QRe3e>; L"n, 6bT+0 HYDROPHOBI C Bl OREMEDI ANTS FI ELD OF THE | NVENTI ON The #
present |nvent|on rel ates to novel biorenedi ant conpositions and their us

i n enhanci ng the mcrobial degradation of hydrocarbon contam nated sdiJUN 2002
and wat er. BACKGROUND OF THE | NVENTI As is well-known there are several
m crobi al species found in soil and water that are capable of assimlating
pet r ol eurHYDRORHOBLOBIOREMERP Mt el y, the rate of microbial assimlation
of these petrol eum hydrocarbons is relatively slow. It is necessary !
therefore to stinulate the mcrobial assimlation of the hydrocarbons if |
bi orenediation is to be utilized as an efficient and practical technique in
r enovi ng WH and water. 5 JUN 20Z In general, the
rate and | ization of petrol eum hydrocarbons is
limted by the concentrati on of m crobi aI nutrients and mcro flora
avai |l abl e at the wa car nln

nutrients, especi al | r¥§)€dﬁ ]togl ﬁ’u&”elﬁ’?ér% ianﬁrpg %Eg\;ﬂelsbeen
added to endtheir nat adem}mrrcmg thandlcmlme}degadamm bﬁhydmcadmmnm ng the

bi odegr ad nts. Because these nitrogen containing

m cr obi al %h@}u% e?%e%%]g%gg%gartgﬁal y water-soluble they tend to diffuse into'
the water or adjacent ground and consequently are not available in the

i mredi at e gA ekt HTUAIDIOE BeRTRNENRTIONNEre a strong growt h of

m cro-organisns 1 s desired. 1nhus, a nunber of techni ques have been enpl oyed
in an attenpt to overcone this problem For exanple, one technique enpl oyed

is to coat solid nutAd %N/éll%bbm&hﬁﬁtzﬁ‘éls%k/el\&fllmbrdtﬁalcﬁpemblfbm:d fpsdihat t he
coated nutri,ent.s ﬂ@&lere to ﬁehﬁ %g carbon cpnt a atgﬁ)a? nfortunately, this
vV

type of ¢ 888 AT B apoeanab %‘%3389 R W08 & the nutrients
avai | abl e Undpitungtelyl the ratered msictollalgasaimilagowdbf theseipetolassmnot be finely .
di spersedpyen?cagl&% #swe?a%%w s‘fﬁwalﬁ H&leSs QBQ:%‘?&eW@'sﬁHuﬁ%(@'tﬂé the use of

solid nut ances | Ves e use a m.cro enul sion  of

aqueous s&NGEQWAl amsimilaten pethe MedreearhpnaHdbigremegiption sniosks BRlized % wat er .
Wi l'e thi gnafHeRa¢ And pradtiral ﬁ%ﬂﬁfqu% iftfre alhepdiuthers #ivh isefl ahidnel y over
a large area by spraying, nonetheless the nutrients do tend to diffuse over
time in t&%ater or in the adjacent ground. There are, of course, other
facets to the treatnents of contam nated soils and water and nany

resear chers have voror LAl eyl SEONFY AkBbidTRiR BUGE BE pEAbIRARPCeSs oo

for |nprOV|ng t he bi e presentl
i nvent i onhydr Qﬁa@bomnsrlwepd bwb@gommﬁr@tmf Thigye lgahnmrt,em%andmlﬁcmt y in

enhanci ng ﬂarﬁra%i]@tble%%@%wrwd%caw&a ARHAOS TRBiABINAiSdbali | S and
water. |t is.another %)mﬁect of gresent |nv ntion g%\f owd novel

t echni que“PS‘?erHéaeﬁP%ﬁ’ Q’tﬁ‘?&elnc%ﬁné?’ P& RYEISPE Hke prsay P or soil
C(r)rtr;t g_m nargbatdminaced t@rmﬁamiawemﬂ&s@fmélhm foSHM\/ﬁ&RYngf-heTHEdthEhﬁbmf I'n one
enbodi men t Q e onposi tion
t hat conp&h%éggtg%ﬁgﬁﬁg Begzla_gge {r?tef%ﬁo g ‘foﬁ?alg}r{gg %iérghldﬂ gﬁseg{% errPi rst .
phase comgensedlyawategsedulde mmnandiffmmmﬂm wncﬂrmr@djas:eahgrqmﬂd second
phase CO”%H%ﬁs@quf&%rﬁb‘?gvéﬂ £ h ﬂ@uﬁm%?attéf"(/ﬁnﬂfry SHteASdihidzenbi ned

in amounts sufficient "to ren e m.xture o |rst and con phases a |
liquid at WheTEAsYronghgemgh ém&mf%&ar’asmm%/ ewredy Bhusaa cond

t enper at uk&chriguéRivicheean@fplo alinqﬁ attRen 16 ¥ BEc o/ g pmmemheroe i's

BoBl Vi ng %a”afrfp@‘fqﬁq‘” feghhiiies? %e&%&%{ Gt a6 naerts st el lighs
the |iquids Sleﬂi}ﬂﬂll\l\be@thdt the cagtpd inadri@rtsl adherehtofthe hiydeocasbon saritanhimte.

t enper at uf g9y ?ﬁ'!nn g 1?8% h%@'aﬂﬂgéd%ﬁ%%@?é%ﬁt {‘%?&oaé‘rga%ﬂxe{o fpf(Rodi ment s

of the presen aren readlng of the;
det ail ed dh@@nhmﬂt@nva\llhabih rapidlyowalso, the solid granules of nutrient cannot be

finely dispersed.
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5.JUN 2002 - 3 BRIEF DESCRI PTION OF THE DRAW NGS The acconpanying fi gure‘
‘conpares urea | eaching results obtained using forrmulation A of thig JUN 20[}2!
invention with a cormmercially available |iquid nutrient product. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The prese@nt- i nvention provides a novel
approach to the supply of an aqueous soluton of mcrobial nutrients to
hydr ocar bon contam nated soil and water in which the aqueous m crobi al
nutrient solution is maintained in contact with the contam nants for an

extended tinme period wi.thout substantial diffusion int ter or adjacent
ground. Basically, alteaie @@E‘Pﬁ?ﬁdﬁ%‘ck&%ﬁ SS‘EE “éﬁ;ﬂr%ipﬂa ’%“f'ﬁe |
cont am natheisitamiel ivolved tie wwelvfarmivzdieatulsion odrpagjucoas swluitioh dfa a i quid’

at a firsg, te r.at ure t,.which for . oh{H: . 0 wer

t enper at ub’é‘i"%gﬁ}i’gé‘i‘{‘@ %ﬁlsja WW’ "HE’gf @%%ﬁ@éﬁ%‘r :‘gﬂggk@? i@gf%?%g# 3? her
aspect of theheenefie of beirignatdato ba.apphed Goelyosveriadiasgoareathy spragisgr i nventi on
conpri se_fomd@less thl nGRRhIMPHAND WL A3 46D T BlasGier B the St phase in
t he conpositions of the present Invention conprise an aqueous sol ution of.
m cr obi al aduat:mtegmgndxypi cal mcrobial nutrients include amoni um nitrate,
and/ or phosphate, urea, proteins, and the |like. Because urea is the richest
source of nitrogen dis very solubtbe%gwate , it iéwgarticularlgl !
preferred to use ur daerfaicnef comsesetheLIsetsitothe thsagaents of confamipatedry,
exarrplbe, e@i@&uﬁm%ry&ﬂﬁ&gia%&@em«iw?mdftbwmdﬂxbd @is6@x|ré}6rtgséoﬁ/vei ght of
urea base n the weihght of the.aqueous ,soj.ution .can oyed.
Phosphorugfogmp%%s\#\@]g’ﬁg‘f%é‘?s fﬂréwgf)‘?ﬂ?g mﬁol?ﬁogﬁgr,adgﬁﬂné&éﬁ&ge provided in
the solution in the formof phosphate or phosphate salts. Particularly
preferred in the pr iGe ' j ' f ni um

di - hydr ogen pho_spha?gf.s ﬁq‘n°@g%‘te$r}gtf‘k@ﬁ%gggﬁggh@"é2§8¥§‘§ﬁeﬁ°ﬁ’mom ain and
from 0.1 cemposienghatdhaysrasricHeprbkyHAEahpaciag micrebial degrgAatiys of he |
aqueous  s@ldidcarborfchRtbinifatb@sbs Miehatered sol ution of mcrobial nutri ents
i ncl udes ufrea and amoni um di - hydr ogen phosphate in about a 5:1 weight
ratio. 5J UN 2002 - 4 Optionally, the agueous phase may al so contain
wel | - known mi crobi allt i¥l fotherigbjecrifshe prespmr mpentdde taprovits a nblvel second

phase of i 14 Oof .1h reseni invent.io i ydrocar bon
ot o SRR PR byib ot BICEFO R, py R o LoubRRALE S SR <

suf fi ci encontanripantsrfonextiended penbds oftimer st and the second phase a |iquid
at a first tenperature and a waxy solid at a second tenperature that is

| ower tha AN tFt% ature. 1n the practice of the present inventian,
t he hydr o gedid-preteNahy S a paraffinic solvent having a
substantially high normal paraffin content and a relatively narrow boiling
range. A particularl referred h ocarbon. sal vent | s nor.mal..paraffin
sol vent sol d_under tlﬁeoIO &% el%O(ﬁ%Y’ﬂlg? Bgﬁse& 1“6@“%9&856%8%%3@?%{%&, Houst on,
Texas. Thautuertzomgpusitios ot comphisecastabld, hi-conthuoheflipstesdsecombent i on

i nclude p h i 3 : . j 1,nNAaSs,
particul a %%oﬂ%{f ﬁ%@]ﬁgg tgﬁ%&?ﬁ?ﬁ%cﬁﬂ%@ﬁt&éﬂq ﬁ?{f{rlg{zg)éﬁgﬁi tﬂq%‘?fg a('f:l ain .
am nes. Pitkd sgqoad|phase ikemprisae e hydrocarkareliquigniniba myxnge 4 sBHACANBNs and |

these qualcgfibifisd ATRRBLHI SRfiLEnM fenBONHRiMixturieCoflBrsp ahd Sbduhdypltises Or oups.
Al so used i,n t.he g&actlce of the (gresent inyention are mxtures of C 12 to
atady ap aida

C 14 al kyl@ [HBH ISt texpRerature apd px g WAy QWY Heserond PSRN Shat es,

known commercially under the nane Host aphat KL340N. The conpositions of the

present invention algo_include fatt hd e I r i jally
fatty acids of frOmIﬁf@%ﬂg“ﬁ%@@ﬁ&?ﬁ@gpfﬁiﬁgﬁ‘?{fg%} aﬁl%ésr@gsr BFoé@ci‘%dl %ed

wi th the myethod feweaating hydiocarbon qoméaieinatad swals arat wates bivf dppilying to she ender
a m xture sgf] otr*WatéﬂH?%Fotﬂ@ﬁﬁ&ﬁ%ﬂ?c&ﬁﬁoﬂ?ﬂgﬁ %ﬂéf??@iéﬂleb%ﬂa sfaté 'uﬂfébcit at a
first tenperatyure and a waxy solid at’a | ower second tenperature. For |
exanpl e, thaPRid sd wWhieh fomm waxngolig @t raperamres bolowy thesgppliationbi ned

W th the agupersurehase so as to provide a conposition which at room
tenperature would be a waxy solid but at slightly above roomtenperature
woul d be a liquid. Typically, the anount of hydrocarbon liquid would be in

]Ehe r?ng_e of about Ibhdse andasthedémbedigitntdoDargstesenttineeritidravilvbegdthe of t he
ormul at i

5 JUN 2002 - 5. The.a nt of fatty aci.ds esters of sorbitan
w1ty pi e papatlt (Bt teadine oA edXeseBblit 3THER (GIOGR: 56 based on
the total wt. of the second phase. The tetraglycol ether phosphates will!be
in the range of about 1 to 5 wt% and the pol yet hoxyl at ed quaternary f
ammonium salts will be the range of about 12 to about 35 w % based on the
total weight of the second phase. The aqueous phase containing the nitrogen
and phosphorous nutrients will be present in the range of 25 to 55 weight %
based on the total




wei ght of the fornulation. In treating contam nated soil or water 5 w }
~accordance with the present invention, the tenperature of the envi¥r 4) Wt
to be treated is first determned. Then a conposition is selected which

wi || conprise an agueous sol ution of pierobial nutrients in a first phase
and a hydrocarbon second phase such—that- a m xture of the first and second
phases will be a waxy solid at the tenperature of the environnent to be
treated. The conposition is then heated to a point where the mxture is a

liquid and is applied, for exanple by spraying. The anmount of conp05|t|on
that wi || BRIEFpDESERIP OFyTIH n the wei ght percent of
hydr ocar bon contam nant on the soil or water. Pr eferabl y, the anpbunt of

formulation will be applied in anounts sufficient rowdci: g (i’ratio
or from about 100: 1Fhe méompggymgd'l&lyélﬂonmeslu@aieaCAgngﬁq t5OLERET ent
fromthe fof g%p?alatffoh%%ifltlhllstmvérmcﬁpwhm mﬁnmew@mfdwamblemm liquid
phase permt I ent broad distribution to the contam nated
envi r onme RUIMNEH PIAACHt he conposi tions of this invention forns a waxy solid
once applied, the nutrient remains bioavailable and is not readily |eached
' , Wi ng exanples will nore !
& - ‘ 6 EXAMPLES Exanple 1 Th| S
exanple illustrates a range of conpositions that form bi conti nuous first

d d ph
The table i o the i ents Besegreidal ?f"’“&ssm BF‘?M‘G‘“‘M%WVS‘W“ "

g ase a
i qui d. BExamsugors wl@tms@f mm@bsalcwnﬂmté tQ hyéﬁﬂcafshﬁ) Qﬂmg@ﬂ ﬁﬂé

| eachi ng %g@} ﬁ{%ﬁc’ﬂ the W hhaﬁ@ iéro®ml trierientsohatort 1@ mbinedined in aomuapd iedis
denonstrate

t Exa t
di amet er W‘tbltﬁﬁﬁwm%ﬁ QQTOPIT ?’ftFE@Ie‘i/\}u‘f‘i?op:crh‘%éoﬁﬁggﬁés%?@qgig#fﬁsaéﬁed With
200g sand inhhe hvdﬁ@%rﬁiﬁ&bdnﬂgmmicbl Basitaldyg the hoveltechimijhewongprisesposi t i ons:
i nd f, f f
i nder 2ipoRyigg Bend Cotinid B Oy b R BRy Bk AR conkGEtREn Wi & )
its resi stiamdeqtid at edubt tegperamre b whilby foams 2. Wa*bésﬁlb@)@ba\ﬁ/é@d}ﬁ oWgEr e
chosen toztgﬁmeYﬁPret r@oﬁxﬁﬁ?iu%ngﬁﬂ'geg e dhik ritdtd céndtitiéeinothirsdspbdtest wat er

in eight Iquots was a ropwi se at ~23C to each cylinder and the
ef f | uent Vi€ PaGSEMY HBENEIBR. ur ea spectrophotonetrically. The results for
Forrmul ati on A and the conparative cormer cial product ("Conp") are depicted

in the Figure. The Fi gure enonst r tes t f or mui | | ow :
tendency to | each out urek °°E‘P°aﬂ1‘ %}25 i I@E#ngnggﬁ&%e pans of |
hydr ocar bOSTale[’lbﬁmetﬂtlmﬂlsfu'sf add® sa:cmnldq:halsen@' hb)flrSt phaskas thﬁ: €emPASIt®NS nches
deep were t 0 le 1

P (t){ &%éﬁ%egﬁ dl%?\?lghbcg)qnoﬁ%e Qﬁ]aﬁlﬂa oﬂtxtlofnoéf'?rﬁ&Bbm nﬁtrﬁe-lfﬁ@ )

was heat ed e 50| at, a qua It rovi de a

C: N: P rat i Sypicalonicrobial num@tsmqludagrrwmum nigrate, 138 vﬁi}?ép’f‘ » urea,

applicati Oe%)téxﬂspé}fﬂ %egﬂ&gtf?é’élal)usg%réwwthé@i_lgﬁeyﬁroﬁr@p@ﬂt ifneﬂbgtbn anldes s'eryl Bot h

pans were an an i.lled wee e amount .of wa was
sblsriguvler.dt Roristio BrhoneLTe b Ssdues By g o pRTEEReph g%

sufficient$
four-, andpgdsentineenrtigier Forexarhple, pquemntsobetions! cfumreagdntacmingdnem 10 to

i th the T 89“%2»85%519?}?%3{9"%3‘3% B ol O el B e 1o

30 grans. empldyedaci di fication step specified in the test was elim nated.
3. The anount of drying agent required by the test was increased to assure
effective drying. 4. The drying agent used was ghesi um sultl tg 5. A
four-hour tine peri ofhpsph cggg,hwbtc?‘@)stapg&qr@m%a nutrient, can also be

provided in the solution in the form of phosphate or phosphate salts. Particularly
preferred in the practice of the invention is the use of ammonium di-hydrogen
phosphate. In general the aqueous solution will contain and from 0.1 to 10
weight % ammonium phosphate based on the weight of the aqueous solution. A
particularly preferred solution of microbial nutrients includes urea and
ammonium di-hydrogen phosphate in about a 5:1 weight ratio.



i enployed. 6. The amount of silica gel used was increased. Results)of h‘e
* Soi I biodegradation tests are shown in Table 2. TABLE 1 For mul gt‘”@r@@%
Et haquad Nitrate Hostaphat Span20 Norpar-13 Urea NH H PO Mel ti ng Range

Wat er CAL16. 401. 8018. 2018. 2022. 704. S818. 20B18. 161. 9920.1 S20.1 '
S19. 713. 9815. 83C21. 222. 3323. S423.S414.622.9811 .77 i i ¢ a NOON TABLE
2 Soil Pan ldentification Treatnent % H drocarbon De raded 2 wk. 4 wk. 6
wk. 8 wk. Pan 1 Fornulation A b.5 13.1 19.6 29.3 Pan 2 None 0 2 1 1 ,i i [~

oz N 0 0 5 JUN 2U~~ |

Opti_onaIEI; the aqueous phasé may also contain well-known

microbial micro nutrients in appropriate amounts.

The second phase of compositions of the present invention
comprises a hydrocarbon liquid that contains a mixture of surfactants combined
in amounts sufficient to render a mixture of the first and the second phase a
liquid at a first temperature and a waxy solid at a second temperature that is
lower than the first temperature.

In the practice of the present invention, the hydrocarbon liquid
preferably is a paraffinic solvent having a substantially high normal paraffin
content and a relatively narrow boiling range. A particularly preferred
hydrocarbon solvent is a normal paraffin solvent sold under the trade name
Norpar® 13 by Exxon Company, USA, Houston, Texas.

The surfactants used in the composition of the present invention
include polyethoxylate quaternary ammonium salts of long chain amines,
particularly polyethoxylated quaternary ammonium nitrates of long chain
amines. Preferrably, the amines will have from 12 to 18 carbon atoms and these
quaternary ammonium salts will contain 1 to 10 polyethoxylate groups. Also
used in the practice of the present invention are mixtures of C12 to C14 alkyl
mono-, di-, and tri- (alkyltetraglycol ether) - o - phosphates, known
commercially under the name Hostaphat KL340N. The compositions of the
present invention also include fatty acid esters of sorbitan, especially fatty acids
of from 12 to 18 carbon atoms.

The surfactants are combined with the hydrocarbon solvent in a
predetermined ratio sufficient to render a mixture of the aqueous phase and the
hydrocarbon solution a liquid at a first temperature and a waxy solid at a lower
second temperature. For example, the various surfactants and hydrocarbon
solvent can be combined with the aqueous phase so as to provide a composition
which at room temperature would be a waxy solid but at slightly above room
temperature would be a liquid.

Typically, the amount of hydrocarbon liquid would be in the range
of about 15 to about 40 weight % based on the total weight of the formulation.



- 10 CLAIMS: 1. A mcrobial nutrient conprising a stable m xture of a
‘first and second phase, the first phase conprising an agueous sol &t JBh208% |
m crobial nutrients and the second phase conprising a hydrocarbon |iquid
and a m xture of surfactants conbi nedsi B anmounts sufficient to render the
m xture of the first and second phases a liquid at a first tenperature and
a waxy solid at a second | ower tenperature. 2. The conposition of claim1l
wherein the first phase is present in an anmount ranging from about 25 to
about 55 wt % based on the total weight of the conposition. 3. The
conposition of claim2 wherein the aqueous solution includes urea and [
|

ammoni um di - hydr oge t e ! . I rei.n the
urea and amm%i umgdﬁ}%;%ﬁgl%gn&pfﬁé%Sgﬁggﬁg?ﬁa@q%ﬁgﬂfhﬁlwg %&ﬁa Sut 5: 1.
5. The comugsifromrabsfut dSdombRutvh@ mesightthdasgdiondhe otal witgel teisscendhor nal

araffin TR I 3 I 14Xt of
gurfact an?gés:éﬁgrla%é&sﬁa (I) y(ﬁ?%iﬁg%@%&ggawﬂl%%ﬁhwﬂ St 4% ’I‘tZSfSU\EvF’ﬁ,yl

ternary an umsalts of a
ani nes ha@nhghg pelvethaxylated gup wwawr@ﬁélﬁﬁ)grﬁmt £ k3nIZEARFi aDOYt of from
12 to 18 garbaBoat 9598wt % Haded @nthd fotal WeighiRfighe SécondpHake,
(al kyl tetrogyl col ether)-o-phosphates and fatty acids of sorbitan. 7. The’

conpositions of claim6 wherein the fatty acid esters of sorbitan are
present in an anmountThf adueons phaseccotiainirtg theasadgen aht phosplgirbunf t he

second ph : . K t. I I - phat ent at
from1 toﬁgﬁ_jv&r&/g g{‘lﬁt ee]yljggécrgdé%g@%eggﬁw@éﬁg{éﬁh@%ﬁ%} g%%éaggt? rnary
amoni um ight efrthefoopulatioat from about 12 to about 35 wt % based on the
wei ght of the second phase. 5 ~uNiooz - 11 8. A nmethod for enhancing

t he bi orenedi ati on oIf a hydrocarbon contam nated environnent ag an anbi ent
t enper at ure conpri silRdreating|spnigningted oileor, Vaksa i decerdanefathdbeposi ti on
conpri si ngreseqit abledtioll theoRiipertue 4 thelendtdnare® sl bph@ated it fgst i r st phase
bei ng an ?18 eoQus Oll'ﬁfe' on of mcrobi al nucgrzleﬂ%s .@nd t he second phase being
a hydroca %ﬁ"'é?l ‘a PR ASFCERASIEQN PRt SrH S WAL AR FOMPTRRAETHANSCRYY £ i ci ent

t o render sohtiomi oft migrobial meridrits it a finst phaseadd phashecaboaxycanl plbsat t he
anbi ent t re: i b wherein

t he aqueog{slagﬂgésté Iﬁéﬂ?ﬁ)ﬁf%%ﬂg{ %@Tﬁk&“éi%he‘*g@%wtﬂ?g%? %Y gé\@‘? eof t he
conposi t i é¢mpetwsmizhasnyirenmgntitodbatipatedh aawwmg@ﬁnplm@%@ﬁaﬂsam @ wei ght

ratio of alqiiht whirdihé WRRLA! 1 ol IfaiA%AEGE 2 ?Réu,lfioﬁ'ék@&n' R By SYadg. paraffin
sol vent |3_|Wm ch the. surfactants n}jh m ctant re |

pol yet hox it ek of ¢cpippositias Hhiat W Qéaﬁl‘%uq&;icoailms‘ﬁé d er‘ om1l to 10
Fgl )C/:eEL Zygiwdigh@@’cemtp@f Wdi‘oeitﬂbxbh clarrtailm?iata?u‘ ot Itlﬁm?diE o? Wraiff}. d&eft@a;]bl?t theg ,ndC 12
fatty aci ditay S ariliRRR 4l of Bpiled ARG aRliORl o SRUABRIEGD AN

ratio or from about 100:10:1 to about to about 100:1:0.1.

As will be apparent from the foregoing, the ability to apply the
bioremediant in the liquid phase permits efficient and broad distribution to the
contaminated environment. Because the compositions of this invention forms a
waxy solid once applied, the nutrient remains bioavailable and is not readily
leached in the water or ground being treated.

The following examples will more fully illustrate the invention.
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continuous first and second phases. These compositions are shown in Table 1.

Also shown in the table is the temperature at about which the second phase

becomes a liquid.

Example 2

The usefulness of this invention for retarding the leaching of
microbial nutrients from the surface to which it is applied is demonstrated in this
Example 2. Two elution cylinders, each 1-1/4 inch diameter by 8 inches long
and fitted with a stopcock, were each packed with 200g sand which had been

intimately mixed with the following compositions:
Cylinder 1:  2.8g of formulation A from Example 1 above, warmed to 35°C.

Cylinder 2: 4.0g of a commercial liquid microbial nutrient product sold for its

resistance to leaching from solid surfaces.

The above weights were chosen to deliver the same 0.64g of urea
to each cylinder. Distilled water in eight 25 ml aliquots was added dropwise at
~23°C to each cylinder and the effluent was analyzed for urea
spectrophotometrically. The results for Formulation A and the comparative
commercial product ("Comp") are depicted in the Figure. The Figure

demonstrates that formulation A shows a low tendency to leach out urea.
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Example 3
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Two separate pans of hydrocarbon contaminated soil 12 inches
long by 8 inches wide and 3 inches deep were treated as described below. In pan
1, formulation A (Table 1) was heated to 30°C and sprayed onto the soil at a
quantity to provide a C:N:P ratio of 100:10:1. The soil was hand-tilled
following the application. In pan 2 (control) no nutrients were applied to the
soil. Both pans were watered and hand-tilled weekly. The amount of water

applied was sufficient to provide a moisture content of about 17 wt.%.

After two-, four-, and six -week periods, the percent petroleum
hydrocarbons biodegraded was determined for each of the examples using EPA
method 418.1 with the following modifications:

1. The soil sample size was increased to 30 grams.

2. The acidification step specified in the test was eliminated.

3. The amount of drying agent required by the test was

increased to assure effective drying.

4, The drying agent used was magnesium sulfate.

5. A four-hour time period for soxhlet extraction was
employed.

6. The amount of silica gel used was increased.

Results of the soil biodegradation tests are shown in

Table 2.
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TABLE 2

Treatment
Formulation A
None

Soil Pan Identification
Pan 1
Pan 2
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1. A microbial nutrient comprising a stable mixture of a first and second
phase, the first phase comprising an aqueous solution of microbial nutrients and
the second phase comprising a hydrocarbon liquid and a mixture of surfactants
combined in amounts sufficient to render the mixture of the first and second
phases a liquid at a first temperature and a waxy solid at a second lower
temperature.

2. The composition of claim 1 wherein the first phase is present in an
amount ranging from about 25 to about 55 wt% based on the total weight of the
composition,

3. The composition of claim 2 wherein the aqueous solution includes
urea and ammonium di-hydrogen phosphate.

4. The composition of claim 3 wherein the urea and ammonium di-
hydrogen phosphate are in a weight ratio of about 5:1.

5. The composition of claim 2 wherein the hydrocarbon liquid is a
normal paraffin solvent.

6. The composition of claim 5 wherein the mixture of surfactants
includes polyethoxylate quaternary ammonium salts of alkyl amines having from
1 to 10 polyethyoxylate groups and alkyl amines of from 12 to 18 carbon atoms,

C12 to C14 alkyl mono, di and tri (alkyltetrogylcol ether)-o-phosphates and fatty
acids of sorbitan.

7. The compositions of claim 6 wherein the fatty acid esters of sorbitan
are present in an amount of from 15 to 40 wt%, based on the weight of the
second phase, the (alkyl tetraglycol ether)-o-phosphates are present at from 1 to
5 wt% of the second phase and the polyethoxylated quaternary ammonium salts
are present at from about 12 to about 35 wt% based on the weight of the second
phase.
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0 8. A method t90r enhanc%\g the 1oremeckxat10n of a hydrocarbon

contaminated environment at an ambient temperature comprising:

applying to the environment a liquid composition comprising a
stable, bi-continuous first and second phase, the first phase being an aqueous
solution of microbial nutrients and the second phase being a hydrocarbon and a
mixture of surfactants combined in amounts sufficient to render the mixture of
the first and second phases a waxy solid at the ambient temperature of the
environment.

9. The method of claim 8 wherein the aqueous phase is from 25 to 55
wt% based on the total weight of the composition and contains urea and
ammonium dehydrogen phosphate in a weight ratio of about 5:1 and wherein the
hydrocarbon liquid is a normal paraffin solvent in which the surfactants in the
mixture of surfactants are polyethoxylate quaternary ammonia salts of alkyl
amines having from 1 to 10 polyethyoxylate groups and alkyl amines of from 12
to 18 carbon atoms, C17 to Cj4 alkyl mono, di and tri (alkyltetrogylcol ether)-o-
phosphates and fatty acids of sorbitan.



