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Presence and Treatment of Persistent Organic
Pollutants and Metals in Stormwater

- - v ‘ . N .“““““““‘
s> ’\Q‘ \ CAUTION
A e i - \ é"‘ \
1 : LR y 4 - R £
f ' 7 = N \
1 - | Z b ) A
v 4 : g ‘, g = 0 ")‘”l A\
f ey Sy \‘?

S ———————————

qBRSITP
59 a

% Birthe V. Kjellerup, Ph.D.

18 / s« Dep. of Civil & Environmental Engineering
@4 P £ University of Maryland, College Park
YL




GSERDP

DOD = EPA = DOE

PCBs: An enwronmental Legacy’?
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Estimate:

0.6-1.2 billion
kg worldwide



Bioaccumulation

Bald Eagle

Cormorant

Humans

Herring Gull

Why are PCBs of concern?

Bioaccumulates and
biomagnifies in the food
chain

Sediments/soils = global
sinks

Toxicological effects: Cancer,
problems with endocrine and
reproductive organs as well
as immunological issues

Humans: Source - ingestion
(sea food, meat, poultry etc.)
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DNA leads to

is translated
into protein,

toxic effects
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Causes of water impairment in the US

Leading Cause of Impairment by Acres of Lakes, Reservoirs and Ponds
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PCBs in sediment — Baltimore Harbor
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Fig. 3. Total PCB concentrations in bottom sediment (ng/g, left) and water column (ng/L, right). Results at each
station are obtained by averaging all the available data.

Shen et al. Ecological Modelling 242 (2012) 54— 68
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PCBs in Baltimore Harbor: Example
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Locations of sediment
samples

Surface grabs:

1) Highway (HWY) 157
2) Colgate Creek

3) Hannover Bridge,
5) Curtis Creek

Core sample:
4) BH 42

Locations of municipal
(squares) and industrial
discharges (triangles) -
modified from Ashley
and Baker, 1999).

A .4
Kaya et al (2019), SOTE
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Legacy contamination or current sources?
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Conclusion:

Not only legacy PCBs (Example of Baltimore Harbor)
= Current sources are increasing the contamination level

— TMDLs in place for watersheds in the Chesapeake Bay i Hs
Kaya et al (2019), SOTE



> 50 years
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PCBs - Processes in sediment
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Are PCBs available for bacteria? ER-1492
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Conclusion: Good news
* Dechlorination of Aroclor 1260 in sediment with GAC
= No effect of GAC based on average chlorine content

Kjellerup et al, Water Res (2014)
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Effect: Sorption capacity & conductivity? ER-2135
% EZ Increasing Sorption Capacity -

::’ 15 Increased biofilm coverage

g 10 - with increasing sorption
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Summary:

* Increased sorption capacity increases biofilm formation
— Existing PCB contamination can be treated

=

No increased biofilm
coverage with increasing
conductivity

S. Capozzi et al, Biofouling, 2019



We can remediate contaminated sediments!

Why is recontamination still occurring?

12
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Wastewater: Annual PCB Discharge 235

2011 ELEZTCRITA 426.85 g (90.21%)

GVl 73.78 g (14.70%) 428.19 g (85.31%)

s
K 2013

4249 g (12.15%)

307.31 g (87.85%)

2014 79.48 g (19.33%) 331.59 g (80.67%)

PAUCIN18.23 g (5.27%) 327.43 g (94.73%)

0% 20% 40% 60% 80% 100%
Percentage

m Outfall 001
(Wet weather

m Ouffall 002
(Dry weather)

) Normal operation

Conclusion: The majority of the PCB mass comes from "real”

wastewater during all seasons, not stormwater overflow. £\

Jing and Kjellerup (2018), JES
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Annual PCB discharge vs. TMDL ER-2135
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©
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The Total Maximum Daily Load (TMDL) was exceeded every year

— Actions should be taken T
Jing and Kjellerup (2018), JES
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Run-off from Maryland Highways
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Cao et al (2019), Water Research
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Cao et al (2019), Water Research
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PCBs in urban areas around highways

High Concentrations:

Around old buildings
and urban roadways
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PCBs in urban bioretention cell
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Cao et al (2019), Water Research
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PCBs in urban bioretention cell

Core samples
Campus creek

Inﬂuent ° /
9 ft

( Samplers _O

Manhole : E

| @ N Bioretention cell S

Stormwater Roadway and
entrance parking lot

Sediment samples = WA
Cao et al (2019), Water Research
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PCBs in urban
bioretention cell
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- Depth 1, PCB concentrations |

- Distance from the entrance 1, PCB
concentrations |

b

Cao et al (2019), Water Research
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Treatment Media for Control of Persistent
Organic Pollutants and Metals in Stormwater
(New Start: ER18-1303)

Principal Investigators: Dr. Birthe V. Kjellerup (PI) & Dr.
Allen P. Davis (Co-l), University of Maryland at College
Park, MD



G SERDP

DOD = EPA = DOE

Performers (ER18-1303)

Dr. Birthe Kjellerup (UMD), Specialist in
biofilms, microbial degradation of PCBs/PAHs

Dr. Allen P. Davis (UMD), PE, Specialist in
treatment of pollutants in urban
stormwater/bioretention

Dr. Ed Kolodziej (University of
Washington, Tacoma/Seattle), Specialist in
chemical characterization and contaminant
fate

Mr. Chris Streb (Biohabitats), PE, Specialist
in implementation of stormwater management
solutions

Dr. Marc Mills (USEPA), Specialist in
contaminant fate/transport; assessment of
contaminated sediment remediation

Dr. Kristen Kerns (USACE), Specialist in
toxicology, bioavailability and risk assessment

Dr. Mandy Michalsen (ERDC), Specialist in
design and implementation remediation
strategies for hazardous waste sites

Dr. Rebecca Kowalski (Environmental
Division at Joint Base Lewis-McChord,
WA), Stormwater Program Manager

Mr. Brian Murray (Naval Facilities
Engineering Command, Mechanicsburg,
PA), Environmental Restoration Remedial
Project Manager 22
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Leading Cause of Impairment by Acres of Lakes, Reservoirs and Ponds

Y

West Coast: < - »- o
Joint Base Lewis-McChord, WA X =

»

»

East Coast:
* The UMD Campus, MD
* Naval Support Activity Mechanicsburg,
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Technical Objective (ER18-1303)

To develop new and innovative treatment media or mixes of media to
provide optimum removal of Persistent Organic Pollutants and metals,
with focus on PCBs, PAHs and copper, from stormwater runoff
originating from DOD sites.

- Focus on removal of dissolved COC (particulate COC readily removed)

- Treatment train: 1) Removal of adsorbed PCBs/PAHSs (via sorption), 2)
microbial degradation of PCBs/PAHSs, and 3) copper immobilization

- Monitoring using passive sampling

- Scale-up, implementation and commercialization aspects will be
considered (NO Field studies)

24



Concentration (ng/q)

Stormwater Collection and Analysis
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Summary:

« 2 storms collected (dry summer in MD)

« Dissolved PCB conc. reduced by 85% in bioretention
« Still 91 ng/L dissolved PCBs left

(3,3'): 20% of total PCBs

» Particle size: varies with storm (5-2346 um)

GSERDP
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ER18-1303

pH 7.72 6.77

7.82 6.70
Particle size 36 — 2346
(um) (median: 485)

5 — 400 (median:

66)
TSS (0.7 um 66.3 £ 5.52 4.60 = 0.53
filter, mg/L)
Total PCBs 720 = 69.6 90.6 £ 0.05
(ng/L)
PCB 11 (ng/L) 148 £ 32.9 13.2 £ 2.92
Cl per 3.38 £ 0.06 2.87 £ 0.10
biphenyl

25



Multiple problems exist at numerous sites

Contaminated soils require intervention and remediation!

There are 1300+ Superfund sites-and approximately 500,000 abandoned
mines across the U.S. that pose a considerable and pervasive risk to
human health and the environment

cruEA psep © Stretiegie use of biochar and other sofl amendments at
(Corvalis, OR) @@[mit@mn[m@it@cd] Sni@@g can é]@ﬂ@][?@SS fﬂﬂm@g@ [@[ﬁ@bﬂ@mg

S g oA T S O

. S

Blochar and other sml amendments

Reduce contaminant exposure by limiting the exposure pathways and
immobilizing contaminants by changing the chemistry of contaminated
soils and removing contaminants from water

Help restore soil quality and health of degraded soils

Enable in situ site remediation, re-vegetation and revitalization, and
reuse of contaminated soils

' Lead to sustainable site recovery while reducing the cost of remediation
> Forms&h‘h(@ Super ‘_fund Site,Abandened Cu and Z~n Mme, Riddle, OR N




* Biochar is carbon-rich solid derived by heating waste biomass‘inthe absence of oxygen (pyrolysis)

'« |tis a porous solid with a number of beneficial properties that are can be used to'sorb, complex or
precipitate toxic contaminants in soil, sediments and water to:
* Reduce hazards
* Reduce exposure
* Restore ecosystem function and services

* Biochar properties are tunable and are controlled by feedstock selection, pyrolysis conditions,
blending and various methods of activation

Y ARERRRR. A U R i
EPA/ORD/SHC Research On Blochar and Soil Amendments

p* « Research is being conducted to engineer biochar to have specific remedial properties to address site
. specific contaminants and generally used with other appropriate soil amendments
* _Metal-contaminated mining residuals including: Zinc, Copper, Cadmium, Lead, Manganese
» Lead-contaminated soils and sediments (From mining, smelting and industrial processes)
* Phosphorus-contaminated soils on the Delmarva Peninsula to protect Chesapeake Bay water quality
*_Mercury-contaminated soils, wetlands and waters
* DDT-contaminated soils and sediments

* PFAS-contaminated soils

* Biochar.is effective at reducing exposure to inorganic and organic contaminants

™« Engineered Biochar provides a set of new, tunable materials.that can be utilized in a variety of
remedial situations

* Using biochar in remediation is meeting real environmental needs!




Selection of Geomedia

Physical properties
Particle size

(depends on feedstock size)
Increase removal

Roughness

5 Increase attachment
of particulate contaminants
(e.g., pathogens, virus)

Biological properties

Biological community

Support biofilm growth
bacteterial ancr ungal communities
Enhance biodegradation

Denitrification

>

Highly Porous

Increase surface area

Increase attachment sites

(all contaminants) .
Increase water retention capacwct{y
(supports plant growth during drought)

Redox active sites

(defends on pyrolysis temperature)
lectron donating sites: phenolic
Electron accepting sites: quinones and
condensed aromatics

Contaminant removal

by redox manipulation

Hydrophobic surface

Increase adsorption X
(organic contaminants and bacteria)

Ash or mineral content

(typically increase with pyrolysis temperature)

Surface functional groups jncrease removal of some heavy metals
(-COOH, -OH)

Increase removal via precipitation
Increase adsorption of heavy metals
Increase cation gxchanﬂe capacity .
Specific interaction with organic contaminants

Chemical Properties

GSERDP
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ER18-1303

Pragmatic selection criteria:

1. Adsorption capacity

2. Adsorption kinetics

3. Hydraulic conductivity

4. No leaching of contaminants of concern
5. Easy to produce and handle

6. Biodegradation potential of COC

Mohanty et al., (2018)
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|
A decision framework for biochar selection | Box 1 Literature Survey ] ER18-1303

I

I

| | Stormwater Recipe ]
rmeee——-——-——- ]

Eliminate biochars with heavy metal
and nutrient content (manure and
biosolid based biochars)

Suggestions to
site managers

Particle Size

* Bamboo biochar

| * Oakwood Pinewood & pine needle biochar
| * Coconutbiochars and fruit pit biochar

I
I
Rainfall depth-duration-intensity- | |' e e |
frequency relationships analysis | | | |

|
|
|
|
| | | |
| | | |
| & I | |
| | | 4—) Operating conditions |
| | | |
| | Biological Pilot scale by Biohabitat | | v v . v |
Studies A Low temperature <400°C Medium temperature 400-700°C High temperature >700°C
| N v | v v |
| Yes | | |
pH <7.6+1.2 9.2+1.3<pH<10.3+0.9 pH>10.7+0.9
I Does it satisfv th tive disch | I Efficient for inorganics PCBs/PAHs Favors the adsorption of organic I
| oes it sa isfy the respec ive discharge | | e « Wood ashes at 500°C; 0.2-0.5mm contaminants |
limits from the 4 DOD sites? biochar 350°C * Rice husk activated carbon at 400C PCBs/PAHs
:_ No : : * Peanutstraw at 400°C; *  Pine needle biochar >400°C; *  Pinewood/pine needle biochars I
<0.8mm <0.15mm >700°C; <0.15mm |
_____ - S * Wheat straw at 550°C;<0.15mm »  Coconut based and pine wood
l_ —————— A\ Metals steam activated carbon:1-5mm I
! ________ ¢ Hardwood biochar >450°C; <0.5mm Metals I
- T T ame A I_B 3 | \ -« comstraw>600°C; <0.5 mm +  Pinewood biochar>1100°c; <0.6mm
| Column Studies Box 4 | X | |
| E)) Elé’alnvr;itiade:;;mmatlon | | Discard or see if it I
l ¢) Column kinZtic .Ztudies | : bigger size is available : Commercial biochars in USA :
| a |
No
| 4+ || N ; : |
Batch Studies | Part|cleI » Pyrolysis temp. >500°C |
| a)Batch kinetic studies | Yes  Canwater pass Size? » Particle size: 0.4-2 mm
l b)Batch isotherm studies | through? » pH>7 |
| c)Desorption Studies | I » Wood and Wood waste biochars |
| || |
| |
| |
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Summary

» PCBs are not only legacy contaminants — current sources exist (stormwater,
wastewater)

(3-3’-PCB) was detected in highway samples — Marker of non-legacy
PCB contamination

> Larger stormwater particles contribute most to contaminant mass — Sediment
capture may be a treatment for majority of PCB mass — Is the remaining
dissolved portion still too high (Puget Sound)?

» Biofilm on sorptive materials is effective for PCB degradation

» Biochars: Need for performance standardization? Regulatory aspects?

¢ Rice husk biochar

— Potential for on-site bioremediation and clean-up of stormwater
contaminants??
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