 

-----------·---
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BIOOEDIATI~ <F ~ aJrrJMINA1ED ~ILS N{) WA"TER. 

FIELD OF THE INVENTION 

This invention rc:latcs to novc:l types of bifuncrional 
surfactants suitable for enhancing the microbiological 
degradation of hydrocarbons in soils and water. 

BACKGROUND OF TI1E INVENTION 

As is well known. there arc several microbial species 
found in soil and water that arc capable of assimilating 
petroleum hydrocarbons. Unfortunately, the rate -of 
microbial asmnilation of petroleum hydrocarbons is 
relatively slow. It is necessary, therefore, to stimulate 
the microbial assimilation if biorcmcdiation is to be 
utilized in removing such pollutants from soils and wa­
ter. 

In general, the rate and extent of microbial utilization 
of petroleum hydrocarbons is limited by the concentra­
tion of microbial nutrients and microflora available at 
the hydrocarbon-water interface. Thus, microbial nutri­
ents, especially nitrogcn-containizig nutrients like urea, 
have been added to contaminated soil or water as a 
method for enhancing the biodegradation of the petro­
leum contaminants. Because these nitrogen-containing 
microbial nutrients are generally water soluble and 
because the petroleum hydrocarbons are hydrophobic. 
the- nutrients are generally delivered in an aqueous solu­
tion, along with a surfactant which aids in delivering 
the microbial nutrients to the hydrocarbon-water inter­
face. Although this approach is useful, there remains a 
need for in<:rcasing the microflora available for hydro­
carbon assimilation in order to further enhance the 
bioremediation process. 

Accordingly, it is an object of the present invention 
to provide an improved composition and method for 
stimulating the propagation of naturally occurring hy­
drocarbon assinlllating microflora to enhance: the bi­
oremediation of hydrocarbon contaminated water and 
soils. 

SUMMARY OF THE INVENTION 
Simply stated. the· present invention employs a sur­

factant system for treatment of hydrocarbon contami­
nated soils and water that incrcasc:s the interface be-
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twecn the hydrocarbon contaminant, microbial nutri­
ents and microflora, and also stimulates the propagation 
of the microflora, thereby enhancing microbial degra­
dation of the hydrocarbon contaminant. 

Tbc surfactant system of the present invention com· 
prises a mixture selected from the group consisting of (i) 
an aqueous solution of microbial nutrients and at lea.st 
one surfactant having the general formula 

wherein R is hydrogen or an alkyloxide of from about S 
to about 20 carbon atoms; x and y arc integers, the sum 
of which is from 2 to about 20; z is an integer of from 
about 8 to 22 when R is hydrogen and from about 2 to 
S when R is an alkyloxide; R' is H or -CH3; A is an 
anion selected from N03-, oxy anions of phosphorus 
and organo carboxylic acid anions and n is an integer 
equal to the valance charge of A; and (ii) a microbial 
assimilable phosphorus-containing organic compound 
and at least one surfactant having the above formula in 
which A is N03- and n is 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention provides for enhanced bi­
oremediation of hydrocarbon contaminated soils and 
waters by treating the soil and water at least one surfac-
tant having the general formula · 

C<j=H2CH2<J).xli 

R-(CHl)z-N-.R: A 
I 

(CH2~H20),H 
II 

wherein R is hydrogen or an alkyloxidc of from about S 
to about 20 carbon atoms; x and y are integers, the sum 
of which is from 2 to .about 20; z iS an integer of from 
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about 8 to 22 when R is hydrogen and from about 2 to 

S when R is an alkyloxide; R' is H or -CH3; A is an 
anion selected from N03-, oxy anions of phosphorus 
and organo carboxylic acid anions and n is an integer 
equal to the valance charge of A. 

In treating the contaminated soil or water, the surfac. 
tant generally constitutes pan of a surfactant system. 
For example, the surfactant may be combined with an 
aqueous solution of microbial nutrients such as urea. 
Alternatively, when A in the surfactant is N03-, the 
surfactant may be combined with a microbial assimila­
ble phosphorus-containing compound such as trilaureth 
phosphate or a surfactant of the above formula in which 
A is an oxy anion of phosphorus such as PQ451 or 
HPO,=. 

When the surfactant system is a mixture of at least 
one of the above surfactants and an aqueous solution of 
microbial nutrients, A in the surfactant preferably is an 
anion of an organo carboxylic acid. Suitable organo 
carboxylic acid anions include anions of aliohatic mono 
and dicarboxylic acids, aromatic carboxyli~ acids, and 
substituted aromatic carboxylic acids, especially aro­
matic hydroxy carboxylic acids. In general, the ali­
phatic carboxylic acid anions will have from 2 to 20 
carbon atoms and the aromatic carboxylic and aromatic 
hydroxy carboxylic acid anions will have from about 7 
to about 20 carbon atoms and from 1 ring to about 3 
condensed aromauc s;~i"gs. - -· • . 

The compounds having the above formula m which 
R.' is H arc readily prepared by contaeting an e~oxyl­
ated alkyl amine or mixtureS thereof corrc:spon~g to 
the surfactant with an acid. Compounds having the 
above formula in which R' is methyl are readily pre­
pared by ion exchange of the quaternary methyl ammo­
nium halides corresponding to the surfactant. 

The acid used is selected from the group consisting of 
H1S049 H2P0-4. HN01, aliphatic mono and dicarbox­
ylic acids of from about 2 to about 20 ~bon atom:-, 
such as acetic and succinic acids, aromatic carboxyhc 
acids and aromatic hydroxy carboxylic acids of from 
about 7 to about 20 carbon atoms and from I ring to 
about 3 condensed aromatic rings. Specific examples of 
such aromatic carboxylic acids include pthalic acid and 

---·---! 
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salicylic acid. Similarly, the ion exchanged for the hal­
ide in the quaternary methyl ammonium halide corre-
sponding to the surfactant will be selected from ions of 
the foregoing acids. 

In general, the ratio of cthoxylate amine to acid will 
be stoichiometric and the cont.acting typically will be at 
ambient temperature:. As will be readily appreciated, 
neither the ratio of reagent, nor the time or temperature 
of contacting are critical. . 

Ion exchange may be conducted under typical ion 
exchange conditions well known in the art. 

An important aspect of the present invention is the 
fact that the employed surfactant speeds up the natural 
process of biological degradation by performing two 
functions: (1) increasing the interface between the ~y­
drocarbon contaminant in the soil or water, the micro­
tlora and nutrients and (2) propagation of the microtlora 
by supplying a readily bioassimilablc carbon source at 
the interface. 

Another feature of the present invention is that many 
of the surfactants described herein are water soluble. 
Therefore, they are advantageously employed in com­
bination with an aqueous solution of other microbial 
nutrients, including a supply of additional nitrogen and 
phosphorus. For example, various compounds such as 
ammonium nitrate, ammonium. phosphate, urea, prote­
ins, amino acids, alkali metal ammonium phosphates and 
nitrates which are readily soluble in water, are quite 
suitable for use in conjunction with the surfactant of the 
present invention. 

In those instances when the surfactant is not water 
soluble, a co-solvent may be employed. Suitable co-sol­
vents include alcohols sue& as isopropyl alcohol. 

Optionally, in those instances when the surfactant is 
not water soluble, they can be delivered to the contami­
nated soil or water in the farm of an emulsion dr micro­
cmulsion. 

A typical composition for treatment of coataminated· 
soil or water will contain from S to 50 wt. % surfactant, 
from about 5 to about 45 wt. % water, from about 1 O to 
about 25 wt. % nitrogen· source such as urea and about 
10 to about 30 wt. % of a phosphorus source. 
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Alternatively, the surfactant system may include a surfactant of the above formula in which A is N03-and a bioassi.milable organic phosphorus-containing compound such as trilaureth phosphate or a surfactant of the above formula in which A is an oxy anion of phosphorus? such as HP04= or PQ4iii1111. Generally, the ratio of surfactants will be such that the N :P ratio will range from about 10:0.1 to about 10:5. 

Specific illustrative compositions are given in Table I below. 

_J 



TABLE I 
Compositions N-Sourcc, Wt. % P-Source, Wt. % CSource, WL % Solvent, Wt. % Co-Solvent, Wt. % 

J to 4 Urea. lS.1 TLP, 24.0 Eth·X. 26.0 Hl<>. 24.9 s 10 8 Urea, IS.J TLP, 24.0 Eth·X. 26.0 Hz(). 34.9 9 to 12 Urea. 22.8 TLP. 24.0 Eth·X, 16.0 HiQ, 27.2 
13 to 16 Urea, 16.1 Eth-P, 13.3 Eth·X. 28.9 H20. 41.7 17 to 20 Urea. 22.8 Eth-P, 13.3 Elh-X, 28.9 . H20. 3S.6 

21 CEAN, 91.6 TLP. 84 - -· 22 CEAN. 84.S TLP, ts.s 
TLP: Trilaureth pbosplule . Eth-X: Poly(n)oxycthylme isodrcylo1ypropyl1mmoa.iu.m salt or ecetic. 1ucciaic, salicylic and p1halic acid. respectively Elh·P: Poly(n)myetbyleae isodecylollyPropyJammonium salt or phosphoric: acid 
IPA: bopropyl aJgohol 
CEAN: C.OCOmctbyl·[ctboxylatcd(l)].ammonium nitrate 

IPA. JO.O 
-
- ' °' I 

:;t:1 

I I~ 

I 
->- .~ 
co ifl'' 

• 3.: h..-:ti: 
I > f~ 

liJ
~t"T.J 

-0 
I ::i 

c:.n 
::I:' tT1 
~ 
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The interfacial properties of some of these composi­
tions are compared to a water-urea solution in Table II 
below: 

Cam position 

Waicr/tJn:a 
) 

2 
3 
4 

TABLE II 

IFr1 

(dynes/cm} 

NM 
4.74 

.66 
1.12 
4.S9 

In1erf ac:ial Properties 
OCA l (Degrees) 

Teflon Parafilm 
(Adv/Rec) (Adv/Rec) 

103/80 108/90 
31/%7 69/43 
S9/4S 71/49 
Sl/2.2 67/39 
66138 6S/2S 

In. iauri"ac:ial cension (1Ft) wa dc&ermined 'by rhc pendant drop method usia& 
5:?0--1050- F. cut or crude pecroleum and 10 W\. ,;, at die campi&ilion. 
Jr11e dymmic oaacac:i aqle (DCA) wu dctamiDcd br tbc immcnian-cmmioa 
-=!miquc ms a Calm b&laac:e OCA &Zll.lyzer. Adva.ac:inc crd recediDa caaw:c 
mqles (A.dvlltec) are reported. 
NM • Beycmd the cale of mc:uurcmcat by die method med. 

The oil dispersion properties of tyPical compositions 
of this invention are shown in Table Ill. These values 
were determined on samples of a crude distillate treated 
with 10 wt. of each composition using a Coulter 
Counter. 

Compcsition 

3 
4 

TABLE Ill 
Oil Dispersion Properties 

Dispcncd Vol.. Dis~ Arca. 
10 Cm2/ml 

60.2 
SS.7 

50.7 
56.4 

The foregoing compositions are applied to petroleum 
contaminated soil or water at a rate of about 5 to about 
30 parts by weight of formulation per 100 parts of con­
taminant in the sOil or water. 

EXAMPLES 1 TO 4 

The hydrocarbon biodcgradation performance of a 
number of compositions of the present invention was 
determined by treating samples ofa s20·-1oso· F. distil .. 
lation cut of a crude oil with 10 wt. % of the composi .. 
t:ions listed in Table IV below. These samples were 
innoculated with preacclimated microbes from a pro­
cess water biological oxidation ·unit of a commercial 
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petroleum refinery. The percentage of hydrocarbon 
biodcgraded after 14 days was determined both by gra· 
vimetry and by GC and the values are given in Table 
IV. Also shown is the percent hydrocarbon degraded 
that is resolvable by OC, which is largely linear and 
branched alkanes and those hydrocarbons unresolvable 
by GC, which are largely cyclic and polyaromatic hy­
drocarbons. 

TABLE IV 
" Hvdrocarbcn Blcdc:graded 

'PO % 
Exam· Compasi· By By Jlc:solvablc: U 11tc10l vabla 

pie: tion Gn'Vimctry oc QC oc 
l l 17.9 15.9 t.5 19 . .S 
l l 24 • .! l7.l 11.S 31.l 
3 J 4S.S 57.9 44.l 61.6 

' 4 -48.! 32.0 16.0 36.I 

In general. the above compositions were from about 
1.7 to about 3.8 times more effective when compared 
with a water-urea treat composition. · -

What is claimed is: 
1. A surfactant system for enhancing the biodegrada· 

tion ofhydroc:arbom in soil or water comprising a mix­
ture selected from the group consisting of (i} an- aqueous 
solution of microbial nutrients and at least one surfac­
tant having the formula 

(CH2CH20).zH 

' R-(CHl).:-f-R' A 

(CH2CH20)_,H ,, 

wherein R is hydrogen or an alkyloxide of from about S 
to about 20 carbon atoms; x and y are integers. the sum or which is from 2 to about 20; z is an integer of from 
about 8 to 22 when R is hydrogen and from about 2 to 
S when R is an allcyloxidc; R' is H or -CH3; A is an 
anion selected Crom N03-. oxy anions of phosphorus 
and organo carboxylic acid anions and n is an integer 
equal to the valance charge of A; and (r.i) a microbial 
assimilable phosphorus-containing organic: compound 

-·-
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and at least one surfactant having the above formula in 
which A is N03 - and n is 1. 

2. The system of claim 1 wherein the mixture is (i), R' 
is H, and A is an anion of an organo carboxylic acid. 

3. The system of claim 2 wherein 1l is an alkyloxide. 
4. The syStem of claim 3 wherein A i.s an anion of an 

aliphatic carboxylic acid having from 2 to a.bout 20 
carbon atoms. 

S. The system of claim 3 wherein A is an anion of 
aromatic carboxylic acid. 

6. The system of claim 3 wherein A is an anion of 1. 

hydroxy aromatic carboxylic acid. · 
7. The system of claim 1 wherein the mixture is (ii), A 

is N03~, R' is -CHJ and the phosphorus-containing 
compound is trilaureth phosphate:. 

8. The system of claim 1 wherein the mixture is (ii), A 
is N03 and the phosphorus-containing compound is a 
surfactant of the: above furmula in which A is an oxy 
anion of phosphorus. 

9. In the method for depolluting Petroleum conumi­
aatc:d soil and water bodies by· spreading onto the bod­
ies a composition conraining a surfactant, the improve­
ment cam.prising using at least one surl"act.ant having the 
formula 

wherein R is hydrogen or an alkyloxidc of from about S 
to about 20 carbon atoms; x and y are integers, the sum 
of which is from 2 to a.bout 20; z is an integer of from 
about 8 to 22 when ll is hydrogen and from about 2 to 
S when R. is an alkyloXide; R.' is Hor -CH3i A is an 
anion selected from NO]-, oxy anions of phosphorus 
and organo c:arbo~ylic acid anions and n is an integer 

·· equal to the valance charge: of A. 
10. The improvement of claim t wherein the surfac .. 

tmt used is combiried with an aqueous solution of mi· 
crobial nutrients to provide a treatment formulation md 
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the formulation is applied at a rate of from about S wt. 
% to about 30 wt. % based on the weight of petroleum 
contaminant. 

11. The improvement of claim 9 wherein A is N03-, 
R' is -CH1, and the surfactant is combined with a 
microbial assimilable phosphorus-containing organic 
compound. 

12. The improvement of claim 11 wherein the phos­
phorus-con~g comp0und is trilaurcth phosphate. 
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ABSTRACT 
Simply stated, the present invention employs a surfac. 
tant system for treatment of hydrocarbon contaminated 
soils and water that mcreases the interface between the 
hydrocar~n' contaminant, microbial nutrients and mi· croflora, and also stimulates the propagation of the microflora, thereby enhancing microbial degradation of the hydrocarbon contaminant. 
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