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1 INTRODUCTION 

1.1 BACKGROUND 
Until banned from production in 1979, polychlorinated biphenyls (PCBs) were commercially produced 

and used in a variety of products in the U.S., including caulk compounds and joint sealants. In addition to 

uses in public and private buildings of tilt-slab style constructed prior to 1979 (Klosterhaus et al. 2014), 

PCBs-containing caulks and sealants may also be found between the expansion joints in public 

infrastructure such as roadways, parking garages, bridges, dams, storm drain pipes, and pavement joints 

(e.g., curb and gutter). PCB use in caulk or sealant is categorized as an open-ended application that 

allows potential release of PCBs to the environment during use, compared with closed applications (e.g., 

PCBs as dielectric fluid in transformers) that do not allow release to the environment during normal use 

(WHO, 1993). Because open application of caulks and sealants in such public roadway and storm drain 

infrastructure can come into direct contact with stormwater as it flows over and through these systems, 

this can be a direct source of PCBs in urban stormwater.  

In 2013, the City of Tacoma conducted a source-tracing program after elevated PCBs were detected in 

stormwater from a residential neighborhood that drains to the Thea Foss Waterway (City of Tacoma 

2013, 2016). The city determined that the source of PCBs was a black tar crack sealant in a storm drain 

catch basin in the neighborhood that was applied during a 1975 road construction project. A sample of 

the sealant collected between the asphalt and concrete catch basin had PCB concentrations up to 260 

ppm. Although most of the sealant had worn away by 2013, the soil underneath the sealant was likely 

contaminated with PCBs as the sealant material disintegrated over the years.  

In the Bay Area, several open applications of PCB-containing caulks have been identified previously, 

including caulks used around windows and door frames of buildings (Klosterhaus et al., 2014), in the 

sealant that was used in the gaps between concrete slabs of the road deck on the Old East Span of the 

San Francisco Oakland Bay Bridge, and in caulk used in the joints of concrete drinking water storage 

reservoirs located in Alameda County (Sykes and Coate, 1995). These examples represent the limited 

extent of local information that is currently available on PCBs in storm drain and roadway infrastructure, 

and demonstrate that additional monitoring data are needed to evaluate the importance of this 

potential source of PCBs to urban stormwater runoff. Although the reservoir of PCBs contained in 

roadway and storm drain infrastructure caulks and sealants in the Bay Area is currently unknown (and 

we are not aware of any other published study that has completed an inventory in urban infrastructure 

in the US), this source is potentially large enough to warrant further investigation.  

1.2 REGULATORY REQUIREMENTS 
Provision C.12 of the Municipal Regional Stormwater NPDES Permit (MRP; Order No. R2-2015-0049) 

implements the PCB Total Maximum Daily Loads (TMDLs) for the San Francisco Bay Area. Provision 

C.12.e of the MRP specifically requires that Permittees collect at least 20 composite samples 

(throughout the permit area) to investigate PCB concentrations in caulk and sealants from public 

roadway and storm drain infrastructure, and report the results in the 2018 Annual Report. Laboratory 
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analysis methods must be able to detect a minimum PCBs concentration of 200 parts per billion (ppb, or 

µg/Kg). To achieve compliance with Provision C.12.e, MRP Permittees have agreed to collectively 

conduct this sampling via the Bay Area Stormwater Management Agencies Association (BASMAA). This 

effort will also contribute to partial fulfillment of pollutants of concern (POC) monitoring required in 

Provision C.8.f of the MRP to address source identification, one of the five management information 

needs identified in the MRP. Source identification monitoring focuses on identifying which sources or 

watershed source areas provide the greatest opportunities for reductions of POCs in urban stormwater 

runoff.  

1.3 PROJECT GOAL 
The overall goal of this project is to evaluate, at a limited screening level, whether and in what 

concentrations PCBs are present in public roadway and storm drain infrastructure caulk and sealants in 

the Bay Area. To accomplish this goal, this study design presents a regional sampling plan to collect and 

analyze PCBs in 20 composite samples of caulk and sealants from public roadway and storm drain 

infrastructure. Implementation of this sampling plan will result in Permittee compliance with MRP 

Provision C.12.e, and partial fulfillment of the Provision C.8.f monitoring requirements aimed at finding 

PCBs sources. The results of this project will be reported in each countywide stormwater program’s 

2018 Annual Report, and will be used to guide next steps. 

2 STUDY DESIGN  

2.1 APPROACH 
The overall approach is to collect, analyze and report on PCB concentrations measured in Bay Area 

roadway and storm drain infrastructure caulk and sealants. The project team, in coordination with 

participating municipalities, will collect up to 50 samples of caulk and other sealants from storm drain 

structures and between concrete curbs and street pavement in public right-of-ways. These samples will 

be composited and a total of 20 composite samples will be analyzed for PCB concentrations. The results 

will be reported in the 2018 Annual Report.  

Participation of Bay Area municipal partners is a critical factor for success of this project. To ensure 

willingness to participate, municipal partners will remain anonymous in all project reporting. Further, a 

blind sampling approach will be applied such that no information will be retained or reported that 

identifies the specific locations where PCB concentrations were measured. Only generic information that 

does not identify sample locations will be retained, including the type of structure or material collected, 

type of usage, age of structure, etc. These factors may be used to guide selection of samples for 

compositing and PCBs analysis. Moreover, this information may provide clues about where PCBs are 

more likely to be found in infrastructure caulk or sealants in the Bay Area. Additional information about 

each sampling site that may be useful for future efforts to estimate the PCBs inventory in these 

materials may also be documented, including crack dimensions, the length and/or width of the caulk 

bead sampled, spacing of expansion joints in a particular type of application, etc.,.   
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Over-sampling across multiple municipalities may also be conducted, as resources allow, such that only 

a subset of those samples, selected blind to their location, will be sent to the lab for PCBs analysis. This 

approach was deemed appropriate because the goal of this project is not to identify specific locations 

with elevated PCBs, but rather, to better understand if roadway/storm drain infrastructure caulk or 

sealants are potential sources of PCBs to urban stormwater runoff in the Bay Area. The regional 

sampling plan presented below is divided into two phases, including:  

1. Identification of Structures for Sampling and Sample Collection 

2. Selection of Samples for Compositing, PCBs Analysis and Reporting 

Detailed descriptions of all sampling and analysis methods that will be used, the data quality objectives, 

and the procedures that will be implemented to ensure data quality during this project will be provided 

in the Quality Assurance Project Plan and Sampling and Analysis Plan (QAPP/SAP, in preparation).  If 

PCBs are found to be present in infrastructure in the Bay Area, a protocol may be developed in the 

future to identify and manage PCBs-containing materials during infrastructure improvement projects to 

reduce potential discharges to the MS4. If PCBs are found, some municipalities may wish to perform 

immediate abatement rather than waiting for the next infrastructure improvement project at that 

location.  

2.2 PHASE 1: IDENTIFICATION OF STRUCTURES FOR SAMPLING AND SAMPLE COLLECTION 
Phase 1 includes recruitment of Bay Area municipal partners, identification of structures within partner 

municipalities’ jurisdictions for sampling, and sample collection. Each of the steps required to implement 

Phase 1 are described below. 

2.2.1 Recruitment of Municipal Partners 

The first step in implementing Phase I of this monitoring program is to recruit participation from Bay 

Area municipalities. Stormwater Program staff from each of the five Bay Area counties subject to the 

MRP will conduct outreach to municipalities in their countywide program and request participation in 

the project. The project team has prepared a memo that can be used to inform potential municipal 

partners about the project and request for participation. The role of the municipal partners will be to 

assist the project team in identifying appropriate structures for sampling, and to assist the monitoring 

contractor during sample collection, as needed. This assistance will entail working with the project team 

to identify appropriate sites by providing municipal staff that have working knowledge of roadways and 

storm drain infrastructure in the city, including the general condition and location of appropriate 

structures, maintenance and repair issues, and access to records or knowledge of the information 

needed to apply the screening criteria for sample site selection (defined below).  

The municipal staff will be asked to review the screening criteria with the project team, provide 

information on the location of structures that may meet these criteria, and (as needed) accompany 

project team members during field visits to potential sample locations to verify structure conditions and 

identify specific locations where caulk/sealant are available for sample collection. Municipal staff may 

also be requested to provide logistical support to the monitoring contractor during sample collection, if 

needed, which may involve providing permits, traffic controls or other safety measures that may be 

required.  
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Interested municipal staff will be asked to look for opportunities (described in more detail in Sections 

2.1.2 and 2.2) to collect caulk or sealant samples independent of the project monitoring contractor. All 

necessary information for municipal staff to perform such sample collection will be provided in the 

project QAPP/SAP (in preparation).  

Desirable attributes of municipal partners include one or more of the following characteristics: 

 Cities that were significantly urbanized prior to 1980. All newer urban areas will be excluded 

from sampling, as these are not expected to contain PCBs in caulk or sealants. 

 Cities that conduct their own road and storm drain infrastructure maintenance. Information 

about maintenance and repairs to all potential sample site locations, as well as site-specific 

information on potential structures will be needed to identify appropriate sampling sites.   

 Cities that have available records of structure installation or rehabilitation and/or 

knowledgeable staff that can provide such information as far back as the 1970’s. Site selection 

will rely heavily on the knowledge of roadway and storm drain infrastructure provided by 

municipal staff. 

 Cities that have the available resources and willingness to assist the project team in identifying 

sampling sites, and during sample collection. The project team will ask participating municipal 

staff to review the screening criteria for sample site selection (provided below) and identify 

potential locations that meet the criteria. Municipal staff will also be asked to participate in field 

reconnaissance during site selection and logistical support during sample collection, as 

described below.   

 Larger cities are more likely to have the desirable attributes described above. However, cities of 

any size that have these attributes are also desirable municipal partners. 

2.2.2 Sample Site Selection Criteria 

The sample population for this project is the universe of publicly maintained roadways, sidewalks and 

storm drain structures containing caulk or sealants located within participating Bay Area municipalities. 

Based on literature review and best professional judgement, the screening criteria for sample site 

selection provided below were developed to target structures for sampling that are more likely to 

contain PCBs in caulk or sealants, while also balancing logistical and safety considerations for sample 

collection. After the municipal partners have been identified, these criteria may be modified or refined 

based on input from knowledgeable municipal staff and to address any municipal-specific issues. Any 

modifications to the initial screening criteria presented below will be documented in the final project 

report. Initial screening criteria for sample site selection include the following: 

1. Public Property:  All sample sites must be located within the public right-of-way 

2. Structure Types:  The following concrete or asphalt structures may be selected: roadways, 
parking lots, bridges, sidewalks, pavement joints (e.g, curbs and gutters), storm drain catch 
basins or inlets, and storm drain pipes or culverts. 

3. Structure Age: Sampling will focus on structures (or portions of structures) installed or 

rehabilitated during the 1970’s. Although PCBs were likely present in caulk and sealants used 

prior to the 1970’s, these materials are expected to break-down and disintegrate over time due 

to normal wear. So, the older caulks/sealants are more likely to have worn away and/or to have 
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been replaced. To reduce this possibility, this project will focus on sampling efforts on the 

1970’s as the most recent decade during which PCBs were used in caulk and sealants.  

4. Structure Rehabilitation Age: Sampling will focus on structures (or portions of structures) that 

have not undergone rehabilitation since the 1980’s. Because PCBs were not used from at least 

1980 onward, any structures, or portions of structures that were rehabilitated, including 

removal and replacement of caulk/sealant, and/or addition of caulk/sealant from 1980 onwards 

are excluded from sampling. 

5. Road Materials:  Portland cement concrete roads are more durable than asphalt-based 

pavement; thus, existing concrete roads are more likely to contain caulk/sealants applied during 

the 1970’s because they are less likely to have been replaced or resurfaced since 1980.  

6. Open Application of Caulk/Sealant: Sampling will focus on open applications of caulk or 

sealants that are exposed and available for sample collection. Examples include: sites of 

roadway or storm drain infrastructure repairs, such as filled cracks that formed on the surface 

after installation, joints between concrete curbs and street pavement, joints between concrete 

paving, sidewalks or bridge decks, and joints between sections of storm drain pipes or culverts.  

7. Accessibility: All sample sites must be safely accessible to the monitoring team for sample 

collection. Sites that do not require confined space-entry or other special equipment are 

preferred.  

8. Ongoing Capital Projects:  Storm drain infrastructure rehabilitation or roadway repaving or 

repairs that are happening during the study period (July 2017 through December 2017) may 

provide an opportunity for municipal staff to collect samples of caulk or sealants (independent 

of the project monitoring contractor) that would otherwise not be accessible. 

9. Other Opportunities: During field reconnaissance or sampling, additional 

unplanned/opportunistic sites may be identified that are good candidates for sampling, 

including locations observed to have older crack sealants that may be present from past repairs, 

locations where cracks between asphalt and concrete gutters may contain older caulks/sealants, 

etc. Municipal staff may have knowledge of such locations where old crack sealant may be 

present, or may identify such locations during their normal operation and maintenance activities 

throughout the course of the project.  

The project team will work with municipal staff to identify potential sampling sites that meet the above 

criteria within the jurisdiction of each partner municipality. To identify sites, the first step will entail 

review of available information such as GIS map layers, satellite imagery, or records from tracking 

systems used by cities to document roadway/storm drain infrastructure construction and/or repairs to 

identify areas of interest within each partner municipality. Knowledgeable municipal staff will be 

queried for information about open applications of caulk or sealants based on their familiarity with 

municipal structures in the areas of interest. To the extent possible, the criteria above will be verified for 

a given location with existing records that document these factors. However, because records for the 

time period of interest may not be available or may be difficult to track, anecdotal information from 

knowledgeable municipal staff will also be considered during site selection.  

2.2.3 Field Reconnaissance and Initial Sample Collection 

The next step is to conduct field reconnaissance in the areas of interest to identify specific structures 

that meet all of the above criteria, and if feasible, to begin initial sample collection. Project team 
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members and appropriate municipal staff will work together, as needed, to conduct these visits. During 

field reconnaissance, the project team and/or municipal staff will identify specific structures that are 

sample site candidates within the areas of interest, document and confirm conditions at each site, 

identify specific areas of caulk or sealant that are available for collection, and collect caulk or sealant 

samples if feasible. If necessary, the logistics of collecting samples at a later date at sites that may 

require additional planning and/or equipment prior to sample collection (e.g., confined space entry 

sites) will be evaluated. Field notes and photo documentation will be used to record information 

gathered during the field reconnaissance and initial sample collection. Field sheets and instructions will 

be detailed in the project QAPP/SAP. 

During these field visits, or at any time during the project sampling phase (July 2017 – December 2017), 

municipal staff will be asked to look for opportunities to collect caulk or sealant samples independent of 

the project monitoring contractor. For example, capital improvement projects that occur during the 

project sampling period may provide access to locations that would not otherwise be feasible for sample 

collection. Municipal staff may also observe caulk or sealant in roadway and storm drain infrastructure 

during the course of their regular operations and maintenance activities. All of the necessary 

information on how to collect caulk/sealant samples, the field notes and other documentation that 

should be recorded during sample collection, and all proper sample handling and storage procedures 

will be provided to municipal staff in the project QAPP/SAP. The project monitoring contractor will also 

be available to provide additional training on sample collection to any interested municipal staff during 

the initial field reconnaissance.  

2.2.4 Follow-Up Sampling 

The project team will review all of the information gathered during field reconnaissance and initial 

sample collection and identify any additional locations that are good candidates for follow-up sample 

collection. Follow-up sample site selection will be biased towards sites that are considered more likely to 

contain PCBs in caulk or sealants. Other factors considered will include the information on the types of 

samples already collected, the number of additional appropriate sites that have been identified, the 

type of structures identified, the types of caulk/sealant usages at the sites, logistical factors associated 

with sampling each structure, and available resources. 

2.2.5 Field Sampling Methods 

In-situ caulk or sealant samples will be collected from selected locations in public storm drain 

infrastructure or roadways following the methods and procedures detailed in the project QAPP/SAP. 

Materials that will be sampled include: 

 caulk used to fill cracks in concrete or asphalt roadways or sidewalk surfaces,  

 tar-like sealant material observed within storm drain structures or roadway surfaces, 

 materials used to seal concrete structures such as gutters and catch basins to asphalt 

pavement,  

 joint sealants between concrete blocks, etc.  

Depending on the location and the condition of the caulk or sealant material available, samples may be 

collected using a variety of techniques ranging from stainless steel knives/spoons used to scrape 

material from structure surfaces or collect material from inside cracks, or by carefully chiseling hardened 
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material from surfaces or from within cracks/joints using appropriate tools. Field notes and photographs 

will be taken to document the sample collection method(s) used at each site, as well as to document the 

structure type, the type of caulk or sealant usage, and other relevant factors (but being careful to avoid 

any identifying features of the area such as road signs, heritage trees or other landmarks). Samples of 

caulk/sealant will be selected for compositing based on factors such as: structure type, structure age, 

particular caulk/sealant usage, multiple samples from a single structure, and percent chlorine based on 

XRF screening results (described below). Composite samples collected from multiple locations would 

allow PCBs analysis of caulk/sealant from across a wider geographic extent within the available analysis 

budget. All samples will be collected as one-time events.  

2.3 PHASE 2:  SELECTION OF SAMPLES FOR COMPOSITING, PCBS ANALYSIS AND REPORTING 
During Phase 2, the project team will review the information gathered on all samples that were 

collected, perform screening procedures in order to group samples for compositing purposes, select a 

sub-set of samples that will be sent to the laboratory for PCBs analysis, and report the results. Each of 

these steps are described in more detail below.  

2.3.1 Selection of Samples for Compositing and PCBs Analysis 

Once all the samples have been collected, the project team will decide which samples will be sent to the 

laboratory, and how those samples will be grouped for compositing prior to PCBs analysis. Selection of 

the sub-set of samples for PCBs analysis will not be random, but will remain blind to specific site 

location. Samples will be grouped for compositing based on a number of potential factors such as 

geographic area, structure type (e.g., catch basin, roadway, etc.), or material usage (e.g., sealant used to 

fill cracks on roadways, etc.). Multiple samples from a single structure may also be composited. 

Decisions on how samples will be composited will be made after the samples have been collected based 

on the types of sites that are sampled and other information gathered about each site. X-ray 

Fluorescence (XRF) technology will also be used to screen samples for chlorine content and guide 

selection and compositing decisions, as described below (Section 2.3.1.1). Composite samples will 

potentially allow the monitoring program to cover a greater geographic area with a limited number of 

samples that will be analyzed for PCBs, and may also provide some data on how concentrations vary 

across the different categories of structures, usage, etc. Although limited by the small sample size (i.e., 

20 samples), this type of information may be important for future efforts to identify infrastructure caulk 

or sealants associated with PCBs.  

2.3.2 XRF Screening Procedures 

Because PCBs are highly chlorinated, samples with high chlorine content are more likely to contain PCBs. 

Previous projects have used portable XRF technology to evaluate the chlorine content of caulk samples 

(Klosterhaus et. al., 2014). Each sample collected in this project will be screened for chlorine content 

using portable XRF technology. Based on the range of chlorine content observed, the samples will be 

divided into high, moderate, and low chlorine content. Samples from the high and moderate chlorine 

content categories will be prioritized for PCBs analysis, as these have a higher probability of containing 

PCBs. Moderate chlorine concentrations may provide information on whether the presence of chlorine 

is driven primarily by PCBs or instead by other chlorine containing compounds. However, chlorine 

content as determined by XRF screening, will only be one of several factors that will be considered in 



Final Study Design - Evaluation of PCBs in Infrastructure Caulk 2017 

 

10 

 

determining how to select samples for PCBs analysis and how to group those samples for compositing 

purposes. The XRF screening results will be compared with the PCBs analysis results to better 

understand the usefulness of this procedure in identifying PCB-containing caulks or sealants.  

2.3.3 Laboratory Methods 

Prior to PCBs analysis, the laboratory will composite samples per the direction of the project team. All 

composited samples will be analyzed for the RMP 40 PCBs following modified EPA Method 8270C 

(GCMS-SIM), which provides congener specific PCB concentrations at an acceptably low detection limit 

for the purposes of this project (MRL = 0.5 µg/Kg). All laboratory QA/QC procedures will follow the 

methods detailed in the project QAPP/SAP (in preparation).  

2.3.4 Reporting 

The range of total PCB concentrations measured in roadway and storm drain infrastructure caulk and 

sealant will be reported. If possible, PCBs concentrations will also be reported by appropriate sub-

categories, such as structure type, age of installation/repair, caulk or sealant usage, percent chlorine, or 

other factors. The infrastructure caulk/sealant concentrations observed during this project may also be 

compared to PCB concentrations in other media, such as soil/sediment or caulk from building materials 

in the Bay Area. The project team will prepare a final project report of the sampling data that may also 

include recommendations for additional information needed to support future development of 

stormwater loading estimates and to develop appropriate control measures for this source. The final 

project report will be available for submittal to the Regional Water Board with the 2018 MRP Annual 

Reports due in September 2018.  

2.4 STUDY ASSUMPTIONS AND LIMITATIONS 
This regional sampling plan was not designed to characterize the full range of PCB concentrations in Bay 

Area caulk and sealants, but rather, to provide a limited, screening level survey of concentrations of 

PCBs that may be found in Bay Area roadway and storm drain infrastructure caulk in order to 

understand if this is a potential source to urban stormwater that requires further attention. Resources 

limit the project to collecting up to 50 samples, and only analyzing 20 composite samples for PCBs. The 

primary risk with such a small sample size is that the monitoring may not identify sites that have high 

concentrations of PCBs in caulk or sealants, even if such sites exist in the Bay Area. The study design 

attempts to minimize this limitation through targeted sample site selection, which focuses on locations 

that have a higher likelihood of containing PCBs in caulk and sealants. The assumption of this targeted 

sampling approach is that PCBs will not be found in high concentrations at sites that do not meet the 

site selection criteria identified in Section 2.2.2. XRF screening techniques may also increase the 

likelihood of selecting samples for lab analysis that have a higher likelihood of containing PCBs. Inclusion 

of composite samples can also extend the geographic coverage of the limited number of samples that 

will be analyzed for PCBs. However, given the small sample size and lack of definitive information on 

where PCB-containing caulks were used in Bay Area infrastructure, it is still possible that high 

concentrations will not be observed even if there are locations in the Bay Area that have high enough 

PCB concentrations in infrastructure caulk or sealants to warrant implementation of controls for this 

source of PCBs to urban stormwater.  
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3 SCHEDULE 

 Draft and Final study design. (Draft Due May 2017; Final Due June 2017) 

 Draft and Final Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan (QAPP). 

(Draft Due June 2017; Final Due August 2017) 

 Draft and Final Cost Estimates (Draft Due June 2017; Final Due August 2017) 

 Project team discussions with municipal partners to facilitate information exchange and begin 

sample site selection (July/August, 2017) 

 Field reconnaissance and Initial Sample Collection (August/September 2017) 

 Additional Sample Collection (September 2017 – November 2017) 

 XRF Screening (October - December 2017) 

 Laboratory Analysis (December 2017 – February 2018) 

 Data QA/QC Review (March 2018) 

 Data Analysis and Reporting (April-May 2018) 

 Final Summary Report (Draft due June 2018, Final Due September 2018) 
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