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Why are PCBs of concern?

Bioaccumulation

Bald Eagle

Comorant

Humans

Herring Gull

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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Legacy contamination or current sources?
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Not only legacy PCBs (Example of Baltimore Harbor)
— Current sources are increasing the contamination level
— TMDLs in place for watersheds in the Chesapeake Bay

> Chesapeake
( \) Bay Trust |

mpowering people. Restoring n



Impact of land development on PCB contamination

« Land-use categories
Residential

Commercial

Institutions

Industrial areas (light vs heavy)

Energy sites

Green spaces

Objectives:

« Assess the land use and time of development impact on the presence of PCBs in soils
and stormwater sediments

« l|dentify the potential sources of stormwater PCBs
* Provide information and guidance on PCBs presence (and removal) in stormwater



Map of the sampling sites
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Residential Area: Neighborhood

Industry Area: Metal scrap yard,
Automotive sales industry

Commercial Area: Retail Shop
Institutional area: Hospital
Greenspace: Park

Developed before 1970s (before PCB
banned)

Developed after 1970s (after PCB
banned)
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Number of collected samples

Post 1970
EPre 1970

NO. of samples
O =MW EHNO=l0WOo

& L& N 8 & & Greenspaces — ‘control’ areas
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Landuse
Summary:

« 82 samples were collected over 2 years (4 dry ponds included)
» 6 different land-uses

« 2time eras
) - : Chesapeake
« Analyzed in triplicate @Baynﬂst
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Landuse Type - Total PCB concentration

300 Category Range Average
(ng/g) (ng/g)
Residential (Pre) 17.4-157 79.8
Residential (Post) 24.1-37.4 30.6
5200-
g Residential | Industrial ) Industrial (Pre) 31.7-381.3 140
S o = Industrial (Post) 59.0-79.8 69.4
= o
® 3 S>5 Commercial (Pre) 24.9 24.9
S 100~ » 0]
3 S o Commercial (Post)  12.1-24.9 13.8
Comm Inst. 2
“ I : .+ O I Institutional (Pre)  5.05-31.9 185
Institutional (Post 10.2-12.3 11.7
. B = B sa == (Post)
Green Space 1.27-13.0 10.1
— Summary: : Energy sites 64.4 64.4

2

[l [l [] (] ;‘S
« Industrial > Residential > Energy sites é?)
« Commercial and institutional sites are lower
» Green spaces are the lowest of all
Chesapeake

« Large range of concentrations ( ‘?’ Bay Trust
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Development time - Total PCB concentration

300 - Category Average | Reduction
(ng/g)

Residential (Pre) 79.8 61%
Residential (Post) 30.6
200 A
Industrial (Pre) 140 50%

Residential AIndustriaI:

v

Industrial (Post) 69.4
Commercial (Pre) 24.9 44%

Commercial (Post) 13.8

(7))
2
. . . £
T 3
100 5 5
Comm. Inst. S 5
¢ o ¢ Q
“ \ O I Institutional (Pre) 18.5 37%
l - - = .. S Institutional (Post) 11.7

Green Space 10.1 -

Concentration (ng/g)

- Summary: o N Energy sites 644 -
« Land-use areas developed after 1970es | 3

« Decreases range from 37-61%
« Largest decrease for Residential areas
» Difficult to determine re-development time (‘?’ggggir?&etake

ng people



Known sources of PCBs

Industrial products: Aroclors, A1242, A1248, A1254, A1260

¢ Last two digits indicate chlorine % by weight

s EX: Aroclor 1254 contains approximately 54% chlorine

¢ Found in: Electrical transformers, capacitors, heat transfer fluids

Building materials (recycled material)
*» Found in: Sealants, caulks, paints

* Other products

THE PCB CHALLENGE

PCBs CAN BE FOUND IN EVERYDAY PRODUCTS

* Road paints

10




PCB sources — landuse category
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Summary:

« Samples are not originating from Aroclors (dots are not matching samples)
« Large presence of di-chlorinated PCB homologs

 Other sources for PCBs should be considered (‘?’ngegr?psqcake
&= BayTru
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PCB-11 in the collected samples (this study)

PCB-11 Concentration and relative abundance (% of total PCB mass)
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0 == Summary

¢ « Green space: Below DL

« Other land-uses: Large variations in concentration
« Development time (Pre vs post): No trend

« Total PCB mass: Ranges from 0-36%

. ; Chesapeake
« Removal of road yellow road paints can reduce the PCB-11 level ( BayTrf.’st
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Road paint calculator (Capstone Project)

Estimate the area of road paint in a watershed:

PCB Calculator

‘“:"""'””.‘ S5 Ao H T : Length of Roadway

Enter the length of roadway

Parking Lot Area (ft?)

Enter parking lot area

Make More Specific Calculation

Number of Stop Bars

Enter number of stop bars

Number of Crosswalks

Color White Yellow

Length (ft) 184120.91 34486.91 Enter number of crosswalks

Total Polylines 9426 298

+/- Error 6880.98 217.54

Area (sqft) 85260.68 28477 47
Volume (Cubic ft) 106.57585 35.5968375

Summary of College Park Drafting Data
: Chesapeake
@ Bay Trust
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Road paint calculator (Capstone Project)

PCB

3 i 3 3
Concentration | —SW (@) = [High (giite): [Average (g/if)

Yellow 0.0000727 0.001771 0.0011730 PCB Runoff Calculator
Whlte 0000051 4 0000074 00000584 Estimate paint volume and annual PCB leaching for roadways and parking lots

PCB Calculator Concentrations Roadway Length (ft)
nl
PCBs entering watershed Compared to TMDL Parking Lot Area (ft?) Enter values and click Calculate to see results
2-year analysis period °
0.0600 Advanced Calculation
_ Number of Stop Bars
z; 0.0400
% Number of Crosswalks
g
§ 0.0200
:
Summary: PCB Calculator User Interface
« Estimate road paint areas (each color)
 Determine PCB concentratlgn n paints 7’ —
 Mass of PCBs from road paint in a watershed (‘"‘\ Doy Iest. =



Stormwater treatment options

Sediment trap

Permanent pocl
of sediment trap Accumulated

sediment
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Swales

VEGETATION SELECTED TO
TOLERATE WET & DRY
CONDITIONS

BIO-SWALE:

COBBLE, STONE & GRAVEL
MIXTURE MIMICS NATURAL
WATERCOURSES

OPTIONAL GRAVEL BED UNDER
BIO-SWALE TO MAXIMIZE
WATER ABSORBTION

Bioretention cells

_ CANRANGE FROM 12' T




The Microbial Fate of PCBs in soil biofilm

Anaerobic
|




Cl per biphenyl

[\F]

No. of chlorines per biphenyl at each site

7

[=2]

(0]

'

w

=

o

Signs of PCB biodegradation?

>4 Cl subst.:
Anaerobic PCB
dechlorination
Cl Cl C\I /CI
e
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Summary:
% of les h 4 chlori bi diti ired
e 66%0 samples nave >4 chlorines — anaeropic conaitions are require
[ J

33% of samples have <4 chlorines — aerobic conditions are required
« Mass from samples <4 chlorines can be removed ‘easily’

Anaerobic conditions required

Aerobic conditions required

- Chesapeake
(M Bay Trust
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PCB Toxicity

« 12 PCB congeners (of total 209) are VERY toxic
*  “Dioxin-like PCBs” — due to chemical structure
« Can be reduced by bacterial degradation in soll

biofilms

Toxicity Equivalency Factors

PCB congener IUPAC No.
Non-ortho PCBs

3,4,4',5- 81
3,3,4,4'- 77
3,3',4,4',5- 126

3,3,4,4',5,5'- 169

Mammals

0.0001abce
0.0001

0.1

0.01

Fish

0.0005
0.0001
0.005
0.00005

Birds

0.1¢
0.05
0.1
0.001

FCH 81

Gl PCE 114



Toxicity Equivalency Factors

Dioxin-7|i7ke PCB OT()%';1 TEQpcg Safe sediment Value = 20 pg TEQ/g (Eljarrat et al., 2001)

81 0.0003
126 0.1
169 0.03

105 0.00003 Date from this study:

114 0.00003

118 0.00003 Development Sample information | TEQ-PVB
123 0.00003

156 0.00003 Residential Pre-1970s Res-Pre70-3 26.3 £ 36.9

157 0.00003 Industrial Pre-1970s ID-Pre70-1 412+2.0

167 0.00003 _
189 0.00003 Industrial Pre-1970s ID-Pre70-4 209+0.8

Summary:

« Samples which TEQ exceed the safe sediment value are listed

« 3 of 45 samples exceeded the Safe Sediment Value

 These 3 samples were from Pre-1970s: Residential and Industrial
» All other samples are below the safe limit or <MDL
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Estimated removal of PCBs based on collected data in this study

« Street sweeping FY24: Collection of 234 tons of debris

« Using ‘typical’ street sweeping calculations:
234 tons (assume US & wet) x 0.7 = 164 US dry tons = 148,750
kg street sediment/solids

« Using PCB conc. of ~ 50 ng/g = 50 ug/kg [Low-mid range of
our data]

=~ 7.4 g of PCBs collected

Street sweeping in this area:

- Targeted areas include

- "Arterial Roads, Industrial/Business districts, and NPDES
Priority Areas."

- Sweeps are performed twice per month

— Can Street Sweeping become more targeted?
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82 samples were collected over 2 years, 6 different land-
uses, 2 time eras (Pre and Post PCB ban in 1970s)

Highest total PCB concentrations in Pre-1970s Residential
and Industrial areas

Reductions in total PCB concentrations from 37-61% were
observed Post-1970s

Sources of PCBs are not ‘clean’ Aroclors, but are mixed

PCB-11 (non-Aroclor) from yellow road paint contributes from
0-33% of the total PCB mass

PCB toxicity exceeded guidelines from 3/45 samples (Pre-
1970s Residential and Industrial areas)

Stormwater is an important carrier of PCBs

Street sweeping and biodegradation in BMPs can reduce O \\_-/>
PCB mass Cl

PCBs FREE
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Translation Slides

What are the take home points?
What does this mean for me?

Douglas Griffith (Anne Arundel County Bureau of Watershed Protection
& Restoration)

Breck Sullivan (Chesapeake Bay Program)



Take-Home Messages

e Not all PCBs are created equal

e 12 (of 209) congeners are identified as toxic

e Development era (pre- or post- 1979 ban) and land use are
important factors in source assessment & ID.

e PCB contribution from pre-ban residential and industrial sites
much higher than contribution from post-ban counterparts.

e Different congeners b/t industrial and residential sites

e Potential for PCB remediation in BMPs — IF designed to do so.



What does this mean for me?

Anne Arundel County

* Regulatory: TMDLs could be revised to focus on Aroclors or toxic
congeners only, instead of total PCBs by weight
 Example: Road paint — PCB11 may be a large contributor to overall SW loads,
but is less toxic

* Targeting: Land use and development can inform focus areas and
BMP type for best “bang-for-buck”
 Example: Concentrating street sweeping in pre-ban era residential and
industrial eras

* Degradation: PCB type in SW load can inform the type of BMP
necessary to achieve full degradation

 Example: Require anaerobic soil conditions, therefore wet ponds are not idea
for PCB remediation
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QUESTIONS?

Contact: bvk@umd.edu
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Land Use and Era of Development Effects
on PCB Contamination of Soils and Stormwater
Sediments in the Chesapeake Bay Watershed
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EXTRA SLIDES

Contact: bvk@umd.edu
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Land Use and Era of Development Effects
on PCB Contamination of Soils and Stormwater
Sediments in the Chesapeake Bay Watershed
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» Assess the impact of soil and particle types
* Expand the road pain study to include other paint colors

» Assess presence of other PCB sources and their contributions

» Investigate if stormwater BMPs can be designed to remove
PCBs simultaneously with other contaminants (N, P) via
biodegradation, bioaugmentation?

Light ballasts HEE EER
HEE NN
HEE NN

4 N * E
-4

LIGHT GALBESTOS PAINT DOOR/WINDOW JOINT
BALLASTS ROOFING/SIDING CAULK MATERIAL

IR R ety




Leading Cause of Impairment by Acres of Lakes, Reservoirs and Ponds

Chesapeake
( BayTrust ‘
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Sampling locations
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Objectives

Assess the land use and time of development impact on the presence of
PCBs in soils and stormwater sediments

|dentify the potential sources of stormwater PCBs

Provide information and guidance on PCBs presence (and removal) in
stormwater

Residential neighborhoods Light commerC|aI areas

Energy site

Before 1970es After 1970es Before 1970es After 1970es v

Chesapeake
w Bay Trust
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Experimental process

| ottt

Sample Microwave SED Data
L — ) Clean up Chromatograph _
Collection Extraction (ECD) analysis Analysis

Chesapeake
( BayTrust

ring people.



Detection Limit vs Below Quantifiable Limit

 Not all 209 PCB congeners are quantifiable in each sample

« How can we determine the Total PCB concentration?
e DefineBQL=0 — Underestimation
« Define BQL =2 QL — Overestimation

 Kaplan-Meier ranking assessment
« Statistical method using a value between 0 and 72 QL

 Provides more accurate estimate of data BQL for use in total pollutant

measurements
Summary:
« Detection Limit (DL): 0.0420-2.85 ug/mL
* Methods Detection Limit (MDL): 0.00841-0.570 ng/g

' Chesapeake
( Bay Trust |
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Current sources and receptors of PCBs

PCBs: An environmental Legacy
Atmospheric deposition l

Wash off

Sealants & caulking

Solid waste disposal

(Receptor)
_ C&DW
Construction

& demolition
waste

Cao et al (Wat Res), 2019




Earlier study of yellow road paint

PCB 11 in yellow road paints

250 100

200 - ]' - 80

- 50

b
o
o
1
]
B
o

Concentration (ng/g)
Z
N e
3

Relative Abundance (%)

50 - ] o A [ 20
S

Yellow1 Yellow2 Yellow3 Yellow4

* The relative abundance of PCB 11 ranged from 17% to 91% of total PCB
concentrations in yellow roadway paints

* Road paint flake exist in the soil/sediment sample might impact the concentration of
samples.

: Chesapeake
(h;\?’ Bay Triist
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The Microbial Fate of PCBs in soil

2 | <4 Clsubst.r~ >4 Cl subst.:

3 E,Q\ Cqmplgte : I <:|§§§§§§:E§§ Aerobic PCB /- Anaerobic PCB
S ‘g'? mineralization I i S dechlorination
Q

¢ < | @ f 98
' ' R vsas
/T 7\
Oxygen | Cl Cl Cl o]
conc. | Aerobic bacterium Anaerobic
I Burkholderla LB400 bacterium DF1
|
|
|
I
|
|
®
Pore water Biofilm on soil particle




Stormwater Treatment Train System

Results from completed SERDP-DOD project:

Source reduction Pre-treatment Traditional SCM Polishing treatment ~ Aquatic Environment
Oil and grease separator Bioretention Cell GAC/RAC
Influent Effluent )
— b _— "
Literature review & Field & laboratory ! :
preliminary results: studies: PAHs,
- Stormwater PCBs, Cu, Zn
compaosition
- Street sweeping Field study Joint Laboratory studies:
Base Lewis McCord PAHs, PCBs, Cu,
- Effect of storage Zn
- PAH removal

Outcome: Demonstrated effect of the treatment train by use of project data for

Mass Balance Estimation for each process step 37



=llVWiL Vi Vil VUL UVVGGPIIIH "

POLLUTANT LOADING

Concentration/Annual

Pollutant |(mg/L)! Load (lbs)
Total Cu 0.013] 0.120
Diss Cu 0.0065| 0.060
Total Zn 0.0757] 0.700
Diss Zn 0.029 0.268
PAHS (sum of

reported PAHs)

0.00141] 0.013

1: Source: Chapter 6
Site Assumptions
Drainage Area:
Impervious Cover: 80%
IAnnual Rainfall: 59"
Runoff Coefficient: 0.77
IAnnual Runoff: 40.9"

lac

Conclusion:
» Pollutant removal efficiencies > 70% may be achievable across contaminants
« Atreatment train can:

- Improve performance for a broad range of COCs

- Reduce maintenance burden

- Extend the life of the structural BMP
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What does this mean for me?

Chesapeake Bay Program

Advance CBP Share across Inform Policy Target

Jurisdiction
Outcome urisdictions resources

and data
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