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‘Northern Region Persistent Organic Pollution Control (NRPOP) Lab

First of its kind in Canada with national and international recognitions
Major funding from CFI, NSERC, NL Government, PRNL, etc.

Target Pollutants

A Persistent and organic pollutants i petroleum hydrocarbons and by products (esp. oil
spills), polycyclic aromatic hydrocarbons (PAHS), produced water, marine (ballast/bilge)
wastewater, other industrial oily wastewater, contaminated sites, etc.

A Emerging pollutants (EPs) in ocean and coastal environments - chemical surfactants,
pesticides, flame retardants, disinfection byproducts, pharmaceutical and cosmetic
products (PPCPs), nano-particles, microplastics, etc.

Target Environments
A Cold regions including North Atlantic, Arctic and sub-arctic areas
A Marine and coastal environments, etc.
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Professors Postdocs Internatlonal
3 core professors, 10+ and StUdentS COIIaboratlons

adjunct/associated professors, About 20-30 trainees at any N , , ,
and 30+ collaborators globally time incl. 4+ postdocs/RAs, * Institutional collaborations with Univ of

10+ PhD, 10+ masters British Columbia, McGill Univ, Univ of
students, and some work-term  Victoria, McMaster Univ, Dalhousie Univ,
UG students: hosted 40+ Univ of Regina, Univ of California Berkeley,
B _ visiting scholars worldwide; Stanford Univ, Cornel Univ, Maryland Uniyv,
W= CE s grudated students well placed Univ College of London, Nanyang
: & in adademia, industry and Technological Univ, Peking Univ, Beijing
government Normal Univ, Ocean Univ of China, etc.

« Governmental collaborations with

Environment Canada, Fisheries and

Major Research Expertise € marine/inland oil spill Oceans Canada, Natural Resources
response and cleanup, contaminant fate, transport and Canada, NL Department of Environmental
effects, marine/coastal pollution prevention & Sﬁlrgsr\é?é'on, US EPA, US NOAA, CSIRO,
mitigation, advanced water/wastewater treatment, . Industrial collaborations with PRNL,
environmental nanotech, environmental biotech, site ExxonMobil, Suncor, Equinor (Statoil),
remediation, process simulation & control, system ECRC, ABS, SINTEF, Cedre, Vale Inco,
optimization, risk/impact assessment, Al-aided _Nestle, etc.

C multiple-scale R&D and real-world

applications
NEWFOUNDLAND & LABRADOR, CANADA NRPOP LA B AAALLNEES

decision making, etc.
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Featured Facilities

A

A

i vl O K A

Advanced analytical instruments (GC/GC-MS, GC-FID/ECD, HPLC-MS/MS, IC,
AAS, TPH, TOC, spectrometers, AES, viscometer, contact angle goniometer, etc.)

Biological and nanomaterial devices (PCR, fermentor, Microtox, respirometer,
bio-safety carbinet, glovebox, freeze-dryer, NanoSight, LISST, microreactors, etc.)

Physical simulation chambers/models (e.g., batch-/bench-/pilot-scale
reactors/tanks incl. cohosting a 3.6m soil tank and 12m wave/spill tank)

Data/image processing tools and modeling software - GNORM, OSCAR,
MEDSLIK, LINGO/LINDO, ArcGIS, AutoCAD, Matlab, Worldviz VR, Hololens, etc.

Faculty of Engineering - towing/wave tank, deep-water tank, ice tank (w wind
tunnel), cold rooms (-20°C; x3), AUV and gliders, etc. (NRC i 200m ice/wave

tanks, large- scale 3-D printers, etc. 3
g - ‘"-’,. ﬂ, fi " ! (“
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Oll Spill Research g0

V] vl O 1A
UNIVERSITY

Area 1: Biosurfactant producers and production

Area 2: Bio-aided oil pollution mitigation
Area 3. Enhanced monitoring and analysis

Area 4: Oily wastewater treatment

Area 5: Dynamic simulation, integrated assessment and
Intelligent decision making

~100 refereed journal publications and 6 patents/disclosures in the past 5 years
(e.g., JIHMEPWR, BT, FEE, JCP, STOTlENMosperelEMMBP,EnvSoft ESPRIEI, RS&dy GA)
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Research Area 1: Biosurfactant Producers and Production

1-1: Biosurfactant producer screening and genetic engineering
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I Research outputs:

I 1. 140+ surfactant production strains were

I screened from the North Atlantic ocean and
coasts, including one new strain and one first

| discovered strain with surfactant production

. I ability as well as a variety of characteristic

: strains

« Ongoing up(alz and loss of genes
= Many mobile elemmenty and gencme rexrangemeants
« Accelerated evalutionary rates
« Few pieudogenss

B mebicalencnts
- g e
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U‘-;' % b%' bt
1 2. By genetic shuffling, ultraviolet mutation and
'W@ '*f&. iQ i = I enzyme technology, etc. high efficient mutation
- -l : e e : strains were obtained. The best strain can
r ’ P —— increase production capability with over 200+
. times CMC.
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1-2: Waste based biosurfactant production

Large scale biosurfactant production face challenges

from high production cost C selection of economical
raw material is important
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Remove the heads. tails. and viscera immediately, mice twice at medium
speed with blender. frozen and stored at -20°C
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I Research outputs: I @ 3 %
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| 1

biosurfactant producing substrate.
. A cost reduction (10%-20%) was achieved with a

productivity enhancement (~10%) NRPOP LABERYWYAYVIING
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1-3: Cultivation system design and advancement

The development of fermentation system is expected to C ease

production process, enhance productivity with stable product quality
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: Research outputs:

1. Investigated the immobilization of biocatalyst on
porous carrier nano-material C to enhance cell

1

1 ¢

| density C promote biosurfactant productivity
1

1

2. Improved the understanding of cultivation setups

C shed light on the application of fixed bed

biofilm reactor for catalyzing bioproduct

generation
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Research Area 2: Bio-Aided Oil Spill Cleanup

2-1: Bio-dispersion for marine oil spill response and cleanup

VI E IV O K | A
: : x ) UNIVERSITY
Performance of biosurfactant based dispersants? C surface-active

properties, effectiveness, toxicity v B e

Surface-active  Units (Surfactins) Rhamno- Trehalose Exmulsins ("Corexit ) 2% g
parameters lipids lipids 9500A N ™ i =
. ; % . : g 0.00 E
CMC (mg/L) 13.01 1355.71 199.16 500512.65 3241 - % E
w0 " H o010 "
o _ 1o 0.000
L 15 G
Minimum =~ (dynes/ 28.98 39.97 34.90 57.06| 39.96 | g £,
surface tension  cm) 5 < 1 alale |ele clala
& £ Joms: :, Corexit 95004 | Exmulsins | Rhamnclipids | Surfactins_| Tr mlmLmd]
% 10 1! % E
CEC (g/L) 1.56 =1016 19.37 14.73 1.98 2 g
3 3
204
Maximum E24 (%) 60.00 0.00 63.33 65.00 56.25
ol
a a a
[ corexit sso0a
CMC/1000CEC 1 0.0083 <0.0013 0.010 33.98 0.016
./ .
Biosurfactants EC50 (g/L) R od
5 min 95% confidence 15 min 95% confi f
exposure range exposure ‘
Surfactins 0.243 0.122-0.486 0.255
Trehalose >6.150 NAP >6.150
Rhamnolipid 0.968 0.730-1.285 0.977 0.614-1.556
Exmulsins =>5.005 NAP >5.005 NAD & e

(CEC"10%)

- j Research outputs:
| 1. Biosurfactants generated by different bacteria C evaluated as candidate for dispersant
I development (Surfactin/Trehalose lipids)
1 2. The optimum oil dispersion effectiveness achieved C when combining the abilities of
surface/interfacial tension reduction and emulsion stabilization in a balanced manner
3. Oil spill and dispersion in deep water (up to 3,000 psi or ~2000 m deep) by chemical and uzzﬁl ‘

biological dispersants \
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m Virulence, Disease and Defense (59)

W Potassium metabolism {10)

@M Photosynthesis (0)

®m Miscellaneous (26)

@mm Phages, Prophages, Transposable elements, Plasmids (3)
@@ Membrane Transport (76)

< @1

W Iron acquisition and metabolism (25)
RNA Metabolism (141)
m Nucleosides and Nucleotides (115)
@m Protein Metabolism (208)
@M Cell Division and Cell Cycle (49)
Motility and Chemotaxis (78)
@M Regulation and Cell signaling (47)
Secondary Metabolism (4)
DNA Metabolism (79)
m Fatty Acids, Lipids, and Isoprencids (118)
m Nitrogen Metabolism (14)
m Dormancy and Sperulation (13}
W Respiration (48)
. @ M Stress Response (86)
Metabolism of Aromatic Compounds (5)
Amino Acids and Derivatives (290)
Sulfur Metabolism (11)
Phesphorus Metabolism (41)
@ Carbohydrates (336)

W Cell Wall and Capsule (99)
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2-2: Bio-enhanced coastal washing and bioremediation

A Mechanism evaluation of biosurfactant enhanced bioremediation
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A Pilot scale evaluation of biosurfactant
enhanced soil remediation
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Figure 4.3 The biodegradation behavior
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stigate the degradation potential of the

' 2. Physical and numerical simulation, system
| optimization, and their coupling A cost reduction
: Land efficency improvement
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¥ig 6 Eflect of biosurfactant concentration on enhanced crude ofl removal in soil washing system

d

I Research outputs:

1 1. Bio-enhanced coastal remediation

I technologies C evaluated in multi-scales for oil
1 j Pollution cleanup and heavy metal removal




2-3: Bio-demulsification and bio-herding for oil spill response

2.



Research Area 3: Environmental Monitoring and Analysis

3-1: Advancement of oil analysis

A VSA/LLME-GC/MS analysis

J-‘

A Oil biomarkers and fingerprinting

Dispersed Physiochemical weathering Biomarkers
: - oil Microbial degradation distribution
Current methods| Complex Time/solvent consuming Hard to trace in
environment !
vs Efficient F ¥ Crudeoil m/z 123
i w
New methods Rapid and simple || Low-expense and toxic icient tor

PP

1 2 7 5|
L intensive detection | > day
P ainemt H _ W
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A Compound-speci yc stabl e I Research outputs: "
Monitoring and quantification tool C identify the 1 A Oil compound analysis in complex matrix: :
biodegradation pathway of dispersed oil C CSIA I Vortex- and Shaker-Assisted Liquidi Liquid 1
e —— I | Microextraction (VSA-LLME) coupled with |
| - Cmmm— 1 (GC-MS)C trace levels (> 10 ng/L) of I
« =253 0 - 1510 0 = s : dissolved PAHSs in offshore produced water :
" E.“?é o s I A Biomarkers and fingerprinting: screening 1
& W = : of reliable biomarkers C identification of spill :
Tl et P I  source and weathering status of dispersed |
”")xm{m ‘ ' 15710 05 00 : oil :
e (52) e B T : A CSIAC quantitation method to monitor the :
R TG G | et B 570 Y biodegradation of naturally/chemically
petrmr- (BGY (2 T LR e T dispersed oil in ocean environment
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3-2: Phospholipid fatty acid (PLFA) based microbial
community analysis

vike 5,
VERSITY

A Microbial community analysis during
oil biodegradation

A Sulfate-reducing bacteria (SRB)

qualification/quantification in reservoir samples

. . Response of 29 FAMEs

‘ Extraction of Lipids ‘ - Bioremediation

FAME:s production ‘ ‘
¥ - FAME:s production

‘ GC-MS analysis ‘ - N ) = ‘

‘ L 2 ‘ I ~ l GC-MS analysis
Statistical Correlation oo ol < = ;
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: Research outputs: 5
1 1. Development of PLFA quantification method C routine analysis of samples
I with high oily and salinity properties in marine environment C elucidate

: dynamic changes of the microbial community structure, and associated
i

biodegradation mechanism during biodegradation

Application: PLFA analysis for profiling microbial communities in offshore
produced water, oil contaminated soil and sludge samples




Research Area 4. Oily wastewater treatment

4-1: Enhanced oxidation processes and nano-microbial

enhancement for wastewater treatment and reuse UNIVERSITY
Enhanced oxidation processes (EOPs): ozonation + UV/LED +~ - ety
nano-catalysts/MOFs + ultrasonication + biosurfactants + RO B S| —3 1 z | e

continuous flow micro-reaction + microbial fuel cells

Management technologies: process simulation + process ®Z%
control + system optimization

Barrels of produced water samples

|Batch scale UV treatment vessels |

Bench scale treatment reactors

Hybrid Oxidation System (UV/O3/TiO5)

UV-enhanced Photo Oxidation Approaches

Key testing parameters: UV (wavelengths, strength, exposure time), pH,
temperature, photo catalyst (type & dose), ozone (concentration, flow rate, time),
biosurfactant (dose &type) etc.

——————————— Process control & Experimental optimization JR i —_—

1

: Produced water sample pretreatment

' _ Solid Phased Extraction (SPE) Liquid Phased Micro-Extraction (LPME) |
1

1

1

1

Instrumental (GC/MS) Analysis & Data processing

= Photo degradation dynamics evaluation -—-L—~ Toxicity and risk evaluation GEEEEd
System integration and application

| Lab/sea-trial tests |

I Research outputs: "

: 1. Nanoscale catalytic materials C High activity, good stability, makes reaction possible under visible light

| 2. Integration with microbial enhanced methods C reduce cost and mgke process green and less environmental impact

1 3. Design of EOPs reactor and the optimization of reaction conditionsC make the technology possible for industrialization, and
I finally realize recycling, and "zero pollution emissions"

I 4. Multi-scale tests and application of the coupling use of the EOPs and nano-microbial enhancement for industrial wastewater |
L treatment and reuse (oil & gas, petrochemical, pesticide, pharmaceutical, shipping, etc.) with high cost-efficiency |

NEWFOUNDLAND & LABRADOR, CANADA NRPOP LAB WWW. MUN.CA
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Oil removal Intermediates/pathways Z Toxi ci tyBiodegradability
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| Key research outputs:

x Nanoscale catalytic materials C High activity,
good stability, makes reaction possible under
visible light

Mechanisms/pathways C unveils HCs removal,
degradation pathways and intermediates,
toxicity change during the process

Integration with enhancement methods C

|

:

1 Simulation-based process

|

|

|

|

| \’

| g“" (L]
reduces cost and makes process green and [ S

I

|

|

|

|

|

|

|

|

control and operation planning

X

less environmental impact
Design of EOP reactors and optimization of
reaction conditionsC industrialization and "zero

X

L B N N N N N §B N N N N N _§N |
X

pollution emissionsh i
: x  Provide feasible and effective expressions of Jo f
I uncertainties and simulation/assessment results 1 - i,
I into environmental decision-making a 2!
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Integrated decanting system

. Collectin 1st Stage Oil Storage
4-2: Integrated decanting Tk setie Tk
system for marine oil spill e

Discharge
| Overboard

(BT Y Y YYY Y Y 1)
Boomed 8

Area

response and on-site
treatment of decanted water

‘\0 Water/oil volume ratio at 1 hour
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0%

6“ EXP 1 EXP 2 EXP 3 EXP 4 EXP5 EXP 6
\ '\OE

Abundance

\% o m Water % m 0il %
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I High-efficiency and potential for applications in fields:
x  Oil spill response C on-site decanting for disposal at sea (save time and improve response capability)
x  Light crude, fresh oil, weathered oil C demulsifiers can increase oil solubility and decrease decanting time (up to 50%)
x Enhanced oxidation processes (EOP) C TPH (~400 ppm) reduced to <15 ppm (IMO std.) within 15-30 min; Removal rate (50
min): TPH: 98% & PAH (NAP): 93% C promising for discharge at sea
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4-3. Hydrophilic Mesh and Activated Carbon for Oll

Water Separation (Decanting) g

Research outputs:

High potential for on-site treatment
of decanted water.

Mesh
' : . 1. Reach up to 99% TPH removal if
Reagent 1) Poly(d|aIIyId|methyIammon|um combining W'th a polishing .
98 perfluorooctanoajePDDA hybrid mesh process using graphene oxide.

Dip Coating — me——) 2. The mesh showed 98% TPH

|

|

|

|

|

|

|

|

|

: removal with water polishing.

I After treating by the mesh and

I polishing, the TPH in water was
P 30 i
I ppm and 5 ppm respectively
|

|

|

|

|

|

|

|

|

|

|

|

|

Metalion Organic ligand .\L

[ ]
Hen
Metal Organic Frameworks

(MOFs)
N

DMF Washing

i
ﬂ Vacuum Drying

,2) MOFs/PDDA coated mesh

(initial 290 ppm).

3. Applying a low voltage of charge
iImproves the surface
hydrophilicity of the mesh in
seawater. An oil water
separation setup using this
technique will be developed to
test the TPH removal efficiency.

Electrlcal Charge : it
— 3.1) Wood based fly

ash coated mesh

3.2) Qil fly ash coated
mesh
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Research Area 5: Dynamic simulation, integrated assessment

and intelligent decision making

5-1: Integrated decision support systems for b =- -
environmental emergency management R

Environmental emergency (e.g., oil and chemical spills) C strong needs in
effective response decision making tools

Considered aspects: Canadian | |potential impacts: < ||Required data:
# Ecasystem (incl. fishery) Waters | |ghort-term = exposed aquatic organism « Gil/water separation (T385)
Natural, Social Offshore Qil Spills in “ Surveillance & -:n\q;::zn:::;z:mwtv o assets Long-term = coastal habitats & communities |[* Multiple demulsifier (T3&5)
& Economic Early Warming I " T « Decanted water treatment
Info ’ Harsh Environments > e Y 9 * Sacial-econamic resources Environment: Natural-human: (Ta85)
ity & kholders: » Ecological impacts * Costs » Process toxicity (T6)
» Government e Response organization » Socio-economic impacts » Spill < Fish stocks{|s Process biodegradation (T6)
® Industry * Academic expert AT
Review: (T1-2) Fm‘f"m”"' . ) “Response toolbox” :
- s With no actions (baseline) Sensitivity map
Treated water emission regulations: |+ With different combined response options A|, Qil spill modeling
» Local/regional/national { \ e Miulti nrr .
lun,'m‘fshure] / sc:r‘;-:if;;“ Ined-processing
i i Compile &
« International regulations \ waluma':'ezata Predict outcomes  |(Separation-Demulsifier-Treatment)
Decanting-related technologies:
» Canadian/international current practice Priority factors:
R el SICETE Selections Balance trade-offs  |# Ease of protection
7 * Potential technology ~—ts Ease of clean-up
! e Engineering Needs: 7 \ » Recovery times
S I I I rISk assessl I Ient L Technologies 'c""e"twac“e. . lOutputs: Multiple acceptable-level Benefits & Economic value
* Response organization end-point map drawbacks = Importance of subsistence
. * Regulator T s Seasonal changes in use
*1: task
and response modeling 5o F——m——————— e  — — — —————
DSS for Offshore Oil Spill [ |
Data From
| Ocean current Pl’.p‘f'dﬂ“. and R.’poﬂ“ | nvironment condition; |
vz - 7 R . Marine system; Offshore and | |
Observed data f | Advection, In-situ burning; booming and g
| 3 K 2 shoreline eco-systems; Offshore
e NO I S 5 I Lab T | Evaporation skimming, dispersant, natural i d ‘ H |
‘ Range Selection| ] Experiment eparation I reatment | |Decanted waterl Dispersion attenuation:. oil production; Human
T T I API, Centrifuge, Sorption, EOPs, | . |
. | ) 4 -
Spill Model | [~ o spil [ Parameter Response Hydrocyclone, Membrane filtration + Ol and Grease? S s it — e )
_ Selection _ simulation 7‘ | selection | catcutation | Ogumilion’ | Demulsification ~ ———. Process simulation SN T e = = = =
= « Demulisifier? Technologi
Traditional + Environmental Impacts « Scale up and Integration it | | Technologies
Sensitivity interaction | [ predicted ‘ + Efficiency « Footprint « System Optimization < Toxicity? | allocation and
An..(v)y’\/l:'():'g analysis Response « Oil cutoff « Application conditions . Biodegradability? movement
* Field . Capacity | |
v D hnol, i | | Technologies |
Spill Model
_ Verlfication _| | Effciency; | |
| ves Evaluation modeling Cost:
S Design of Experiment X = | ost; |
’Unl spill & e Optimal " « Database Recovery tim
Prediction ‘ Aided Paraterization Response + Oil property Lifecycle | I I Update clean- Policy |
Method « Emulsion rate = | | Al
Water content piEBA | Oilspill up (Targets) ||
& « Best Practice Strategies i
« Volume B 8 | transport and | | | technologies |
1 |
T
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Qil spill simulation: GNOME and OSCAR Response resources allocation/optimizati
+ uncertainty analysis C Decision support systems (DSS) e

UMNIVERSITY

Spill vulnerability assessment & planning
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