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Abstract

Controlling pollution caused by hydrocarbon compounds, for example,
crude oil pollution, in soils and waters by bioremediation has acquired
considerable significance. Bioremediation is one technique that may be
useful to remove spilled oil under certain geographic and climatic condi-
tions. Researchers all around the world have developed different method-
ologies to reclaim the contaminated site according to the prevailing
environmental conditions. A set of 125 patent/patent applications describ-
ing the use of oil-degrading microorganisms were analysed to find out the
approach followed to achieve bioremediation. Patent documents revealed
that the technique of bioremediation using microorganism follows two
broad approaches, viz. fertilization and seeding. Fertilization is the biore-
mediation method of adding nutrients, such as nitrogen and phosphorus, to
a contaminated environment to stimulate the growth of indigenous micro-
organisms, and seeding refers to the addition of naturally occurring or
genetically engineered microorganisms to a spill site. Overall the success
of a technique depends on the ability to establish appropriate conditions
for the microorganisms in the contaminated environment. Another
approach in a set of patents showed that growth may be enhanced by
increasing the substrate bioavailability or by emulsification. United States
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of America is the leading country followed by China, Korea, Japan, and
Russia in developing bioremediation technologies. Prominent companies
working towards developing eco-friendly solutions include DuPont,
Biosaint, Univ Nat Cheng Kung, Samsung Everland Inc., Technology
Licensing Organization, Biorem AG, Petrozyme Technologies, Ocean
University of China, and BioNutraTech.
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Introduction

Biodegradation refers to the natural process
whereby microorganisms alter and break down
organic molecules into other substances, such as
fatty acids and carbon dioxide, and bioremedia-
tion is the act of adding materials to contaminated
environments, such as oil spill sites. Amongst
the other applications for which bioremediation
is being considered or is currently in use are
(1) treatment of nontoxic liquid and solid wastes
(Liu et al. 2011), (2) treatment of toxic or hazard-
ous wastes (Atlas and Hazen 2011), (3) treatment
of contaminated groundwater, and (4) grease
decomposition. Although recent marine oil spills
and bioremediation efforts have called attention
to the potential of bioremediation as an oil spill
response technology, some of these other appli-
cations, in particular the treatment of hazardous
waste, appear to have greater potential (Lin et al.
2011; Galindo et al. 2011; Chandran and Das
2011). Officials at approximately 135 hazardous
waste sites, for example, are now either consider-
ing, planning, or operating full-scale bioremedia-
tion systems. A large number of refineries, tank
farms, and transfer stations now employ in situ
bioremediation methods to restore land contami-
nated by accidental spills of fuel oil or other
hydrocarbons (Zhang et al. 2011). Much less
progress has been made with respect to the prac-
tical problems of applying bioremediation tech-
nologies to marine oil spills, although advocates
have suggested their use in the wake of several
major spills.

The problems associated with using bioreme-
diation technologies in marine environments are
fundamentally different from those associated
with land-based applications. Potential bioreme-
diation approaches for marine oil spills fall into
three major categories:

(a) Stimulation of indigenous microorganisms
through addition of nutrients (fertilization)
(Chamkha et al. 2011; Mohite et al. 2011;
Korotkevych et al. 2011)

(b) Introduction of special assemblages of natu-
rally occurring oil-degrading microorgan-
isms (seeding)

(c) Introduction of genetically engineered micro-
organisms (GEMs) with special oil-degrading
properties

Stimulation of indigenous organisms by the addi-

tion of nutrients is the approach that has been

tested most rigorously. This approach is viewed
by many researchers as the most promising one
for responding to most types of marine spills.

Recent experiments suggest that rates of biodeg-

radation in most marine environments are con-

strained by lack of nutrients rather than by the
absence of oil-degrading microbes (Churchill
et al. 1995). The introduction of microbes might
be beneficial in areas where native organisms
grow slowly or are unable to degrade a particular
hydrocarbon. However, the effectiveness of this
approach has not yet been demonstrated. The
wide availability of naturally occurring micro-
organisms capable of degrading components
of petroleum will likely deter consideration
of GEMs for remediating marine oil spills.
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Degradation of hydrocarbons in the presence of
synthetic surfactants is a delicate issue. Generally,
the toxicity of surfactants increases with their
hydrophobicity (Tiehm 1994). The use of surfac-
tants of biological origin solves the toxicity
problem.

Moreover, greater research and development
needs, regulatory hurdles, and public perception
problems will remain obstacles to the near-term
use of GEMS even if they could prove useful
for degrading some recalcitrant components of
petroleum. Bioremediation technologies for
beach cleanup have so far received the most
attention (MacNaughton et al. 1999; Lloyd-Jones
et al. 1999; Mesarch et al. 2000). Experiments
conducted by United States Environmental
Protection Agency (EPA), Exxon, and the State
of Alaska on cobble beaches fouled by oil from
the Exxon Valdez indicated that the addition of
nutrients at least doubled the natural rate of bio-
degradation. The efficacy of commercial micro-
bial products in remediating beaches is not yet
known. Limited EPA field tests using two micro-
bial products on heavily weathered oil in Alaska
were inconclusive. Additional field experiments
are required on other types of beaches that involve
different oils and different climatic and marine
conditions. The objective of this chapter is to analyse
the current state of development of bioremediation
technology through the patent documents filed in
all the jurisdiction of this world. This chapter also
describes some exemplary techniques used for
the bioremediation of oil-contaminated sites and
to clean up marine oil spills.

Methods

The scope of the study was to identify commer-
cially viable patent families describing different
bioremediation strategies to overcome pollution
caused by oils. To shortlist the potentially relevant
patent families in the field of bioremediation,
search strings were made using the keywords
based on the understanding developed for con-
ducting a search for patents/published applica-
tions in the field of study.
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Patents and published patent applications
were extracted from Thomson Innovation patent
database.

Results

Running search string S-1 in Thomson Innovation
patent database yielded 390 patents and pub-
lished applications. The patents and published
applications obtained from Thomson Innovation
patent database were reduced to ‘one member per
patent family’. A unique set of 248 distinct patent
families was obtained. A title-, abstract-, and
claim-based screening was carried out to select
certain technologies which were describing the
use of microorganisms for bioremediation. One
hundred and twenty five patent documents were
short listed and analysed in more details.

Most Frequently Used Microbial Groups

Analysis of the 125 patent documents revealed
that more than 100 different genera of microor-
ganisms have been claimed for oil degradation;
major genera amongst these include (in decreas-
ing order) Pseudomonas, Rhodococcus, Bacillus,
Thauera, Acinetobacter, Shewanella, Stenotro-
phomonas, Gordonia, Burkholderia, Alcaligenes,
Pseudomonas,  Marinobacter,  Azotobacter,
Comamonas, Marino-bacterium,  Petrotoga,
Microbulbifer, Alcanivorax, Yarrowia, Flavobac-
terium, and Moraxella (Table 16.1).

Representative Technologies

Complete analysis of the patent documents

showed the following basis of achieving biore-

mediation of an oil-contaminated site:

1. Use of an enriched steady-state microbial
consortiums.

2. Oil is broken down into microscopically small
parts by way of some novel composition.

3. Use of a chemical mixture which enhances the
substrate bioavailability for micro-organism.



= st Suisn saseA|
T uru3i| jo poyouwr uoneredord oy
w APYT 0D } puE poyIouI UONB[OST ATruey
Q (yInos) ea1oy| yoojo1g 109su] 1002-90-0C G-AH SUISIOUDUL DIDALIS BIIBLIOS JO WSTUBSIOOIDNA 79d896£80LSN
M uoneosrdde sir 1oy ssaooxd
o SE [[oM SB ‘Su0qIed0IpAy Jo
(2661 19e S WNpIpUnd uornepeISopolq oy 10J sn i
10 7)) BIBAO[SOUIIZ)) HD‘ONZ‘DV watorg 2661-40-S1 wnyd113025) pup ppynd SPUOUIOPNIS ] ‘SWISTURSIO0IDNW JO IMXIJA V866SLSSSN
S2UISYDIY SNuUa3 2]
01 8u1du012q 40/ -dGWHH A UIDAIS D pun
‘SpUouIopnasyg snuas ayj o) Suisuojaq Q10J21Y)
LF0L-d N UIDAIS D 1219Dq012U10Y uopnisodwos Junmynu
dr ‘eyesQ snuas ayy 03 3u1du0jaq 640L-ddWIAA pue JOAIY) SAINJXIW
‘-ouy uoneziue3iQ UIDAIS D 421ODqOIAUIDY SNUIS ‘Lniqe urpeidop 10 Aaeay
201 Iudted UBadoinyg Sutsueory A3o0uyda],  000Z-£0-60 Yy 03 SuISUOI2q 9HOL-dGINYAA WID4IS SuIAey SUTens eLaleg IVZoreelidd
poyiow pres
no Jurkired
§-HD DIyosvuuny 10 sjudge se saIn)XIu
/-HD 1219DqoayoLsq QwAZuo pue eLI9)oeq pUR
op ‘uoARyIOWRAIYG 19-HD) SPUOWL042]]DOPNAS] ‘G-H O ‘suor3ar rejod paIoA0I-291
*SunyosI0JSOIOdN SPUOWOULIDIY ‘€~ D) 4210DQOULIDI “[ [-HO ©OS UT SU0QIBO0IPAY
pun-Ire[od rong pa1ds12]0) Q[ -HO Svuouopnasd ‘6-HO wnoajonad jo uonisodwosap
JNNSU-TOUITA 1210DQOULIDIN ‘H-H D D]]oUDMIYS [eo130[01q PAJEIA[AIOL
Auewren -pagyy Sunyng L00T-10-1¢ ‘T-HD v12121 {[-HD $122020poyy 10j poyewl uonerpawalolq  [VIyS1S00010CSN
110 paypids jo
sa10ads spuowoyuvy ‘s21ads 1210vqozy uonepeISop [erqoionu
BOLIOWY JO SIS PAIUN) d [[o1IB] [[smoy 1661-01-8C “PSOUISNIID SDUOWIOPNISY ‘S11IGNS SNJJ1ODG Suipre 10 poyioN VSTSTHESSN
syuouodwod
df ‘eyeso D1I121ODq D]]IXDIOJ] [10 Sunean jo poyjow pue
“ouy uonezIueSIQ DLI2IODG WINLIAIIDGOAD]] DLI2IIDG Aymiqe SurpeiSep [10 Aaeoy
uedef Sursuaor] A3ojouyoay, 6661-€0-6T §2U2SDI]Y DII2]ODq 42]ODGOIPUIIY SuIARy 2IMXIW BLId)ORY 79d00¥6799SN
Anunod Ajond jueoridde/oou3issy JSQI[TB pawTe[d SWSIUBIIOOIITA] juojed Jo opIy,  Joquinu uonedIqng
— Qyep Aoty
soousisse aan0adsar a1y £q pa[y sjuawnoop judled JUSISHIP Ul [I0 JO UONEPERISIP J0J POWIIL[O SWSIULTIOOIN L9 d|qel
o
Q




293

16 Patenting Trends in Bioremediation Technologies for Oil-Contaminated Sites

(penunuood)
SN
‘g ‘uoi3urupipy ‘Kuedwo)
BOLIQUIY JO SQJBIS PAJIU[) PUB SINOWIAN 9p JU0d np T'H

(1pnog) ea103] "PYT 09 snid-H

SN
‘gq ‘uo)urufipy ‘Auedwo)
BOLIOUIY JO SAJBIS PAIU[)  PUB SINOWAN] 9P Juod np T'q

BOLIOWY JO SAJL)S PAjIuf)

UOISSIUIWIO))
A1S9110] oY) Ao1Ing

urejLg Jealn JO AJISIOATU() AT,

(L6+6-V.Ld 'ON DDLV)
‘Q:67TV "ds vaanvy [, (€789-V.Ld "ON DOLV)
6002-S0-CC S FHT 1422Inis SDUOWOPNISY ‘D]]dUDMIYS

SOOBJINS PAIROI-UOQIRIOIPAY
JO 9oeJIoIUT oY) SULIAY

aures oy Jursn [ros pajnjjod-o
(d96£911DLON)EELN Bur12A0021 A[[eo130[01q 10

“ds spuowopnasg pup poyidwl B pue A)I[Iqe uonepeigop

(d98L9T IDID)ZErI “ds spuouopnasg 110 SUIARY WSTULSIOOIOTW [QAON
AIOA0D31 [I0 PAOURYUD
A[rerqozorur ur [njosn 8:61v
*dg e1oney, jo uoneordde pue

010¢-+0-1¢C

(£288-V.Ld "N
DO.LV) S[:FHT Mazinis spuowopnasd (/66

800C-60-6¢ VId ON DDLV) 8:6TV UID4is n.1anvy ] ‘UONBZLISIORIRYD ‘UOHEOYNUSP]
sa122ds 2]quJIDAD K]SNOUISIPUL 42Y]O
pun 1puna.f 12190qo4j1) pup 42190qoipn.a
WN1I210DQOASY ‘SNULIID 12]ODGOUOIN]D) SA)sEM AJI0 JO SIOINOS IAY)0
‘pijydoiypur spuowioydoajoudss  pue sdiys woj 93pn[s AJ1o ‘s[1o
‘Dp1qounur wnii21onqoj uayJ Asem [ernsnpur woiy urejoxd [[90
$002-€0-ST ‘DSOUISNIID SDUOUIOPNIS A[TUIS PUB SSBWOI] JO UONINPOI]

DIS1A2.49D SIIKUOIDYIIDS PUD

UPADINOG S2OCUI0ADYIIDS D]SSIN UIDALS 1]0D
DIYOLIdYIST ‘S11qns snjjovg ‘snjydoutiay)
§1220001d2.415 “19110D]1P1ID SNID0I01PI] ‘SP
-1042JU2SIUL IOISUOINIT “S1ID] SNII0I0IIDT
WNOIDY §N2I020421UT WINLIIODQOPIIG
119pqo1OVT DI1218q2LY DIpULIAfIAG
DOISON ‘DUIDGDUY 42]ODQOJO2Y “DIYUDA]
“dds wniqoziyy ‘v21y11028ut ‘Suadsaiony
spuowiopnasd “dds snjjopg ‘sosedoe| pue
soprxorad onpoid yeyy 1I3uny ‘spuowoSuiyds
“dds sn22020poyy D112190qOIKY “dds

SDUOWIOPNISJ 421ODGOULIDY UIIIDGOLYILY S[BLIOJEW UOTBIPIWIONg

S00T-11-80

1V9S60£00110TSN

VSELITTTIOTIA

C4dS9080LLSN

1V8¢€LTT0S00TSN

1V88660¢0010CSN



R.K. Kapoor et al.

294

SN

‘qq ‘uoiSuruyipy ‘Auedwo))

BOLISWY JO SAILIS PAIIU[] PUE SINOWN 9p 1U0d np T'H
Pr1

ueder 0D uonEBIUSWNNSU] NONIYS

qo ‘paywr| Auedwo))

urejLg JeaIn SuneredQ uvonerodxyg 4q

(yInoSg) BaIOY

Anunods Ajuond jueoridde/oousissy

12[1qInqod1

puv ‘vianvy ] ‘D001 ‘OLIGIA

SDUOUIOPNISY ‘D]]oUDMIYS ‘DE0I0412]

0102-L0-60 ‘WNLIIIDGOULIDIY 421ODGISN,] ‘SDUOUWDUIO))

8661-60-60 8L691-d WYHA 421o0q0]nv)
ppund spuowiopnasq

pup ‘vSOUISNLID SPUOUIOPNIST
SN22000pOYY U219DGOLYILY 4210DQOIIUIIY
0002-L0-L0 DUIDIIP] ‘SUDLOAOPIID SDUOUDUIO))
4210DQOJIUIDY “‘LUDJPULYDS 421ODOIIUIIY
‘snauvd 42190q03au1dY ‘Nun{ 12190qo1UIdY
‘LUULIT 42]ODGOIIUIIY 11124N0q
421ODqOI2UIDY MUUDWND 42]ODGOIIULDY
UOpUD] 12]ODGOIIUIDY ‘SUIISIS2LOIPD.L
4219DqQ0J2UIIY “NfJOM] 1210DqOIUIDY
TUOWILLS 12]ODGOIFUIDY ‘SND112IDOI]DD
42190q032u12Y “16)ADq 1210DqOIPUIDY
LUIUMO] A21IDGOIQUIDY “SISUDANUOYIDG
sno2020poyy ‘snjrydosdod snd2020poyy
‘b2 s122020poyY] ‘Shaayi1a sN22020poyYy
‘s110doayik12 s122020poyy ‘Suv1ISnf
SN22020pOYY ‘SNJNIIGO]S SNID0I0POYY
IS0l SN22020POYY ‘SISUIILOY SNID0I0POYY
SUDISDUOULIDUL SNDI0I0POYY ‘SNIDdO
SN22020pOYY ‘SNID]0ILId SNID020pPOYY
‘supioaouipridd sn22020poyy ‘1Mupoy.
§ND2020pOYY ‘SNOLYIOPOY.L SNID0I0POYY
42GNL SNID0I0POYY ‘SISUINUDSIYN]
$NI22000pOYY ‘SISUIIADISIDAN SNII0I0POYY
fdoz sn22020poyy ‘SUPILIN[NSIP DIUOPLOL)
QDIDUID DIUOPLOD) ‘SIDIYIUOLG DIUOPLOL)
‘DINSAIY DIUOPLOL) DPUIU DIUOPLOL)
‘Daoydsozny. piuopLon) ‘unds viUopLoL) ‘SIp
-10421SD DIPADION ‘SISUIDASUDA] DIPADION

S[[om uonodfur Iayem

01 Judoe(pe SIS uBoUERIIAIQNS

Joyuouneon-oxd 10y pOYRIN  [VOF$9000T10TSN
1o Aaeay Jurpeidop

Jo a[qedes wSTUESIO0IOTA V1$9€80000Cd(

[10 9pnId

Surpes3opolq 10§ $sV01d  TVHIEF00T00TOM

[10S pajeu
-IWEJUOD-[I0 JO UOTJEIPAWIONq

‘snoncjowany 1210vqo1au1dy Nuosuyol 10y poylow pue Afiqepeisopoiq

9002-L0-8] -219DqO12U1dY ‘SISUINUOYIDG SNID0I0POYY [10 SUIARY SWSIUBSIOOIONU [OAON

1S9IIBd
— 9yep Aoty

pawre[d SWSIUESIO0IdNA

1V L¥60200800CS1

juojed Jo opii,  JoquINu uonEIIqNJ

(ponunuod) 1-9L djqey



295

16 Patenting Trends in Bioremediation Technologies for Oil-Contaminated Sites

(panunuoo)
‘Aydei3ourod
Jo neaing [eUOnEN
BUIYD) 9IMTISUT YOIBASAY UBAD() ISIL]
Bumyy P¥T 0D BUIYS01™d
(yINog) BaI0Yy *ouf Jouolg Uy

SN
‘g uoiSurmyipy ‘Aueduro))
BOLIOWIY JO SOJE}S PAIU[) PUB SINOWAN 9p Juod np T'H

Ad0ES9SSTH00'dA A

Kuewrron IOY[OA Yorg

(1nog) ea103] "PIT 0D suonnjos OJH

([Inog) 10y PYT 0D weyd OAN

Joa1ayy uoneorjdde pue

“ds spuow0121popnasg 10 IpNIod JurpeiSep APuaroyje
2ap3au-wn.o) o1 3uISuojaq 6zd ATy I0J UTRNS BLIdIORA ONOTY
PIeY

[10 JO Juaunean Iajem paonpoid
10J pasn urens [eLaoeyg
wnajonad woiy

PAALIDP SUOQILO0IPAY asodwooap
ued Yorym uonisoduwod

[e1qoIorwt Aq [I0S PAJRUIWIEBIUOD
110 Jo uonejuAWIneorg

600C-€0-1¢

600C-T1-62 nyUDMSIA DPIPUD)

[17 "ds smpovg puv ‘9zgH

8661-11-LC “ds spuowopnasq ‘[ | "ds 42100qo1u1dYy
OLIQIA pUD ‘DIPADION ‘SHIJ1ODg
4210DqOAYLIY 1219DGOIAUIDY U21IDGOULOLYIY
‘DIU2JODGIULIO)) ‘SDUOUIOPNIST

S[[oMm uondalur 1ojem

01 1udoe(pe SIS urourLISINS
JO Juounean-aid I0J POYIOA
UopaoquUIAG

I9pQ -JUSWAYZ ‘-u0joy

Jny uaSuniagde[qena,] pun -[°0
SUDPIXOOLID SNJJIODQOIY [ PUD ‘SUDPIXOO1Y] UOA USUINIUH WINZ JUMYOLLIOA
snjjopqony | ‘vpynd SPUOWOPNISY 9100ya8ny pu() USIyeIIoA

0102-L0-60

0661-50-60
Joaray) uononpoid 10§ sseooxd
PUE [10 9PNID JO UONEpRIIIP

(dS908T DID)IND “ds spuowopnasg Q) 10J WSIUBSIOOIDTW [QAON

1002-10-60
I0JBATIOR pUR

SWISTUBRSIOOIOTU A} JuIsn [10 Aq
PAJBUIWIBIUOD [0S JO UOTRIPAWI
10J POYIoUW PUB ‘SWSTURTIOOIDNW
oy Jo KJ1Anoe uonepeIdop
Sursearour jo d[qedes JoreAnoe
‘[10 AQ pJEUIEIUOD [IOS UI SJUBU
-TureIuO0d JUIpeIFop A[QANIJ
AQ sjuRUTIURIUOD FUTAOWAT

Jo 9[qeded sWSTUBSIOOIOTA]

UIDAIS P2UNIIND PaxIu v pup “ds pIUopLon)

€00Z-11-90 “ds 1219pqo12uU1dY “ds sn22020poyy

VYL6IESTOIND

dv?9I8LIOIND

VESe0re0000CdX

[VI¥£9000C10CSN

IVyS8y10vdd

V600090C00CdX

Vo0ser0S00caN



R.K. Kapoor et al.

296

Sn
‘gq ‘uoySuruipy ‘Auedwo)
BOLISWIY JO SAIBIS PAIIU[) PUB SINOWAN 9p 1U0d np T'H

ND1L8001

BUIYD Surltog ‘Ays1oatun) Sunyed

SN ‘Ag‘uoiSurwyip ‘Aueduwro)
BOLISWIY JO SAIBIS PAIIU[) PUB SINOWAN 9p 1U0d np T'H

eungy P11 0D BUIYS019d
BIATRT] INQN seltare]

ND¥100ST
BUIYD Suopueys ‘ueulf ‘Fuex nx

Anunod Ajong jueordde/oougissy

(2L000L#DD.LV)

sno1KJ04pAY 42f1qINqOLOIY ‘DUIF1LII]
SDUOWDUIOD) ‘() [ S DIUDULOLD DAINDY ] ‘SUI1D
-pfaind vj]PUPMIYS ‘DULIdYIONU DE0I0AII]
DI102UIGOLO]YD DAGNDY ] ‘[ [ DIYDUIOID
DANDY ] ‘DSUIIFL028 WNLIIIIDGOULID A

faDaOVXY0L01YD) pUp ‘2V2ID]2INIGWNTIOSUOD [BIGOIITW A)BIS APLa)s
§2]D4219DQLLI2[2(] ‘dD2IDI2VYD041dS ‘S1PaS D1QOIdBUE PAYDLIUD UB JUISn SIS

DJIIIU] DDIIDIPLISO]D) ‘DDIIDPI042JODY
600C-C0-€¢C

(esze

600T-60-S1 42qUNN DIWDD) SIM $2192ds 1219Dq041D)
DJNIOJOPOYY PUD ‘D1I2IODQOSN]

DLI2IODGOULIDIY U2[iqINQOLITN

D30JONII DAINDY ] ‘D]JIUDNIYS ‘OLIGIA
‘§208U04DYDIDSO21YIS ‘S2120KUO0IDYIIDS

DIPADION ‘DII2IIDGOLIJUT] 12]1ODGOILY

‘DLI2IIDGOUOLYIY D1L2IODGIULIO))

§212061L0211/0§

4210DqOAYLLY 42]ODGOI2UIIY ‘S2120KUOUIIY

0102-60-6C ‘SNJJIODY SPUOUOPNIST
0102-60-€0 DSOUISNAID SDUOUIOPNIS]
WNA0SUOD

800C-01-91 wistunS100491 1Y) 40f CZQ-NAW
6007-70-91 DSOUISNAID SDUOUOPNIST
1SQI[Ied pawTed SWSIUBIIOOIITA]

— QJep Auong

PAJBUTIBIUOD-UOGIBI0IPAY JO

‘SAPYLUOUIOPNISY ‘dD2ID]OLO0POYY UOTIBIPIWRIOIG NIIS U JO POYISIA

Joarayy uoneorjdde pue uoq
-1e001pAy wnajonad Jurpei3op
Jo o1qedes urens [euoeyg

uonoafur pmy [[om 3uisn

$9JIS UBQUELIAIQNS JO JUAWIEAL)
Sunmp moy pmy jo [onuo)
Jjoarayy uoneorjdde pue praik

Y31y i prdijouwreys Suronpoid

I0J DSOUIENIID SDUOUIOPNIST
[10S ur uonepei3op

1onpouxd 110 10§ GZ8-3IPIN
SI10JONIISOP-SWSTUBSIOOIOTW
JO WNJIOSUOd JO UOTIB[OS]

asn pue

uoneredard ‘uonepeidop jonpoid

1o pue jueinjjod wnsjoned
10J uoneredard [erqoIorwt prjos
juayed Jo apiIL,

IV61291200102SN

VZSSI6910IND

IV16L0S0CTOCOM

VI8L8Y6T10IND

deCIvIAT

V086987 T10IND
JIaquinu uonedIqng

(ponunuoo) 191 djqey



297

16 Patenting Trends in Bioremediation Technologies for Oil-Contaminated Sites

(panunuod)
BUIYD YO, eUIYD [PNOS AU}
(yimog) earo3| 'P¥T 0D jutesoryq
(yInos) eaIoy] ‘PY1 0D Juresorg

UonepUNO, ssauisng pue
(INOS) BAIOY  YOIBASAY AJISIOATU() BIOY

A3o[ouyo9)o1g pue 0UAISoIg
(Jpnog) BaIOY  JO AMISU] YOIBISY BAIOY]

RID]Y OUBYEN
uedef | 33 oysnAYuay L3 S

diop
ueder ASofouyoa], 29 20ouards ueder

(€661 210J2q NS) vIsSNY

L00T-CI-¥1

000¢-80-CC

00T-€0-61

LO0T-11-91

600C-L0-CC

L661-60-S0

100¢-01-CI

¥00¢-€0-01

p1o0dad viLIdpjOYYINg

pijydoypus spuowoydoljouars

d4£0Z01 DLDN TITHA “ds s120000poyy

%N.N.QNQM SDUOMOPNIS ]

“ds spuowodurydg pup “ds
snjiydiajo “ds puripwolpy “ds xpi0a1uvayy

pnsdpo spuowopnasdopoyy
pun ‘vjydoprov spuowopnasdopoyyy
‘SN2S0. 4219DGOGIOULY “LIIPNG WNDULOLY))

souowopnasd

“ds spuowopnasg pun “ds sa2uo01DYy2oDs

Joarayy uoneorjdde

puE WNLIAJORq UOIBPRISIP
juauodwod due[e 10 [9Sa1]
urens ay Suisn

UONJBUIIBIUOD [I0 JO UOHRIP
-0uIdIOlq I0J POYIW PUR ‘D-€],
pijydoypus spuowoydosjouars
wres

QU SuIsn [10 JO UOTJBIPIAWIOIG
103 poyowr pue urens dge0zol

910 Z-IYA “ds snaood0poyy
wstuegioorotw drgydonoryoLksd

Surpeidop-uoqredoIpAHq
JreoueyeAxoipAyAjod Suronpoid
J10J poyjoul 9y} pue 10 9[qe1asoa
J1sem Sursn onserd a[qepeaSopoiq
Suronpoid zi(q "dg seuowopnosq
[10 opnud surrew Jursodwodap

Jo AJIATIOR UR )M AJIUnmuuiod
WISIULIOOIDIW [RUOTIOUN]

JeJ puE [10 JO uonepeIdop

PUE QIMIXTW WSTURSIOOIOTIA
quues oy

SuIsn uoneIPaWLIOIq JO POYIAW
pue wnrR)oeq Jursodwodap
-T10 Ayej reuonoungy ATYSTH
QUIES 9] UO PIseq

SUOIIBIO0SSE pUE $199[qQ) [8)
-UQWUOIIAUD POJRUIWEIUO0D-[IO JO
uoneIpawalIolq ur s1esodwosop
Se JOQIO) Sasn ‘SWSIULSI00IOTW
urens ‘dg spuowopnasg

pue “dg s20{uwoivy2oDg

d068981T0IND

VL9SS10200TdN

VZr19L0€00CTN

1d19L8¢6d3

VEOr6001 T0TIX

VTe8SLOT IS

V9TSo11€00Tdl

¢OIL0CLTTNE



R.K. Kapoor et al.

298

SN
‘g ‘uojurufipy ‘Auedwo)
BOLIOWY JO SAJBIS PAIU[)  PUB SINOWAN] 9p JUod np T'H

(yInos) BaI0Y] *OuJ pue[IoAF Sunswes

[OIeasay [ejuduuoIIAUY

(|pnog) va1oy[ JO 9JMTISU] [BUOTIEN
BUIyD [ejUEN ATUf)
NO

eury)  ‘urfuer], ‘A)ISIOATU[) TEURN

(€661 21030q (1S) BISSIY  YOIAH USSAF [01pUy AOUOL]

(€661 210J2q (1S) IS DI DNAUSD T 1130[0NYH Isu]

(€661 210J9q

$O) drqnday yoez) HD ‘DN7Z DV warorg
K)ISIOATU)

urejg J1eain 1o1deN Jo 3no) AL,
Anunood Ajuond juedrjdde/ooudissy

$§2102ds WN.11oDqOIYI )
pup ‘sa12ads 1xajfo101y) ‘s2102ds sadiisixa)]

‘s2102dSs 1210Dq1L12[2q ‘S2102dS $212Yy2041dS AIQA0D9I [I0 POOUBYUD pUB

‘sa122ds pIpjoSaul] §2122ds XD10A01aDUY SIS PAJRUTWIRIUOI-UOQIBIOIPAY

‘s2102ds wnIpLISO]) ‘S2102ds Sap104210Dg JO UOTIBIPAWAIOIq N)IS-UT UT

‘§2102dSs 12100q0102Y ‘S2102dSs spuowopnasg  uonedsijdde 1oj wnniosuod Jur

6002-20-€C ‘§2102dSs SN2UDO2Y ‘UIDAIS DLINDY ] -KJLITUSP JIqOIOBUR B)S ApPLa)§
[10 9pnIo Jurpeidop

6661-CI-1€ “ds spuowopnasg 1-o1dY -dS§ spuowopnasq

S[10 1210 puE 10 FuresLqn|
M pain[od eare surkjund 10y
JOQ19) 9sn pue S[10 JOYIO PuE [I0
Suneorqny Surpei3ap jo srqeded
S00Z-20-€0 “ds pimo.ing *dS pimoLin] WSTUBSIOOIOTA
Joa1ay) sesn pue arnjeradura) moy
Jopun uoqIedoIpAy Surpeisop
L00T-60-¥C £-L1 "ds spuowisng L-LL SHpAISUIs pouiuipy
JoaIay) sasn ay) pue
poylow SUIUIIS ) SB [[oMm Se
$002-T1-L1 SUDIYLIIUIPOULIDY] SNJJ10DQOIL)  SUDIYLIIUIPOULIDY] SN]]1ODGOIL)
uoIEpeRISIP U0QIBI0IPAY
[10 pue u0qIed0IpAY d1ewore
o1oko410d 10§ soour)sqns
aAnyor-00eyms Suronpoid vpuynd
900Z-€0-01 .08€Z- , ppund spUOWOpNasd  SPUOWOPNISJ BLIdIORQ JO UIENS
[tos panfjod-ro
12§ WOFI 429qn. sn22020poyy  Jurued[d 10j [njosn uoneredord
100T-20-61  pup 80/ WOAHI $110do1y1a S122020pOYyY [ed13o101q o111ydod]0
31 Sutsn ssaooxd
uonepeI3apoIq pue 95emas ur
SyeJ pue s[10 Jo uonepeISopolq
[eIISnpuUI ) 10J [ A\ Po1kjodl]
S661-S0-6C payjodyy vimoLing DIMOLIDY ISk Q) JO 9S)
pnur Sur[LIp Asep
‘D' Se [errojewt ajenoned pojeu
-TWBIUOD-[I0 WOIJ [10 SUIAOWI
L66T-LO~FC  D]oANunyns,J 10 DUOPLOL) L0 SNID0I0OPOYY 1o0j smeredde pue poyloN
1SQI[IEd PAWIE[O SWSTUBSIOOINA Juded jo oL,
— 9)ep Aoty

IVLIT9120010CSN

VOr1€0IT00cdX

V100680900CdX

d99€STCIOIND

1V1888710600CSN

CO0LIvYECNd

109L2081CNd

1V¥80918dd

VEoETreTdD
JIoquinu uoneorqng

(Ponunuod) 191 djqey



299

16 Patenting Trends in Bioremediation Technologies for Oil-Contaminated Sites

(panunuoo)

uemIE], 3uny] Suay) JeN AU
(yInog) eaIoy] ‘ou] pueloAq Sunswes
BUIYD NDANsIoAIU noyzurg

| ND ‘A3o[o1g JO "ISUJ S9UI0S

it Jo Awopeoy Suopueys
ND “P11

BUIYD  "OD) S9JUSISS ofI 1 uelfeq
IeeSBIA

uedef 0J1es | DnAepe], eyeuew]
ueder 29 90uAIOS NI JO Aouady
s

(€661 210J9q NS) vIssny oJouyoneN wy Sojorg Isug
ND “ASo1ouyosy,

ruIly) Jo Ayis1oAtun) uerreq
ND

‘010001 Sutltog ‘uonerodio)

BUIYD  [I0 2I0YSJO [BUONEN BUIY)

L00T-C1-8C

000Z-80-10

0102-L0-20

010¢-L0-CC

0102-L0-20

6661-80-SC

6661-S0-¥C

100C-¥0-SC

010C-01-8¢C

600¢-CI-SC

"EHAV-DD 2VYIvut DIIPIoYYNnqopnasd

(ILITT-DD4X) $n[ni12qo]s s122020poyy

gX UIDAIS DIUOIS|DY

9-DM SNI1120D0JJDI 121IDGOIPUIDY

mba sno2d020poyy

(ZISLI-d WYAA) syugns snjjovg
(L6€L1-d WYHA) uvais X-[ [ZYD 40
(96ELT-d WHHA) I4IS M-[ [ZHD SV Yons
snjjovg snuas ay1 puv (S6€L1-d WYAA)

IS 7d-1 17D 40 ($66L1-d WYAA)
uIAIS [J-[ [ 24D SP YoNs XpLoauvIly

ZET WYNSIINA “ds snjpong

FOIS SUDLOATUDY]D DIUOPLOL)
L8EE'OUDDIWDD 12301

DIUOISIDY L0/pup 1onbi] uoyvIUIWLIS

98EE OUDDINDD pruowiopnasd vxo( 40
/pup 10nbi] uOYPIUIULIAY CREE OUDDINDD
4219Dq012U1ID 221UIA “10onb1] UOyDIUIULID[
FSEEOUDDNDD sjiund snjj1ong

uonepeI3ap [1o ur uonedrdde
II0Y) pue urens avyijnul
DLIPJOYYINGOPNISJ [OAON
PoYIoW UOHRZI[NN S)I pUe
BLI0)ORq SUI10I09s-)UBIOBLINSOIG
[1OS T[e3[e-aulfes
pajeurweiuod-wnajonad

JO UOTIBIPAWAIOIq UT JOAIAY)
uoneosrdde pue “ds viuoisipy
Joaray)

uoneoridde pue poyiow 21mnd
PUE SN21J2ID0IDD 42]0DqQOIIUIDY
9SBAIOUI P[IA WST

-ueSroo1orw wnajonad ur Joarayy
ISN puB UIBIIS SHID0I0POYY
qures oy Jursn

$s9001d JuouILAN JUSNYJO pUR
SNJ19Dg QATRPRISIP-1BJ-pPUR-1I0

[10 AAeay jo uonepeisoporg
uornnyod [10 Wo1j spunoId
Surues[o Jo POyl
uonepeIdap 1o ur uoneordde
pUe SUDLOAIUDY]D DIUOPLOL)

Joa1ay poyjow uoneredard
pue Surqqids 110 Aq panprod
QuIISEOD JUIRIPAWIAIOIq
10} WIN[NOOUT [RIQOIDIIA

VTT6LT600CM.L

VISCI10200Td

VIE9SE6I0IND

VOLY716T0IND

VOEISE6I0IND

V89¥190100Cdf

V99¥Le0100Tdf

¢O90¥661CNd

VOOrvL6T0IND

VSCLLILTOIND



R.K. Kapoor et al.

300

ueder njo9jaid eyesQ

A3o[ouro9101g pue 0UAISOTYg
([Pnog) vaI0y  JO AMISUT YOILaSAY BAIOY]

uedef ATU() BUWIYSOYN,]

‘9ymnsuy ueddQ
BUIYD PIIYJ, neaing uead() [UOLBN

(ymos) eatoy PYT 0D Wuresolg

(yInos) eaIoy] ‘PYT 0D Junowered BAIOY

uemrIe], Suny Suay) 1eN ATUN
uemrey, Suny] FuayD JeN AU
Jpawiolg

(€661 210599 NS) vISSNY  ddN OeZ Wiyypaworg ddN

(€661 210J2q NS) BISSIY
Anunod Kjong jueorjdde/oougissy

8861-10-81

L00T-€0-€C

010C-€0-61

S00C-L0-0¢

<002-20-90

S00¢-80-91

¥00¢-170-C0

¥00C-¥0-C0

Qwres
Suronpoid swsTue3I00I0TW pUE
(SIL6-WATA) #C-4-f sauasipo]y  Joaray) uononpoid “asedI| [2AON
“ds
42190q012U1dY puv “ds spuowoydodjouals
“ds wna1onqruordosqg “ds
puapjoyyang “ds snjjovg “ds spuowotdy [10 [osa1p SurpeIgop
“ds spuowouryds sastiduiod 7 M r-IWA Jo 9[qeded Jureq g m[-ow]
Qrunwutod 1qoLd1u [pUo1IUN,J ‘AITUNWWOD [BIGOIOIW [RUOTOUN,]
Qoueisqns Surureuod-jey
1MUUND] $1220201dC1) pue [10 Sunean 10j POyl
WAISAS
#20S0ZIWN-ON QwAZu? uonepeI3ap sj pue
DDIDIDVION 12]0]2821p XD10AIUDI]Y ©LIIORA SUNE dUBY[E [10 [9SAI(
urens
Ay SuIsn uoneUIELIUOD Yed
(d9€£9101  JO UONBIPAWLIOI] I0] poylow
DUDN)ZI-VE v1ovdad vriapjoyyng pue g1-yg piovdad viaployymg
Qwes
9 Sursudwoo yoed 1oA0wWI pue
‘owres oty Jurkeids 10y yuswdmbe
‘ureng “dg spuowopnasg 10
/pue urens ~dg snjpjovg ‘ssounead
Sursuadwoo ‘syueinyjod 10

“ds spuowopnasg 10/pup uip4s “ds snjj1opq UIAOWAI I0J JAOWI [edIS0[01g

Joaray)

uonepe3ap [1o0 10y asodind

6£d[-DD PpHIU pIUOpLOD S} pUB DPHIU DIUOPLOL) [SAON

Joaray) uon

-epe13dop (10 10§ asodind oty pue

[1Dd-D0 s1j0doayifia sn22000poyy] s110doayifia s122020poyy [PAON
# g1 11pup]auIA 1210Dqo102y syonpoud [10

D11210Dq Jo uIn41S 23 pup ¢—¢ [ gI $2192ds  ay) ym paynjod [ros Suryoesq

S00T-01-F0 H2190q01y34y pup [~G I g $1424q SHJIODG Y JO UOTIBATINIAI JO POYISA

¢00C-Cl-0¢
1sQI[Ied
— 9)ep AuIong

yres uryoeodq
$§2102ds 42100qOLYLIY pup S142.4q snjj1ovg pain[jod-110 SuLI0ISAI JO POYIIA

POWIE[O SWSTUBSIOOIOTA judjed jo apiy,

VE80LBIId[

1LLYLEGIN

VovL8LIOT0TdS

VeEE0r06IND

V8176990€00CdN

V11L020L00Td

dreSOLTIML

dSESOLTIML

1006CL6CCNAd

IDTTLLETTOT
JIoquinu uoneorqng

(ponunuod) 19| d|qeL



16 Patenting Trends in Bioremediation Technologies for Oil-Contaminated Sites 301

4. Use of some particulate material for promoting
growth of petroleum-degrading bacteria.

5. Use of a nutrient microemulsion in spray form,
useful as a biodegradation accelerator.

6. Use of a nutrient mixture which has an
emulsifying effect and would contain P- and
N-yielding substances.

7. Use of a combined approach by using micro-
organisms directly and by promoting growth
of oil-degrading bacteria.

Strategy 1

Use of Anaerobic Microorganisms Contained in
Capsules, Coated Pellets, or Pods Having Cores
of Varying Densities: The first strategy disclosed
by Leon Kirschner (1999) in his European patent
EP1088109B1 describes the use of an anaerobic
microorganism Vibrio desulfuricans for remedia-
tion of submerged petroleum products, which
anaerobes resultin an overall exponential increase
in speed of remediation, and also adds versatility
to the art of remediation as applied to the inadver-
tent release of petroleum products into an aque-
ous environment during transport or storage, or
to an intentional release of oil products, which
also requires remediation.

The use of such anaerobic microorganisms offers
bioremediation to those petroleum products
which sink below the surface of the water and
often to the floor of the sea, where known appli-
cation techniques for remediation do not reach
submerged oil spills.

Preemption is achieved by incorporating
within the petroleum products, before a spill
occurs, remediating agents contained in capsules,
coated pellets, or pods having cores of varying
densities. Such agents are inert and inactive when
encapsulated or within the coated pellets, but are
activated when not in the encapsulated environ-
ment. These encapsulated or pelletized agents are
preferably dispersed throughout a body of petro-
leum. The capsules or pellets may be installed
into the petroleum at the wellhead or in a pipe-
line, in a cargo hold, at a refinery, or at any desired
location during the processing and transport or
storage of the petroleum product.

Preferably, these capsules or pellets are
reclaimable when not activated and may be
reused. Such reclamation may be accomplished
through magnetic (utilizing either ferromagnetic,
diamagnetic, or paramagnetic materials, or a
combination of some or all of them) separation,
centrifugation, filtration, electrostatic or ionic
precipitation, vaporization, or heat or vacuum
distillation or a combination of such techniques.
The capsules or pellets may be constructed to
permit ease of reclamation and reuse.

Capsules or pellets with a core containing
microorganisms, surrounded by time dissolvable
layers of nutrients and other enhancements, may
be compounded using prior art skills and formu-
lations. Such capsules, pellets, or pods of varying
sizes and/or densities, so as to embody the present
invention, may also be novelly compounded to
include iron or other compound [within either the
capsule, pellet, or pod core and/or their surrounding
(encapsulating) material or coating (pellet)] so
as to permit the capsules, pellets, or pods to be
varied in density, preferably to approximate the
density of the petroleum product in which they
are placed, and to encourage their removal from a
body of petroleum by the techniques described
above, when desired. The capsule, pellet, or pod
may also be sprayed with an aqueous soluble
electrostatically charged material or marked
with material having magnetic, electrostatic, or
electroconductive properties. The core or encap-
sulating material or coating may also be either
fabricated with gas bubbles or contain evacuated
or gas-filled glass beads (bubbles or beads of
varying sizes) so as to affect the density of the
capsule or pellet. These capsules or pellets may
also contain water or other aqueous solutions
to be time released so as to activate release of
microorganisms when oil transport (e.g. pipeline)
occurs under arid (e.g. desert) conditions to aid
remediation of a petroleum spill or discharge into
a nonaqueous environment.

Preferably, such capsules, pellets, or pods con-
tain microorganisms, both aerobes and anaerobes
or either of them.

With reference to the accompanying drawings
and particularly to Figs. 16.1 and 16.2, a microcapsule
cell 10 of anaerobic and aerobic microorganism
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Fig. 16.1 Is a schematic
view of a typical cell for the
capsule, pellet, or pod
described in the present
invention

Fig. 16.2 Is a sectional
view of a typical pod of the
bioremediation product
containing multiple cells

material having a microorganism nucleus (N) 11
is capable of degrading a hydrocarbon, which
may comprise bacterium which degrades petro-
chemicals, such as organisms from the genus
Vibrio, Micrococcus, Bacillus, Arthrobacter,
Nocardia, Corynebacterium and also Vibrio
desulfuricans, Arthrobacter spp., Bacillus
subtilis, B. licheniformis, B. megaterium, B. cereus,
B. polymyxa, Aspergillus simplex, A. oryzae,
A. niger, Trichoderma reesei, Saccharomyces spp.,
Pseudomonas, Mycobacteria,
Geotrichum marinum, Thirumalachar sp. nov., or
other hydrocarbon degradation bacterium. The
nucleus 11 is preferably encapsulated by walls 12.
The nucleus 11 may contain sufficient nutrients to
sustain the microorganism; however, the walls 12
separate the nucleus from a source of bacterium
nutrients (B) 13 which facilitate growth and are

Achromobacter,
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presented to the bacterium in the presence of an
aqueous solution which penetrates or dissolves
the wall 12. As illustrated in Fig. 16.2, these and
similar cells 10 may be enclosed in envelopes 14
which have a time released coating 15, such as
hydrophilic methacrylate or gelatin to regulate the
time of contact with the environment once
exposed to water, and these coatings may be of
varying thickness or density, which not only var-
ies the time of release but also varies the weight of
the envelope.

Working of the Technology: When a breach of
the hold or vessel containing the oil product
occurs, the leaking of oil product through the
breach in the vessel carries with it the pods, which
when subject to water, become activated. The
enteric coating may be removed by the water or
by time, and the microorganism will be induced
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to consume the escaped petroleum product, and
such consumption may be enhanced by the nutri-
ents packed with microorganisms, or these mate-
rials may be used primarily to keep the
microorganisms hearty over time before they are
activated by the presence of water. A Venturi-like
effect carries the pods into the spill, dispersing
the microorganism pods throughout the escaped
oil product floating and submerged in contami-
nated water.

In summary, this invention teaches the follow-
ing: first, a methodology of preemption through
the introduction of remediating agents into the
petroleum product before a spill occurs; second,
time or controlled release remediating agents
encapsulated or pelletized as products of varying
densities to provide for relatively even dispersal
throughout the petroleum product; third, remedi-
ating agents which may include magnetic or sim-
ilar materials, or means permitting the removal of
unused remediating agents from a body of petro-
leum product which has not been subjected to
aqueous environment; fourth, including anaer-
obes for the metabolism of submerged petroleum
products (which disperse throughout the petro-
leum bulk to exponentially increase the overall
rate of bioremediation); and fifth, time release of
aqueous components within the product to affect
remediation of spills into nonaqueous
environments.

Strategy 2

Combating Oil Slicks Floating on a Water Surface
Using Natural Mineral Raw Materials Which
Break Oil into Microscopically Small Parts: The
second technology belongs to Swisstech Holding
AG, Zug, CH. Swisstech Holding AG is a leading
cleantech engineering group in onshore and off-
shore oil decontamination. The group is a world-
wide pioneer in natural bioremediation products
for oil-polluted substances. This group has offered
highly efficient, economical, and ecological solu-
tions. This group has filed a US patent application
US20090120872A1 for this technology.

The inventor Kroh (2008), described a meth-
odology for combating oil slicks floating on a
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water surface. The oil is broken down into
microscopically small parts by way of the new
composition. The new composition and the new
method permit an in situ bioremediation. This
strategy enables decomposition of the crude oil
by accelerating the biological decomposition on
location.

A composition according to the invention is a
product that can be efficiently applied for the
complete removal of spilled crude oil, also in port
facilities or for tank ship accidents. The market-
ready product is a dry, free-flowing mixture of
solids, comprising a composition of natural
mineral raw materials, naturally occurring as
solids. These raw materials are obtained from
primary or secondary deposits (quarries, stone
pits, or other mineral deposits). They may also be
recycled from certified non-contaminated natural
mineral raw materials. Preferably the natural
mineral raw materials are not thermally or chemi-
cally pretreated or treated.

The natural mineral raw materials, as a single
compound, as mixtures, and in the final composi-
tion according to the invention, are chemically
inert under natural surrounding conditions (on
land, in the water, on ice). During long-time
storage, transport, application, and also disposal,
they are thus completely harmless for the people,
animals, plants, and environment.

For the manufacture of the compositions
according to the invention, the natural mineral
raw materials are solely broken down, milled, and
grinded to the necessary particle size, efficiently
working from the invention. It results in a total
particle surface of the compositions to which the
polluting hydrocarbons, particularly crude oil,
may adhesively attach in a quantitatively optimal
manner (monomolecular level).

For combating an oil slick floating on a water
surface, it is sufficient to scatter or blow the
composition according to the invention over the
oil slick. The composition according to the
invention specifically has the advantageous and
amazing characteristic that it spontaneously
combines with the oil, and the sorbent without
the formation of larger lumps sinks from the surface
of the water to the bed of the water and settles
there as a fine sediment. With the application of
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adequate quantities of the composition according
to the invention, one may ascertain hardly any
toxic hydrocarbons at all in the treated water
within a few hours or days. Laboratory trials have
even shown that one may even achieve drinking
water quality.

The oil is broken down into microscopically
small parts by way of the new composition
according to the invention. The powder parti-
cles bind the oil particles by adsorption, by way
of arranging themselves around the oil droplet.
Due to the higher specific weight of the powder
according to the invention which is preferably
between 2.5 and 3.5, preferably about 3.0, the
parts of the oil-powder complex completely
sink to the bed of the respective water. The
present invention utilizes the physical sorption,
a special form of adsorption, with which the
sorptive is bonded by way of physical forces
and not the formation of chemical bonding to
the sorbent. The physical forces acting here, as
a rule, are not directed and have the advantage
that the bondings are reversible. The sorptive
may thus be released from the sorbent again,
which encourages the microbial breakdown of
the oil.

The sunk oil may also neither be separated
from the composition according to the invention
by way of violent turbulence and thus may no
longer drift to the surface of the water.

Since the crude oil is adsorbed onto the parti-
cles of the composition, the effective surface
which is available for attack by the microorgan-
isms breaking down the oil is increased enor-
mously. By way of this the breakdown of the oil
is rendered possible and is accelerated enor-
mously until a complete decomposition of the oil.
The microscopically small droplets serve as a
substrate for the profuse development of the
microorganisms taking part in the breakdown.
The oil is broken down without any residue
within 3—4 months, depending on the geological
region and the prevailing environmental condi-
tions. The biodegradation or the remediation
therefore preferably takes place in situ. The
difficult and cost-intensive suctioning of the oil-
binding agent mixtures from the surface of the
water and the subsequent disposal, dumping, and
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reprocessing of this highly problematic waste,
which as mentioned above often leads to the fact
that no measures at all are taken for cleaning oil
contaminations, are rendered superfluous by way
of the inventive in situ decomposition of the toxic
hydrocarbon compound.

Microorganisms which are suitable for the
decomposition of crude oil or other hydrocarbon
contamination are added to the composition and
form an important constituent of the product in
one advantageous embodiment. The microor-
ganisms are formulated such that its storage
capability and flowing ability are ensured. The
formulation is preferably effected in the form
of pellets or capsules. In particular, national or
local regulations are to be observed and adhered
to with the application of nonindigenous micro-
organisms. Since these may be admixed without
any problem into the suitable flowable formula-
tion, even on location, the microorganism con-
stituent may be adapted to the regulations which
apply to the respective location of application
without significant effort. A new solution for
the previously mentioned problem and the task,
which is derived from it, is specified by the present
invention as is characterized in the patent
claims.

Working of the Technology: So much agent
according to the invention in the composition
mentioned above was scattered onto the oil,
floating essentially on the surface of the saltwater
(a part of the oil however was also distributed in
the water in the form of small droplets) that the
complete oil layer floating on the water surface
was covered with a roughly uniformly thin layer
of the agent according to the invention.

Already a few seconds after scattering an
agent according to the invention with 40% silica
sand (grain size 0.2-0.3 mm), 40% granite meal,
15% meal of siliceous limestone, and 5%
CaCO,, the agent bonded to the oil, disappeared
from the surface of the water, and as a result
slowly fell to the bottom of the test vessel as a
fine sediment. The water became rapidly clearer,
and oil could no longer be ascertained in the
water optically as well as by smell, already after
about 1 day. The oil was completely bonded in
the sediment.
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Strategy 3

Substrate Bioavailability Enhancing Solution:
The third strategy for bioremediation has been
developed by Kaiser and Collins (1995) and is
protected by a US patent (US5561059A). The
technology is about a chemical mixture which
enhances the substrate bioavailability.

The invention describes a liquid substrate bio-
availability enhancing solution that cofunctions
as an emulsifier and cleaner for oil-contaminated
surfaces and subsurfaces and as an enhancing
nutritional liquid carrier for specially selected
naturally occurring microbes to be added and
indigenous organisms. The added specially selected
microbes multiply in the host liquid. After appli-
cation to oil-contaminated surfaces or subsur-
faces as the liquid emulsifies the contaminants,
the microbes efficiently begin the digestion of the
microscopic particles produced thereby.

The method developed by Conard and Collins
is comprised of two separate parts: the microbe
enhancing emulsifier and cleaner and the selected
naturally occurring microbes. The liquid part of
the invention is an aqueous mixture of nonionic
and anionic surfactants and other chemicals.

The method claimed by Conard and Collins
has the following exclusive features:
¢ Provides environmental workers with a substrate

bioavailability enhancing emulsifier and cleaner

for control of hydrocarbon contamination

* Provides an efficient substrate bioavailability
enhancing oil emulsifier and cleaner-carrier
for the practical delivery of selected bioreme-
diating microbes

e Provides substrate bioavailability enhancing
emulsifier-cleaner that, when applied to oil-
contaminated surface or substrate, is not detri-
mental to the indigenous microbial population

e Provides a liquid carrier that acts as a life-
enhancing medium for the selected naturally
occurring microbes that are added prior to
application to an oil-contaminated surface or
substrate biocatalyst

e Provides a liquid carrier that acts as a
life-enhancing medium for the indigenous
microbes that are present prior to application
to an oil-contaminated surface or substrate
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e Provides a carrier liquid whose components
can also act as a food source for the naturally
occurring microbes prior to application to an
oil-contaminated surface of substrate

e Provides a carrier that stimulates the dormant
naturally occurring microbes when added and
provides for their rapid multiplication through
the presence of an atomically bonded stable
nonoxidizing oxygen biocatalyst added prior
to application to the contaminates

* Provides a substrate bioavailability enhancing
chemical mixture that may be diluted with
water, thus providing an economical method
for delivery to, and application upon, contami-
nated areas

e Provides a carrier for microbes that is not
harmful to the intact normal human skin so
that it can be safely handled by the applicators

¢ Provides a method of practical bioremediation
by using emulsifiers that efficiently portion
food for the microbes

e Provides a method of hydrocarbon cleanup
that does not require transportation and relo-
cation of the contaminants which contributes
to further pollution of the environment

e Provides a carrier whose active components
do not react with each other
These and other attributes of the invention

are realized by combining into an aqueous base,
emulsifiers, surfactants, and other ingredients
such as the emulsifier nonylphenol ethoxylate,
a surfactant such as linear alkyl aryl sodium
sulfonate, a sequestering agent such as ethyl-
enedinitrilotetraacetic acid — tetrasodium salt —
an emulsifying solvent such as dipropylene
glycol monomethyl ether, a pH control agent
such as sodium silicate, and an atomically
bonded oxygen source as part of the water com-
ponent which serves as a nonoxidizing oxygen
biocatalyst.

Working of the Technology: Selected live natu-
rally occurring microbes are added to the liquid
emulsifier at the job site prior to use. The microbes
may be anaerobic microbes, aerobic microbes,
or facultative microbes which are added under
anaerobic or aerobic conditions. The microbes
may be dormant live naturally occurring microbes
packaged in powder form.
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The liquid substrate bioavailability enhancing
emulsifier of the present invention, when the
dormant dry powder microbes are added, acts as
a host liquid for the microbes and with the action
of the biocatalyst causes the microbes to be
activated and nourished to activate their repro-
duction cycle.

The combination of ingredients stimulates a
very rapid arousal of the microbes from their dor-
mant state, activating their rapid division so that
when the liquid mixture is applied, the microbes
are vigorous and reproducing exponentially.

The substrate bioavailability enhancing chemical
mixture is applied to oil-contaminated surfaces,
and upon contact with the hydrocarbons, the
mixture of ingredients rapidly emulsifies the oil
contaminates into tiny droplets. Just as milk fat
(oil) is in a near colloid state in milk and thus
does not easily rise to the surface as cream, the
emulsifiers decrease the size of the contaminat-
ing oil and hold it in suspension because of the
tiny droplet sizes. This exposes tremendous sur-
face area to the activated oil-consuming microbes
which can then efficiently begin bioremediation.
Microbes can most efficiently biodegrade their
food substrate if it is available in sizes smaller
than themselves.

The encapsulation of the microscopic particles
of oil in the resultant colloid state gives the
microbes the important oil/water interface that
is necessary, along with supplemental oxygen,
for their efficient oil-digesting activities.

Strategy 4

Nutrient Material for Promoting Growth of
Petroleum-Degrading Bacteria: The fourth strategy
was devised by Felix and Hruza (1998) who
are working for a US-based company named
BioNutraTech, Inc. This company manufactures
and distributes micro-encapsulated bio-nutrients
that stimulate microbial activity for advanced
commercial, industrial, and environmental biore-
mediation. Their proprietary products provide
essential nutrients that stimulate and sustain
the accelerated growth of highly desirable types
of naturally occurring microbes that are already
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present in targeted wastes. The technology
developed by BioNutraTech was first disclosed
publically through a patent application
WO-1999046210A1.

The method disclosed by Felix and Hruza uses
a particulate material for promoting growth of
petroleum-degrading bacteria. Each particle of
the nutrient material comprises a core of water-
soluble, microbial available nutrients selected
from the group consisting of nitrogen in the form
of ammonium or urea compounds, phosphorous in
the form of microbial available phosphate com-
pounds, iron in the form of microbial available
iron compounds, and oxygen in the form of vari-
ous hydrogen peroxide compounds. The coating
formulation of this invention uses a mixture of
saturated and unsaturated fatty acids to form a
coating material which is readily biodegradable,
has physical properties making it efficient for
encapsulating microbial nutrients, increases the oil
phase partitioning of the composite, and reduces
the cost of manufacture. More particularly, the
encapsulation for the core of nutrients is formed of
an oleophilic and biodegradable coating compris-
ing oleic acid and a carboxylic acid selected from
the group consisting of stearic acid, palmitic acid,
and mixtures thereof. The preferred ratio of oleic
acid to the selected carboxylic acid is between
about 70:30 and about 30:70 by weight.

The invention also provides a process of man-
ufacturing the coated nutrient material (Fig. 16.3),
which comprises mixing microbial nutrients
together as dry ingredients and grinding them
into a powder sufficient to pass through a number
40 sieves. A coating mixture is prepared from
commercial grade stearic acid and oleic acid at a
preferred ratio of 40:60 by weight.

The coating mixture is melted by heating to
100°C and resolidified to form a homogeneous
composite and remelted at 100°C. Upon cooling to
65°C, the coating is blended into the nutrients at a
ratio of 90% nutrients to 10% coating by weight.

Working of the Technology: Biodegradation
potential was assessed by treatment of artificially
weathered crude oil treated with an oleophilic
nutrient mixture without an oxygen-releasing
compound. An identical untreated control was
maintained for comparison. The oil was then
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Fig. 16.3 Is a flow diagram of the method of manufacturing the present composite material

treated with 0.30 g of a nutrient mixture com-
posed of 0.256 g (NH,),SO,, 0.011 g of KH,PO,,
and 0.003 g of FeSO, 7H,0, coated with a mix-
ture of 0.018 g oleic acid and 0.012 g of stearic
acid. The reaction vessel was continuously aer-
ated with bubblers at a rate of 250 mm of air per
minute. After 48 h, a follow-up application was
made using only one-half the amount of nutrient
mixture as in the original application. Percent
difference in reduction of oil between the treated
and untreated oil was measured after each time
period.

Strategy 5

Enriched Steady-State Microbial Consortiums for
Microbial Enhanced Oil Recovery and In Situ
Biore-mediation: The fifth strategy for bioreme-
diation comes from a team of scientists working
for a US-based company DuPont. The technol-
ogy disclosed by Hendrickson et al. (2010) of

DuPont through a patent application number
WO02010096537A1 uses enriched steady-state
microbial consortiums for microbial enhanced
oil recovery, and in situ bioremediation of hydro-
carbon-contaminated sites, under anaerobic den-
itrifying conditions, is disclosed. The consortium
is identified by obtaining environmental samples
comprising indigenous microbial populations
exposed to crude oil and enriching the said popu-
lations per enrichment protocol. The enrichment
protocol employs a chemostat bioreactor to provide
a steady-state population. The steady-state popu-
lation may be characterized by using phyloge-
netic DNA sequence analysis techniques, which
include 16S rDNA profiling and/or DGGE
fingerprint profiling as described herein. The
steady-state population is further characterized as
an enriched consortium comprising microbial
constituents having relevant functionalities for
improving oil recovery or in situ bioremediation
of hydrocarbon-contaminated environmental
sites. The steady-state enriched consortium may
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Fig. 16.4 Distribution of microorganisms in the parent POG1 consortium after 3 months in second-generation parent

populations as determined by 16S rDNA identities

grow in situ, under reservoir conditions, using
one or more electron acceptors and the reser-
voir’s crude oil as the carbon source for micro-
bial enhancement of oil recovery or in situ
bioremediation of hydrocarbon-contaminated
environmental sites. The steady-state consortium
may be used with other microorganisms to
enhance oil recovery in reservoirs or wells or in
situ bioremediation of hydrocarbon-contami-
nated environmental sites with analogous reser-
voir conditions of the selected/targeted wells.

The method described for in situ bioreme-
diation of hydrocarbon-contaminated environ-
mental sites comprises anisolated consortium
of microbial species, comprising one
Thauera strain and two other strains selected
from the group consisting of Azoarcus sp.
Pseudomonas sp. Azotobacter sp. Bacteroides sp.
Clostridium sp. Anaerovorax sp. Finegoldia
sp. Spirochetes sp. Deferribacter sp. Flexistipes
sp. Chloroflexi sp. and Ochrobactrum sp.
(Fig. 16.4).

Working of the Technology: Enrichment of a
microbial consortium on targeted oil as the car-
bon source under denitrifying anaerobic condi-

tion is carried out. Parent enrichment cultures
and a screening protocol were developed to iden-
tify microbes capable of growth under anoxic
conditions on either crude oil or its components
or samples from a hydrocarbon-contaminated
site as the sole source of carbon. These soil sus-
pensions were used as an inoculum into 60-mL
serum vials that contained 2:1 v/v of the minimal
salts medium (20 mL) and the autoclaved crude
oil (10 mL).

The parent POG1 consortium cultures were
examined for their ability to release oil from sand
in a visual oil release assay using the microsand
column described above. Inocula from early par-
allel enrichment cultures of the second-genera-
tion parent POGI1 consortium and one
third-generation culture (EH40:1) with high
nitrate concentration (1,600 ppm) were tested in
this assay. All enrichment cultures were grown
anaerobically in the SL10 minimal salts medium
using ACO oil as the carbon source and nitrate as
the electron acceptor until turbidity was observed.
A 4.0 mL aliquot of each inoculum was added to
the 13-mm glass tubes either directly or diluted
1:2 with the minimal salts medium. The micro-
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sand columns were placed in each glass tube,
immersed in the medium/cell inoculum with the
tapered neck of the Pasteur pipettes pointing up.
The outer vials were sealed in the anaerobic Coy
chamber and allowed to incubate at ambient
temperatures for the next several weeks. Each
column was periodically checked for oil release.
Cultures that enhanced release of oil over back-
ground (sterile medium) were presumed to have
altered the interaction of the oil with the sand sur-
face. Oil released from the sand was visualized
by the released oil collecting in the tapered neck
of the Pasteur pipettes or forming droplets on the
surface of the sand layer. Oil release was observed
for some of the POG1 parent enrichment cultures
as rapidly as only 3 h after inoculation.

Strategy 6

Microemulsion as a Biodegradation Accelerator:
The sixth technology is assigned to Elf Aquitaine
and is protected as US patent US6190646B1. EIf
Aquitaine was a French oil company which
merged with Total Fina to form Total Fina EIf.
The new company changed its name to Total in
2003. The technology is about a nutrient microe-
mulsion in spray form, useful as a biodegradation
accelerator. This technology was invented by
Tellier et al. (1999).

The invention describes a microemulsion
which is useful as a biodegradation accelerator
which is nontoxic, which is stable at temperatures
from —10 to +50°C, and which has fluidity at
+5°C which is sufficient for use in the applica-
tions desired.

This microemulsion, which is useful as a bio-
degradation accelerator, contains at least one
nitrogenous compound such as amino acids, pro-
teins, urea, and its derivatives from 10 to 35% by
weight of a phosphorus surfactant compound of
the alkyl or alkenyl phosphoric ester type, the
ester being a monoalkyl- and/or dialkyl- or
monoalkenyl- and/or dialkenylphosphoric ester
from 3 to 20% by weight of at least one cosurfactant,
a compound selected from the group consisting
of vegetable oils, animal oils and fatty acids, and
a plasticizer, said emulsion having a viscosity at
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5°C less than or equal to 200 mPa sec and stable
at a temperature of —10 to +50°C.

In the present invention, it is the combined effect
of the surfactants derived from the above specific
phosphoric esters, with a cosurfactant or a mixture
of cosurfactants, which assures the stability of the
microemulsion down to a very low temperature, at
least —10°C, and allows the product to be used
without difficulty in any cold environment.

Working of the Technology: There is an accel-
erator effect on the biodegradability of microe-
mulsions of the invention, with regard to
hydrocarbons with a radiorespirometry pilot. The
measurement is conducted with the aid of a labo-
ratory apparatus called a radiorespirometer. It
enables continuous observation of the digestion
of radioactive hydrocarbons while evaluating the
abiotic losses on each culture which avoids incu-
bating with sterile cultures.

Hundred milliliters of a reaction medium is
formulated from synthetic seawater, bacterial
flora, and phenanthrene labelled with “C, biode-
gradable with difficulty, at 100 mg/L, in culture
flasks or 250-mL Erlenmeyer flasks equipped
with two lateral Torion (joints), with one being
connected to the inlet for oxygen, and the other
being connected to a trap for hydrocarbons
formed by ORBO-43 columns sold by Supelco.
The flow of oxygen for aeration is adjusted to
5 mL/min, and the medium is agitated with a
back-and-forth agitator at 80 oscillations per
minute. These reactors, thus agitated, are placed
in the dark to incubate at 20°C for 1 month.
Evaporated hydrocarbons are absorbed on the
hydrocarbon traps. The flow of air entrains CO,
labelled with “C derived from digestion of the
phenanthrene into a CO, trap formed by a solu-
tion of 4N sodium hydroxide.

During this incubation for 1 month, in order to
measure the kinetics of digestion, samples are
taken every 2 or 3 days, depending on the results
obtained. Three aliquot samples of 0.5 mL of the
solution of 4 N sodium hydroxide are placed for
measurement in 10 mL of Hionic-Fluor cocktail
from Packard.

The bacterial flora used to test the effectiveness
of the microemulsions, or rather of the surfactant/
cosurfactant pair, is a complex natural flora of
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marine origin. Before starting the tests, this flora
is reactivated by being kept at 80°C on rich
medium Marine Agar 2216 from Difco for 8 h.
Then it is precultured on synthetic seawater of
the Instant Ocean type at 33 g/L. and enriched
with 50 mg/L of light crude Arab oil for 2 days in
the presence of nitrogenous and phosphorous
nutrients, ammonium chloride, and potassium
hydrogen phosphate, in concentrations such that
the ratios C/N/P are equal to 106/16/1.

The labelled phenanthrene used is °-'*C, Sigma
product 31,528-1. The tests are carried out in
nine reactors placed in series, all containing the
same reaction medium formed from synthetic
seawater, labelled phenanthrene at 100 g/L, acti-
vated bacterial flora at 10% v/v, and a neutral pH
buffer, TRIS at 6 g/L, these concentrations being
reported as the reaction medium. Various micro-
emulsions of the invention and of the prior art are
introduced into 8 of these reactors. The concen-
trations of the microemulsions in the reaction
media at the beginning of the trials are 10 mg/L.

A better digestion of the phenanthrene is noted
in the presence of microemulsions x 16 and x 20.
For certain other formulations of the invention, a
certain latent period is observed before digestion
is produced.

Strategy 7

Nutrient Concentrate for Accelerated Growth of
Hydrocarbon-Consuming Microorganisms: The
seventh representative technology invented by
Holtwiesche, Bettina; Weiss, Albrecht; and
Boehme, Adelheid, is assigned to Henkel and is
protected by a US patent number US5635392A.
Founded in 1876, Henkel holds globally leading
market positions both in the consumer and indus-
trial businesses. Headquartered in Diisseldorf,
Germany, it has about 48,000 employees world-
wide. The present invention provides a nutrient
mixture which has an emulsifying effect and would
contain P- and N-yielding substances, but would
be made up of very few pure C-compounds.

This nutrient mixture leaves very few residues
behind in the soil sample to be treated. The
described nutrient mixture would prefer the pol-
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lutant-degrading  microorganisms to  other
microorganisms.

This invention relates to a nutrient concentrate
for stimulation and as a growth aid for the acceler-
ated growth of hydrocarbon-consuming microor-
ganisms for their use in the biological degradation
of organic components, containing water-soluble
and/or oil-soluble compounds of Phosphorus (P)
and Nitrogen (N) present in admixture with other
water-soluble and/or oil-soluble organic mixture
components which are at least partly endowed
with nutrient character for the growth of the micro-
organisms, characterized in that it is in the form of
a liquid water-based preparation and contains one
or more esters of phosphoric acid as emulsifier and
P-source and, if desired, one or more water-soluble
or water-dispersible N-sources.

The present invention also relates to the use of
the nutrient mixtures in combination with concen-
trates of microorganisms which are capable of
degrading hydrocarbon compounds and which are
preferably of natural origin. Important applica-
tions include the remediation of soils, freshwater,
and/or saltwater through the elimination of pollu-
tion based on hydrocarbon compounds and also
the treatment of working equipment, pipes, and
large vessels, including tankers and the like, using
the nutrient mixtures according to the invention.

In one particular embodiment, the invention
relates to the use of the nutrient mixtures, more
particularly in combination with microorganism
concentrates capable of degrading hydrocarbon
compounds, for the elimination of oil-wetted cut-
tings from geological land-supported or offshore
drilling, for example, from the development of
geological occurrences.

In the context of the invention, particular
significance is attributed to the phosphoric acid
esters used. These compounds act on the one
hand as a P-source and on the other hand as
emulsifiers. Although the way in which they act
is not fully understood, it may be assumed that
the compounds collect at the interface between
the hydrophobic pollutant and the water present
in the soil sample and, on the one hand, develop
an emulsifying effect and, on the other hand, keep
the phosphorus source available in the immediate
vicinity of the pollutant so that it is useful in par-
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ticular to those microorganisms which are capa-
ble of degrading the pollutants. Preferred
phosphoric acid esters are those which can be
taken up by microorganisms. Accordingly,
amongst the compounds which meet this require-
ment, particular significance is attributed to the
phospholipids. Phospholipids are amphiphilic
substances which are obtained from vegetable or
animal cells. Preferred phospholipids are the
glycerophospholipids which, normally, are also
known as lecithin. The sphingophospholipids are
less preferred. Known compounds which may be
used in accordance with the invention are the
diacyl phospholipids, phosphatidylcholines,
phosphatidylethanolamines, phosphatidylinositols,
phosphatidylserines, phosphatidylglycerols,
phosphatidylglycerol phosphates, diphosphati-
dylglycerol, N-acyl-phosphatidylethanolamine,
and phosphatidic acid. Preferred compounds are
the monoacyl phospholipids, lysophosphatidyl-
cholines, lysophosphatidyl ethanolamines, lyso-
phosphatidyl inositols, lysophosphatidyl serines,
lysophosphatidyl glycerols, lysophosphatidyl
glycerophosphates, lysodiphosphatidyl glycer-
ols, lyso-N-acylphosphatidylethanolamines, and
lysophosphatidic acid. By virtue of their accessi-
bility, the expert will mainly use commercially
available phosphatidyl glycerides which are mar-
keted as vegetable or animal lecithins and cepha-
lins. These preparations are generally obtained
from oils, such as wheat germ oil or cottonseed
oil or soybean oil. According to this strategy,
preference is attributed to the enzymatically
hydrolyzed glycerophospholipids (enzymatically
hydrolyzed lecithin), which are more hydrophilic
in character through the elimination of a fatty
acid residue. The only exceptions are those prod-
ucts which have lost their phosphoric acid com-
ponent as a result of the enzymatic hydrolysis.
In addition to or instead of the phospholipids
mentioned above, partial esters of phosphoric
acid with fatty alcohols, more particularly cor-
responding partial esters with linear fatty alco-
hols, may also be used as the P-source of the
nutrient concentrates according to the invention.
Esters of relatively short-chain fatty alcohols, for
example, C67lO fatty alcohols, are particularly

suitable. However, alkyl phosphates with relatively
long-chain fatty alcohols, that is, C, ,, fatty
alcohols, may also be used. Fatty alcohol ether
phosphates are also suitable. These are phos-
phoric acid partial esters of ethoxylated fatty
alcohols, the fatty alcohols containing 8-24 car-
bon atoms and being ethoxylated with 1-10 mol
and preferably 4-6 mol of ethylene oxide per
mole of fatty alcohol.

The phosphoric acid esters mentioned are used
in the nutrient concentrates according to the
invention in quantities of 10-40% by weight and
preferably in quantities of 20-30% by weight.

In addition, the nutrient concentrates accord-
ing to the invention contain an N-source in the
form of inorganically and/or organically bound
nitrogen. N-sources which only contain organi-
cally bound nitrogen are preferred because the
use of inorganically bound nitrogen can result in
salinization of the soil.

Working of the Technology: A nutrient concen-
trate was prepared from glycerophospholipid
(enzymatically hydrolyzed lecithin, trade name:
Lipotin® NE, a product of Lucas Meyer) 20% by
weight, urea 20% by weight, alkyl polyglycoside
(C chain length: C.sub.8 to C.sub.16, D.P.: approx.
1.4) 2% by weight, and water ad 100% by weight.
Substrate: 2kg of sand polluted with 7,000 ppm of
crude oil. Incubation temperature: 16°C; observa-
tion period: 42 days; treatment interval: 0.4 g
nutrient concentrate/kg sand every 10 days; pol-
lutant analysis method: DIN 38409H18. The pol-
lutant analysis method according to DIN
38409H18 comprises determining the specific
spectral absorption of hydrocarbon mixtures by
infrared spectroscopy in an organic solvent
extract. The number of ‘degradation specialists’,
that is, the microorganisms capable of degrading
the contamination, was determined by initially
determining the total number of growing microor-
ganisms or microorganisms capable of growth
and then determining the number of degradation
specialists from the result obtained by transferring
the cultures to a nutrient plate containing hexade-
cane as sole C-source. It was undoubtedly proved
that the nutrient concentrate activates the degrada-
tion potential of marine flora.
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Fig. 16.6 Number of patent families filed for microorganism-based bioremediation technologies

Top Assignees and Countries in the
Domain of Bioremediation

Figure 16.5 shows that US-based company
DuPont is the most aggressive company working
towards developing microorganism-based tech-

nologies for bioremediation of oil-contaminated
sites followed by Biosaint; Univ Nat Cheng
Kung; Samsung Everland Inc.; Technology
Licensing Organization, Japan; Biorem AG;
Petrozyme  Technologies, Canada; Ocean
University of China; and BioNutraTech.
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The USA is on the top of all the countries in
patenting activity (Fig. 16.6). US-based companies
E.I. duPontde Nemours and Company, Wilmington;
BioNutraTech Inc., USA, and Savannah River
Nuclear Solutions LLC are actively working in this
direction. In China the universities are very actively
working in development of bioremediation tech-
nologies, prominent amongst these are Ocean
University of China, Dalian University of
Technology, and Peking University, Beijing, and in
companies, PetroChina Co. Ltd. is very active.
Korea is an East Asian country that is very active
after China; main companies in Korea are Biosaint
Co. Ltd., Samsung Everland Inc., and Korea
Research Institute of Bioscience & Biotechnology.
In Japan, Taisei Corp., Tosoh Corp., and Fukushima
University are the top inventing companies.
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