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I nterface.
bioremediation is to be wutilized 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.
Therefore, 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 contami-
nants. Because these nitrogen containing microbial nutrients are
generally water soluble, and because the petroleum hydrocarbons are
hydrophobic several different techniques have been used for delivering
the nutrients to the hydrocarbon-water interface. For example, one
technique employed is to coat the nutrients with a material such as
petrolatum in an attempt to keep the nutrient at the hydrocarbon water
interface. Another technique that has been employed is to deliver the
nutrients in an aqueous solution along with a surfactant which aids in
delivering the microbial nutrients to the hydrocarbon-water interface.

There are, of course, many other facets to the treatment of
contaminated soils and water and many researchers have worked toward
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Tﬁg'e are, of course, nany other facets to the treatnent of contan1nated
soils and water and many researchers have worked toward -2 -

di scovering nore successful processes for inproving biodegradation of
contam nated soils and water. It is the obj,ect of the present invention to
provi de novel conpounds that have particul & " utility in enhancing m cr obi al
degrada- tion of hydrocarbon contam nated soils and water. I s anot her

obj ect of the 0$ Qn uc

novel  compoundi-EFind BOFE subkessfuP abhemses R it %ag@%lrﬁsﬂ%i*f oF
natural ly ocecontamipated mgilsosnd weterassi mi'l ating, ni crof | ora to enhance the
bi or enmedati on of hydrocarbon contam nated soils and water. Sunmary of the

I nvention Sinply stated, one enbodi ment of the present invention provides
novel conmpounds conprildi hg e ehieqstofor the eresanthinvention 4aiRrovide asovel |
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conposition s Ltable f an |or medi ati.on contam nated soils
and water whi &R° 'l:(?ﬁp“‘@@?&"“l%‘ﬂ&gmlfﬁg ‘g f ¥d WL with a non-ionic

surfactant, preferrably in.conbination with a phosphorous source. These and
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| nventi on compositions containing such novel compounds suitable for use in
stimulating the - propagation of naturally occurring, hydrocarbon
assimilating, microflora to enhance the bioremedation of hydrocarbon
contaminated soils and water.

Summary of the Invention

Simply stated, one embodiment of the present invention
provides novel compounds comprising an adduct of urea with a non-ionic
surfactant. '

In another embodiment of the present invention, there is
provided a composition suitable for enhancing the bioremediation of
contaminated soils and water which comprises at least one adduct of
urea with a non-ionic surfactant, preferrably in combination with a

- phosphorous source.

These and other embodiments of the present invention will
become more apparent upon reading the detailed description which
follows.

Detailed Description of the Invention

Novel compounds of the present invention are adducts or
inclusion complexes of urea with a non-ionic surfactant, in which urea
is the "host" and the surfactant is the "guest". In general, weight
ratio of urea to surfactant in the adduct will be in the range from
about 98:2 to about 75:25, and preferably in the range from about
80:20 to about 76:14.



Navel cdnpounds of the present invention are adducts or inclusign )
conpl exes of urea with a non-ionic surfactant, in which urea is the "host

and the surfactant is the "guest". In general, weight ratio of urea to
surfactant in the adduct will be in the range from about 98:2 to about
75: 25, and preferably in the range from about- 80: 20 to about 76: 14. - 3

- The non-ionic surfactant suitable in formng the novel conpounds of the
present invention are those surtactan;s whi ch are capable of formng

clathrates with urea. e QBAZYONIE i SYSTaELARD| syitahles th fiommingnithe novel
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al kyl et hox a i l.ts .al kyl et hyoxyl.ated sugars and
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sorbitol and sachinaionic smifactants adrey lalkyloupthyoiy aﬂedvm‘ndspb;me?bom k§1to
about 22 carb BTR 809w I C e Xi . QLIPS r e
from about 2 ?%hg% ng myhg%ywmn%ﬁz e(r:egg%lygrg?%gl y%ﬁ"s?%é&s'{ed?mlﬂrf‘é agﬁ&gs
of the present® PM?P@&PF% SUgarpeandadikyl sihmxydates zpal ybydeis caleohal$ i andg
urea and the shefrayahic feltﬁémsa;ns@c]gph?ps'dtra&&C}Seitzd/%mtgggygil g,gkhccn 39&5\&?3&35
[ t he re i t. urea-surfa addu | 5 )
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in the sol ven t , e.g., at about [err], an
t hereafter thgnogé?i\?gﬁrﬁ%dggglq%mfj?ptegggflaporate slowy with the
concomm ttant formation of crystals of the adduct.
. The adducts of the present invention can be readily synthe-
sized by co-crystallizing urea and the surfactant from an appropriate
solvent. Typical solvents in the preparing the urea-surfactant
adducts include alcohols such as methanol and mixed solvents such as
methanol/isopropyl alcohol in volume ratios of about 80 to 20.
Typically, the urea and surfactant are dissolved in the solvent at
elevated temperatures, e.g., at about 50°C, and thereafter the solvent
is allowed to evaporate slowly with the concommittant formation of
crystals of the adduct.

Not wishing to be bound by any theory or mechanism it is
believed that the novel surfactant urea adducts of the present inven-
tion when contacted with water disassociate in such a fashion that at
least some of the urea molecules stay associated with the head group
of the surfactant thereby enhancing the delivery of the urea to the
hydrocarbon-water interface where it is most needed for stimulating
microbial growth and assimilation of hydrocarbon contaminants.

In any event, compositions for enhancing the biodegradation
of hydrocarbon contaminated soils and water comprise at least one
adduct of urea and a non-ionic surfactant. Preferably, the surfactant
will be selected from those surfactants described above. Preferably
the urea-surfactant adduct is combined with a phosphorous source. It
is particularly preferred, however, that the urea surfactant clathrate
be combined with the phosphorus source or other microbial nutrients to
obtain a composition having a N:P ratio in the range of about 10:2 to
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clathrate be qBjadstily EdfpiRbPsPhorus source or other m crobi al
nutrients to obtain a conposition having a NP ratio in the range of about

10:2 to -4- about 10:0.5 and preferably about in the range 10:1.
Such other nicrobial Mwtaddetion tdathéairehes3¢dEEhntO atdaﬂcﬁ'a?aﬁhrﬁﬁph&%:uyde
n

ammoni - um hy o]} te sodi um. ,phosphat e nd . the |ike.
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nutrients typically used in biorenediation processes. Non-limting exanples
of various conpositi Onfordf¢nfti%§ exaiples of various compositions are given in
Table 1 which follows.

TABLE 1
] Urea Phosphorous
Formulation Surfactant/Wt.% Source/Wt.%
1 Urea-Oleyl-2-ethyoxylate/44% NH4H2P04/12%
Urea-trilaurethphosphate/44%
2 Urea-tetradecylammonium NH4H2P04/12%
salicylate/44%

Urea-trilaurephosphate/44%:

3 Urea-trilaureth phosphate/83.4% NH4qH2P04/10.6%
Sodium Salicylate/6%

In treating contaminated soil and water in accordance with a
the present invention, the urea surfactant composition is applied to
the soil or water by broadcasting in an amount sufficient to enhance
the rate of biodegradation of the contaminated soil and water. The
amount applied can vary broadly and typically will depend upon the
weight percent of hydrocarbon contaminant on the soil or water.
Preferrably, the amount of the urea-surfactant formulation will be
applied in an mount sufficient to provide a C:N:P ratio of from about
100:10:1 to about 100:1:0.1.
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Preferrably, tabeubniuwt. %tot&ﬁewurka surfactant formulation will be appl i ed
I n an nmount sufficient to provide a CN P ratio of fromabout 100:10:1 to
about 100: 1:0. 1. - When treating _contam nated soil with co 05|t|ons
of the present i nventl'B?fF follioying:nexamples pmdf &r mone orfudly erdplustratei dhain
t he noi sture cioméstilonof the hydrocarbon contam nated soil at fron1about 10
w.%to 35 wt.% The follow ng exanples will nore fully illustrate the

Examples 1-10

These examples demonstrate the preparation of the novel urea
non-ionic surfactant adducts of the present invention.

To 20 gm. of methanol was added 5 gm. of urea and 1 gm. of
the surfactant shown in Table 2. The mixture was heated until the
urea and surfactant both dissolved. After cooling to room tempera-
ture, the solvent was allowed to evaporate very slowly and the urea-
surfactant clathrate crystals formed were separated by filtration,
washed with cold methanol and dried. The weight ratio of urea to
surfactant for each composition prepared is given in Table 2.

Table 2
Surfactant Wt.%
Commercial Nominal Urea/
Example Name Formula Surfactant
1 Neodol 91-81 C10H21-(0CH2CH2)g-0H 83/17
2 Neodol 91-81 C10H21-(0CH2CH2)g-0H 90/10
3 Neodol 91-81  CjqH21-(OCH2CH2)g-0H 95/5
4 Brij-922 C18H35- (0CH2CH2) 2-0H 83/17
5 Trilaureth
Phosphate  (Cj2H25-(0-CH2CH2)4-0)3-P=0 83/17

6 Tween-803 C18H35-C02-Sorbitan-(0CH2CH2) 10-0H  83/17
7 Span-804 C18H35-C02-Sorbitan 83/17

8 Span-204  Cj2H25-C02-Sorbitan 83/17
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formed were separated by filtration, washed with cold methanol and

dried. The weight ratio of urea to surfactant for each conposition
prepared is givén in TBbl4e52. Table 2 Surfactant (OCH2CH2) -OH
W . % Comer ci al Ethoxyladmdi nal = _ / Ureal anpl e
Narme . a Sur fact ant odol
[err] [err] RS 83/ 171 1423-0- (CHJ3s QI [err] [ eP3/
90/10 3 Neodol [err] lerr] - . 4 Bri |
[err] [err] )égl {7 é T‘qqﬁg{:ﬁ?@t‘ﬂ*" Phosphat e
[err] 83/ 17 6 Tween-803 - - [err] 83/1¢ 7
Span- 804 [err] 83/17 8 Span- 204 [err]
83/ 17 -6- [err]
(OCH2CH2) -OH
_ _ y
10 E-14-5 C11H23-0-(CH2)3-N-Salicylic Acid 83/17
Ethoxylated \ K
Ammon ium _ (OCH2CH2) -OH
Salicylate X+y=5 X

1. Neodol 91-8 is the tradename for an ethoxylated alcohol sold by
Shell Chemical Company, Houston, TX.

2. Brij-92 is the tradename for an ethoxylated alcohol sold by ICI
America’s, Inc., Wilmington, DE.

3. Tween-80 is the tradename of an ethoxylated Sorbitan ester sold by
ICI American’s Inc., Wilmington, DE.

4, Span_80 and Span 20 are tradenames of Sorbitan esters sold by ICI
Americas Inc., Wilmington, DE.

5. E-14-5 ethoxylated amine is the tradename of an ethoxylated amine
sold by Exxon Chemical Company, Houston, TX.

Examples 11-12

In these two examples, Formulations 1 and 2 of Table 1 were
prepared and tested in the biodegradation of refinery soil. The N:P
ratio of the formulations were 10:1

The tests were conducted as follows. A refinery soil having
weathered hydrocarbon contaminants was used which had approximately
one weight percent contaminant as determined by EPA Method 418.1. To

three separate polypropylene pans, 12 inches long, by 8 inches wide:

and 3 inches deep, 2,000 gms of the hydrocarbon contained contaminated
soil were added. Two of the pans were treated by uniformly broadcast-
ing the urea-surfactant formulation onto the soil surface to provide a
C:N:P of 100:10:1. The soil in the pans were watered and hand-tilled
weekly. The amount of water applied was sufficient to provide a
moisture content of about 17 wt.%. After 8 weeks, the percent
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bi odegradation of refinery soil. The N.P ratio of the formul ations were
10:1 The tests were conducted as follows. A refinery soil having weat hered
hydrocarbon contami nant} Whs sestdamplelsibadagppicrsasad eby3ogeamsei ght

percent contam nant aspyde Bl A_Met hod 418, 1. TQ three separate
pol ypropyl ene pans, 122?ngﬁ%sr?cﬁgﬁ1fa%§a85 Cﬁg%‘:\%%g% 1§n5h83%|eﬁ€ﬁ@§ deep,
2,000 gns of the hydrocar Bbimisatedsi ned contani nated soil were added. Two of

the pans were treated 3y thd fd?ym&agé,&agggéwasi@g&%ﬁ‘gggﬁawrfact ant

formul ation onto the %®I| ﬁ§r ace t rovide a. ; 0:1. The soi
in the pans were watertd 20R) amawnk of |drydnguasrnt, requirednbyithe oteshavas

appl i ed was sufficient toiptredsel ta d9¥ups WFeEOVeCHbying. about 17 wt. %
After 8 weeks, the per ené £ -0 pgtroleun1h drocaﬂbon bi odegr aded was
determned for each of’% nhA four hour time period for soxhlet extraction
was employed.
6) The amount of silica gel used in the final filtration

step was increased.

The microbial population was determined on the soil samples
2 weeks after treatment. The standard most probable number (MPN)
microbioloy method was employed and a two week incubation period was
allowed. The results of these tests are shown in Table 3.

Additionally, one pan, a control pan, containing untreated
soil was watered, hand tilled and subjected to the same tests outlined
above. In this instance the control is labeled Comparative Example 1
and the results for it are also given in Table 3.

TABLE 3

% Hydrocarbon Microbial

Biodegraded Population
Example Formulation In 8 Weeks MPN Heterotrophs
11 1 22 7.5E + 04
12 _ 2 20 8.6 E+ 04
Comparative 1 - 2 1.7 E + 02

The formulations 1-3 listed in Table 1 were also tested using a
refinery landfarm soil sludge. In these tests, three kilograms of a
refinery landfarm sludge sieved to contain soil particles less than
2mm in size was added to an oily refinery sludge so that the effective
hydrocarbon contaminate on the soil was 2.5 wt.%.



sanpl es using the EPA Method 418.1 with the follow ng nodifications. 1) The
soil sanple size was increased to 30 grans. 2) The acidification step
specified in the test was elimnated. 3) The drying agent used was
magnesi um sul fate. 4) The anmount of drying agent required by the:rtest was
increased to assure effective drying. 5) A&our hour time period:for

soxhl et extraction was enployed. 6) The anpbunt of silica gel used in the
final filtration step ﬁas inFrea%ag. The m crobi al popul ati on.-was .
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Tabl e 3. Addi tﬁk‘gﬁ%ﬁl@ge‘?yﬂgwﬁﬁ Fcﬂﬁmgiﬂﬁoap ans %nf%iﬁ?nﬁaﬁﬁﬂ'ea gd thsee
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this instance : | £k 63 ed; LVE . 1 and the results
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Bi odegr aded Popul ati on Exanpl e : For mul ati on In 8
Weeks VPN Tt edrith wds treated with 1 iym 22
B 4 04 12 Ofdhs with_granular lrea and 503_'%"'5 "

X 2
04 Conpar at i Vé)hcisphate (combined to provide a CiN:P ratio of 100:10:}.)7 Fhis obs The
fornul ations 1ab&ledi Eomprative Hednipde 1 2.wele Table04} eXhedfifehi NAn was elipbery
| andf ar m soi | e t . three kil ogramg o refiner
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he control pan labeled Comparative Example 3 in Table 4.

As indicated, all the pans were watered and tilled three
times per week. The percent hydrocarbon that biodegraded was deter-
mined by the modified by the EPA 418.1 Test Method outlined above for
each pan every two weeks for 9 weeks. From the time versus percent
biodegraded data pseudo first order rate constants were determined for
each treatment. These results are presented in Table 4.

Table 4
% Hydrocarbon Pseudo First
Degraded in Order Rate :
Example Eormulation 9 Weeks Constant (1/days)
13 1 18 1.14 E - 03
14 2 17 2.33E-03
15 3 31 4,21 E - 03
Comparative 2 - 7 4.21 E - 05
Comparative 3 - 0 --

It should be readily appreciated that the foregoing Examples
are not intended to be limiting but merely intended to be illustrative
of the mechanisms and materials pertaining to the invention.



2mm,in size was added to an oily refinery sludge so that the effective

hydr ocar bon contaninate on the soil was 2.5 w.% -8- Five pol ypropyl ene
pans with the sane di mensions as outlined in Exanples_11 te-12;,—each
containing 3 kilogranms of soil were set up and treated w \
formul ations as shown in the Table 4. To 9t-hree of th M‘\m \m“\“
formul ati ons were broadcast onto the surface with peri o I'ng and*

m xi ng of the Iié sl udge. The fourth pan was treated with granul ar urea
and sodiun1phd§§ e (conbined to prOV|de a CNPratio of 100:10:1.) This

I s | abel ed Conparative Exanple 2. In Table 4, the fifth pan was un- treated
but ot herw se watered, hand,;til,led and te ted The result of .the cgntrol
pan | abel ed Conparative Exai‘rpl Ans ﬁdﬁ ﬁ*abf’g Hreacand, 3 - ApRHIONAE | SUREactant
were wat ered aherein ithe nonrtenici swrfaptantwesksel dtiedprane bhe lyydup canbistingat

out 1 nea. abovet ot sachdecttt, ORTEéHgad fitelprofigtads " <t b

versus per cerfi B?%déé)kﬂ@ébywa %@Mﬂ umj salitsoralkylethyexylated sugarsenrnd

det er mi ned f ora1RGT ethee@ated o] bl e 4.

Table 4 % Hydrocgr bon 9 d sgu 0 F| r%Hh?% ?g@ @E?ﬁ%%?& 'e?he-% er Rate
Exanpl e For mul ati on 9 Weeks Const ant (1/days) 13
1 18 2. The addud¥ of c1diR L4herein the alkyl group th
}1?21- E . 03 from a?boﬁg éE to gbou% 22 carbon atoms 3 31

3. The adduct of claim 2 wherein the surfactant has
from about 2 to about 50 ethoxylated groups.

4. The adduct of claim 3 wherein the weight ratio of
urea to non-ionic surfactant is in the range from about 98:2 to about
75:25.

5. A composition for enhancing the biodegradation of
hydrocarbon contaminated soil, water and sludge comprising at least
one adduct of urea and a non-ionic surfactant wherein the non-ionic
surfactant is selected from the group consisting of alkyl ethoxylates,
alkylethoxylated phosphates, alkylethyoxylated amines, alkyl-
ethyoxylatd ammonium salts, alkyl ethyoxylated sugars and alkyl
ethoxylated polyhydric alcohols and their cyclic ethers, the alkyl
group having from about 8 to about 22 carbon atoms, and wherein the
surfactant has from about 2 to about 50 ethoxylated groups.
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Conpar ative 3 0 ' | hould
be readily appreciated that the foregoi ng Exanpl es arHlmmanHﬂﬂjum be
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materials pertaining to the invention. ~ @.AMS: 1. An adduct of urea
and a non-ionic surfactant wherein the non-ionic surfactant is selected
fromthe group consisting of, alkyl ethoxy| ates, alkyl ethaxyl ated

phosphat es, al kyl et hyoxyl at &d aﬁ%n&%",’mél‘ Sﬂ“e?ﬁy&i?]’étsd‘%ﬁ\%m%rﬁ skfiasgho-

al kyl et hyoxyl abesl seupee.s and al kyl et hoxyl ated pol yhydri c al cohol s and
their cyclic ethers. 2. The adduct of claim1l wherein the al kyl group has
from about 8 to about 22 carbon atons. 3. The adduct of claim2 wherein the
surfactant has from about 2 %o Hisogemmsibigmoxgf £1aim §r ol uding twe anteact
of claim 3 whggefirthhe adBLEY. ratio of urea to non-ionic surfactant is in
the range from about 98:2 to about 75:25. 5. A conposition for enhancing

t he bi odegradati on of hydrocarbon contam nated soil, water and sl udge

conprising at |east one addg:t »f metid afék anhgitih@nithes Wibdedradat vdwer f n
the non-ionic,s rfacﬁant if seltec ed.]fro t he %r]os consistin of| al kyt
et hoxyl ates, AY$CACArRY spatagna eﬁ’lt’uagbhai"é T or k‘? SERVBS\ AT PP YU nEY
al kyl - et hyoxthatsbidimwatenorsaladge an keffedtiyexamoantdfsaigdeastironeal ddduct
et hoxyl ated p ylp;égr' I [e] =P Lis C LGeihers, s o]
havi ng from aglgu %"gd gbg@rq@]%gggﬁ#%g{%’néﬁ&%eﬁg %6512?1”&? Eeﬁj#ﬂtm o
selected from the group ~consisting of alkyl ethoxylates,
alkylethoxylated phosphates, alkylethyoxylated amines, alkyl-
ethyoxylatd ammonium salts, alkylethyoxylated sugars and alkyl
ethoxylated polyhydric alcohols and their cyclic ethers, the alkyl
group having from about 8 to about 22 carbon atoms, and wherein the

surfactant has from about 2 to about 50 ethoxylated groups.

9. The method of claim 8 wherein the composition is
applied to provide a C:N:P ratio of from about 100:10:1 to about
100:1:.01 based on the weight of hydrocarbon contaminate in the soil,
water or sludge.



surfactant has from about 2 to about 50 ethoxyl ated groups. -10- 6. The
conposition of claim5 including a phospho- rous source. 7. The
conposition of claim6 including two urea- surfactant adducts. 8. A

met hod for enhancing the biodegradation of hydrocarbon contamnm nated
soil, water or sludge conprising applying to the soil, water or sludge an
effective anount of at |east one adduct of urea and a non-ionic
surfactant, wherein the nonionic surfactant is sel ected from the

group consisting of alkyl ethox{BSBAET al kyl et hoxyl at ed

phosphat es, al kyl et hyoxyl at ed am nes, al kyl - ethyoxylatd anmoni um
salts, al kyl et hyoxyl ated sugars and al kyl et hoxyl ated pol yhydric

al cohols and their cyclic ethers, t he al kyl group having fromabout 8 to
about 22 carbon ithrates and fTaeﬁﬂrl.tsehBS'Bﬁmﬁéme&bmribn%ﬂO about
50 ethoxyl ated groups. 9. !;r@ g@ﬁ ﬁi %'!QIS_S?@@S g t conposition is
applied to provide a C N H- g &‘tta'ﬁ'l "h‘?‘about 100:1:.01
based on the wei ght of hydrocarbon contam nate in the soil, water or
sludge

One embodiment of the present invention provides novel
compounds comprising an adduct of urea with a non-ionic surfactant.

Another embodiment of the present invention, there is
provided a composition suitable for enhancing the bioremediation of
contaminated soils and water which comprises at least one adduct of

urea with a non-ionic surfactant, preferably in combination with a
phosphorous source.




