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Francis Walsh Intermediate School

Perkins Eastman

Code Analysis

Project Description

An existing non-separated mixed use two-story 191,000 SF Intermediate school located in Branford,

Connecticut

Chapter 3: Occupancies

Section

Description Allowed/Req’d Provided Remarks
302.1 Occupancy E - Educational
A-1, A-2, A-3 - Assembly ’
B - Business
302.1.1 | Incidental Use | Boiler rooms, Laboratories -
Sprinker system and smoke barrier
302.2.1 | Accessory Use | Assembly Areas
302.3 Mixed NFPA 13R Provided . Look at table
Occupancies ) 302.
302.3.2 | Separated 2 hr. (1 hr. reduction) 1hr. Provided &
Uses '
Chapter 4: Special Detailed Requirements Based on Use and Occupancy
Section Description Allowed/Req’d Provided Remarks
410.3.1.1 | Stage Height | Area = Stage + Support Areas
and Area Height = Low point of stage to high
point of underside of deck
410.3.3 Exterior Fire doors (Section 715)
Stage Doors | Vestibules on loading doors
410.3.6 Scenery Combustible materials rendered
flame resistant
410.3.7 Stage >1000 SF requires emergency
Ventilation ventilation
410.3.7.1 | Roof Vents 2 or more heat-activated vents
Clear opening not less than 5% of
stage area
410.3.7.2 | Smoke See Section 909
Control
410.5.1 Dressing Height <50 ft. = 1 Hr. Fire Barrier
Rooms - '
Separation
from Stage
410.5.2 Separation 1 Hr.
From Each
Other
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Francis Walsh Intermediate School

Perkins Eastman

410.5.4 Stage Exits 1 Approved means of egress @
each side of stage

410.6 Automatic Equip according to Chapter 9.
Sprinkler Not required under stage if<4’ in
System clear height and used for storage

410.7 Standpipes Provide according to Section 205

419 Group E

419.2 Fire Barriers | Exception 1 - Sprinkler System

Chapter 5: General Building Heights and Areas

Section Description Allowed/Req’d Provided Remarks
503 table | Assembly (A- | 2 Floors/55 Ft. - 8,500 SF MAX 2B
1) construction
503 table | Assembly (A- | 2 Floors/55 Ft. - 9,500 SF MAX 2B
2/A-3) construction
503 table | Educational 2 Floors/55 Ft. - 14,500 SF MAX 2B
(E) construction
503 table | Business (B) | 4 Floors/55 FT. - 23,000 SF MAX 2B
construction
504.2 Automatic + 20 Feet / +1 Level
sprinkler
system
increase
506.1 General Aa=At+[At+If/100] + [At+ls/100] Need 2
Assembly(A-1): Aa = 38,250 SF Separated
Assembly(A-2, A-3): Aa = 42,750 SF Education
Education(E): Aa = 65,250 SF Areas
506.2 Area Frontage Increase
Modification | If=100[F\P -0.25]W/30
If = 50%
506.3 Area Automatic Sprinkler System
Modification | increase = 300%
Chapter 6: Construction Classification
Section Description Allowed/Req’d Provided Remarks
602.2 Type 2B Noncombustible Materials
601 Fire Rating
Table for Building Structural Frame: O hr
Type 2B Elements Bearing wall Int/ Ext: O hr
Floor Const: O hr
Roof Const: O hr
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Perkins Eastman

602 table | Exterior wall >10’=30’ requires O Hr rating at 2B | O Hr
fire rating Construction Type

Chapter 7: Fire Resistant Rated Construction

Section Description Allowed/Req’d Provided Remarks
704.8 Allowable Table 704.8
Area of Fire Separation Distance >20’ = No
Openings limit
706.1 Fire Barriers | Horizontal Exits, separate 2 hr. Provided | Table 706.3.7
occupancies, incidental use areas, E&A-2Hr.

separate single occupancy into
different fire areas.

706.5 Horizontal As per section 711 Provided Incidental use
fire Barriers sep.

706.7 Openings Protected as per 715 Provided

715.3 Fire Door 2 HR Assembly = 1 %2 Hr. door

Table Ratings

Chapter 9: Fire Protection Systems

Section Description Allowed/Req’d Provided Remarks
903.2.1 Group A Automatic Sprinkler System shall
be provded
903.2.1.1 | Group A-1 Occupant Load >300 Occupants
903.2.1.2 | Group A-2 Fire Area >5000 SF, Occupancy
Load >300
903.2.1.3 | Group A-3 Fire Area >12000 SF, Occupancy
Load >300
903.2.2 Group E Automatic sprinkler system
provided throughout
Fire Areas >20,000 SF
905.3.4 Stages Hose connections connected to
Sprinkler system at each end of
stage
906.1 Portable Fire | Required
Extinguishers
907.2.1 Fire Alarm - Manual alarm not required if
Group A automatic sprinkler system
907.2.3 Fire Alarm - Fire alarm connected to building
Group E system
Ex. 1 <50 people
Ex. 2 Manual alarm not required if
interior corridor protected by smoke
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detectors; auditorium, café, gym
protected by head detectors
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Chapter 10: Means of Egress

Section Description Allowed/Req’d Provided Remarks
1003,2 Ceiling Min 7ft
Height
1004.1.2 | Max floor Gym = 5 net
Table area Assembly (fixed seats) = # of seats
allowance Assembly (cafeteria) = 15 net
per Occupant | Business = 100 gross
Stages = 15 net
Lockers = 50 gross
Storage/Mechanical = 300 gross
Library (reading) = 50 net
Library (stacks) = 100 gross
Educational (classroom) = 20 net
Educational (shops) = 50 net
1004.3 Posting of Assembly Areas
Occupancy
Load
1004.7 Fixed Seating | Occupancy load determined by # of
fixed seats
1004.8 Outdoor Occupany load assigned by building
Areas official.
Provide means of egress
1004.9 Multiple 2 or more occupancies utilize same
Occupancies | means of egress, meet more
stringent requirements
1005.1 Minimum Occupancy Load x 0.2
Required
Egress Width
1007.1 Accessible Required
Means of
Egress
1008.1.1 | Exit Door Size of Doors - not less than 32"
requirements
1008.3 Turnstiles Not obstruct means of egress
1010.2 Ramp Slope | 1:12 slope max for egress Provided Remarks
1:18 all other pedestrian uses
1010,4 Ramp Rise Max rise 30"t
1010.4 Ramp width Min 36" clear btwn handrails
1010.6.1 | Ramp 36" Wx 60" L Landing w/
landing size direction
change
60"x60”"
DTC = Hamden CT = Perkins Eastman Architects = Stamford CT



Francis Walsh Intermediate School

Perkins Eastman

1010.8 Ramp Ramps with rise >6” must have
Handrails handrails both sides
1011.14.1 | Floor Group A >300 Occupants, required
Proximity Exit
Signs
1013 Exit Access
1013.3 Common 75 ft max
Path of
Travel
1013.4 Aisles Assembly - comply with Section
1024
1014.1 Exit and Exit | Table 1014.1
Access Max occupancy load = 50 with 1
Doorways means of egress
1014.3 Boiler, >500 SF requires 2 exits
Incinerator
and Furnace
Rooms
1014.6 Stage Means | 1 Means of egress at each side of
of Egress stage required
1015.1 Exit Access A, E - 250 ft w/sprinkler
Table Travel
Distance
1016.1 Corridor Fire | Occupancy>30 -0 hr w/ sprinkler
resistance
1016.2 Corridor Ex. 4 - Group E w/ 100 Occ. Load =
Width 72" minimum
1018.1 Min number | Min 2 exits w 1-500 occupant load
of exits 3 exits 501-1000 occupant load
1021.2 Separation Horizontal exit with fire wall (705)
or fire barrier (706)
Not less than 2 Hr.
1024.2 Assembly Exits can be distributed around
Main Exit perimeter
1024.6.1 | Without Slopes > 1:12 = 22/100" per
Smoke occupant
Protection Slopes < 1:12 = 2/10" per
occupant
1024.7 Travel 250 ft. in sprinklered building
Distance
1024.9.1 | Minimum 42" for ramped with seating on
Aisle Width both sides
36" for ramped with seating on one
side
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1025.1.1 | Emergency Group E Occupancies - not
Escape & required with sprinkler system
rescue
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Chapter 11: Accessibility

Section Description Allowed/Req’d Provided Remarks
1106 Parking &
Passenger
Loading
Facilities
1106.5.1 | Van Space 1 for every 6 accessible spaces Space 16’
Wide w/8"”
aisle
1108.2 Assembly
Area Seating
1108.2.1 | Wheelchair Table 1108.2.2.1: 301-500 =6
Spaces wheelchair spaces
1108.2.7 | Assistive Table 1108.2.7.1: 201-500 = 2
Listening receivers + 1/25 seats over 50
Systems Y4 of receivers hearing aid

compatible
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CONNECTICUT STATE DEPARTMENT OF EDUCATION
Division of Finance and Internal Operations
Bureau of School Facilities

SCHOOL CONSTRUCTION PROJECTS: GUIDELINES FOR
APPLYING FOR RENOVATION STATUS

PURPOSE:

Section 10-282 (18) of the Connecticut General Statutes (C.G.S.) defines “Renovation”
as “a school building project to totally refurbish an existing building (4) which results in
the renovated facility taking on a useful life comparable to that of a new facility and
which will cost less than building a new facility as determined by the department,
provided the school district may submit a feasibility study and cost analysis of the project
prepared by an independent licensed architect to the department prior to final plan
approval, (B) which was not renovated in accordance with this subdivision during the
twenty-year period ending on the date of application, and (C) of which not less than
seventy-five per cent of the facility to be renovated is at least thirty years old.”

The purpose of this legislation is to support local decisions to renovate existing schools
(or purchase and renovate existing buildings) whenever such options represent a cost
effective alternative to constructing a new facility. The Department will use these
guidelines to determine whether a project is eligible for designation as a “Renovation”
project.

GUIDELINES FOR ELIGIBILITY:

In order to be considered a renovation as defined above, the following conditions must
be met:

1. The applicant must make written application for such status.

2. (a) The applicant must have gone through a process of evaluating the proposed
project compared to a new facility by providing feasibility study and cost
analysis.

(b) Professional estimates must be available to document that significant cost
savings will result.

3. The entire facility must be brought into 100 percent compliance with all
applicable codes (including handicapped accessibility) when the renovation
project is complete. Partial renovations of an entire facility or complete
renovations of a wing of a facility do not qualify



SCHOOL CONSTRUCTION PROJECTS: GUIDELINES FOR
APPLYING FOR RENOVATION STATUS

GUIDELINES FOR ELIGIBILITY (continued):

4. The renovation must incorporate education technology capability throughout the
facility, as recommended in the Guidelines for Technology Infrastructure in
Connecticut Schools (or other current Technology Infrastructure standards).

5. It must be determined by a structural engineer that the structural integrity of the
original building has not been compromised and is adequate to provide for
continued occupancy for a period of time comparable to that of a new facility.

6. A detailed report on all existing building systems must be provided, including
finishes, roofing, plumbing, water supply, fire protection, HVAC, electrical
systems, energy monitoring, communications and security systems. Signed
professional opinions must be provided that all systems will have a useful life of
20 years (or that comparable to a new system if less than 20 years) following the
construction project completion.

7. All new and replacement windows must be energy efficient.

8. The site of the existing facility must be central to the area served and adequate
to provide the educational programs offered.

9. Any other analysis deemed necessary by the Department to properly evaluate
the request must be provided

DETERMINATION OF ELIGIBILITY:

Upon review of the materials submitted, the Division of Finance and Internal Operations
will make recommendation to the Commissioner as to the project’s eligibility for
renovation status (allow 30 days).

The school district shall be notified in writing of the Commissioner’s determination.
Note: Statements of compliance with requirement Nos. 3 through 7 must be signed and

stamped by design professionals. Requirement No. § must be signed by Superintendent
of Schools.

G:\SFUDOC\PIan Review Unit\Plan Review Process\Supplements to Guidelines\renovationguidelines.doc
Rev.11/05/09 (CS)



Francis Walsh Intermediate School

_* ASHRAE Life Expectancy Table

Perkins Eastman

. Equipment Median Equipment Median | Equipment . Median
. fem d Years Hem Yeors | lem Years
Air conditioners Air terminals Air-cooled condensers 20

Window unit 10 D|ffusers, grilles, and Evaporative condensers 20
registers 27
Residential single or Induction and fan coil Insulafion
split package 15 units 20
Commercial through-the VAV and double-duct Molded 20
wall 15 boxes 20
Water-cooled package 15 Air washers 17 Blanket 24
Heat Pumps Ductwork 30 Pumps
Residential air-fo-air 15 Dampers 20 Base-mounted 20
Commercial air-to-air Fans Pipe-mounted 10
Commercial water-to-air 19 Centrifugal 25 Sump and well 10
Roof-top air conditioners Axial 20 Condensate 15
Single-zone 15 Propeller 15 Reciprocating engines 20
Multi-zone 15 Ventilating roof-mounted 20 Steam turbines 30
Boilers, hot water (steam) Coils Electric motors 18
Steel water-tube 24 (30) DX, water, or steam 20 Motor starters 17
Steel fire-tube 25 (25) Electric 15 Electric transformers 30
Cast iron 35 (30) | Heat Exchangers Conirals
Eleciric 15 Shell-and-tube 24 Pneumatic 20
Burners 21 Reciprocating compressors 20 Electric 16
Furnaces Packaged chillers Elecironic 15
Gas- or oil-fired 18 Reciprocating 20 Valve actuators
Unit heaters Centrifugal 23 Hydraulic 15
Gas or electric 13 Absorption 23 Pneumatic 20
Hot water or steam 20 Cooling towers Self-contained 10
Radiant Heaters Galvanized metal 20
Electric 10 Wood 20
Hot water or steam 25 Ceramic 34
—
Diversified Technology Consultants, Inc = Hamden CT = Perkins Eastman Architects = Stamford CT



-\'\
Brooks Environmental
Consulting, LLC

\\\_"-

9 Isnac Street
Norwalk, CT
06850

Phone: 203-853-9792
Fax: 203-853-0273
www,brooksenviro.com

Dear Mr. Deming:

June 1, 2011

Mark Deming, Director of Buildings & Grounds
Branford Public Schools

1111 Main Street

Branford, CT 06405-3717

Attached are the results of asbestos testing of caulk and glazing putty samples taken from the
windows and doors at Walsh Intermediate School.

Asbestos was found in the glazing putty associated with windows. Asbestos was not found in the
caulk between masonry and frame of the windows and doors.

enclosures
MG110032

Sincerely yours,

Mark F. Granville
Senior Consultant
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Brooks Environmental
Consulting, LLC

9 Isaac Strest

Norwalk, CT 06850
(203)853-9792

BULK SAMPLE LOG
ASBESTOS ANALYSIS

2411017 %POLARIZED LIGHT MICROSCOPY

page _/_ of _L_
SITE INFORMATION INSPECTOR INFORMATION
name: mﬂd(ﬁ wisH ﬂ/TERMED/ ATE  Sruwl name: /1, 6”‘414 ville
address: (85 D4 mascus Rﬂdd‘ date: 5-‘// ?/ /{
Branfovd , ¢T”

SAMPLE ID T|SM LOCATION COMMENTS OR DESCRIPTION
MG110032 -1 X windnr pear stir H [aterior frane canlk
NGlIoU3A -2 : ! "

Mattersz 3| | 4 a/inlgur néor stair B "

MG llgo3R - Y Windsur nta v Star # | oxteriov Bame coulk
4110032 ~ 5 X| windpw néay )ﬁlr A ]

VAT, winds gy Halr A éc&m/_glam_mﬂg/
4110032 - 7g W windsu near stair B " 5

M4 11932 - X oty clyov betwa, fym 4 band | windanr glize putty
malgesd -9 || X " olerior Brame mau/L
M4 03210 main gmrance . 24 »y{/u/
G 1132 = || " ditorior frams ciulh

note;

T = thermal system insulation
8§ = surfacing material
M = miscellaneous material

rev: 11/23/07




EMSL Analytical, Inc.

4 Fairfield Boulevard, Wallingford, CT 06492

Phone: 203-284-5948

Fax: (203) 284-5978

Email: wallingfordlab@emsl.com

Atn: Mark F. Granville
Brooks Environmental Consulting, LLC
9 Isaac Street
Norwalk, CT 06853

Fax: (203) 853-0273

Project:

Phone: (2083) 853-9792
MG110032 Walsh Francis Walsh Intermediate School-

185 Damascus Road Branford, CT

Customer ID:
Customer PO:
Received:
EMSL Order:

EMSL Proj:
Analysis Date:

BL5O

05/20/11 1:50 PM
241101755

5/24/2011

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using
Polarized Light Microscopy

Non-Asbestos Asbestos
Sample Description Appearance %  Fibrous % Non-Fibrous % Type
MG110032-1 Window near stair  Gray 4% Fibrous (other) 96% Non-fibrous (other) None Detected
241101755-0001 H - Interior frame  Non-Fibrous <1% Cellulose
caulk Heterogeneous
MG110032-2 Window near siair  Gray 6% Fibrous (other) 94% Non-fibrous (other) None Detected
241101755-0002 H - Interior frame  Non-Fibrous <1% Cellulose
caulk Heterogeneous
MG110032-3 Window near stair  Gray 5% Fibrous (other) 95% Non-fibrous (other) None Detected
241101755-0003 B - Interior frame  Non-Fibrous
caulk Heterogeneous
MG110032-4 Window near stair  Red 100% Non-fibrous (other) None Detected
241101755-0004 A - Exterior frame  Non-Fibrous
caulk Heterogeneous
MG110032-5 Window near stair Red <1% Cellulose 100% Non-fibrous (other) None Detected
241101755-0005 B - Exterior frame  Non-Fibrous
caulk Heterogeneous
MG110032-6 Window near stair  Gray 4% Glass 94% Non-fibrous (other) 2% Chrysotile
241101755-0006 A~ !Exterior Fibrous <1% Cellulose
glazing putty Heterogeneous
MG110032-7 Window near stair  Gray 3% Glass 95% Non-fibrous (other) 2% Chrysotile
241101755-0007 B- E’denor Fibrous <1% Cellulose
glazing putty Heterogeneous

|Initia| report from 05/24/2011 11:12:43

Analyst(s)

William Shedrawy (11)

¥

g R
li-l-'!é_-“";"l

Gloria V. Qriol, Laboratory Manager

or other approved signatory

Dus to magnlfication limitations Inherent In PLM, asbestos libers In dimenslons below the tesolution capabllity of PLM may not be delected. Samples reported as <1% or none dele
require additional testing by TEM to conflrm asbestos quantities. The above test report relates only to the ltems tested and may nol be teproduced In any form without the express \
approval of EMSL Analytical, ine. EMSL's liagllity Is limited to the cost of znalysls. EMSL bears no rasponsibliity for sample collection activities or analytlcal mothod limitations. i
and use of test resulls are the responsibllity ot the cllent.Samples recelved In good condition unless otherwise noted.

Samples analyzed by EMSL Analytical, inc. Walllngford, CT NVLAP Lab Code 200700-0,

Test Report PLM-7.23.0 Printed: 5/24/2011 11:52:17 AM



EMSL Analytical, Inc.

4 Fairfield Boulevard, Wallingford, CT 06492

Phone: 203-284-5548

Fax: (203) 284-5978 Email: wallingfordlab@emsl.com

Atn: Mark F. Granville
Brooks Environmental Consulting, LLC
9 Isaac Street
Norwalk, CT 06853
Fax: (208) 853-0273

Project:

Phone: (203) 853-9792
MG110032 Walsh Francis Walsh Intermediate School-

185 Damascus Road Branford, CT

Customer ID: BLS0

Customer PO:

Received: 05/20/11 1:50 PM
EMSL Order: 241101755

EMSL Proj:

Analysis Date: 5/24/2011

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using
Polarized Light Microscopy

Non-Asbestos Asbestos
Sample Description Appearance %  Fibrous % Non-Fibrous % Type
MG110032-8 Entry door Gray <1% Cellulose 88% Non-fibrous (other) 12% Chrysotile
241101755-0008 between gym & Non-Fibrous <1% Synthehc
band - Window Heterogeneous
glaze putty
MG110032-9 Entry door Gray <1% Celulose 100% Non-fibrous (other) None Detected
e between gym & Non-Fibrous
241101755-0009 band - Exterior Heterogeneous
frame caulk
MG110032-10 Main Entrance - White <1% Cellulose 100% Non-fibrous (other) None Detected
241101755-0010 Window glaze Non-Fibrous <1% Fibrous (other)
putty Heterogeneous
MG110032-11 Main Entrance - Red <1% Cellulose 100% Non-fibrous (other) None Detected
2411017550011 Exterior frame Non-Fibrous
caulk Heterogeneous

|Initia| report from 05/24/2011 11:12:43

Analysi(s)

William Shedrawy (11)

S P —
[ S - 5
rl/ L;‘j.?_;..,"‘{'

4 R '

Gloria V. Criol, Laboratory Manager

or other approved signatory

Due to magnlfication limitations Inherent In PLM, asbestos fibers In dimenslons below the resolution capabllity of PLM may nol be delected. Samples repoited as <1% or hone dete
requlre additional testing by TEM to conflrm asbeslos quantities. The above test repor relates only to the ltems tested and may not be teproduced In any form without the express \
approval of EMSL Analytical, inc. EMSL's llabllity Is limited to the cost of analysls. EMSL bears no rasponsibllity for sample collaction activities or analytical mothod limitatlons. i
and use of test results are the responsibllity of the client. Samples receivad In good condition unless otherwlse noted.

Samples anaI!zed by EMSL Analytical, inc. Wallingford, CT NVLAP Lab Code 200700-0,

Test Report PLM-7.23.0 Printed: 5/24/2011 11:52:17 AM

THIS IS THE LAST PAGE OF THE REPORT.
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Fact Sheet for Schools:
Caulk containing PCBs

may be present in older
schools and buildings

including schools. Although PCBs were banned in the United States in 1978, contaminated caulk still exists in older establish-
ments that have not had the caulk replaced. PCB bioaccumulation in children can damage immune, reproductive, nervous, and
endocrine systems.

Between 1950 and 1978, caulk containing potentially harmful PCBs (polychlorinated biphenyls) was used in many buildings,

Children can be exposed to PCBs by:

M Breathing in dust contaminated with PCBs
M Touching caulk and contaminated soil directly
B Putting their hands into their mouths after touching the caulk, soil, and surrounding building materials.

PCBs were not added to caulk after 1978. Therefore, in general, schools built after 1978 do not contain PCBs in caulk.

What are PCBs?

PCBs are organic chemicals that were used in construction materials and electrical products produced before 1978. Caulk containing
these chemicals may still be present in older schools and buildings, sometimes at high levels. With increased awareness and cleanup
efforts, PCB levels in the United States have decreased substantially.

How are people exposed to PCBs?

People whose workplaces and jobs involve working with PCB-laden objects or in PCB cleanup are at the highest risk for elevated
exposure. Most people have some accumulation of PCBs in their bodies. Fish, meat, and dairy contain small amounts of PCBs. In
fact, most peoples’ exposure to PCBs is via the food chain. When products containing PCBs are disposed of improperly, PCBs can
enter waterways and contaminate fish and other animals. Indoor air has been found to contain PCBs from some types of caulk in
building materials. People can also be exposed to PCBs when handling PCB-containing products such as caulk.

Does the caulk in my home or other places contain PCBs?

PCBs in caulk have not been found in single-family homes. EPA has only found the chemical in caulk in large, older apartment
complexes and some older buildings, such as schools.

What can | do about PCBs in schools?

If caulk containing PCBs is discovered, you should avoid direct contact with caulk and nearby porous materials, if
possible. If caulk-containing PCBs are discovered, be sure to limit exposure to the caulk until it has
been safely removed. Here are some ways for decreasing exposure:

B Keep children from touching caulk or surfaces near caulk.

m Clean frequently to reduce dust.

B Use wet cloths to clean surfaces.

B Use vacuums with HEPA filters.

W Wash children’s hands with soap and water before eating.

B Wash children’s toys often. )

m Wash surfaces, window sills, walls, and objects often in rooms known to have =
PCB-containing caulk. S

H Consider testing the air for PCBs or test the caulk if it is peeling or visibly
deteriorating.

M Follow safe work practices when renovating.

B Improve ventilation by opening windows or adding exhaust fans.

What NOT to Do:

B Do not attempt to remove PCB-containing caulk by yourself. PCBs should be removed by
personnel wearing protective equipment who follow procedures to minimize the spread of PCBs.
B Do not sweep with dry brooms or use dusters because they spread dust.

Are children in direct danger if their school has caulk containing PCBs?

PCBs accumulate in the body in high levels only after prolonged exposure to the chemical. Follow the recommended procedures to reduce
exposure. Restricting children from areas where PCB-containing caulk is located, promoting safe work practices during renovation
activities in schools, and removing caulk safely as part of a PCB removal or renovation project reduces the potential for exposure.

EPA is helping to address the issue of PCBs in caulk

EPA is conducting research on how the public is exposed to PCBs in caulk and on the best approaches for reducing exposure and
potential risks associated with PCBs in caulk. Where PCBs have been found in caulk, EPA is committed to helping schools and
communities enact plans to reduce exposure. Please contact your regional PCB coordinator at 888-835-5372 for help with assessing
contamination and exposure and developing cleanup plans.

Contact N
Call EPA's PCBs in Caulk Hotline: 888-835-5372 to learn more about PCBs in caulk and to get ‘.”EPA

information on PCB professionals in your area.

EDA 747 C NnO NN2



Fact Sheet for Schools:
PCBs in Caulk School

Checklist

[ Was your school built or remodeled between 1950 and 19787

Many older schools and older buildings built or remodeled before 1978 have been found to have caulk containing PCBs
(polychlorinated biphenyls). These chemicals can have adverse effects on human health, so children and teachers need to be
informed about potential risks.

[ Do you see walls or window sills in your school with cracking caulk?

As caulk ages, it cracks and flakes from the source. This leads to PCB-laden dust. Also, PCBs can, over time, be released from
caulk into the air. Find out if your school has PCBs by calling a professional to test for PCBs in the air or, if caulk is peeling or
visibly deteriorating, by having a professional test the caulk.

[ Have PCBs already been detected in your school’s caulk?

If so, caulk with the highest levels of PCBs should be removed in the short term. Ultimately, the goal is to remove all
PCB-contaminated caulk at levels greater than 50 parts per million.

[ Do children touch surfaces frequently or play in soil around their school?

Yes, young children can put their hands in their mouths after touching PCB-contaminated surfaces, which could seriously impact
their health. Wash children’s hands and toys often to reduce potential exposure.

Soil around schools and buildings may also contain PCB caulk dust or flakes. This would include playground soil and soil
surrounding building foundations. Children can accidentally swallow the soil after handling it when outdoors, or the soil may be
tracked indoors from shoes onto carpet and floors where children have a greater risk of ingesting it. Teach children to wipe and
remove their shoes and to wash their hands after playing outside.

School Advisory: Talking Points for Teachers and Daycare Staff

Why should you be worried about PCBs in caulk?

High levels of PCBs in the body can cause adverse effects on the immune, reproductive, nervous, and endocrine systems. PCB exposure
could result in cancer.

Can PCBs be found in and around my school?

PCBs are harmful chemicals sometimes found in schools and other buildings built or remodeled before 1978, and are found in and around
building joints and other places, including:

B Cracking and flaking caulk

B Contaminated soil

B Masonry adjacent to windows

M Indoor air that has been exposed to PCBs

B Paint, electrical transformers, and light ballasts.

PCBs were not added to caulk after 1978. Therefore, in general, schools built after 1978 do not contain PCBs in caulk.

Are my children at risk for PCB exposure?

PCBs accumulate in the body in high levels only after prolonged exposure to the chemical. Follow the recommended procedures to
reduce exposure. Restricting children from areas where PCB-containing caulk is located, promoting safe work practices during renovation
activities in schools, and removing caulk safely as part of a PCB removal or renovation project reduces the potential for exposure.

How can you prevent PCB accumulation in the body?

B Keep children from touching caulk or surfaces near caulk

M Keep children away from soil that may contain PCBs

B Clean the floor, walls, and window sills regularly with wet cloths
B Wash children’s hands and toys often.

M Improve ventilation by opening windows or adding exhaust fans.

Contact \""’ EPA

Call EPA's PCBs in Caulk Hotline: 888-835-5372 to learn more about PCBs in caulk and to get
information on PCB specialist professionals in your area. EPA-747-F-09-003
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ABSTRACT

Polychlorinated biphenyls (PCBs) had numerous commercial applications before they were
banned in the U.S. in 1978. Those uses included the addition of PCBs to building construction
materials, such as adhesives, paint, and particularly caulk used to seal components of a building
envelope. Growing awareness of this issue has led to an increase in the need to demonstrate
compliance with current regulations for PCBs within buildings.

This literature review contains a description and analysis of existing methods for management of
PCBs in construction materials. Information on the strengths and limitations, efficacy, cost, and
byproducts of each remediation method is presented, where available. The report is based upon a
comprehensive review and synthesis of conference proceedings, and technical reports by
government and commercial organizations.

Numerous methods for abatement, i.e., reducing the amount of PCBs in building materials, and
mitigation, i.e., limiting the release of PCBs from building materials, are described in the
literature. The abatement techniques involve removal of PCB-containing materials with
mechanical or hand tools, or application of chemicals intended to either extract or degrade PCBs.
Techniques for mitigation of PCB impacts in buildings involve engineering controls such as
encapsulation and ventilation that limit PCB levels in occupied parts of a building. Mitigation
was also achieved through administrative controls, which were typically guided by a site-specific
assessment of risk, and included reassignment of space use and implementation of an operation
and maintenance plan for building-related PCBs.

Abatement through removal of PCB-containing materials and numerous mitigation methods
were generally reported to be effective for attaining compliance with current PCB regulations,
The efficacy of chemical degradation and extraction techniques for PCB concentrations
encountered in caulk and other products manufactured with PCBs has not yet been
demonstrated in the literature. Most reports indicate that the greatest control of PCBs in building
materials is obtained when multiple remediation methods are employed. The selection of
remediation methods for a particular building should be determined on a case by case basis. The
costs of managing PCB-containing building materials can be substantial, an observation that
underscores the importance of understanding site-specific conditions, establishing practical
remediation goals, and selecting the most appropriate remediation methods.



FOREWORD

The U.S. Environmental Protection Agency (EPA) is charged by Congress with
protecting the Nation’s land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to formulate and implement actions leading to a
compatible balance between human activities and the ability of natural systems to support and
nurture life. To meet this mandate, EPA’s research program is providing data and technical
support for solving environmental problems today and building a science knowledge base
necessary to manage our ecological resources wisely, understand how pollutants affect our
health, and prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for
investigation of technological and management approaches for preventing and reducing risks
from pollution that threaten human health and the environment. The focus of the Laboratory’s
research program is on methods and their cost-effectiveness for prevention and control of
pollution to air, land, water, and subsurface resources; protection of water quality in public water
systems; remediation of contaminated sites, sediments and ground water; prevention and control
of indoor air pollution; and restoration of ecosystems. NRMRL collaborates with both public and
private sector partners to foster technologies that reduce the cost of compliance and to anticipate
emerging problems. NRMRL’s research provides solutions to environmental problems by:
developing and promoting technologies that protect and improve the environment; advancing
scientific and engineering information to support regulatory and policy decisions; and providing
the technical support and information transfer to ensure implementation of environmental
regulations and strategies at the national, state, and community levels.

This publication has been produced as a continued effort to support the EPA's mission of
protecting human health and the environment. It is published and made available by EPA’s
Office of Research and Development to assist the user community and to link researchers with
their clients.

Cynthia Sonich-Mullin, Director
National Risk Management Research Laboratory
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1.0 INTRODUCTION

Polychlorinated biphenyls (PCBs) are a class of persistent organochlorine chemicals that formerly
had numerous commercial applications in the United States. Used primarily as an insulator

in electrical equipment, PCBs were also a component of construction materials such as caulk,
adhesives, and paints. Concentrations of PCBs in building materials frequently exceed levels
authorized by U.S. regulations. A wide range of public and commercial buildings have been
identified as being at risk of having PCB-containing materials.

In September 2009, the U.S. Environmental Protection Agency (EPA) provided initial guidance to
property managers, particularly administrators of schools, on approaches to managing potential
exposures to PCBs in building materials (EPA, 2011a). The guidance from EPA complements the
requirements in Title 40 Part 761 of the Code of Federal Regulations for characterization and disposal
of waste materials that contain PCBs. Managing potential exposures to PCBs and complying with
regulatory requirements are priorities for property managers, and interest has grown about methods
for remediation of PCBs in building materials.

Environmental Health & Engineering (EH&E) was retained by the EPA National Risk Management
Laboratory to review the literature on remediation methods for PCB-containing building materials.
The purpose of this report is to help EPA and other stakeholders identify the approaches in use

today to control release of PCBs from building materials, protect public health, and meet regulatory
criteria. The review of the literature is not intended as a guide to select the optmal method to remediate
PCBs in a particlar buiding, but rather to compile information on the performance of current

methods and to provide recommendtons for furher development of remediaton methods

for PCBs in building materials.

1.1 SCOPE AND ORGANIZATION OF THE LITERATURE REVIEW
The scope of this report includes methods for remediation of non-liquid PCBs in building
materials, although the topic of liquid PCBs in fluorescent light ballasts is also discussed.

Following terminology suggested by the EPA, remediation in the context of this report refers to
removing PCBs from building materials or limiting their migration from sources in buildings.
The remediation methods are divided into two categories — abatement and mitigation.
Abatement refers to reducing the amount of PCBs in building materials and more broadly
includes remediation methods that involve removing, handling or treating source materials.
Mitigation refers to controlling exposure to PCBs released from building materials and more
broadly includes methods that do not involve handling or direct manipulation of source
materials. These working definitions are consistent with the clean-up related terminology
suggested by EPA, which is reproduced in Table 1.1.



TABLE 1.1 Definitions of Clean-Up Related Terms from the U.S. Environmental Protection Agency

Term Befinition from EPA
Ahatement Reducing the degree or intensity of, or eliminating, pollution
Mitigation Measures taken to reduce adverse impacts on the environment

1) Cleanup or other methods used to remove or contain a toxic spill or hazardous materials
from a Superfund site. 2) For the Ashestos Hazardous Emergency Response program,
abatement methods including evaluation, repair, enclosure, encapsulation, or removal of
greater than 3 linear feet or square feet of asbestos-containing materials from building

Remediation

Source: EPA, 2011b

The remediation methods considered in this report are applicable to meeting regulatory standards for
PCBs and for managing potential exposures to PCBs in building materials. The methods covered here
also include both interim and permanent measures for managing PCBs in buildings.

To gather information on remediation methods within the scope of this review, a comprehensive
search was conducted of all publicly available information from peer-reviewed scientific and
technical journals, conference proceedings, reports by the U.S. federal and state governments, reports
by academic institutions, and reports by international organizations. The search included documents
published or released by June, 2011. The documents and resources identified by the literature search
were reviewed, culled, and flagged for follow-up searches as warranted. These additional leads were
investigated, thereby supplementing the initial list with new documents until a complete survey of
the current literature was obtained.

1.2 BACKGROUND

PCBs comprise a class of 209 structurally-related chemicals (or congeners) that were widely used as a
dielectric fluid in capacitors, transformers, and other electrical equipment beginning as early as 1929
(Rall, 1975). PCBs are well-known human and ecological hazards (ATSDR, 2000). Manufacturing,
importation, and most uses of PCBs in the U.S. were prohibited under the Toxic Substances Control
Act (15 U.S.C. Sec. 2601 et seq. 1976). Federal regulations that establish authorized uses and disposal
practices for PCBs are stated in the Code of Federal Regulations, Title 40, Part 761 (40 CFR §761).

In addition to their use in electrical equipment, over 75 million kilograms of PCBs were
reported to have been sold in the U.S. from 1958 through 1971 for use as plasticizers or as a
component of numerous industrial products (NIOSH, 1975). These uses of PCBs were in “open-
end” applications that include rubbers, synthetic resins, carbonless copy paper, wax extenders,
cutting oils, pesticide extenders, inks, textile coatings, and other products (Hesse, 1975; EPA,
1976). Construction materials reported to have been manufactured with PCBs include caulk,
adhesives, paints, floor finishes, and other items (see Section 2.3 for additional information). In
this report, materials that are known or believed to have been manufactured with PCBs will be
referred to as primary sources.



PCBs have also been used as an insulating liquid in ballasts for fluorescent lights. Older light ballasts
filled with PCBs continue to be used in some public school buildings. Certain types of ballasts may
leak upon reaching the end of their useful life (Staiff et al., 1974), providing a potential source of
exposure to PCBs in buildings. Although non-liquid PCBs in building materials is the focus of this
literature review, remediation of PCB-containing insulating fluids in light ballasts is discussed briefly.

A large number of buildings may be constructed with PCB-containing materials based on current
information about PCB uses in building products. Over 800,000 government and non-government
buildings that comprise 12 billion square feet of interior space are estimated to have been constructed
between 1958 and 1971 (EIA, 2008). In addition, forty-six percent (46%) of schools in the U.S.
(approximately 55,000 schools) are estimated to have been built during that time based on results
from a survey of indoor air quality programs in schools (Moglia et al., 2006).

PCBs are persistent in the environment and are known to migrate from primary source materials to
adjacent materials in buildings. Elevated concentrations of PCBs have been found in brick, mortar,
concrete, foam board, and other items that are adjacent to primary source materials (Coghlan et al,,
2002). The upper range of PCB levels in these materials has been reported to be approximately 5,000
ppm. Building materials that accumulate PCBs released from primary sources will be referred to as
secondary sources in this report.

PCBs in building materials can also migrate to direct human exposure media including soil, indoor
dust, and indoor air. PCB contamination in soil has been reported to extend up to a meter away
from building envelopes constructed with PCB-containing caulk (Herrick et al., 2007). Remediation
of building-related PCBs in soil has involved excavation of soil to a depth of two feet or more (TRC
Environmental, 2010). Further discussion of soil contaminated with building-related PCBs is beyond
the scope of this report. Settled dust in buildings constructed with PCB-containing caulk has also
been reported to be enriched in PCBs (Chang et al., 2002). Analyses of aggregate exposure to PCBs
indicate that indoor air can be the predominant pathway of exposure to PCBs in building materials
(EPA, 2009¢).

1.3 REGULATORY CONTEXT

The regulations in 40 CFR§761 define authorized uses of PCBs and types of PCB wastes for

both liquid and non-liquid PCBs. The use of PCBs in fluorescent light ballasts notwithstanding,
regulations for non-liquid uses of PCBs set forth in 40 CFR§761.3 are of greatest relevance to PCBs in
building materials. Because PCBs in building materials are generally not an authorized use according
to 40 CFR§761, achieving PCB levels that meet regulatory or risk-based criteria is therefore an
important driver of remediation programs for impacted buildings. Background information on these
driving forces is provided here; additional information is presented later in Sections 2 and 3.

Once a building material that contains an unauthorized use of PCBs is designated for disposal, the
material is subject to classification as either PCB Bulk Product Waste or PCB Remediation Waste.
The definitions of PCB Bulk Product Waste and PCB Remediation Waste are reproduced from



40 CFR8761.3 in Box 1.1. In brief, materials that were manufactured with PCBs, and that contain
PCBs at levels equal to or greater than 50 ppm are subject to the requirements for PCB Bulk Product
Waste. Materials that contain PCBs as a result of a release from primary sources are subject to the
regulations for PCB Remediation Waste. These materials may include waste from clean-up activities,
environmental media such as soil, and building components such as concrete and brick. In general,
primary sources are typically identified as Bulk Product Waste and secondary sources are commonly
determined to be PCB Remediation Waste. However, distinguishing bulk product waste from
remediation waste can be challenging for some materials. Additional information on these terms can
be found in Box 1.1.

Box 1.1 40 CFR §761.3 — Definitions of PCB Waste

> PGB hulk product waste means waste derived from manufactured products containing PCBs in a non-liquid state, at
any concentration where the concentration at the time of designation for disposal was 250 ppm PCBs. PCB bulk product
waste does not include PCBs or PCB items regulated for disposal under §761.60(a) through {c), §761.61, §761.63, or
§761.64. PCB bulk product waste includes, but'is not limited to:

{1} Non-liquid bulk wastes or debris from the demolition of buildings and other man-made structures manufactured,
coated, or serviced with PCBs. PCB bulk product waste does not include debris from the demolition of buildings or other
man-made structures that is contaminated by spills from regulated PCBs which have not been disposed of; decontami-
nated, or otherwise cleaned up in accordance with subpart D of this part.

(2} PCB-containing wastes from the shredding of automobiles, household appliances, or industrial appliances.

(3) Plastics (such as plastic insulation from wire or cable; radio, television and computer casings; vehicle parts; or furniture
laminates); preformed or molded rubber parts and components; applied dried paints, varnishes, waxes or other similar -
coatings or sealants; caulking; adhesives; paper; Galbestos; sound deadening or other types of insulation; and felt or fabric
products such as gaskets.

{4) Fluorescent light ballasts containing PGBs in the potting material.

>> PLR remediation waste means waste containing PCBs as a result of a spill, release, or other unauthorized disposal,
at the following concentrations: Materials disposed of prior to April 18, 1978, that are currently at concentrations >50 ppm
PCBs, regardless of the concentration of the original spill; materials which are currently at any volume or concentration
where the original source was =500 ppm PCBs beginning on April 18, 1578, or =50 ppm PCBs beginning on july 2, 1979;
and materials which are currently at any concentration if the PCBs are spifled or released from a source not authorized

for use under this part. PCB remediation waste means soil, rags, and other debris generated as a result of any PCB spill
cleanup, including, but not limited to:

{1} Environmental media containing PCBs, such as soil and gravel; dredged materials, such as sediments, settled sediment
fines, and aqueous decantate from sediment.

{2) Sewage sludge containing < 50 ppm PCBs and not in use according to §761.20(a)(4); PCB sewage sludge; commercial
or industrial sludge contaminated as the resu_lt of a spill of PCBs including sludges located in or removed from any pollution
control device; agueous decantate from an industrial sludge.

{3) Buildings and other man-made structures (such as concrete floors, wood floors, or walls contaminated from a leaking
PCB or PCB-Contaminated Transformer), porous surfaces, and nonporous surfaces.



Disposal options for PCB Bulk Product Waste and clearance criteria for PCB Remediation Waste
designated in 40 CFR$761 are provided in Table 1.2. Options for disposal of Bulk Product Waste
include either removal of source materials, decontamination of source materials, or a risk-based
disposal method approved by EPA. The criterion for a risk-based approval is that the proposed
method will not pose an unreasonable risk of injury to health or the environment.

As shown in Table 1.2, the EPA regulations allow PCB Remediation Waste to be managed according
to a method that is termed self-implementing on-site clean and disposal. This disposal options allows
residual levels of PCB Remediation Waste to remain in a building. The amount of residual PCBs
allowed depends on the use characteristics of the property and the disposition of the PCBs: (i) high
occupancy versus low occupancy areas, (ii) bulk concentrations versus surface loading levels, and (iii)
unrestricted land use versus a deed restriction. Although not detailed in the table, the regulations for
PCB Remediation Waste also allow for performance-based disposal and risk-based disposal methods
as approved by EPA.

TABLE 1.2 Summary of Disposal Options and Clearance Criteria for PCB Wastes Specified in Code of
Federal Regulations Title 40 Section 761

Material Definition Disposal Optiens Criteria
Waste derived from Performance-based
PGB manufactured products | disposal by fandfil RCRA-permitted facility
Bulk Product in non-liquid state, mcmerahqn or
Waste greater than 50 ppm at | decontamination
40 CFR§761.62 | the time of disposal. Risk-based anorova| | Wil not pose an unreasonable risk of injury to health
(40 CFR §761.3) pp or the environment

High-Occupancy

e <l ppm
Bulk | e >110 <10 ppm if site covered with
appropriate cap (deed restriction)

<1l ppm
e >110 <10 ppm if site covered with

Porous | vopriate cap (deed restriction)

10 pg/100 cm?
Waste containing Nonporous | ® <10 pg/100 cm

PCB . .
Remediation PCBs as a result of a Self-implementing Low-Occupancy
spill, release, or other on-site cleanup
Waste unauthorized disposal and disposal * <25 ppm .
40 CFR§761.61(a) ’ ¢ >725 ppm to <50 ppm if secured by fence

-1 40CFR §761.3) Bulk . (deed restriction)

e =25 ppm to <100 ppm with appropriate
cap {deed restriction)

® <25 ppm

¢ >25 ppm to <50 ppm if secured by fence

Porous i (deed restriction)

® >25 ppm o <100 ppm with appropriate
cap (deed restriction)

Nonporous | ® <100 g /100 cm?




The PCB regulations do not specify a schedule for determination of PCB-containing materials as waste
or a timeline for remediation of PCB waste. This aspect of the regulations provides the opportunity for
property owners to identify the remediation strategy that is most appropriate for a building with PCB-
containing materials. In some cases, conditions warrant control of PCB releases to the environment
and the subsequent potential for human exposure while options for permanent remedies are evaluated.
Recommendations for methods to control exposure to PCBs in building materials on an interim basis
are available from EPA (EPA, 2009b) and are also discussed in Section 3.3 and 3.4.

1.4 ENVIRONMENTAL HEALTH CONTEXT

In addition to accumulating in construction materials through sorption and migration, PCBs that
mobilize from building products can also be present in direct human exposure media including soil,
indoor dust, and indoor air (Coghlan et al., 2002; Herrick et al., 2007). PCBs in soil and dust are subject
to the PCB regulations for bulk product waste and remediation waste however the regulations are silent

on limits for PCBs in indoor air of buildings.

Recently, public health targets for school-year average concentrations of PCBs in the indoor air of
schools have been suggested by EPA (EPA, 2009¢). As shown in Table 1.3, these suggested public health
targets range from 70 ng/m" for children less than 2 years of age to 600 ng/m® for high school students.
Site-specific assessments that consider local conditions such as background intake of PCBs, time-
location patterns at the school, and the mixture of PCB congeners present in the air have also been used
to derive targets for PCB concentrations in indoor air of schools (e.g., MacIntosh et al., 2011).

In some cases, measured concentrations of PCBs in indoor air of buildings with PCB-containing building
materials have exceeded the levels suggested by EPA or those derived from site-specific assessments. For
instance, indoor air concentrations of total PCBs have been reported to reach 5,000 ng/m? in U.S. buildings
constructed with PCB-containing materials (TRC Engineers, 2010b). Likewise, concentrations greater
than 20,000 ng/m® have been reported for buildings in Europe (Liebl et al., 2004; Schwenk et al,, 2002). In
comparison, PCBs in outdoor air are generally less than 1 ng/m?® (ATSDR, 2000; Li et al., 2010).

As suggested by the preceding information, PCBs in indoor air can also be a driving force for
remediation of PCB-containing building materials, regardless of whether regulatory standards for PCBs
in bulk materials are met or not. As described in Section 3, a variety of engineering and administrative
controls are available to manage levels of PCBs in indoor air on both a permanent and interim basis.

TABLE 1.3 Public Health Targets for PCBs in School Indoor Air (ng/m®) Suggested by EPA

) ) ) Age 6-<12yr Age 12-<15yr | Agelb-<19yr | Agel19+
Agel-<zyr | AgeZ-<3yr | Aged-<byr | b\ tary School | Middle School |  High School Adult
70 70 100 300 150 600 450

PGB polychlorinated biphenyl

ng/m® nanograms per cubic meter
* Assuming a background scenario of no significant PCB contamination in building materials and average exposure fram other sources,

these concentrations should keep total exposure below the reference dose of 20 ng PCB/kg-day.

Source: EPA, 2008




1.5 SUMMARY

PCBs are a class of compounds that had important commercial uses in the U.S. prior to their ban
under TSCA due to their association with adverse human and ecological impacts. Primarily used as a
dielectric fluid in capacitors, transformers, and other electrical equipment, PCBs were also used as a
component of some non-liquid building products including caulking, adhesives, paints, floor finishes,
fluorescent light ballasts and other items.

Over 75 million kilograms of PCBs were sold for use as plasticizers or as a component of numerous
industrial products from 1958 to 1971, thus, a large number of buildings constructed are at risk

of having PCB-containing materials. Understanding available remediation strategies for PCB-
containing building materials, therefore, is a critical issue for owners of public and private buildings.

PCBs can be introduced into building materials and media in three primary ways. First, caulk,
adhesives, and other products manufactured with PCBs are primary sources of PCBs in buildings.
Second, PCBs released from primary sources can accumulate in other building materials over time,
creating secondary sources of PCB contamination in a building. Finally, PCBs can be released from
primary and secondary sources and subsequently enter indoor air, dust, and soil.

Regulatory standards for PCBs in 40 CFR§761 establish authorized uses, disposal practices, and
allowable limits for PCBs in materials. Compliance with the unauthorized use provisions of the
regulations is an important driver of remediation programs for PCBs in building materials. Although
not addressed in the regulations, PCB concentrations in indoor air of buildings can also be a factor in
decisions to control release of PCBs from building materials.

Property owners and managers, regulatory authorities, practitioners, and other stakeholders
need information on approaches for managing PCBs in buildings. This report provides a review
of literature published on abatement and mitigation of PCBs in building materials. Methods for
managing or remediating PCBs in buildings are identified and discussed in the context of the
information available on performance, cost, and associated waste.
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B 2.0 SUMMARY OF LITERATURE SEARCH

In accordance with the statement of work for this contract, a summary of the literature search and
results are presented in this section of the report. The summary includes a brief description of

the search methodology, a listing of PCB-containing materials identified in the literature, and an
overview of the remediation methods discussed in those reports.

2.1 APPROACH

To gather information on remediation methods within the scope of this review, a comprehensive
search was conducted of all publicly available technical information from peer-reviewed scientific
and technical journals, conference proceedings, reports by the U.S. federal and state governments,
reports by academic institutions, and reports by international organizations. The search included
documents published or released as of June 2011. The documents and resources identified by the
searches were reviewed, culled, and flagged for follow-up searches as warranted. These additional
leads were investigated, thereby supplementing the initial list with new documents until a complete
survey of the current literature was obtained.

The initial literature search on PCB remediation methods focused on peer-reviewed journal articles.
The search included electronic indices such as the Science Citation Index, Web of Science, and MedLine
(Appendix A, Table A.1). Indices of scientific and technical publications and other electronic resources
were queried using multiple keywords representing four search categories; 1) chemical, ii) remediation,
iii) building type, and iv) building materials.

The representative keywords are provided in | TABLE 2.1 Keywords Used for Literature Search
Table 2.1. Search Category | Keywords

Chemical | PCBs, Polychlorinated Biphenyl

Keywords of the same search category . '
abatement, encapsulation, excavation,

‘ o N Mitigation | extraction, management, mitigation,
categories were connected with "AND maodification, remediation, treatment

were connected with “OR”, and search

in the search. Abstracts for non-English buildi ruction. y
Building Type | BUllding, construction, house, residence,

articles were professionally translated school, university

into English and evaluated to determine , o
coat, exterior, floor, foam, interior, light

Building Material O '
ballast, lighting, metal, seal, wall, wire

whether the document warranted

complete translation.

The grey literature such as white papers, technical reports, and presentations were also searched
and included if deemed appropriate. The grey literature search was conducted through web-based
search engines, using the key words provided in Table 2.1. In addition, searches of proceedings
from relevant scientific conferences were also conducted, including American Conference of
Governmental Industrial Hygienists (ACGIH); American Industrial Hygiene Association (ATHA);
American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE); American
Society for Testing and Materials (ASTM), Air and Waste Management Association (AWMA);
International Society for Indoor Air Quality (ISIAQ); Materials Research Society; Society for



Environmental Toxicology and Chemistry (SETAC); International Society for Exposure Science
(ISES); International Society for Environmental Epidemiology (ISEE), and the annual Dioxin

conference meetings.

2.2 LITERATURE SEARCH RESULTS
In total, 92 documents were obtained. These included 11 conference proceedings, 2 PowerPoint
presentations, 34 reports of consulting firms and government agencies, 31 peer-reviewed journal

articles and 14 websites (Table 2.2). This set of literature identifies a wide variety of building materials

reported to contain PCBs, either from the time of manufacture or through sorption over time.
Numerous mitigation methods are also discussed in the literature. However, only a small number
of these documents also discussed the efficacy or costs of the mitigation methods. Evaluation of
performance for any one method is complicated by the fact that multiple mitigation methods are
often employed simultaneously to manage risks associated with PCBs in building materials. This
management practice limits the ability of the current review to identify precise descriptions of
performance for individual methods.

TABLE 2.2 List of References by Literature Type

Number of
Literature Type Documents References
Found
Conference Proceedings 11 Chang, 2002; Coghlan, 2002; Fragala, 2010; Hamel, 2009; Ljung, 2002;

Macintosh, 2011; Mitchell, 2001; Novaes-Card, 2010; Quinn, 2010; Scadden,
2001; Tanner, 2010

Power Point Presentations 2 TEl, 2009; VanSchalkwyk, 2009

Technical Reports 34 ATC, 2010; EH&E, 2011a-b; EH&E, 2010a-f; EH&E, 2007a-b; NIOSH, 1975;

(Consulting firms/ NRC, 1976; Ruiz, 2010; SAIC, 1992; TRC Engieers, 2010a-c; TRC Environ-

Government agencies) mental, 2010; EPA, 2010a; EPA, 2007; EPA, 1976; UNEP, 1999; W&C, 2010a-f;
W&C, 2009; W&C, 2008a-c; W&C, 2007

Peer-raviewed Journal 31 Andersson, 2004 Bifanz, 1993; Barkley, 1990; Bent, 1994, Bent, 2000;

Articles Benthe, 1992; Bleeker, 1999; Broadhurst, 1972; Funakawa, 2002; Gabrio,

2000; Heinzow, 2007; Heinzow, 2004; Hellman, 2001; Herrick, 2010; Her-
rick, 2007; Herrick, 2004, Jartun, 2009a-b; Kohter, 2005; Kontsas, 2004
Kume, 2008; Kuusisto, 2007; Liebl, 2004; MacLeod, 1981; Persson, 2005;
Pizarro, 2002; Priha, 2005; Robson, 2010; Rudel, 2008; Schwenk, 2002;
Sundahl, 1999

Websites 14 CDC, 1987; LPS, 2010; NYC DOE, 2010; EPA, 2011c; EPA, 2010b-g; EPA,
2009b-c; EPA, 1993; URI, 2001

The remediation methods discussed in these documents focus on primary source materials
in buildings, including ceiling tiles, wall paints, and especially sealants. A smaller number
of reports discussed mitigation of secondary sources and techniques for mitigating potential
exposure to PCBs released from building materials to indoor air. Work plans, an important
management tool for remediation programs, were the topic of a few of the reports.
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The remediation methods considered in this report are applicable to meeting regulatory standards
for PCBs and for managing potential exposures to PCBs in building materials. The methods
covered here also include both interim and permanent measures for managing PCBs in buildings.

The breadth and depth of literature available at this time is consistent with an environmental health
topic that has only recently received close attention from the regulatory community and stakeholders
in the U.S. The initial notice from EPA regarding PCBs in school buildings was issued in September
2009 (EPA, 2011a), 9 months prior to initiation of the literature search.

2.3 PCB-CONTAINING BUILDING MATERIALS

A wide variety of building materials that contain PCBs are described in peer-reviewed papers

and case reports identified by the literature search. Several of the references stress the importance

of building inspections to provide a preliminary assessment of the nature and extent of PCB-
containing materials, followed by appropriate sampling and analysis of suspect materials and building
components (Fragala, 2010; TEI, 2009; W&C, 2008c). This general approach has been demonstrated
to be useful for identifying PCB-containing materials, developing inventories of materials that meet
criteria for unauthorized uses under the PCB regulations, and source materials that are important
contributors to PCBs in indoor air and other pathways of potential exposure. Procedures for building
characterization specific to determination of unauthorized use materials are outlined in Subparts N
and R of 40 CFR8761. Further treatment of evaluation procedures is outside the scope of this report
but should be considered as part of further work.

A list of building materials that have been reported to contain PCBs is provided in Table 2.3.

The building materials were grouped according to whether or not they were likely to have been
manufactured with PCBs. Building materials manufactured with PCBs would have been part of

a broad category of sales for uses that have been termed open-end or open-system applications

(EPA, 1976; NRC, 1979). The largest open-end use of PCBs was in plasticizer applications and
miscellaneous industrial products (NIOSH, 1975; EPA, 1976). Plasticizers are chemicals added to
materials to make them or keep them soft or pliable. Construction products reported to have been
manufactured with PCBs include adhesives, caulk, ceiling tiles, paint, and sealants (Broadhurst, 1972;
NIOSH, 1975; EPA, 1976; CDC, 1987).

Among measurements of PCBs identified by the literature search, caulk, applied primarily to exterior
joints, was the building material most frequently reported to contain PCBs. Caulk also had the highest
reported concentration of PCBs with levels commonly in the range of 1,000 to 100,000 ppm and
ranging up to approximately 750,000 ppm (ATC, 2010). The mixture of PCBs in caulk most frequently
consisted of Aroclor 1254 and Aroclor 1248 (EH&E, 2010f; ATC, 2010; W&C, 2007). Paint and
adhesives such as floor tile mastic were also frequently reported to contain PCBs (Bent et al,, 1994; TRC
Environmental, 2010).

Porous materials such as concrete and brick were frequently reported as secondary sources of PCBs.
. Asnoted earlier in this report, porous materials can absorb PCBs when adjacent to caulk or other
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materials manufactured with elevated concentrations of PCBs (W&C, 2010a; W&C, 2010d; W&C,
2010e; W&C, 2010f; W&C, 2007). PCBs can transfer from secondary sources to other materials as
well, including products intended to inhibit migration of PCBs. For instance, silicone caulk applied
directly on PCB-containing caulk has been reported to absorb PCBs and in one building eventually
reached concentrations up to 4,200 ppm (W&C, 2010c; EH&E, 2007b; W&C, 2010f).

Direct human exposure media, such as indoor air, that have been reported to be impacted by PCBs
released from building materials are also noted in Table 2.3.

2.4 REMEDIATION METHODS

The literature search identified a wide range of remediation methods for PCBs in building materials.
Although diverse in purpose and approach, the methods can be grouped according to terminology
suggested by the EPA for environmental clean-up activities. The EPA terms that define these groups
were presented in Table 1.1.

In this report, remediation is an overarching term that encompasses removing PCBs from a building

or limiting the migration of PCBs from sources in a building. Two general approaches to remediation
.are recognized here — abatement and mitigation. Abatement refers to reducing the amount of PCBs in
building materials. Mitigation is a complement to abatement and refers to controlling exposure to PCBs
released from building materials without removing PCBs from source materials in a building.

A conceptual framework for organizing the groups of remediation methods is illustrated in Figure
2.1.In this framework, abatement is distinguished from mitigation in that the objective of abatement
is to reduce the mass of PCBs or PCB-containing materials in a building, while the objective of
mitigation is to limit release of PCBs from building materials or their transfer to the environment and
locations where people may be exposed. Abatement activities involve handling, treating, or directly
contacting PCB-containing materials in a manner that removes primary and secondary source
materials from a building or lowers the amount of PCBs in building materials through chemical
degradation or extraction techniques. Mitigation actions do not involve modifying source materials,
but instead may be intended to block pathways of PCB transport, dilute concentrations of PCBs in
exposure media, or establish uses of building space that minimize exposure to building-related PCBs.

Details of the various remediation methods are described in Section 3 and a brief summary of
individual remediation methods are provided in Table 2.3.

2.4.1 Abatement

In general, abatement methods are intended to provide a permanent remedy to unauthorized or
undesired uses of PCBs in building materials. A permanent remedy can be achieved by removing
PCB-containing materials from a building or reducing the amount of PCBs in a material below

the clearance criteria for residual PCBs as defined in 40 CFR§761 (see Table 1.2). A summary of
information identified on abatement achieved by source removal and source modification methods
follows.
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TABLE 2.3 PCB Containing Building Materials and Exposure Media

Maximum Concentration
) from Buildings

Material

?nmary ‘Suurce Matenai (possmiymanuactureﬂ with PCB

References Reporting PGB Contaminated Materials

Cautking (Sea!ant, Plaster) 959 — 752,000 ppm (a), (b, (d), (&), (), (g), (i), (1), (), (1), (@), (), (), (w), (aa), (BbY, (cc), (If),
(i), i), (0, (10, {mm), {nn)

Adhesives/Mastic 3.9~3,100 ppm {d}, (&), (g), (1), (hh), (D), (i})

Surface Coating 140 — 255 ppm (d), (g), (dd), (if)

Paint 0.7 ~ 89,000 ppm (a), {e), (g), (), (u}, (v), (), hh), (i)

Ceiling Tiles 57 ~51,000 ppm (9,0

Glazing Up 10 160% liquid PCB M, i

Light Ballast 1,200,000 ppm (m)

Electric Wiring 14 ppm

 Secandary Source Nateril (prabably not manufactured with PCB)

Insulation Materials 0.2-310 ppm b),

Backer Rod 99,000 ppm {b)

Gaskets 4,300 ppm (i)

Cove Base 170 ppm M
Polyurethane foam (furniture) 47 - 50 ppm {g) (i)

Wood 380 ppm {g)
Brick/Mortar/Ginder Black 2.8—1,100 ppm (b, (1), (), (kk)
Asphalt 140 ppm k)

Stone {granite, limestone, marble, etc.) 130 ppm {I, (mm), (nn)

Concrete 53~ 17,000 ppm

Non- ?amus Materials

48 g/100 cm?

(b, (e), (), k), (v), ), (1), (kk), (m

m), {nn)

Metals Surfaces ),
Door Frame 102 ppm (hh)
Railing 70 ppm {hh)

. £xpnsure !ﬁedl
SonI/Sedlment/Sand

0.1-581 ppm

a), (1), (s), (u), (bb), (kk), (1), (mm),
Settled Dust 120 pg/100 cm?, <1.5 - 190 ppm ; (1), (dd), (i)
Indoor Air 35— 24,000 ng/m® (c), (d), {&)

{
(
(
(
{
{
(
(
(

a) Andersson, 2004 {j) Gabrio, 2000 {s) Herrick, 2007 (bb) Priha, 2005 (ji) URL, 2001

b} ATC, 2010 (k) EH&E, 2007b {t) Herrick, 2010 {cc) Robson, 2010 (kk) W&C, 2007

¢) Balfanz, 1993 (1) EHE, 2010f (1) Jartun, 20092 (dd) Rudel, 2008 (1) WAC, 20102
d) Bent, 1994 (m) EPA, 2011c (v) Jartun, 2009b (ee) Schwenk, 2002 (mm) W&C, 2010¢
e) Bent, 2000 (n) Funakawa, 2002 (w) Kohler, 2005 (ff) Sundahl, 1999 (nn) W&C, 2010¢-f
1) Benthe, 1992 (0) Heinzaw, 2004 {x) Kontsas, 2004 (gg) TRC Engineers, 2010b '

o) Bleeker, 1999 {p} Heinzow, 2007 {y) Kuusiste, 2007 (hh) TRC Engineers, 2010a

h) CDC, 1987 {q) Hellman, 2001 (z) Liebl, 2004 (i} TRC Environmental,

i} Chang, 2002 {r) Herrick, 2004 {aa) Persson, 2005 2010
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As shown in Figure 2.1, source removal methods include physical removal and on-site
decontamination of PCB-containing materials. Physical removal involves displacement of

bulk material that contains PCBs followed by disposal according to applicable state and federal
regulations. In the case of PCB caulking, hand tools such as utility knife, putty knife, scraper, ripping
chisel, and bush hammer are typically used to pry beads of caulk from the seams in manageable
lengths. Various types of abrasive blasting techniques are physical removal methods that have been
applied to surface coatings that contain elevated concentrations of PCBs. In both cases, the removed
caulk or surface coating is placed in sealed containers which are stored in a covered roll-off and
subsequently disposed of as hazardous waste.

In addition to physical removal of PCB-containing materials, source removal can also be
achieved through on-site decontamination. Several products and techniques for chemical
degradation of PCBs in bulk product waste and remediation waste materials are described in the
literature. In general, the products are applied to PCB-containing materials as a slurry or paste,
covered by an overlying material, and left in place for days to weeks as required by the kinetics
of the degradation reactions. Spent product and degradation products are waste byproducts of
the process.

Old fluorescent light ballasts that were manufactured with PCBs remain in use in some buildings
and their remediation constitutes a special case of source removal. Detailed source removal
procedures (clean-up and decontamination) for a leak, including management and disposal of
wastes from PCB-containing ballasts, are outlined in the PCB regulations and summarized in
Section 3.

FIGURE 2.1 Framewaork for Methods to Remediate PCBs in Building Materials

TYPE OF REMEDIATION OBIECTIVE APPROACH METHBD
Reduce the degree Source Removal  F—————— Physical removal
or intensity of,
Abatement or eliminate
PCB-containing S Chemical Extraction
building materials Source Modification _ ’
Chemical Degradation

Contact Encapsulation

Reduce advefrse Engineering Controls Physical Barrier
chnpac;m_o' Ventilation
. -containing Air Cleani
Mitigation building materials I eampg
on the building Administrative Controls —{ Space Assignment
or its occupants Work Plan and 0&M Plan
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TABLE 2.4 Description of Remediation Methods
Remediation .
Method Approach Method Description
Source Removal Physical Removal Remove PCB—cor}talnlng building materials using
hand or mechanical tools
Ahatement Chemical Extraction Applyg solvent that washes PCBs from buiiding
Source materials
Modification Chemical Decradation Treat building materials with a chemical product that
g transforms PCBs in into less hazardous substances
Encapsulation Apply a Iovy permeab:lljty film or sealant directly to
PCB-containing materials
Physical Barrier Separgte PCB—contammg {natenals from other (e.g.,
o occupied) areas of a building
Engineering : : T -
. Deliver PCB-free air to the interior of a building to
Controls Ventilation L .
control PGB concentrations in indoor air
Operate a fan-operated device equipped with
Mitigation Air Cleaning activated charcoal or other filtration media for which
PCBs have high affinity
Space Assignment Use nsk—b@sed criteria to assign space to occupants
of a building
Administrative Implement procedures and policies that detail how
Controls Work Plan and 0&M | PCBs in building materials will be managed so as not
Plan to present an unreasonable risk of injury to health or
the environment

2.4.2 Mitigation

Mitigation generally refers to controlling impacts of building material-related PCBs without actually

* removing PCBs from source materials. Mitigation methods can provide interim measures of control
such that PCBs in building material do not pose an unreasonable risk of injury to human health

and the environment. Accordingly, interim measures are typically planned and implemented to
provide an equivalent level of protection to permanent measures. Mitigation methods can also be a
component of activity undertaken following an abatement action or as part of a management in place
program for residual PCBs in building materials.

As described below, engineering and administrative controls implemented alone or in combination
can be effective at mitigating releases of PCBs to the environment and limiting exposure.

Engineering Controls

Engineering controls involve changes to the physical conditions of a building that reduce the magnitude
of potential uncontrolled releases of PCBs and corresponding exposure. These controls can take many
forms but are principally contact encapsulation; physical barriers; ventilation; and air cleaning.

Contact encapsulation refers to covering PCB-containing materials with an impermeable film or
sealant. The sealant serves to reduce potential for dermal contact with PCBs and to retard release of
PCB-containing materials or PCBs through weathering, mechanical degradation, or volatilization.
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Contact encapsulation is described in the literature as a mitigation method for PCB-containing caulk,
paint, adhesive, and other materials. Numerous encapsulants are described in the literature and include
certain types of tape, sealants, and epoxies. Details about these methods are provided in Section 3.3.1.

Physical barriers constructed to separate areas with PCB-containing building materials from other areas
of a building are another type of engineering control. In some cases, physical barriers such as fences and
interior walls can be erected to prevent building occupants from coming into direct contact with PCB-
containing building materials. For example a simple plastic mesh snow fence can be placed around the
perimeter of a building facade to prevent people from approaching or contacting PCB-containing caulk
or paint on the exterior face of the building. In other cases, physical barriers can be used to minimize
transport of PCB vapors from source materials to occupied areas of a building. Barriers to control
vapor transport include sealants or foam applied to joints of building features that form interstitial
spaces which include PCB-containing materials. Examples of interstitial spaces that may enclose PCB-
containing materials include aluminum framing around the panels of a curtain wall sealed with PCB
caulk or wallboard covers over structural beams that are sealed with PCB caulk.

Ventilation with outdoor air and cleaning of indoor air are engineering controls that can be used

to modify concentrations of PCBs in indoor air that are associated with volatilization from PCB-
containing materials. Improvements or upgrades to existing ventilation systems have been shown

to be effective at lowering concentrations of PCBs in indoor air. However, the cost of heating and
cooling outdoor air can be a practical constraint on implementation of this mitigation method.
Operation of air cleaners equipped with activated charcoal filters was described as effective at
lowering PCB levels in indoor air in one report identified by the literature search (EH&E, 2010c).
Additional research is needed to evaluate the role of air cleaning as a long-term remedy for managing
exposures to building-related PCBs.

Administrative Controls

Administrative controls involve changes to the use or maintenance of a building that reduce the
magnitude of potential occupant exposures to PCBs or the likelihood of uncontrolled releases of
PCBs from source materials. A space assignment plan that places building occupants in locations
that yield exposures below established targets for indoor air or other media is an example of an
administrative control. Similarly, adoption of an operation and maintenance plan for residual
PCBs in building materials as part of an overall facility management program can be effective at
confirming the continued performance of other remediation methods. As described in Section 3,
the parameters of administrative controls can be informed by a site-specific assessment of PCB
exposure and risk.

The literature search also identified work plans as an important form of administrative control. Work
plans are designed to ensure that remediation efforts comply with all applicable rules and regulations
and that the planned remediation activities do not pose an unreasonable risk of injury to human
health and the environment.
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Work plans are necessarily site-specific, yet all work plans strive to ensure consistent and effective
management of a remediation action for PCB-containing building materials. Specification of the flow
. of work is critical for containment of PCBs during remediation. The work flow for a project typically
includes: site protection and isolation, source removal, surface cleaning, material decontamination,
inspection and testing of non-porous surfaces, source modification, testing and verification, site
restoration, project acceptance, and completion.

The key elements of a typical work plan for remediation of PCB-containing building materials are
provided in Table 2.5. The remediation methods described in Section 3 would typically appear
prominently in sections of a work plan that address scope, schedule, and procedures. More detailed
information on the major components of work plans is presented in Section 3.4.2.

Applicability of Mitigation Methods

Mitigation of impacts arising from PCBs in building materials rather than abatement of the PCB-
containing materials strikes a balance among (i) disruption of building operations, (ii) cost of
abatement, (iii) regulatory requirements and (iv) risk to health and the environment.

Disruption associated with abatement of PCB-containing building materials can favor mitigation
over abatement. As described in Sections 3.1, methods commonly used to remove or modify PCB-
containing materials can involve construction practices that generate noise, dust, gases, and require
involved containment procedures similar to those used for asbestos. Destructive procedures for
removing concrete, brick, mortar, and other substrates that have absorbed PCBs from source material
such as caulk are often the most disruptive. Abatement activities are often undertaken most efficiently
in unoccupied areas of a building and may require the relocation of building occupants. Disruption
of building operations may be greatest when a temporary space for use by building occupants,

i.e., swing space, is not available. Therefore, mitigation approaches that limit exposure to PCBs in
building materials can help organizations maintain business continuity and control costs.

TABLE 2.5 Key Elements of a Typical Work Plan for Mitigation of PCB-Containing Building Materials

Gase Narrative Description of the building, presentation of PCBs in building materials, and overview of
abatement goals :

Regulations, Permits, and Identification of applicable regulations and corresponding permits and certifications

Qualifications required to perform the abatement plan

Scope and Schedule ldentification of materials to be abated, overview of mitigation methads, and forecast
of work schedule

Execution Plan Description of work flow ranging from site preparations through disposal

Abatement Procedures Detailed description of procedures for source removal, source modification and, if
planned, management options

Starage and Disposal Statement of plans for storage and disposal of PCB buik product and remediation waste

Ahatement Completion Identification of performance criteria and evaluation procedures for the mitigation

Acceptance Criteria actions

Health and Safety Plan to ensure health and safety of abatement contractors, visitors to the site, and
occupants of the building
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As shown in Table 1.2, the regulatory framework for PCBs includes risk-based approvals that

appear to allow PCB-containing materials to be managed in place on a temporary basis. Based on
information identified by the literature search, risk-based approvals are made on a case-by-case basis
and follow the generally accepted procedures for quantitative analyses of cancer and non-cancer risks
for PCBs.

The extent of health risk posed by leaving PCB-containing materials in place for a pre-defined
period of time is a core consideration in a decision about the degree to engage in abatement

or mitigation. The potential for direct contact with PCB bulk product waste or other PCB-
containing materials should be part of any such decision. PCB-containing materials in building
facades above ground-level often present limited opportunity for direct contact in most cases
and may be amenable to mitigation. As noted earlier in this section, physical barriers can prevent
direct contact with PCBs in building materials at ground level or indoors. Physical barriers can
limit transfer of PCB vapors to indoor locations as well. A mitigation program can also include
ventilation strategies to transfer PCBs from indoor air to outdoor air and thereby control

inhalation exposures indoors.

The response to discovery of PCB-containing materials in an elementary school provides an
illustrative example of mitigation as an interim remedy (EH&E, 2010a-f). The construction of the
approximately 65,000 square foot, single story building in 1961 included curtain walls that contained
composite panels held within aluminum framing by PCB-containing caulk. Approximately 500 linear
feet of caulk was exposed along both the interior and exterior face of the composite panels in each
classroom. Potential pathways of exposure to PCBs associated with the caulk included direct contact
with caulk inside and outside of the building as well as inhalation of PCBs volatilized to indoor air.
Children under 6 years old were moved to classrooms in a masonry addition of the school without
PCB-containing materials. Physical barriers, including bi-layer sealants, gypsum board walls, and
fences constructed over the interior and exterior caulk, prevented direct contact with the PCB-
containing material. Modifications to the ventilation system led to further control of PCB levels in
indoor air. Abatement activities were undertaken primarily when school was not in session in order
to minimize disruption of education. As a result of these combined efforts, residual PCB exposures
were brought below risk-based tolerances, disruption of the educational mission was minimized,
and costs were controlled without removing the source material or demolishing and rebuilding large
portions of the building.
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» 3.0 REMEDIATION METHODS

The literature search identified a wide range of manual, mechanical, chemical, engineering, and
management techniques to effect source removal, source modification, and control of PCB exposure.
Each method is described in the remainder of this section following the framework for remediation
methods presented in Section 2.4. Where available, information on performance and cost is provided
as well.

3.1 SOURCE REMOVAL

3.1.1 Physical Removal of Bulk Materials

Physical removal methods involve the direct removal of PCB-contaminated materials. Physical
removal is often the remediation approach of choice for caulk, porous materials (e.g., concrete,
bricks), paints, ceiling tiles, and other bulk materials. Physical removal is generally recognized as
an effective remediation measure, and can be performed using manual or mechanical techniques. A
summary of physical removal methods for bulk materials is provided in Table 3.1.

Manual methods are based on direct handling of PCB-containing materials by abatement contractors
or the use of hand tools. Manual methods are often favored over mechanical methods because

they typically produce substantially lower emissions of dust and debris, noise, vibration, and odor
(VanSchalkwyk, 2009). Manual methods are most applicable to discrete building materials that are
not chemically bonded to adjacent materials. For example, manual removal is often the first step

in abatement of PCB-containing caulk from around the exterior of window frames and between
concrete panels. Hand tools and direct manipulation are also useful for removing certain materials
that may absorb PCBs over time such as foam insulation, cove base, and ceiling tiles. In contrast,
manual removal methods are less amenable to PCB-containing films such as paint. A photograph

of abatement contractors in

appropriate protective measures FIGURE 3.1 Photograph of PCB-Containing Caulk Removal
during remediation work is Using Hand Tools

presented in Figure 3.1.

Direct bulk removal for PCB-
containing paint can include

the complete removal of all
wallboard that has been painted.
For cases where the paint cannot
be removed without damaging
the structural stability of the
external wall, a “false wall” can
be constructed over these painted

external walls to prevent any

Source: EPA, 2010d

direct contact with the existing
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TABLE 3.1 Source Removal Methods for Abatement of PGB-Containing Building Materials

Method

Description Example

Applied Building Materials

References*

Bulk removal

Remove using hand
fools

utility knife, scraper, ripping
chisel, putty knife, bush hammer,
hammer and chisej

Caulk, porous materials
(concrete, brick, granite),
non-porous materials
(metal), soil, paint

(a), (b), (c), (d),
(@), (), (@), (h),
(i, ()

Sandblasting

Shot biasting

Most commonly used techniques where PGB
contamination is limited to the upper 0.5 centimeters of
porous media such as concrete. Sandblasting involves
blasting fine grains of abrasive sand onto the PCB
contaminated surface to strip away surface coatings
and remove the porous material below. Shot blasting
involves shooting varying sizes of metal shot against
the surface and is more effective af bulk material
removal. The shot is recovered in the process using a
specially fitted vacuum system that separates the shot
from PCB-cantaminated residue.

Paint, concrete

(k). (1), (e)

(k)

Bead blasting

Pracess of removing surface deposits by applying fine
gle;fss beads at a high pressure without damaging the
surface.

Concrete

Hydro blasting

Use high pressure (i.e. 1,000 to 6,000 pounds per

sq inch) washing of building walls, ceilings, and
equipment surfaces. High pressure water is sprayed
against the PCB contaminated surfaces, and the
wash water is then collected and disposed of. Hydro
blasting can be especially effective for remaving paint
and coating layers. Under very high pressure it can
also be used to cut and remove porous media such as
concrete, but is generally fess effective and results

in more waste {i.e. contaminated water) than other
available methods.

Paint, concrete

CO, blasting

Pellets of frozen CO, are blasted against the affected
surface.

Paint, caulk

Scarification

Scabblers

Scarifying and scabbling are more applicable where
PCBs extend deeper into the porous material (i.e., 1

to 5 cm penetration in concrete). Scarifiers contain a
helical rotating cutting tool that is attached to a tractor
or large mobile roller and used to remove a layer of
concrete. Scabblers use small, high-pressure impact
pistons to sequentially break up the concrete. Scabblers
are generally smaller than scarifying units and have

a lower concrete removal rate, but scabblers are more
adaptiable to different indoor environments. Bath
devices are able to shave off from 1/16 inch to 1/8 inch
of concrete per pass.

Concrete

Saw cutting

Process of controlled sawing, drilling, and removal

of concrete using special saws that use diamond
impregnated blades. Cutting leaves a smooth finish and
utilizes water so as to not create any dust.

Concrete, caulk

Grinders

Use horizontally rotating discs to level, smooth or clean
the top surface of a concrete slab. Grinders provide
contractors with a smoother finish than scarifiers or
scabblers.

Concrete

Roto-peening

Portable tool designed to remove and descale protective
coatings from steel, concrete, brick, and wood.

Concrete

References:

a) TRC Environmental,

2010
b) TEI, 2009

¢) Sundahl, 1993 1) W&C, 2010a-t
d) EH&E, 2007a-b g) EH&E, 2010f
e) W&C, 2009 h) Bent, 1994

i) Bent, 2000
j) EPA, 2010g
k) Mitchell, 2001

1} Kuusisto, 2001
m) Hamel, 2009
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painted surface (TRC Environmental, 2010). Information on other approaches to physical barriers is
provided in Section 3.3.

Mechanical methods of bulk removal include hammer drill or saw cutting, scarification,

sand blasting, bead blasting, and water blasting, with the specific method selected dependent on the
contaminated material (TEL 2009). Removal processes that involve large power tools, such as
blasting, can be problematic, resulting in notable noise, vibration, odor, and inconvenience. To
address these limitations, VanSchalkwyk (2009) advocated relying upon material removal with

hand tools, including caulking removal, aided by chemical washing of only horizontal surfaces, and
encapsulation of all adjacent building surfaces. For caulk, direct bulk removal requires the removal of
caulk within joints and seams and, if necessary, in the adjacent building materials. The cost estimate
of caulk removal exceeds $100/linear foot of caulk (VanSchalkwyk, 2009).

Selection of the most appropriate tools for caulk removal is based on caulk properties, location, and
accessibility. EPA categorizes caulk into two types: (i) hard and brittle which is typical of aged and
weather exposed caulks and frequently seen in exterior areas, or (ii) elastic and soft, which is found
primarily in areas protected from sunlight and weather, and located indoors (EPA, 2010c-f). Material
and conditions of the adjoining structures are key elements to consider in choosing an appropriate
tool for removal of caulk. Anticipated dust and heat generation also plays an important role in
selecting the appropriate tool and method. A summary of tools and methods for removing caulk
prepared by EPA is provided in Table 3.2.

Mitigation of PCBs in secondary source materials such as brick or concrete can be more challenging
and substantially more expensive than removal of caulk and other primary source materials.
This situation is illustrated by a building in

which concrete that was adjacent to beads of FIGURE 3.2 Removal of Concrete Adjacent to Former Seam
PCB-containing caulk was found to contain of PCB Caulking Laid Between Pre-formed Concrete Panels

unauthorized PCB levels. Concrete in the
immediate vicinity of the caulk was identified
as PCB Remediation Waste and designated

for removal and disposal. At this building, a
Vs-inch by %2-inch linear section of concrete
was removed from both sides of every seam
between concrete panels that formed the facade
of the 17-story structure. The concrete sections
were removed with hand-held circular grinding
tools operated by trained laborers (see Figure
3.2). Approximately 18 miles of % square inch
concrete sections were removed from the face of
the building. A hand-held HEPA vacuum was
used to capture dust generated by the cutting

tools. Personal protective equipment including Source: Fraééla 2010)
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TABLE 3.2 Summary of Tools and Methods for Cautk Removal
Tools/Method Suitahility Advantages Disadvantages Protective Measures
- ' S S to Consider
Utility kaife = Universally appli- e Short, sturdy blade ¢ Requires great exer- | e General personal
cable tool, espe- that is easily ex- tion in case of hard profective measures
cially for cutting out changeable caulk e Construction of
elastic and soft caulk | e Handy, low weight e Relative low output Containment Area
together with an ¢ No dust development (linear meters of enclosure (if dust is
electrical joint cutter in case of elastic caulk/hour) generated)
= Suitable for all cautk e Relatively high labor | @ Work area decon-
smooth joint faces e | ittle dust when re- costs tamination
e | ess suitable for moving slightly brittle
working on projects caulk and cleaning
with caulk of lengths | joint faces
exceeding 100 m o Gentle treatment of
e | ess suitable for very | joint faces
hard caulk
e Choice of different
blades to suif the
joint width and depth
Ripping chisel s Suitable for breaking | @ Removal of hard and | e Quickly dulls when  General personal
out or chiseling hard brittle caulk: The working with rough protective measures
caulk, especially cutting edge can be joint faces made of | ® Construction of
when working with moved along the joint | concrete or other hard ¢ Containment Area
joint in concave face with greater materials enclosure
angled planes pressure than a utility | @ Possible damageto | ¢ Dust aspiration at
e | ess suitable for knife adjoining structural the source when
joints with a width of | e Low dust development | parts cleaning joint faces/
fess than b mm in case of rough joint removing loose or
e | ess suitable for faces crumbling caulk as
working on projects described in Abate-
with caulk of lengths ment Step 2
exceeding 100 m
Putty knife/scraper |  Suitable for rework- | e Suitable for rough = Poor cutting action
ing joint faces with joint faces e Small particle debris
shaving or scraping at the joint faces
e Suitable for removing s Longer joints and
loose or crumbling hard caulk
caulk
Bush hammer e Suitable for ham- e No heavy dust devel- | e Limited to hard and
mering away hard or opment solid surfaces
well-attached caulk
residue on hard,
rehust areas
Hammer and chisel | e Suitable for very e For very hard caulk e Possible damage to
hard, brittle, or wide structural parts
joints > 2 ¢m
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TABLE 3.2 Continued
Tools/Method Suitability Advantages Disadvantages Protective Measures
to Consider
Electrical e Universally applicable tool e Short, sturdy blade | ® Moderate exer- | @ General personal protective
jaint for cutting out hard and soft that is easily ex- tion required measures
cutter with caulk, especially in combi- changeable e No integrated | e Construction of Contain-
oscillating nation with a utility knife; e Handy, acceptable dust aspira- ment Area enclosure
blade suitable for all material types | weight tion e Maintain negative air
of adjoining structures. e Low dust volume pressure with induced draft
@ | gss suitable for removing e Typically low risk of fan equipped with High
caulk that is difficult to access { damage to joint faces Efficiency Particufate Air
s Not suitable for very hard caulk | with careful work (HEPA) filters
Flectrical e Universally applicable tool | o Lightweight device, | © Nointegrated | © Dustaspiration at the
scraper with | for cutting out hard and soft | handy dust aspira- source when removing
exchangeahle | caulk, especially in combi- | e Low exertion tion loose or crumbling caulk/
blades nation with a utility knife e Low dust volume cleaning joint faces as
* Suitable for difficult-to- described in Abatement
access joint areas in corners Step 2
and along edges
e Also suitable for reworking
joint faces
« Not suitable for very hard caulk
Needle @ On level areas: for broad, ¢ Removal of firmly at- | e Higher dust
hammer shallow dummy joints and tached, hard caulk volume; pos-
connections joints sible damage
to adjoining
structures
Rotary e Only suitable for cufting out | e Lightweight device, | e Higher dust
Cutting tools the caulk handy volume
e Not suitable for reworking joint | e Low exertion * No infegrated
faces s Typically low risk dust aspira-
s Suitable for difficult-to-access | of damage {o joint tion
joint areas long edges; not faces with careful
suitable for accessing corners | work
ligsaw with e Tool with integrated dust e Good cutting rate for | e Only suitable | ® General personal protective
exchangeahle | aspiration. Use is limited to semi-soft and hard for joints in measures
saw hlades deep joints with free spacein | caulk vertical planes | e Construction of Contain-
accordance with blade length | e Integrated dust with open joint | ment Area enclosure
e Only suitable for cutting out aspiration backup e Maintain negative air pres-
the caulk sure with induced draft fan
o Nat suitable for reworking equipped with HEPA fifters
joint faces e Connection of the integrat-
¢ Not suitable for difficult-to- ed dust aspiration device
access joint areas in corners to an industrial vacuum
and along edges with HEPA filters.
Biamond e Electrical joint cutter with * | ow dust volume » Heat develop-
sanding oscillating, diamond-coated compared to angle ment and gas-
device cleaning and blade and grinder E0US emission
integrated dust aspiration e integrated dust production not
© Only suitable for cleaning aspiration clarified
joint faces
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TABLE 3.2 Continued

Tools/Method

Dryice (C0,)
hlasting

Suitahility

e Suitable for gentle reworking

of joint faces
e Suitable for large joint
lengths

Advantages

rounding materials

e Good cleaning
performance (Note:
In some cases, the
method cannot
completely remove
caulk)

e (Good performance
for large joint
lengths

Disadvantages

e Expensive
{especially
in combina-
tion with high
demands for
protective
measures)

e Complex
requirements
for protective
measures

Protective Measures
to Consider

e Enclosure of the work area
with airtight seal, negative
pressure and controlled air
exchange, dust aspiration
at the source

e Full respirator with fresh
air supply and protective
suit

e Noise and ear protection
{noise levels range from 85
to 120 dBA, depending on
the device)

Source: EPA, 2010g

tull body clothing and N95 respirators was also used to limit PCB exposure to workers (EH&E,

2007a-b). The cost of the abatement project was approximately $1.4 million, which equated to $9 per

square foot of the building and $30 per linear foot of PCB-containing caulk. Other project-related

costs, both hard and soft costs, included characterization of PCB-containing materials, disruption of

building operations, and disposal of the PCB Bulk and Remediation Waste.

Documents identified in the literature search offered little information on the costs of physical

removal methods for bulk materials. However, the costs of removing exterior PCB caulk and

contaminated porous materials, primarily concrete, using hand and mechanical tools was reported

for four buildings (Fragala, 2010). As shown in Table 3.3, the remediation cost generally increased

as the size of the building increased. The cost normalized to building size ranged between $9 to $18

per square foot of indoor building space. The variation in costs reflects many factors including the

amount and accessibility of PCB-contaminated building materials.

The impact of direct bulk removal on PCB concentrations and potential exposures for occupants and

abatement workers was discussed in two peer-reviewed papers identified by the literature search.

Sundahl (1999) examined PCB concentrations in work site air before and during remediation of PCB-

containing caulk between cement blocks. The abatement process consisted of several steps: (1) cutting

the elastic sealant with an oscillating knife, (2) grinding the concrete with a machine, (3) sawing the

concrete with a mechanical saw, and (4) cutting the concrete with a mechanical chisel. Each process was

performed together with a high capacity vacuum cleaner connected to each of the tools. The authors

reported that PCBs accounted for up to 8% of the sealant by weight. PCB concentrations up to 450 ppm

were found in the surrounding concrete. Without proper controls, PCB concentrations in indoor air

were elevated during remediation, with levels generally above the occupational exposure limit of 10

pg/m® and sometimes over ten times higher (120 pg/m®). However, PCB levels in air were below the

occupational exposure limit when proper controls for dust and gases were in place.
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TABLE 3.3 Remediation Costs Reported by EH&E
Building Size
Building Type Work Schedule (Square Feet) Remediation Cost ($) Gost per square foot
Vacated due to
University Academic occupant fears 80,000 $1.4 Miltion $18
Commercial Office Occupied 260,000 $3.4 Million $13
University Office Unoccupied 155,000 $1.4 Million $9
University Academic QOccupied 197,000 $2.4 Million $12
Source: Fragala, 2010

Similarly, Kuusisto (2007) analyzed PCB concentrations on building surfaces after PCB-

containing paint was sandblasted with silica and estimated corresponding health risks from these

concentrations. A total of sixteen wipe samples were collected after sandblasting was performed

in two Finnish industrial buildings. Airborne PCB concentrations were also measured for two

hour periods using active samplers. The total surface PCB concentrations ranged between 100 and

1,100 pg/m® Estimated cancer risks were higher for children (1.2 x 10*) as compared to adults and

occupational workers (1.3 x 10~ and 1.5 x 107, respectively). The hazard quotients, a characterization

of non-cancer risk, ranged between 3.3 and 35 depending on the exposure scenario. Acceptable

surface concentrations {e.g., protective for 95% of the exposed population) were calculated to equal 7
g/m? for residential use, 65 ug/m?* for adult residential use, and 140 pg/m? for occupational use. Pilot

cleanup experiments showed that PCB-contaminated surface dust should be removed with industrial

vacuum cleaners and washed with terpene containing liquid, as vacuuming alone did not sufficiently

clean surfaces to acceptable risk levels.

Papers and reports identified by the literature search indicate clearly that physical removal methods
are rarely used in isolation and their efficacy is rarely assessed in the absence of effects that are
attributable at least in part to complementary mitigation methods. This observation is illustrated by
the synopsis of a mitigation effort described by Bent et al. (1994, 2000) that is presented in Box 3.1.

The majority of peer-reviewed scientific papers identified by the literature search focused on
characterizing PCB exposures for abatement workers. Several of these studies were based on
occupational cohorts in Finland. Priha et al. (2005), for example, conducted a study to assess PCB
exposures and health risks among Finnish workers at nine remediation sites. As part of their job,
workers operated grinding wheels with local exhaust units for one to four hours while wearing
respirators. Personal PCB samples were collected from the breathing zone of 14 workers, while PCB
concentrations in 27 elastic sealant samples from nine buildings were also measured. Exposures were
estimated using standard algorithms to calculate lifetime average daily dose and carcinogenic risk.
The authors found that the estimated PCB exposures of workers were higher than those of the general
population, with exposures 10-fold higher than the reference dose and average dietary intake. The
calculated point estimate of excess cancer risk was 4.6x10™ cancer cases per lifetime. Since exposure
and risk calculations did not account for the fact that workers wore respirators, however, it is likely
that risk calculations overestimated exposure and risk.
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Box 3.1 Mitigation Efforts Described by Bent et al. {1994, 2000)

In a paper by Bent et al. {2000), a mechanical approach fo mitigation of PCB-containing paint was carried out in the
remediation of 2 German school building with PCB concentrations in indoor air of classrooms ranging from 6,000 —7,000
ng/m®, PCBs were present in the indoor and outdoor faces of concrete, paints, heating element paints, ceiling tiles, and floor
surfaces. A total of 245 material samples were collected from remediated and control rooms, with samples from similar
sources and room types combined. One hundred material samples were analyzed for PCB contamination. Tests of 30 samples
showed:that 90% of the casing joints had PCB concentrations of at least 50,600 milligrams per kilograms (mg/kg), with an
average value of 85,522 {(+13,863) mg/kg. The average value for other materials was lower. For example, wall paints had an
average value of 216.3 (+-82.0) mg/kg. Factors such as temperature were found to affect PCB levels in air.

Primary surfaces, including the casing joints, heating element paints, and ceiling tiles, were removed manually with
cutting tools. Secondary contaminated surfaces were decontaminated using a high-pressure water method, which
delivered water at a pressure of up to 2x102 pascal to abrade PCB-contaminated surfaces. Resulting PCB-containing
sludge was disposed directly in a hazardous waste landfill. Following removal of primary and secondary sources,
remediated areas were ventilated (air exchange rates >5 per hour) and basic cleaning was performed. Together, these
methods led o the successful reduction of PCB concentrations in ambient air to below 600 ng/m2, Of note, a thermal
diffusion method was also tested as a method to remove PCBs from secondary contaminated surfaces. However, this
method was found fo be ineffective.

In the case study by Bent et al. {1994), one room in a school was remediated as a pilot test, This process focused on
removal of the primary PCB sources, a joint-filling material. The joint-filling material was removed using a freezing
process, where the joint-filling material was frozen with liquid nitrogen and then removed together with portions of the
masonry. Other remediation measures were also performed, including cleaning, stripping of wall paint, and floor cover
removal. The average air PCB concentrations in this building was 5,500 ng/m?. PCB concentrations ranged

from 77,700.0 = 16,339.8 mg/kg (n = 5) for the joint-filling material, 290 mg/kg for the upper PVC floor covering,

and 3,088.0 = 6.7 mg/kg {n = 3) for the floor adhesive. Wipe samples from the walls showed surface contaminations
of 7,348.0 + 1,488.7 yg/m? (n = 5) related to contaminated joint-filling material, By stripping off the wall paint in
the rooms for a pilot experiment, a reduction in the surface contamination from 3,450.0  410.0 pg/m?{n =2} to
489.0 = 19.0 pg/m? {n = 2) was found. Together, the remediation methods lowered indoor air PCB concentrations by
73.8%, with approximately haif attributable o the wall paint stripping which decreased levels by 43.6%.

Kontsas et al. (2004) also examined Finnish worker exposures to PCBs during remediation of
prefabricated homes. In this study, 24 PCB congeners, including the ten most abundant PCBs in
elastic polysulfide sealants, were measured in the serum of 22 exposed and 21 non-exposed men.
Corresponding personal air samples were also collected. Total serum PCB concentrations (as assessed
using the 24 measured congeners) in the exposed workers ranged between 0.6 and 17.8 micrograms
per liter (pg/L). Serum PCB concentrations for ten people exceeded the Finnish upper reference limit
for occupationally non-exposed people (3 pug/L). Non-exposed workers had lower serum PCB levels,
ranging between 0.3 and 30 ug/L.
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3.1.2 Physical Removal of Light Ballasts

Review of the available literature associated with PCB-containing light ballasts and light fixtures
suggests that PCB-containing light ballasts should always be considered when conducting a PCB
source identification and remediation project. According to the EPA Region 10 (1993), when a
PCB-containing light ballast fails, measures should be taken to limit or avoid personal exposure.
Detailed cleanup and decontamination procedures for a leak, including management and disposal
of wastes from PCB-containing ballasts, are outlined on EPA’s PCB laws and regulations web page
(EPA, 2010a-b).

Schools in the United States built before 1979 can potentially have fluorescent light ballasts that
contain PCBs. Failed or leaking fluorescent light ballasts may contribute to levels of PCBs in the air
and on surfaces inside school buildings. The typical life expectancy of these ballasts is 10-20 years
and EPA has seen evidence of leaking PCBs in light ballasts in schools in Oregon, North Dakota,
and Massachusetts. The capacitor in the ballast may contain PCBs and typically has 0.1 kg of PCB
fluid. Ballasts manufactured in the United States after 1978 are labeled “No PCBs’, and therefore any
unlabeled ballast from the United States should be assumed to contain PCBs (UNEP, 1999).

Several research projects show the impact of PCB-containing light fixtures on indoor PCB
concentrations (NYC DOE, 2010; MacLeod, 1981; Funakawa et al., 2002). During the New York
City school project, investigators noticed elevated indoor PCB concentrations in spaces without
PCB caulk, and identified PCB-containing ballast in lighting fixtures. After replacement of lighting
fixtures, the indoor air PCB concentration in one of the classrooms decreased from 2950 ng/m’

to 81 ng/m?®. Defective PCB-containing light ballasts have been shown to emit PCBs and to be an
important source of indoor PCB contamination (MacLeod, 1981). This research demonstrated a
50-fold increase in airborne PCB concentrations after the burnout of PCB-containing ballast and
elevated PCB levels for 3-4 months after the burnout event. A field study in Japan found total PCBs
in indoor air of 26 - 110 ng/m’ for an office with PCB-containing light ballasts (Funakawa et al,,
2002). These authors also reported that mixture of PCBs in indoor air of the office was similar to the
composition of PCBs emitted from the light ballasts during chamber tests.

There are significant costs associated with PCB-containing light ballast replacement. However, there
are also significant costs and risks that may be incurred by not replacing these fixtures. A study
prepared for the Department of Energy (SAIC, 1992) evaluated four solutions for addressing PCB-
containing light ballasts and concluded that a program that is preventive in nature provides the most
economical solution. Removal of PCB-containing light fixtures benefits the indoor environmental
quality of a school by reducing potential impact of PCBs. In addition, replacement of old PCB
containing light fixtures offers a significant energy savings benefit. According to EPA (2007),
proactive replacement of PCB-containing light fixtures can reduce the potential high cost of cleanup
and relocation of students that may be associated with a ballast leak or failure. It is important to note
that Pederal law requires removal and disposal of leaking PCB-containing ballasts and disposal of any
PCB-contaminated materials at an EPA-approved facility.
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3.2 SOURCE MODIFICATION

Source modification based on chemical degradation or extraction of PCBs in building materials was
discussed in several peer-reviewed journal articles and conferences identified by the literature search.
Key characteristics of these methods are presented in Table 3.4 and additional information about
these methods is provided in the narrative that follows.

3.2.1 Chemical Degradation
Tanner (2010) discussed the Amstar dechlorination liquid, a product based on a nucleophilic

substitution reaction reported to remove chlorine from PCBs without generating toxic byproducts

or waste. This method has been shown to decontaminate steel ship bulkheads successfully and, to

a lesser extent, soil, railroad ballast materials, and bulk oil as well. For bulkheads with PCB levels

greater than 100 ppm, Amstar was shown to reduce PCB contamination by 90 — 99%. Tanner (2010)

reports that Amstar is currently being tested on painted surfaces, coated surfaces, caulks, soils and

bulk oils. However, no results from the testing were available in time for this report.

TABLE 3.4 Summary of Source Modification Methods for Abatement of PCB-Containing Building Materials

Applied
Method Description Example Buildings References
Materials
An activated metal within a solvent system and a | Activated Metal Painted (a), (b, (c)
thickening agent to form a paste. The technology | Treatment System surfaces,
extracts PCBs from materials such as paints and concrete, caulk
soils. The extracted PCBs react with the activated and other
. metal and are degraded into by-products. adhesives, soil
Degradation = - - o
Nucleophilic substitution reaction that removes | Amstar dechlorination Concrete, dust, : (d)
the chiorine from the PCBs without heat. liquid metal surfaces,
insulation,
paints, gaskets,
soil
Performance-based organic decontamination | Capsur® (aqueous- Porous-material | (e}, (f), (g)
sofvents. based), Hexane (solvent- | (concrete, (h), (i)
aqueous solution), granite, brick)
kerosene, diesel, terpene
. hydrocarbons, TechXract®,
Chemical Aluminum Brightner
Extraction . T X ;
Double-wash-rinse procedure described in 40 | Z-Green®, Big Orange® | Concrete {h, ()
CFR§ 761 Subpart S. 1) detergent wash, 2) Industrial Degreaser
potable water rinse, 3) solvent wash, and 4) | Solvent, or any solvents
solvent rinse. in which PCBs are 5% or
more soluble
Removal of residual PCBs from non-porous Mineral spirits, HEPA Non-porous {c), (&), (g),
surfaces including PCBs sorbed to settled dust | VAC, commercial material {e.g., (), (k), (1)
cleaning agents (e.g. metal and
. Simple Green, TSP), glass), dust
Cleaning kerosene, diesel, terpene
hydrocarbons, pine
soap-water solution, wet
cleaning
References
a) Quinn, 2010 ¢) Ruiz, 2010 f) W&C, 2009 i) W&C, 2010a-f 1) Kuusisto, 2001
b) Novaes-Card, d) Tanner, 2010 g) Mitchell, 2001 ) EH&E, 2010f
2010 e) TEl, 2009 h) Scadden, 2001 k) Bent, 1994
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In conference abstracts, Quinn et al. (2010) and Novaes-Card et al. (2010) discussed plans to present
results from laboratory testing of the Bimetallic Treatment System (BTS) and the activated metal
treatment system (AMTS), both of which use zero-valent magnesium (ZVM) in an acetic acid/

ethanol solution to remove and rapidly degrade PCBs in structural coating materials, such as paint.
Researchers from National Aeronautics and Space Administration (NASA) and University of Central
Florida (UCF) previously demonstrated rapid and complete dechlorination of PCBs in PCB-containing
aqueous/solvent systems, showing total degradation of up to 50 nanograms per microliter (ng/uL) of
PCB-151 in one hour (Novaes-Card et al., 2010). In paint, AMTS was shown to reduce PCB levels in
some samples from 2,797 mg/kg to 29 mg/kg in seven days. These methods removed PCBs without
destroying the polymeric lattice structure of the paint. The technical report from these researchers (Ruiz
et al., 2010) further evaluated the performance of BTS at two Department of Defense (DoD) facilities.
The performance criteria were tested for; i) distribution and adherence, ii) adherence of sealants, ii)
ease of implementation, iv) reduction of PCB concentration in treated paint to less than 50 mg/kg, v)
reduction in PCB concentration in BTS paste to less than 50 mg/kg, and vi) impact to paint adherence.
The BTS demonstrated strong performance in adherence and ease of implementation criteria. The PCB
concentration of paint and concrete surfaces were reduced to less than 50 mg/kg (starting concentration
of approximately 500 mg/kg) in approximately 1 week after application. However, after application

of BTS, the adhesive qualities and adherence of the surface layer of paint was negatively impacted. A
cost analysis for concrete and metal treatment with BTS concluded that for porous materials, such

as concrete coated with PCB-containing paint, treating the concrete and paint with BTS and reusing
the building structure is more cost effective than demolishing the building. However, for nonporous
structures (i.e., metal tank) coated with PCB-containing paint, disposing the untreated tank to a TSCA
landfill and replacing with a new tank is at least $80,000 cheaper than the alternative methods. These
cost analysis results are summarized in Table 3.5.

For porous materials, such as concrete coated with PCB-containing paint, the cost analysis shows
that it would be most cost effective to treat the concrete, paint with BTS, and reuse the building, as

TABLE 3.5 Remediation Cost Analysis of Concrete (porous) and Metal(non-porous) Surface Coated with PCB-Containing Paint

Demolition, treated prior to demolition

Demolition, untreated and disposed of with BTS, dispesed of in a No demolition, structure treated
in a TSCA landfill non-hazardous landfill and recycled with BTS and reused.
$18,000

, 7$200,000 . , ,
Remove paint using sandblasting,

$150,000

Untreated and disposed of waste sent to TSCA landfill and Treated with BTS and painted
in a TSCA landfill metal tank recycled metal tank recycled
$25,000 $105,000 $140,000

Source: Ruiz, 2010
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compared to demolishing the building. However for nonporous structures (metal tank) coated with
PCB-containing paint, the cost analysis shows that it would be more cost effective to just dispose of
the metal structure and replace it with a new one.

Kume et al. (2008) developed a catalytic degradation method of removing PCBs using palladium

on an activated carbon-triethylamine (Pd/C-Et°N) system at ambient hydrogen pressure and
temperature. Though this reagent has not been applied to building materials such as caulk and
concrete, the reagent was tested in paraffin oil and PCBs from capacitor and completely dechlorinated
the PCBs into biphenyls.

Barkley (1990) compared performance and cost analysis between physical removal and chemical
degradation of PCBs in concrete. Physical removal was conducted using shot-blasting, which

is a technique using steel shot to remove surface layers of contaminated concrete. The chemical
dechlorination technique used I'T/SEA Marconi reagent, consisting of a polyethylene glycol-based
mixture. The warmed (heated) liquid is applied several times using a sprayer, brush or roller, and
then the reagent is allowed to remain in place undisturbed for 2-3 weeks. Forty pre- and post-
remediation concrete core samples were collected for each remediation method. The pre-remediation
concentration ranged from 0.13 — 65 ppm for shot-blasting and 4.6 - 60 ppm for I'T/SEA Marconi
treatment. The percent reduction of PCB concentration in concrete after the shot-blasting method
ranged between 15 — 96% (average 68%) and I'T/SEA Marconi treatment ranged between 11 — 97%
(average 73%). Cost analysis concluded that the IT/SEA Marconi reagent method ($0.85/sq ft) is
more cost-effective than the shot blasting method ($2.19), especially since shot-blasting is labor-
intensive and generates contaminated waste that requires disposal at a permitted hazardous waste
facility. The commercial availability of IT/SEA Marconi reagent is unknown.

3.2.2 Ghemical Exiraction and Cleaning

Various means of cleaning PCB-contaminated materials were reported to precede source
encapsulation or follow bulk removal. Some of the methods were described in case reports while
others were identified in conference proceedings and other grey literature.

A commercial solvent designed for PCB extraction known as CAPSUR® was noted in several case
reports and presentations (W&C, 2007; W&C, 2008b; W&C, 2010¢; W&C, 2010e; TEL, 2009; Mitchell
and Scadden, 2001). Woodward & Curran, Inc. (W&C) conducted several pilot studies to test the
effectiveness of a commercial product, CAPSUR®, in removing PCBs from vertical and horizontal
concrete surfaces (W&C, 2007; W&C, 2008b; W&C, 2010c; W&C, 2010e). CAPSUR® is an aqueous-
based solvent with emulsifiers for the cleanup of PCBs. After removal of caulk, CAPSUR® was applied
to each joint using a hard bristle brush for approximately 5 minutes. Then the product was left for

30 minutes, followed by rinsing with clean water and vacuuming off the visible chemical from each
surface. After a single application of CAPSUR®, the post treatment PCB concentration increased

by 1.2 to 4 times. W&C (2010e) continued to test this product by applying multiple coats (up to 10
coats) of CAPSUR® with multiple rinses. However the post-treatment results were variable and did
not always reach the regulatory limit of 10 ug/100 cm?. Some of the potential issues of CAPSUR”
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addressed by these pilot studies were: lower temperature reduces removal efficiency and insufficient
rinsing and vacuuming may have contaminated the verification samples. In addition, approximately
660 pounds of waste materials containing PCBs were produced and building occupants complained
about the odor of CAPSUR®. A carbon air filter was installed and the exhaust line was moved to the
roofline. Figure 3.3 shows the CAPSUR® application on PCB contaminated concrete conducted by
W&C (VanSchalkwyk, 2009).

Ljung et al. (2002) evaluated a new approach for extraction of PCBs from concrete based on the
concept of a “sacrificing sealant” If efficacious, such a method could limit reliance on labor-intensive
and costly methods for bulk removal of contaminated concrete. In the in situ trials reported by
Ljung (2002), 90 small sections of contaminated sealant (caulk) were removed from linear sections
of sealant, leaving numerous small holes in each section. Each hole was filled with one of three
“sacrificing sealants”, either a modified silicone-polymer (MS-pol), polyurethane-1 (PUI), or
polyurethane-2 (PU2) sealant. The sacrificing sealants were analyzed for PCB concentrations after
remaining in the holes for one, two or three months. Results from these tests showed increasing PCB
concentrations over time for MS-pol and PUI, but not PU2. Results suggested that the “sacrificing
sealants” needed at least two months for the PCBs to migrate into the sealants. However, even after
two months, the PCB-content in the “sacrificing sealants” was low, as less than 0.1% of the original
sealant PCB concentration was found. The authors concluded that this “sacrificing sealant” method
was not effective at extracting PCBs from adjacent materials over the time frames studied.

In presentations by Scadden and Mitchell (2001), cleaning and source encapsulation methods used
to remediate PCB-contaminated concrete floors were summarized and their efficacy was examined.
Cleaning methods for PCB-contaminated concrete floors included a double-wash-rinse procedure

(Title 40 Code of Federal Regulations

CER Section 761.30(p)), which is required FIGURE 3.3 CAPSUR® application on PCB-Contaminated
concrete surface

to prepare PCB-contaminated concrete

for encapsulation. The surface washing
steps used for this remediation included

a detergent wash (1:3 ratio of water and
Z-Green, ZEP Chemical Company), a
potable water rinse, a terpene hydrocarbon
solvent wash (Big Orange Industrial
Degreaser Solvent, ZEP Chemical
Company), and a solvent rinse. The
detergent washing resulted in a cleaner
surface and resulted in generally lower PCB
concentrations on the concrete surface,
while PCB levels remained the same or
slightly higher during the solvent wash and

rinse steps. The floors were subsequently
scrubbed with a 30% muriatic acid solution {Source: W&C, 2009)
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to roughen the concrete surface and ensure epoxy adherence to the surface. After abrasion, the floor
was again washed. Two coats of the encapsulant (Armorseal 700 HS, Sherwin Williams Company),
hard epoxy coatings, were then applied to the concrete surface, with the coats in contrasting colors.
Cracks, bubbles, soft spots, and small pinholes were found immediately after application, likely due
to inadequate mixing of the encapsulant. These problems were repaired by grinding the affected areas
and replacing with a new epoxy topcoat, with pinholes filled with a Sherman Williams high-strength
polymer product and applying additional epoxy. No information on the effectiveness of the epoxy
coatings was presented.

Scadden and Mitchell (2001) reported the costs for the double-wash-rinse and encapsulation
activities were $23.75 per square foot of floor area. Additional costs for these procedures included
$6.85 per square foot for transportation and disposal of wastes, and $39,000 for engineering oversight
and analytical costs.

Bent et al. (1994) published two case studies of PCB remediation in German school buildings. In the
first case, a twelve-classroom school built in 1971 was remediated. Specific concerns included the
interior rooms that were finished with PCB-containing paint and windows that had PCB-containing
sealant in the window flashing area. Remediation was performed while the building was in use. Initially,
furniture was removed; walls were cleaned with a high-pressure cleaner; lamp shells were removed;
ceilings, furniture, and lamp shells were cleaned by damp cloth; drapes and curtains were washed. The
upper wax film of the PVC floor covering was removed with 4 ~ 5 courses of stripping. The PCB joint-
filling material was subsequently covered with self-adhesive aluminum foil. Together, these cleaning
and encapsulation measures were effective, reducing indoor air PCB concentrations by 68% on average
(initial levels= 3,975.0 £ 425.3 ng/m’, n = 4; remediated levels= 1,267.3 * 67.7 ng/m’, n = 7). Elevated
outdoor temperature was shown to increase the indoor air PCB levels, pointing to the need for both
test and control rooms to assess remediation effectiveness. Similarly, furniture and other classroom
materials were also found to be a secondary source of PCBs, as demonstrated by observed reductions
in indoor PCB concentrations when they were removed. In contrast, air handling systems (or “air
washers”) that remove dust from the ambient air using a wet process were shown to have no observable
impact on indoor air PCB concentrations.

Pizarro et al. (2002) conducted an experimental study examining the efficacy of cleaning and
subsequent encapsulation of PCB-containing concrete. Three cleaning methods and three epoxy-
coating systems were tested on PCB-contaminated and non-contaminated concrete core samples.
Cleaning methods included hand rubbing of a sulfuric acid-based detergent Aluminum Brightener
(Hotsy Equipment Company, Mars, PA), high pressure wash with a sodium hydroxide-based Ripper II
(Hotsy Equipment Company, Mars, PA), and a multi-step chemical sequestration system TechXtract
(Active Environmental Technologies, Mount Holly, NJ). Both the Aluminum Brightener and Ripper
11 were diluted 1:5 by volume. Three epoxy-coating methods were also analyzed: (1) Plastite system
(Wisconsin Protective Coating, Green Bay, WI), (2) Chemicote system (Garland Floor Company;,
Cleveland, OH), and (3) Corobond system (Sherwin-Williams, Pittsburgh, PA). Each coating method
included a primer and two layers of epoxy coatings. The performance of the cleaning methods was
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evaluated using wipe tests before and after cleaning, with post cleaning tests conducted every other day
for two weeks and every other week for the next eight months. At the end of the eight month period,

a two-inch core sample was taken from the PCB-containing cement block. Similarly, the effectiveness

of the coating systems were tested on concrete cores, each cleaned with TechXtract prior to coating.
Surface wipe samples were collected pre- and repeatedly post-coating at the same weekly intervals. After
the eight month sampling period, pull tests were performed using an elcometer to test coating adhesion
strength, with a subsequent core sample taken for sectional analysis of PCBs.

Results for the experiments reported by Pizarro et al. (2002) showed that cleaning methods alone were an
ineffective long-term solution for containing PCBs in concrete, as cleaning removed a portion of PCBs
from only the first inch of concrete. Bleed-back of oil and PCBs occurred within days after cleaning for
all cleaning methods, which was attributed to capillary rise of the oil in which the PCBs were dissolved.

TABLE 3.6 -Summary of Engineering Controls Used for Mitigation of PCB-containing Building Materials.
. - Applicable
Method Technigue Description Example Building Media References
Application of a primer .
that forms a bond with the Armarseal 700. S, Plastite Porous material
2 stage L : System, Chemicote System, .. i(a), (), (o),
PCB-containing material, ) (concrete, granite,
epoxy followed by application of Perma-crete, Sikagard 62, brick) (@, )
) Sikaflex-15 LM, Macropaxy 646
two layers of epoxy coating.
Glazin Porous material
Contact bar rieg Silicane, acrylic paint (concrete, granite, | (a)
Encapsulation Application of conventional brick)
surface coatings to limit . . Porous material
Paint migration of PCBs and La’Fex paint, low VOC oil-based {concrete, granite, | (f),
o . paint .
minimize potential for brick)
dermal contact. Porous material
Sealant Caulk (concrete, {g), (h), ()
granite, brick)
Limit migration of PCBs Interior walls, exterior fences, Soil. external
Physical Wall, fence, | and minimize potential for | isolation with polyethviene sheet- wali ceilin ), (),
Barrier isolation 1| dermal contact and trans- | ing, self-adhesive aluminum foil, ; & (i)
- caulk
port of PCB vapors. mini-wall or false wall
Introduce Incrgasg the putldoor a Adjust temperature set points,
_— ventilation within an interior ; ;
ventilation, modify HVAC operation sched- :
dif space to reduce concentra- | ind dif Ind . {g), (h), (),
Ventilation modify | o PCRs in indoor air ule, open windows, modify ndoor air i
existing and associated inhalation exhaust and/or supply flow,
HVAC increase air flow with axial flow
expostire.
Remove PCB vapors from N .
] indoor air by absorotion Commercial air cleaners with
Air Filtration .y P high capacity activated carbon | Indoor air 0]
Cleaning onto organic garbon rich filters or equivalent
sorption media
References ¢) Scadden, 2001 f) TRC Envirenmental, 2010 i) EH&E, 2010a-e
a) TEl, 2009 d) TRC Engineers, 2010b-c  g) EH&E, 2010f i) EH&E, 2007a-b
b) Mitchell, 2001 ) W&C, 2010a-f h) Bent, 1994
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Bleed-back was greatest when low-pH cleaning reagents were used or when hydraulic oil was added to the
PCB-contaminated concrete after cleaning. For TechXtract, the efficiency of PCB removal was enhanced
when the concrete surface was heated, as heating accelerated the bleedback process and thus lowered
surface PCB concentrations. The authors concluded that surface heating (together with a system to capture
volatilized contaminants) is a potentially viable remediation approach.

3.3 ENGINEERING GONTROLS

Engineering controls for mitigation of PCB-containing materials were discussed in several reports
identified by the literature search. These controls include contact encapsulation, physical barriers,
ventilation, and air cleaning. Key characteristics of these methods are provided in Table 3.6 and
additional information about these methods is provided the narrative that follows.

3.3.1 Contact Encapsulation

Contact encapsulation refers to application of a barrier directly on top of PCB-containing materials.
The objective of contact encapsulation is to block contact with PCBs in those materials and to
impede volatilization of PCB vapors. Documents identified by the literature search that focused on
source encapsulation included 1 peer-reviewed journal paper and 6 technical reports. These papers
examined several encapsulating methods, some of which included cleaning prior to encapsulation.

Important properties to consider when choosing a coating include elongation (i.e., its elasticity or
rigidity), dry film thickness, hardness, drying or curing time, and compatibility with existing surfaces
(W&C, 2010f). Epoxy-type coatings are widely used for PCB encapsulation. Epoxy coatings generally
consist of a three-part epoxy-polyamide coating applied in a primer layer, clad leveler, and surface
layer. Encapsulants applied to floors should include two coatings of contrasting color to indicate
when resurfacing is required due to wear (Mitchell and Scadden, 2001).

Specific products such as Sikagard 62 have been approved by EPA Region 1 to encapsulate exposed
surface of the brick, extending out a minimum of 4 inches from the caulk joint (EH&E, 2007a-

b). Once the sealant has dried and a visual inspection has been conducted and the necessary
confirmatory sampling has been conducted (approximately 72 hours after application), a caulking
material, Sikaflex, was applied to weatherize the building. A few groups conducted power washing of
the concrete walls prior to applying the encapsulant to ensure proper contact between the concrete
(ATC, 2010; W&C, 2010f). The scrubbing head on the hand-held pressure washer was designed with
a vacuum to collect the wash water. Rubber membrane troughs were placed below wash locations

to collect wash water not collected by the scrubbing head vacuum and ran down the building. The
collected wash water was pumped to holding tanks.

A two-part system comprised of bond breaker tape and silicone caulk has been used to encapsulate
PCB-containing caulk as an interim mitigation measure. The bond breaker tape provides a PCB
barrier, and the silicone caulk provides a top coat that further limits opportunities for direct contact
with skin. Post-remediation wipe sampling of the silicone caulk sealant has shown this system to be
effective for at least 5 months (EH&E, 2011a).



bility, Effectiveness, and Aesthetics of Various Encapsulants

ty EnviroSeal 20 Sikagard 670W Sikagard 670W Sikagard 550W Elasto- | Sikaflex 26 Sil-Span
{Glear) {Clear) (Gray) color (Gray) (Bronze) {Bronze)
wort pot- | Very liquid upon applica- | Relatively easy to Very easy to apply | Very easy to apply Two-part caulk- A preformed silicone
rayed tion {runs like water), apply, does not run | {consistency of {consistency of a typi- | ing; installation is | profile strip is affixed
sctively | drips beneath masked on vertical surfaces | a typical exterior | cal exterior latex paint), | typical of exterior | to the surface of the
desired | edges on masoniy; full- with thin and even fatex paint), does | does not run on vertical { caulking. concrete panel with
scale use would only be coats; effectively not run on vertical | surfaces with thin and | Rating: Good an adhesive applied
practical if applied to coats surfaces to surfaces with thin | even coats; effectively on either side of the
entire panels. desired extent. and even coats; coats surfaces to de- caulked joint.
Rating: Poor Rating: Good effectively coats | sired extent. Rating: Good
surfaces to desired | Rating: Good
extent.
Rating: Good
ned Somewhat effective in Effective in contain- | Effective in con- | Effective in containing | PCBs reported ND | Effective in contain-
dual containing residual PCBs | ing residual PCBs taining residual residual PCBs > 100 | at 5out of 6 sam- | ing residual PCBs
at 5to 7 | > 100 ppm within 0.5” > 100 ppm within PCBs < 25 ppm ppm within 0.5" of the | ple locations (6" within the joint and
sint, and | of the joint — one wipe 0.5" of the joint and | at 0.5-3" from the | joint —one wipe sample | location reported at | the adjacent concrete
centra- | sample reported at 0.9 residual PCBs < 25 | joint — one wipe reporfed at non-detect. | 0.6 ug/100 cm?) — | face covered by the
at3to4 | ug/100 cm? Somewhat ppm at 0.5-3" from | sample reported af | Somewhat effective 17 out of 18 wipe | Sil-Span — three wipe
1.5” effective in containing the joint —fwo wipe | non-detect. in containing residual | samples reported at | samples reported at
1Te- residual PCBs < 25 ppm | samples from each | Rating: Good PCBs < 25 ppm at 0.5~ | non-detect using a | non-detect using a
cof at 0.5-3" from the joint — | interval reported 3" from the joint —one | hexane-preserved, | hexane-preserved, a
1side two wipe samples reported | at non-detect (4 wipe sample reported | a saline-preserved, | saline-preserved, and
00¢m? | at non-detect and one sample total). at 0.6 ug/100 cm?, and a dry wipe at | a dry wipe.
joint. reported at 35 ug/100 cm?. | Rating: Good Rating: good each location. Rating: Good
Rating: Fair Rating: Good
ales a Cured product appears Cured project has Cured product Cured product dries Typical of exterior | The strip covers a
e coating | invisible — matches the a glossy / shiny dries evenlyand | evenly and in a color caulking; can be width of approximate-
ry glossy, | appearance of adjacent appearance, slightly | inacolortrueto | a shade lighter than color matched to ly 2 inches over the
tkyand | uncoated concrete. distinguishable from | the chart used for | the chart used for color | the current caulk- | %4-inch wide caulking
ng-term | Rating: Good adjacent uncoated | color selection; selection; surface has | ing color or to the | joint; multiple colors
sht (non concrete at edge of | surface has a a matte appearance adjacent building | available.
never, coated area. matte appearance | and natural feel and surfaces. Rating: Fair
Id be Rating: Good and a natural feel | finish similar to the Rating: Good

and finish similar
to the underlying
concrete.

Rating: Fair

underlying concrete.
Rating: Fair




poxy EnviroSeal 20 Sikagard 670W Sikagard 670W Sikagard H50W Sikaflex 2C Sil-Span

{Clear) Glear Gray Elastocolor (Gray) | (Bronza) (Bronze)
mplemen- | Given the poor Given its good Although this Although this Easily imple- Although this product
thetics implementability and | ratings in each cat- | product is eas- product is eas- mentable, effective, | is fairly easy to
atings, this | fair effectiveness, egory, this product | ily implementable | ily implementable | and color options | implement and is ef-
st effective | this product is not is recommended and effective, the | and effective, the | are available to fective, the two-inch
ng high recommended for use | for use on concrete | colored finish may | colored finish may | achieve desired wide colored strip
PCBs and is | in full-scale imple- surfaces adjacent not be a desirable | not be a desirable | outcome. Imple- aver the joint may not
{ora simi- | mentation. to caulk joints; option from an option from an aes- | mentation would be a desirable option
product, full-scale applica- | aesthetic stand- | thetic standpoint. | result in minimal | from an aesthetic
5} for use in tion would result in | point. changes to the standpoint.
r caulking minimal changes to appearance of the

the appearance of fagade.

the fagade.

ratings were given to any product that was easy to apply in comparison to typical exterior paints or caulking materials. Fair ratings were given to any
f the product was more complicated in comparison to easier products. Poor ratings were give to any product that is not recommended for full-scale

were given for products where surface wipe samples collected after application were reported as non-detect or close to non-detect for PCBs.
s where surface wipe samples collected after application were reported at higher levels for PCBs, but achieved at least some level of contaminant

poor ratings.

3 given to any product that does not markedly change the appearance of the fagade. Fair ratings were given to any product where the final appearance
nct from the present appearance. No products were given poor ratings.
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According to results of a study by Pizarro et al. (2002), coatings were an effective containment solution for
PCBs in concrete (as assessed for an eight month testing period), provided that the concrete surface was

- aggressively cleaned to maximize oil extraction and minimize bleedback and was patched to provide a
smooth surface prior to primer application. Aggressive cleaning is difficult to achieve on vertical surfaces
for cleaning methods that rely on extended residence time for cleaning agents on the concrete. High-
pressure washing over sufficient duration may be effective on vertical surfaces. Coatings were not effective
when free oils were present on the concrete surface prior to coating or if the concrete was heated.

In all cases, long-term monitoring plans need to be put in place to ensure the integrity of the seal.
W&C (2010f) conducted a pilot study to test seven encapsulant products based on implementability,
effectiveness, and aesthetics. With overall evaluations, they concluded the most successful product
was Sikagard 62 epoxy in the joint (in direct contact with caulk) and Sikagard 670W clear on adjacent
concrete. The summary table was reproduced from that report and is presented in Table 3.7.

3.3.2 Physical Barriers

Physical barriers can be used to separate areas with PCB-containing building materials from other areas of
a building. The fundamental objective in most cases is to minimize opportunities for direct contact with
materials that contain PCBs or to mitigate emissions of PCB vapors to air. The type and configuration of
physical barriers will depend on the disposition of PCB-containing materials and how the building is used.

Fences and interior walls prevent building occupants from coming into direct contact with PCB-
containing building materials. A simple plastic mesh snow fence was placed around the perimeter
of a building fagade to prevent people from approaching or contacting PCB-containing caulk on the
exterior face of a school (EH&E, 2010f). As noted in Section 3.1.1, a “false wall” was constructed
over walls covered by PCB-containing paint in order to prevent direct contact with the PCBs on the
original painted surface (TRC Environmental, 2010).

An example of a false wall or “mini-wall” is depicted in Figure 3.4. At the time this building was
constructed, PCB caulk was used to seal the joint between the aluminum framing and composite

FIGURE 3.4 Panel A— Photograph of Pre-installment of Mini-walls/Panel B — Photograph of Post-instaliment of Mini-walls

(Source: EH&E, 2010b)
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panels shown in Panel A of the figure. Mini-walls were constructed over the framing to prevent
opportunities for contact with the caulk and to impede transport of PCB vapors to indoor air (Panel
B of the figure). The mini-walls were constructed first by installing foil coated foam board insulation
over each section of composite panel and sealing the joint between the aluminum frames and
insulated foam board (EHE, 2010b). The foam board and framing was then covered with wall board,
sealed, and painted to match classroom walls. New cove base was added to complete the mini-wall

construction.

Physical barriers have also been used as an interim measure to minimize contact with soil
contaminated by building-related PCBs. In this application, geofabric and fresh mulch have been
placed over the contaminated soil, and clean materials such as stone were used to cover the ground
surfaces (W&C, 2010d).

In addition to blocking contact, physical barriers can be used to minimize emissions or transport

of PCB vapors within a building. Barriers to control vapor transport include sealants or foam
applied to joints of building features that form interstitial spaces which include PCB-containing
materials. Examples of interstitial spaces that may enclose PCB-containing materials include
aluminum framing around the panels of a curtain wall sealed with PCB caulk or wallboard covers
over structural beams that are sealed with PCB caulk. Filling void space at select points in an
interstitial space or sealing the joints of materials that form the interstitial space will block transport
pathways for PCB vapors and lower the potential for subsequent inhalation exposure. In one school,
spray foam insulation was injected into aluminum framing adjacent to PCB caulk, and the metal-to-
metal joints of an [-beam cover were sealed with Sikaflex 2C to minimize PCB migration pathways
(EH&E, 2010c¢). A limitation of this approach is that the sealants have the potential to absorb PCBs
over time and could eventually qualify as PCB Remediation Waste. Monitoring interim measures
such as these should be part of an operations and maintenance plan as discussed in Section 3.4.2.

Physical barriers can also be useful for addressing a limitation of encapsulation methods. Depending
on the color of the building materials and sealant, encapsulation can be conspicuous on the exterior
face of a building. Owners and occupants of some buildings have expressed concerns over the
aesthetics of encapsulated areas. For example, a physical barrier was used as a substitute for a layer
of encapsulant in one building. After PCB-contaminated caulk was removed from metal window
joints, one or two layers of epoxy encapsulation were applied to the adjacent brick. Next, metal panels
(also called metal flashing) were constructed as an extension of the existing metal window frame and
installed over the brick surfaces to achieve the required two layers of encapsulation. The flashing was
painted to match the color scheme of the building (W&C, 2010f).

3.3.3 Ventilation

Ventilation is a means of controlling concentrations of PCBs in indoor air independent of source
removal or source modification. Ventilation is not useful for addressing requirements for PCB waste
under 40 CFR§761, but it has been shown to be effective for modifying indoor air concentrations and
lowering exposures to building-related PCBs.



Bent et al. (2000) included intensive ventilation to reduce indoor air levels. In this approach, PCB-
remediated rooms were ventilated at air exchange rates greater than 5 air exchanges per hour

for three weeks following the removal of all primary and secondary sources of contamination.
Ventilation plus other remediation procedures led to reductions of PCB concentrations in indoor air
to below 600 ng/m? from the initial concentration of 6,000 - 7,000 ng/m’.

Ventilation was also shown to be important in a pilot study conducted in three New York City school
buildings (NYC DOE, 2010). In this study pre- and post-remediation air tests were performed with
windows closed. Pre-remediation tests showed elevated PCB concentrations in all three schools, with
mean levels in the classrooms of two schools ranging between 842 and 1,609 ng/m®. After removing
exterior PCB-containing caulk from the schools, post-remediation PCB levels in the same schools
were generally lower, as mean PCB concentrations in the classrooms ranged between 450 and 807 ng/m”.
However, all areas remained above the targets for PCBs in indoor air of schools suggested by EPA
(see Table 1.3). Following removal of PCB-containing light ballast and additional ventilation, mean
PCB concentrations in the classrooms decreased substantially (142 ~ 450 ng/m?), with most areas
under the EPA guidance criteria. Similar impacts of source removal and ventilation were found for
the schools’ common spaces (gyms, halls, stairways, etc.).

A school remediation project in Massachusetts also showed that ventilation can be an effective
method for reducing PCB concentrations in indoor air (EH&E, 2010a-f). Indoor air PCB levels
were attributable in part to emissions from caulk along the interior seams of composite panels

that formed portions of curtain walls along the building envelope. Increased outdoor air flow
through unit ventilators and central exhaust systems decreased concentrations by 2 to 4 times for
classrooms throughout the school. Similar results were reported for another educational building in
Massachusetts (EH&E, 2007b).

Increased ventilation has the potential to distribute PCB-containing dust from duct work or other
surfaces in a building. However, comprehensive and regular cleaning of surfaces is effective at
limiting accumulation and transport of PCB-laden dust.

3.3.4 Air Cleaning
The literature search identified one report which suggests that operation of air cleaners equipped with
activated charcoal can be effective at controlling concentrations of PCBs in indoor air.

Two portable air cleaners, each operating at a flow rate of 400 cubic feet per minute (cfm) were
operated in two closed classrooms for 24 hours (EH&E, 2010c). Assuming complete mixing of air
in the rooms, the air cleaners provided a recirculation rate of approximately 5.8 air exchange per
hour (h!). The PCB concentrations in indoor air of the rooms measured during the final 8 hours
of air cleaner operation were 80 ng/m?® and 111 ng/m?> Indoor air PCB levels measured before the
air cleaner experiment were 209 ng/m? and 364 ng/m’, respectively. Outdoor air ventilation rates
to the rooms were approximately 2 h™* during both the baseline and air cleaner monitoring periods.
These results indicate approximately a 3-fold reduction in concentrations of PCBs in indoor air
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attributable to operation of the air cleaners. The change in concentration was in direct proportion to
the recirculation rate of the air cleaners assuming complete mixing of air within the rooms.

Noise generated by air cleaners and the potential for ‘short-circuiting’ and incomplete mixing of
indoor air is a limitation to their use in sensitive occupied environments such as classrooms. More
information on efficacy of air cleaners in relation to noise and mixing is needed to evaluate air

cleaning as an effective means of mitigating impacts of PCB-containing building materials.

3.4 ADMINISTRATIVE CONTROLS

Property owners and managers have an important role in managing and mitigating impacts of PCB-
containing materials in buildings. Property owners and managers make decisions about priorities
for remediation; identify, fund, and implement mitigation plans and programs; and establish and
implement operations and maintenance plans. The administrative controls available to property

owners and managers to help fulfill their role are discussed in this section.

3.4.1 Space Assignment
Considerations for establishing priorities for mitigation efforts have been outlined by EPA (EPA,
2010c) and include the following;

1. PCB concentration and conditions — building materials with the highest PCB
concentration, materials located in locations with direct sunlight, and caulk that is not
intact (e.g. peeling, brittle, cracking) have a high potential for release of PCBs,

2. Accessibility - building materials contaminated with PCBs that are easily accessible to
building occupants have the potential for direct contact (dermal or ingestion) or indirectly
through the air handling system,

3. Occupancy - areas with higher occupancy should receive a higher priority. Consideration
should be given to relocating occupants possibly affected by mitigation efforts.

The presence of potentially vulnerable populations should also be considered when establishing the
schedule of the PCB mitigation project. For instance and as shown in Table 1.2, EPA suggests that
targets for PCBs in indoor air of schools should be age dependent and generally inversely related to
age (EPA, 2009¢; EH&E, 2011b). The literature contains at least one example of a case in which an
administrative approach to risk management explicitly considered the information on differential
background exposure among age groups. In that case, kindergarten students were re-assigned from
rooms in the original and PCB-containing portion of a school to a newer and non- PCB-containing
section of the building (LPS, 2010).

3.4.2 Work Plans

As noted earlier, work plans and operations and maintenance (O&M) plans are important parts

of a management system for remediation of PCB-containing building materials. Work and O&M
plans offer a multitude of opportunities for administrative controls intended to mitigate impacts of
building-related PCBs on occupants and operations of a building.
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The 40 CFR8761 regulations for PCBs require that a work plan be prepared prior to commencing any
PCB remediation actions at a building. The self-implementing procedures for removal or cleanup of
PCB-contaminated building materials require notification and submission of a work plan at least 30
days prior to the cleanup of site under 40 CFR§761.61. The plan must include a description of the
abatement and mitigation activities, proposed cleanup levels, removal and abatement procedures,
verification sampling procedures, waste storage and handling procedures, and disposal options.

Five EPA-approved PCB remediation plans were identified (ATC, 2010; W&C, 2010a-f; W&C,
2008a-¢; W&C, 2007; EH&E, 2007b). Overall the remediation plans contain similar components
that are tailored to each building and project setting. The following sections summarize the common
remediation plan elements.

Case Narrative

All of the EPA-approved remediation plans identified by the literature search contain a case narrative
or background information section. The case narrative includes a description of the building,

the location of PCB-containing building materials, and an overview of abatement goals of the
remediation project. The narrative also typically contains a description of how the PCB-containing
materials were initially identified and plans for follow-up assessments designed to characterize the
extent of PCB-containing materials in each building. Photographs, building plans, and site maps are
included in the narrative to provide a complete description of the project and its surroundings.

Regulations, Permits, and Qualifications

Federal, state, and local regulations vary slightly from project to project and require close
coordination with EPA, state and local agencies. The identification of the applicable regulations and
corresponding approval required to perform each building-related PCB remediation project is critical
to a successful project. Elements of 40 CFR§761 that are critical to most work plans are:

§761.20: PCB Concentration Assumptions for Use

§761.61(a): Self-implementing on-site cleanup and disposal of PCB remediation waste
§761.61(c): Risk-based disposal approval

§761.62: Disposal of PCB Bulk Product Waste

§761.79(c) Self-implementing decontamination procedures

§761.79(h) Alternative decontamination or sampling approval

Project Scope

The project scope section of a work plan provides an overview of the project application, operation, and
goals to evaluate effectiveness. The project scope will also include the identification of materials to be
abated and a summary of mitigation methods. In addition, the specific PCB-containing materials and
remediation waste streams associated with each material will be described in this section.

Project scope may be broken down into work phases based on an overall renovation schedule
or building layout. A description of what will be required in each phase and the associated PCB
remediation waste generated by the abatement phase will also be described in this section of
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the remediation plan. The description of the abatement work normally consists of the following
general elements: site isolation and protection, source containment and removal, material
disposal, decontamination and/or removal of PCB residues, acceptance testing and verification
-and site restoration.

Assumptions and expectations of the abatement contractor that are needed to carry out the scope
of work are usually presented in the project scope section of the plan as well. Finally, criteria for
acceptance of the remediation work is presented and predicated on obtaining successful testing and
inspection results along with completing the site restoration activities.

Execution Plan

The execution plan provides a description of work flow ranging from site preparations to work
sequence. Key components of site preparation include ground cover and site isolation. Ground cover

~ is necessary in order to prevent debris from escaping the work zone and to protect existing facilities
and the environment. Remediation plans typically detail that the abatement contractor shall use
sufficient ground cover along areas where work will take place. Conventional water-impervious
membrane coverings secured into the ground in each respective work area are standard. The covering
is specified to extend sufficiently from the outside edge of the building or work area to capture any

loose remediation debris.

Some projects indicate that on top of the secured membrane a single layer of 6-mil polyethylene
sheeting be temporarily secured. This sheeting is designed to collect dust and debris from removal
and disposal without impacting the secured membrane in contact with the ground. Remediation
plans state that it is important for the abatement contractor to remove and control abatement debris
by HEPA vacuuming continuously throughout the work shift and again at the end of each work shift.

Site isolation is required during all phases of PCB abatement work. The remediation plan addresses
the security and access concerns as part of each project. Under certain conditions wind barriers in
conjunction with Jocal exhaust controls (e.g., HEPA vacuums) are required to minimize airborne
dust generated during the project.

The general work sequence for the various remediation tasks is presented in each remediation plan.
The general work flow is described in the following steps: site protection, source removal, surface
cleaning, material decontamination, waste disposal, testing and verification, site restoration, project
acceptance and completion.

Remediation Procedures

PCB remediation plans provide a detailed description of procedures for source removal, source
modification and, if planned, engineering and administrative controls. Descriptions of remediation
methods identified by the literature search are provided in Section 2 and earlier portions of Section 3
in this report.

44



~ Storage and Disposal

Plans for storage and disposal of PCB waste are necessary components of PCB remediation plans.

- PCB Bulk Product Waste (e.g., caulking), once removed, is specified to be stored for disposal in
accordance with 40 CFR$§761.40 and §761.65. The work plans identified by the literature search
indicate that storage typically consists of placement into a secure and lined container or into an
appropriate temporary container (e.g., 6-mil plastic disposal bag) followed by transport into a PCB
container at the end of a work shift. Once in the container, these materials must be covered and
protected from the weather.

All containers and temporary containers must be clearly marked as PCB-containing waste materials
as required under §761.45. Lined and covered barrels containing PCB materials must be marked
with designations indicating that the PCB materials are contained in the barrel, as stated in 40 CFR
§761.65(c)(1). In addition, secondary containment such as a tarp can be used to prevent spillage onto
the floor of the storage area. When not in use, containers should remain covered by both lids and
tarps. All areas containing PCB waste must be secured.

Rags and/or cleaning materials, polyethylene sheeting, and PPE used to clean PCB-contaminated
materials shall also be disposed as PCB remediation waste or disposed of in accordance with 40
CFR$§761.61{A)(5)(v).

When a container is full or the remediation work is complete the PCB remediation waste is placed
under manifest and transported to a TSCA waste disposal facility. Management of manifests, shipping
records, and certificates of disposal are part of the storage and disposal recordkeeping process.

Abatement Completion Acceptance Criteria
Identification of performance criteria and evaluation procedures for the mitigation actions are always
included in PCB remediation work plans so that final approval of the remedial work can be given when

the acceptance criteria conditions have been met. Examples of completion acceptance criteria include:

« Visual inspections to confirm that all surfaces are free of dust or debris including work areas
and that no visible PCB material identified for removal remains in place.

« Surface and bulk sampling to confirm the effectiveness of the remediation activities.

« Successful restoration of the work site to its original or an acceptable condition.

« Completed and accurate waste manifest to document that every PCB waste container
removed from the site has been disposed of properly.

Specific completion acceptance criteria are available from selected remediation work plans and
include the following examples:

» Porous surfaces in low occupancy area: bulk sample acceptance criterion will be less than or
equal to 25 ppm for total PCBs.

« Porous surfaces in high occupancy area: the bulk sample acceptance criterion will be less
than or equal to one ppm for total PCBs.
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« Nonporous surfaces in high occupancy area: the wipe sample acceptance criterion will be
less than or equal to 10 pg/100 cm? for total PCBs.

» Nonporous surfaces in low occupancy area: the wipe sample acceptance criterion will be
less than or equal to 100 pg/100 cm? for total PCBs.

« Encapsulated area: the wipe sample acceptance criterion will be less than or equal to
1 pg/100 cm? for total PCBs.

Health and Safety
Health and safety plans developed as part of PCB remediation projects are designed to ensure the
health and safety of abatement contractors, visitors to the site, and occupants of the building.

The abatement contractor typically submits a written health and safety plan that details engineering
controls, practices and procedures, protective equipment, and training that will be used to control
and minimize potential exposures and work related hazards. In addition, the plan will typically
include provisions for all relevant health and safety issues. Health and Safety plans include copies of
training materials and training records for those who will be working on-site at any time during the
abatement project.

All applicable federal and state OSHA standards and regulations to ensure worker safety must be

in effect during the PCB abatement process. The following programs should be addressed in the
contractor’s health and safety plan: Respiratory Protection, Fall Protection, Personal Protective
Equipment, Lockout/Tagout, Confined Spaces, Machine Safety, Ladder/Scaffolding Safety, Electrical
Safety, Housekeeping (slips, trips, falls), Injury Reporting, First Aid, and Fire Safety. This is not a
comprehensive list of the required programs, and the contractor is responsible for determining which
programs apply and how best to implement the required programs.

All PCB abatement work plans emphasize public safety around work areas and that the abatement
contractor needs to ensure public safety during all phases of the abatement work. Work plans
incorporate containment measures designed to protect workers, occupants, and the environment
from the release of PCB-containing materials. Containment may include, but not limited to,
draping work areas, the use of HEPA filters to collect fugitive emissions during cutting operations,
isolation of work areas from occupied areas, blocking off HVAC intakes, and using protective wind
screens and fences.

Access to PCB remediation work areas needs to be limited to ensure that only workers aware of the
abatement project will be within the work zone. Proper hygiene and decontamination procedures
must be followed to limit the potential for transferring PCB remediation waste outside the work area.

During the abatement work, work plans specify visual or quantitative assessment criteria to verify

the effectiveness of the containment controls of the abatement contractor. If observations indicate

that additional containment or engineering controls are required, the abatement contractor will be
responsible for making the necessary adjustments to the engineering controls.
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Operations and Maintenance Plan

Continued management of building materials that contain residual amounts of PCBs is sometimes
required following the completion of a remediation program. An Operations and Maintenance
(O&M) Plan for PCBs is an effective administrative tool for managing any such materials. The details
of an O&M Plan are specific to the conditions of a site however the O&M plans reviewed as part of
the literature search have similar objectives and requirements.

The objectives of a typical O&M Plan for PCBs are to:
« Anticipate, recognize, control, and mitigate potential PCB hazards at the site.
« Ensure the continued health and safety of building occupants and the community.
» Maintain compliance with federal and local regulations pertaining to PCBs.

~ Activities undertaken to achieve those objectives generally include:

« Implement proactive maintenance activity reviews to identify work with the potential to
disturb PCB-containing materials.

« Maintain air and surface concentrations of PCBs below established targets.

« Specify schedules, plans and follow-up assessments.

« Evaluate all projects or work activities that may potentially disturb PCBs to determine if
precautions are required (e.g., inspection, testing, abatement).

+ PCB remediation and hazardous materials training will be provide to selected building
management employees.

+ Allow only qualified and trained personnel to perform activities that will potentially disturb
PCB-containing materials.

« Ensure that elements of the O&M Plan are observed.

+ Provide PCB awareness training to building occupants.

« Institute a system for all contractors and vendors to report any condition or activity that
could result in the disturbance of PCBs to building management.

« Institute a system for reporting all accidental disturbances and/or releases of PCBs to
building management for evaluation and follow up.
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P 4.0 CONCLUSIONS AND RECOMMENDATIONS

EH&E undertook a comprehensive review of published papers, reports, and other information to
catalog and evaluate remediation methods for PCBs in building materials. This report contains a
description of existing methods for abatement of PCB-containing building materials and mitigation
-of impacts from PCBs in buildings. Information on the strengths and limitations, efficacy, cost, and
byproducts of each method is presented, where available.

A multi-step, iterative process was used to ensure that all literature relevant to the scope of work was
identified. The literature search identified a total of 92 documents, including peer-reviewed papers,
conference proceedings, government and industry reports.

4.1 PCBs IN BUILDING MATERIALS

PCBs are a class of compounds that had important commercial uses prior to their ban in 1976 due
to their association with adverse human and ecological impacts. Primarily used as a dielectric fluid
in capacitors, transformers, and other electrical equipment, PCBs were also used as a component of
some non-liquid construction materials and building products manufactured, including: caulking,
other sealants, adhesives, paints, floor finishes, light ballasts of fluorescent lights and other items.
Concentrations of PCBs in construction materials of many buildings have been reported to exceed
levels authorized under the applicable federal regulations (40 CFR§761). Buildings constructed
between the 1950s through late 1970s are at risk of having PCB-containing materials. Understanding
available mitigation strategies for PCB-containing buildings is a critical issue for governmental,
industry and commercial entities.

PCBs can be introduced into building materials in multiple ways. Some building materials, including
sealants, paint, and light ballasts, were manufactured to contain PCBs and can be considered primary
sources. Construction materials not intentionally manufactured with PCBs can accumulate PCBs
released from primary source materials over time. Lastly, PCBs released from building materials are
sometimes found in human exposure media such as indoor air, settled dust, and soil. The disposition
of these PCB-containing materials, occupational hazards, waste byproducts, and cost are important
considerations when evaluating and selecting a remediation method.

A list of building materials reported to contain PCBs in buildings is provided in Table 2.3. Direct
human exposure media that have been reported to be impacted by PCBs released from building
materials are also noted in the table. Caulk, applied primarily to exterior joints, was the most
frequently reported material to be a primary source of PCBs. Caulk also had the highest reported
concentration of PCBs with levels commonly in the range of 1,000 to 100,000 ppm and ranging up to
approximately 750,000 ppm (ATC, 2010). The most commonly reported mixtures of PCBs in caulk
were Aroclor 1254 and Aroclor 1248 (EH&E, 2010f; ATC, 2010; W&C, 2007). Paint and adhesives
such as floor tile mastic were also frequently reported to be primary sources of PCBs (Bent et al.,
1994; TRC Environmental, 2010). Porous materials such as concrete and brick were frequently
reported as secondary sources of PCBs.
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4.2 REMEDIATION METHODS

The literature search identified a wide range of methods for managing PCBs in building materials.
Although diverse in purpose and approach, the methods can be grouped according to terminology
suggested by EPA for environmental clean-up activities. In this context, remediation is an overarching
term that encompasses removing PCBs from buildings or limiting the migration of PCBs from
sources in buildings. Abatement refers to reducing the amount of PCBs in building materials.
Mitigation is a complement to abatement and refers to controlling exposure to PCBs released from
building materials without removing PCBs from a building. A conceptual framework for organizing
the remediation methods is illustrated in Figure 2.1. The components of abatement and mitigation
shown in the diagram are discussed in the following sections.

4.2.1 Abatement Methods

The objective of abatement is to reduce the mass of PCBs or PCB-containing materials in a building.
Abatement consists of (i) source removal - removing primary and secondary source materials from

a building and (ii) source modification - lowering the amount of PCBs in building materials through
chemical degradation or extraction techniques. The performance of these approaches to abatement is
summarized in Table 4.2 in terms of efficacy, cost, practicality, and potential hazards. These attributes
of performance were rated on a relative scale (good, faix, poor) based on the information gathered
from the literature review and EH&E’s experience in managing remediation programs for PCB-

containing building materials.

Source removal methods include physical removal and on-site decontamination of PCB-
containing materials. Physical removal involves displacement of bulk material that contains
PCBs followed by disposal according to applicable state and federal regulations. In the case of
PCB caulking, hand tools such as utility knife, putty knife, scraper, ripping chisel, and bush
hammer are typically used to pry beads of caulk from the seams in manageable lengths. Various
types of abrasive blasting techniques are physical removal methods that have been applied

to surface coatings that contain elevated concentrations of PCBs. In both cases, the removed
caulk or surface coating is placed in sealed containers which are stored in a covered roll-off and
subsequently disposed of as hazardous waste.

In addition to physical removal of PCB-containing materials, source removal can also be achieved
through on-site decontamination. Several products and techniques for chemical degradation of PCBs
in bulk product waste and remediation waste materials are described in the literature. In general,

the products are applied to PCB-containing materials as a slurry or paste, covered by an overlying
material, and left in place for days to weeks as required by the kinetics of the degradation reactions.
Spent product and degradation products are waste byproducts of the process.

As shown in Table 4.2, source removal and decontamination methods have been demonstrated to
be effective in general at attaining compliance with regulatory requirements. Although efficacious
.in many situations, source removal and modification procedures can be disruptive, expensive,

and impractical in buildings that are occupied or are scheduled for demolition in the near future.
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Methods commonly used to remove or modify PCB-containing materials can involve construction
practices that generate noise, dust, gases, and require involved containment procedures similar to
those used for asbestos. Destructive procedures for removing concrete, brick, mortar, and other
substrates that have absorbed PCBs from source material such as caulk are often the most disruptive. -
Abatement activities can be highly disruptive for populated buildings, especially when swing space
is not available. As a result, abatement is often undertaken most efficiently in unoccupied areas of
a building or when a building is vacated such as during vacation periods for schools. In addition
to being disruptive, destructive abatement methods and relocation of building occupants can be
expensive as well. Disruption and cost associated with abatement of PCB-containing building
materials can favor mitigation over abatement. Remediation approaches that control PCBs in
building materials can therefore help organizations maintain continuity and control costs. In

those circumstances, management of impacts arising from PCBs in building materials rather than
abatement of the PCB-containing materials may be preferred.

4.2.2 Mitigation Methods

Mitigation refers to controlling impacts of building material-related PCBs without actually

removing PCBs from source materials. The purpose of mitigation is to limit release of PCBs from
building materials or their transfer to the environment and locations where people may be exposed.
Engineering controls and administrative are two general approaches to mitigation of PCBs in
building materials. These approaches consist of actions that block pathways of PCB transport, control
concentrations of PCBs in exposure media, or establish building operations that minimize exposure
to building-related PCBs.

Mitigation methods can provide interim measures of PCB control and can also be a component of
activity undertaken following an abatement action or as part of a management in place program for
residual PCBs in building materials. Interim measures are typically planned and implemented to
provide an equivalent level of protection to permanent measures and to include activities that do not
pose an unreasonable risk of injury to human health and the environment.

Engineering and administrative controls implemented alone or in combination can be effective at
mitigating releases of PCBs to the environment and limiting exposure. The relative strengths and
weaknesses of the common mitigation methods are summarized in Table 4.2. Engineering controls
involve changes to the physical conditions of a building that reduce the magnitude of potential
uncontrolled releases of PCBs and corresponding exposure. These controls can take many forms but
are principally contact encapsulation; physical barriers; ventilation; and air cleaning.

Contact encapsulation refers to covering PCB-containing materials with an impermeable film or
sealant. The sealant serves to reduce potential for dermal contact with PCBs and to retard release of
PCB-containing materials or PCBs through weathering, mechanical degradation, or volatilization.
Contact encapsulation is described in the literature as a mitigation method for PCB-containing caulk,
paint, adhesive, and other materials. Numerous encapsulant products are described in the literature
and include certain types of tape, sealants, and epoxies.
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TABLE 4.2 Summary of Abatement and Mitigation Methods
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Physical barriers constructed to separate areas with PCB-containing building materials from other
areas of a building is another type of engineering control. In some cases, physical barriers such as
fences and interior walls can be erected to prevent building occupants from coming into direct
contact with PCB-containing building materials. In other cases, physical barriers can be used to
minimize transport of PCB vapors from source materials to occupied areas of a building. Barriers
to control vapor transport include sealants or foam applied to joints of building features that form
interstitial spaces which include PCB-containing materials.

Ventilation with outdoor air and cleaning of indoor air are engineering controls that can be used
to modify concentrations of PCBs in indoor air that are associated with volatilization from PCB-
containing materials. Improvements or upgrades to existing ventilation systems have been shown
to be effective at lowering concentrations of PCBs in indoor air. However, the cost of heating and
cooling outdoor air can be a practical constraint on implementation of this mitigation method.
Operation of air cleaners equipped with activated charcoal filters was described as effective at
lowering PCB levels in indoor air in one report identified by the literature search.

Mitigation through administrative controls involve changes to the use or maintenance of a
building that reduce the magnitude of potential occupant exposures to PCBs or the likelihood
of uncontrolled releases of PCBs from source materials. A space assignment plan that places
building occupants in locations that yield exposures below established targets for indoor air

or other media is an example of an administrative control. Another type of administrative
control is work plans for remediation programs which serve to ensure consistent and effective
management of a remediation action for PCB-containing building materials. Similarly,
implementation of an operations and maintenance plan for residual PCBs in building materials
can be effective at evaluating the continued performance of other remediation methods. The
performance measures of administrative controls can be informed by a site-specific assessment
of PCB exposure and risk.

The selection of remediation methods should be determined on a case by case basis. Nonetheless,
most reports indicate that the greatest control of PCBs in building materials is obtained when
multiple remediation methods are employed. For example, source removal, encapsulation, and
physical barriers in combination with improved ventilation have been successful at managing
building-related PCBs in relation to both regulatory requirements and risk-based criteria.

The costs of mitigating PCB-containing building materials can be substantial, a fact which
underscores the importance of understanding site-specific conditions, establishing practical
remediation goals, and selecting the most appropriate remediation methods. The cost for abatement
and disposal of PCB-containing caulk and residual PCBs on adjacent surfaces has been reported to
range from $9 to $18 per square foot of built space. For 200,000 to 300,000 square foot buildings,
costs of mitigation have been approximately $1 million to $3 million. It is important to note that
remediation cost varies significantly by type of building and with location (Dalvit, 2011; Strychaz,
2010; USACE, 2000). The majority of the abatement and disposal cost in those situations is related
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to removal of residual PCBs on building materials adjacent to PCB-containing caulk. Alternatives to
source removal for residual PCBs, such as a multi-component mitigation program, are expected to be
less costly. The literature search identified several cases where mitigation was effective at controlling
release of PCBs and subsequent human exposure.

4.3 RECOMMENDATIGNS

This research was designed to be a review of available literature regarding mitigation methods.
During the course of this research EH&E identified several opportunities for additional data
gathering and analysis that could further the aims of U.S. EPA related to management of PCBs in
building materials. EH&E makes the following recommendations for additional research:

« Expand the scope of this review to include information sources outside of the published literature
such as EPA Regional PCB Coordinators and owners of large portfolios of property known or
expected to be impacted by PCBs. This second group would include federal organizations such as
the General Services Administration, NASA, U.S. Armed Forces and U.S. Postal Service, as well
as State property management agencies. Non-governmental groups may include universities and
commercial property owners.

-

Conduct controlled and independent efficacy demonstrations and trials for a variety of chemical
degradation and extraction procedures, as well as encapsulation methods. Performance over time
and relevance to real-world conditions should be a focus of these trials.

Characterize the long-term performance of mitigation methods, such as encapsulation. This can be
accomplished by surveying contractors with active and closed remediation projects and collecting
samples in those buildings over time.

.

Develop guidance for establishing strategies to manage PCB-containing building materials and
which detail procedures for:

s characterizing the presence and condition of those materials,

» assessing potential exposure to building-related PCBs,

« selecting appropriate remediation methods, and

« designing an operations and maintenance program.

Conduct a cost-benefit analysis of abatement versus mitigation for PCB Bulk Product Waste

(primary source materials) and PCB Remediation Waste (secondary source materials) to support

policy decisions on management of PCB-containing materials. Consider:

« amount (mass) of PCBs in primary and secondary source materials in buildings,

« disruption of building operations associated with abatement and mitigation,

» magnitude of human exposure to PCBs associated with primary and secondary source materials,
and

« efficacy , cost, and residual risk of abatement and mitigation methods.
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B APPENDIX A

TABLE A.1 Electronic Indices of Scientific and Technical Publications Queried

Hame Publisher Description/Reason For Inclusion

MEDLINE® National Library of {dentify studies published in peer-reviewed scholarly journals with focus on clinical
Medicine medicine in the United States. MEDLINE is searchable on the Web via PubMed.

[nfotrieve® Infotrieve, Inc. Identify studies published in pre-reviewed scholarly journals, conference proceed-

ings and government documents. A global full-service information management
company — including contents of almost 150 of the leading scientific, technical, and
medical publishers.

ScienceDirect® | Elsevier |dentify studies published in peer-reviewed scholarly journals not covered in MEDLINE.
Coverage is more international than MEDLINE.
Pascal Wolters Kluwer Health/ | Capture European literature not otherwise included medically oriented databases —
oviD basic science, environmental health, chemistry, and biology.

Web of Science

Thomson Reuters

International coverage of the scientific and biomedical literature, including over
10,000 journals worldwide and over 110,000 conference proceedings.

BIOSIS Previews®

Thomson Reuters

Identify original research reports and reviews in biological and biomedical areas, as
well as content summaries, books, and meeting abstracts. This is the world's most
comprehensive reference database for life science research.

Enviroline®

Dialog

International coverage of periodicals particularly focused on the environment.

British Library

British Library

Access to British Library catalogue, including millions of books and journals online.
Also, “Inside Conferences” — complete coverage of conference literature.

and Technical Informa-
tion

NTIS Naticnal Technical Govers primarily U.S. federal government-sponsored technical reports from agencies
information Service including the EPA, DOE, and HUD, with some coverage of state and local documents.
Also includes technical reports from certain agencies in other countries including
Japan, the UK, Germany and France.
0STI DOE Office of Scientific | International scientific and technical research literature.

EPA Publications
Office

US Environmental
Protection Agency

Primarily covers US environmental regulations, proposed rulings, government-
sponsored technical reports, etc.

ERIC

Educational Resources
Information Center

Database with access to more than 1.3 million bibliographic records of journal articles,
books, research syntheses, conference papers, technical reports, and policy papers.

EC Research
and EC Joint
Research Centre

European Commission

Captures EC literature, including latest advances in research, with access to Europa
and CORDIS datahases.

Organization

UN Documenta- | United Nations United Nations documentation, including reports, resolutions and meeting records.
tion: Research International scientific and tachnical research literature focusing on various envi-
Guide ronmental and human health issues.

WHO World Health Indentify WHO documents and research access to WHOLIS (WHO Library and informa-

tion Networks for Knowledge) database.
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185 DAMASCUS RD

Location
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Acct#
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Current Value

185 DAMASCUS RD
G07/000 002/ 00001/ /
011048
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Appraisal $26,365,600
PID 5244
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Appraisal
Valuation Year Improvements Land Total
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Owner of Record
Owner BRANFORD TOWN OF Sale Price $0
Co-Owner Certificate
Address 1019 MAIN ST Book & Page 0192/0227
BRANFORD, CT 06405 Sale Date 08/04/1964
Ownership History
Ownership History
Owner Sale Price Certificate Book & Page Sale Date
BRANFORD TOWN OF 0192/0227 08/04/1964
BRANFORD TOWN OF INTERMEDIATE /

BRANFORD TOWN OF INTERMEDIATE

Building Information

Building 1 : Section 1

Year Built:

Living Area:
Replacement Cost:
Building Percent
Good:

Replacement Cost
Less Depreciation:

1971
180456
$32,288,945
76

$24,539,600

Building Photo

Building Attributes

Field

Description

STYLE

Public School

MODEL

Comm/Ind




Grade CH

Stories: 2
Occupancy 1

Exterior Wall 1 Brick
Exterior Wall 2

Roof Structure Flat

Roof Cover T&G/Rubber

Interior Wall 1

Minim/Masonry

Interior Wall 2

Interior Floor 1 Vinyl/Asphalt
Interior Floor 2

Heating Fuel Gas

Heating Type Hot Water

AC Type None

Bldg Use MUN PUB SC MDL94
Total Rooms

Total Bedrms 00

Total Baths 0

1st Floor Use: 903J

(http://images.vgsi.com/photos/BranfordCTPhotos//\00\01
\43/18.jpg)

Building Layout

Heat/AC HEAT/AC SPLIT
Frame Type LT STEEL
Baths/Plumbing AVERAGE
Ceiling/Wall SUS-CEIL & WL
Building Sub-Areas Legend
Rooms/Prtns ABOVE AVERAGE
. Gross Living
Wall Height 18 Code Description AFéa Area
% Comn Wall 0 BAS | First Floor 138906 | 138906
FUS Upper Story, Finished 41550 41550
CAN Canopy 850 0
CLP Loading Platform Covered 546 0
FBM Basement, Finished 8370 0
FEP Porch, Enclosed 468 0
FOP Porch, Open 272 0
SLB Slab 123865 |0
uBM Basement, Unfinished 6133 0
320960 |180456
Extra Features
Extra Features Legend
Code Description Size Value Bldg #
SPR2 WET/CONCEALED 171824 S.F. $169,800 1
A/C AIR CONDITION 170038 S.F. $284,300 1
ELV2 PASS ELEV 2 STOPS $33,400 1
MEZ1 MEZZANINE-UNF 800 S.F. $6,100 h i




Land

Land Use

Use Code
Description
Zone

903]
MUN PUB SC MDL94
R4

Land Line Valuation

Size (Acres) 29.01
Frontage
Depth

Neighborhood 0070 Assessed Value $816,800
Alt Land Appr No Appraised Value $1,166,800
Category
Outbuildings
Outbuildings Legend
Code Description Sub Code Sub Description Size Value Bldg #
PAV1 PAVING-ASPHALT 99500 S.F. $82,100 1
LT9 HGH PRE-SOD PL 7 UNITS $5,300 1
LT10 W/DOUBLE LIGHT 5 UNITS $5,800 1
LT12 W/FOUR LIGHTS 4 UNITS $8,200 1
TEN1 TENNIS COURT 3 UNITS $30,000 1
SHD1 SHED FRAME 200 S.F. $1,200 1
SPL1 POOL-INGR CONC 2550 S.F, $25,500 1
FN1 FENCE-4' CHAIN 360 L.F. $1,200 1
FN3 FENCE-6' CHAIN 120 L.F. $600 1
FN4 FENCE-8' CHAIN 100 L.F. $600 1
FN5 FENCE-10'CHAIN 70 L.F. $500 1
LT1 LIGHTS-IN W/PL 6 UNITS $4,600 1
Valuation History
Appraisal
Valuation Year Improvements Land Total
2013 $26,187,000 $1,213,500 $27,400,500
2012 $26,182,400 $1,213,500 $27,395,900
2011 $26,182,400 $1,213,500 $27,395,900
Assessment
Valuation Year Improvements Land Total
2013 $18,331,000 $849,500 $19,180,500
2012 $18,327,800 $849,500 $19,177,300
2011 $18,327,800 $849,500 $19,177,300

(c) 2014 Vision Government Solutions, Inc. All rights reserved.




