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[bookmark: _rqafxhqkzgyo][bookmark: _75s2vn69zxzc][bookmark: _Toc390799271]Executive Summary
In an effort to decrease polychlorinated biphenyl (PCB) and other toxic chemical contamination in Washington waters, the Spokane River Regional Toxics Task Force (SRRTF) is working on multifaceted approaches to reduce loading that include both regulatory and voluntary initiatives. This project addresses inadvertently generated PCBs that are released into waterways, with a focus on PCBs in paper and packaging materials. Northwest Green Chemistry was contracted to prepare a white paper that could be used to inform external stakeholders and to suggest next steps using green chemistry, alternatives assessment and voluntary market-based strategies.
Whether or not the presence of inadvertent PCBs in pigments used on individual packages and newsprint presents a risk to users of those materials is not the focus of this paper.  Rather, the issue is that these materials are ubiquitous and provide a steady flow of additional PCBs into products and the environment on a global scale. Pigments used on paper and packaging materials contaminate recycling streams that hinder both recycling businesses and our ability to achieve a safe and healthy circular economy. The continued discharge of PCBs into waterways decreases the effectiveness of expensive, ongoing remediation efforts while preventing further mitigation of these risks to human and environmental health. This is occurring at a time when China has announced that they will no longer be accepting international paper and plastic waste for recycling and there is growing awareness of damage from consumer product waste that is mismanaged and found to pollute the ocean and other water bodies.  Calls for a circular economy that 1) designs out waste and pollution; 2) keeps products and materials in use and 3) regenerates natural systems is growing.  
This paper and the accompanying presentation materials represent the first phase of work intended to inform and engage external stakeholders and to motivate them to take strategic action to identify and adopt inherently safer pigments that contain no or ultra-low inadvertent PCBs. It provides some background information on the scope of the problem including sources of inadvertent PCBs and regional inadvertent PCB control initiatives.  It is based on reviews of media articles, presentations, scientific studies and interviews with stakeholders.  It then offers a set of proposed next steps for discussion with the SRRTTF. The proposed next steps include targeted collaborations, green chemistry and engineering research projects, alternatives assessment, and procurement activities that can help drive substitution of those pigments containing the highest levels of inadvertent PCBs and adoption of safer alternatives. 
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[bookmark: _Toc390799274]Introduction
[bookmark: _kj9pmovuyyzs][bookmark: _umfyao7qch8g]Polychlorinated biphenyls (PCBs) were determined to create human and environmental health concerns worldwide. The intentional manufacture of PCBs was predominantly phased out, through both voluntary industry initiatives and as a result of regulatory action. 
[bookmark: _h6bamjczkp9n][bookmark: _5qj3238c0p19]However, PCBs are still being discharged into the environment, prolonging the presence of this class of chemicals. They continue to be produced inadvertently as byproducts of dozens of manufacturing processes. There are limits in place for discharges of inadvertent PCBs, but legal requirements leave room for continued risk to humans - especially those who consume fish - and the environment. Pigments, including those used widely in packaging products, are a key source of inadvertent PCBs. In addition to having the potential to be persistent, bioaccumulative and toxic, PCBs hinder the circular economy by contaminating recycling streams. 
[bookmark: _a0w554gdjuem]Several regions have implemented programs to reduce the volume of inadvertent PCB discharges into waterways. The effectiveness of these programs is not well understood. In this report, we explore a number of possible solutions to PCB pollution from pigments with a focus on those used in packaging products.  We also recommend specific next steps including targeted collaborations, green chemistry and engineering research, alternatives assessment, and procurement initiatives to drive substitution in the marketplace. 
[bookmark: _sp36rx7iwvo7][bookmark: _Toc390799275]What are PCBs?
[image: ]Polychlorinated Biphenyls (PCBs) are a class of man-made organic chemicals consisting of carbon, hydrogen and chlorine atoms. PCBs have no known taste or smell and range in consistency from an oil to a waxy solid. They have varying numbers (from 1 to 10) of chlorine atoms on a biphenyl backbone (United States Environmental Protection Agency, 2018). The number of chlorine atoms and their location in a PCB molecule determine many of the physical and chemical properties. Varying the number and locations of chlorine atoms on the biphenyl backbone results in 209 variations known as PCB congeners. Figure 1 shows a selection of example PCB congeners. 
Congeners not only share a common structure but may also share chemical and toxicological properties (Borlakoglu & Walker, 1989). [bookmark: _Toc516837458]Figure 1: A selection of PCB congeners (Plísková , et al., 2005)                                                                       


PCBs typically occur as mixtures rather than as individual congeners. PCBs can be divided into two broad groups based on their origins: legacy and inadvertent PCBs. Legacy PCBs refer to those that were intentionally manufactured for use in products.  Inadvertent PCBs refer to those that are produced as by-products or contaminants from manufacturing other products. In order to understand the scope of the problem of inadvertent PCBs, it is helpful to understand review a brief history of legacy PCBs and how they differ from inadvertent PCBs.          	                    
[bookmark: _c1yn1rime5oj][bookmark: _Toc390799276]What are Legacy PCBs?
PCBs have desirable physical and chemical properties including “fire resistance, low electrical conductivity, high resistance to thermal breakdown, high degree of chemical stability, and resistance to many oxidants and other chemicals” (United Nations Environment Programme (UNEP) Chemicals, 1999). As a result of their versatility, millions of pounds of PCBs were once manufactured and used in products such as (United States Environmental Protection Agency, 2018): 
· Transformers and capacitors
· Electrical equipment including voltage regulators
· Switches
· Re-closers
· Bushings
· Electromagnets
· Oil used in motors and hydraulic systems
· Fluorescent light ballasts
· Cable insulation
· Oil-based paint
· Caulking
· Plastics
· Carbonless copy paper

From 1929 until 1977, the Monsanto Chemical Company was the sole producer of PCBs in the United States. These mixtures were marketed under the “Aroclor” tradename, and legacy PCBs in the U.S. may simply be referred to as “Aroclors” (Kopp, 1976). Although Monsanto produced about half of the total volume worldwide, legacy PCBs were also made internationally under other trade names. See Appendix A, Figure A1 for a list of international trade names (Battelle Memorial Institute, 2012). In 1979, nations around the world took action to stop the manufacture of legacy PCBs. The US EPA introduced a ban on PCB manufacture, and PCBs were included on the Stockholm Convention list of twelve priority persistent organic pollutants (Daryl J. McGoldrick, McGoldrick, & Murphy, 2016).
[bookmark: _t5ae8n2qrp0q][bookmark: _Toc390799277]What are Inadvertent PCBs?
Although manufacture of PCBs was banned in 1979, PCBs continue to be formed as unwanted byproducts in up to 200 manufacturing processes (Stone A. , 2014). Seventy of these processes have a high potential to create PCBs. See Appendix B, Figure B1 for the complete list. 
[bookmark: _maocbra5w9hq][bookmark: _Toc390799278]How are Inadvertent PCBs Formed?
When chlorine, salts, and hydrocarbons or chlorinated hydrocarbon compounds are mixed and reacted at high temperatures, PCB impurities can result. While not every process that creates inadvertent PCBs has been documented, several congeners have been directly linked to the manufacture of pigments (for paints, inks, and dyes). Many of today’s pigment production processes require chlorine, which presents an inherent risk of creating inadvertent PCBs in unknown amounts (Rodenburg L. A., Guo, Du, & Cavallo, 2010). 
[bookmark: _4fgq879lwtv5][bookmark: _Toc390799279]Sources of Inadvertent PCBs
Despite national limits on PCBs in water, inadvertent PCBs continue to contribute to the accumulation of PCBs in certain waterways. For example, the Department of Environmental Sciences, Rutgers University, found that PCB limits in the Delaware River have been exceeded as a result of inadvertent PCB production (Rodenburg L. A., Guo, Du, & Cavallo, 2010). Additionally, this research showed that non-legacy PCBs are being generated from production processes, rather than as dechlorination products from legacy PCBs. The thorough documentation of legacy PCB congeners helps researchers discern which PCBs in the environment are from legacy sources and which continue to be generated inadvertently. This provides insight into where inadvertent PCBs are hindering decades of costly environmental remediation efforts related to legacy PCBs. Table 1 shows specific PCB congeners that have led to violations of Federal water quality standards in various regions. 
[bookmark: _Toc516837558]Table 1: Inadvertent PCBs above Federal Water Quality Standards (Rodenburg L. A., Guo, Du, & Cavallo, 2010)
	Inadvertent PCBs detected above Federal Water Quality Standard of 64 pg/L (pico-grams per liter) (ppq - parts per quadrillion)

	PCB 11
	PCB 206+208+209

	Halifax Harbor (40-126 pg/L) 
	Delaware River (~230 pg/L) 

	New York/New Jersey Harbor (over 100 pg/L)
	Houston Ship Channel (~130 pg/L)

	Delaware River (~20 pg/L- above local criterion)
	

	Houston Ship Channel (~200 pg/L) 
	

	San Francisco Bay (~100 pg/L) 
	



Inadvertent PCBs come from primary and secondary production sources, as well as primary (point) and secondary environmental sources. 
· Primary production sources: facilities that directly generate inadvertent PCBs, such as some chemical and pigment manufacturers
· Secondary production sources: downstream users of chemicals and products that contain PCBs, such as printers and recyclers
· Primary environmental sources: inadvertent PCBs with identifiable sources, such as where discharge locations are known
· Secondary environmental sources: inadvertent PCBs from unidentified sources, such as where the region of production or correlated manufacturing process used is unknown
Primary production sources include (Oregon Department of Environmental Quality (DEQ)):
· Organic and inorganic pigment manufacture
· Production of chlorinated solvents
· Agricultural chemicals
· Detergent bars
· Wood treatment 
Secondary production sources of inadvertent PCBs are typically associated with facilities that discharge effluent into rivers, streams, lakes and oceans. Potential sources for these inadvertent PCBs include (NGC interview with Doug Krapas, Environmental Manager at IEP):
· Paper Mills:
· Newsprint pigments (inks and dyes)
· Packaging pigments (inks and dyes)
· Wastewater Treatment (City of Spokane Wastewater Management Department, 2015):
· Antibacterial hand soap
· Antibacterial dish soap
· Laundry detergent
· Shampoo
· Toothpaste
· Municipal Stormwater Runoff:
· Road paints
· Asphalt sealers
· Pesticides
· De-icers

Because primary producers of inadvertent PCBs can be more easily identified, it may be pragmatic to prioritize collaborations with those businesses that are known to generate inadvertent PCBs. Addressing inadvertent PCB production from primary sources should also reduce inputs from secondary sources. 
[bookmark: _b8913ob4n8xs][bookmark: _Toc390799280]Inadvertent PCBs: Current Challenges 
Sources of legacy PCBs remain from still-in-use transformers, capacitors, caulking, paints, and other materials manufactured in the twentieth century. However, their potential regional impacts and concentration in the environment have been significantly reduced in the decades since the EPA ban (Chang, et al., 2012) (Estuary Partnership, 2014) (Daryl J. McGoldrick, McGoldrick, & Murphy, 2016).
Our collective understanding of environmental and human health impacts of PCBs as a chemical class is muddied by a number of factors, including: 
· The existence of 209 congeners
· The level of hazard of a specific PCB congener or mixture is related to the structure of the congener. 
· Each congener or mixture may contain more, fewer or equal hazards to those that have been previously documented with the health impacts discussed below. 
· Industrially discharged PCBs may be documented accurately by facilities when they are first manufactured.  But they are transformed in the environment (chemically and by microorganisms) as time passes. This results in PCBs in the environment that are different than the actual substances that were discharged (Beyer & Biziuk, 2009). 
· Data gaps: 
· Ongoing research is building toxicological profiles for individual congeners and mixtures of inadvertent PCBs, with emphasis on congener-specific impacts.   
· iPCBs are formed as mixtures that have variable congener compositions depending on specific manufacturing process conditions and the quality and impurity profiles of the raw materials and intermediates.
[bookmark: _k5gaeyn98g85]
[bookmark: _Toc390799281]Human and Environmental Health Impacts
[bookmark: _7lg94lf3k78h]PCBs are concerning due to their persistence (P) in the environment, ability to bioaccumulate (B) up the food chain, and their toxicity (T). They are considered persistent, bioaccumulative and toxic substances (PBTs). PBTs have spurred international action because of their compounding impacts to ecosystem health. As with other PBTs, PCBs are found in a vast array of products and in even the most remote regions of the world due to global transport.
Specific congeners of PCBs that have been studied in the greatest depth have come to represent the entire class. All congeners are therefore considered probable human carcinogens (United States Environmental Protection Agency, 2018) (Rodenburg L. A., Guo, Du, & Cavallo, 2010). Likewise, all PCBs are currently regulated as a group (Commonwealth of Massachusetts, 2018).  This makes sense for inadvertent PCBs because the amount and pattern of different congeners formed is variable. 
Studies have shown that inadvertent PCBs in food packaging could be transferred to skin during contact or ingested after migrating from packaging into food (Kuratsune & Masuda, 1972). PCBs in carbonless copy paper were banned as a result of evidence that dermal exposure occurred simply from handling the material. There is not currently enough research to assess the risk from unintended uses such as using PCB-containing paper packaging as impromptu plates or small children mouthing printed items.  More common exposure pathways such consuming contaminated fish are well documented and associated impacts have been assessed. 
Humans can be exposed to PCBs via air, water, soil, inhalation and ingestion. Exposure to PCBs via consumption of contaminated fish is a worldwide challenge, affecting nations as widespread as the United Kingdom, Pakistan, Brazil, China, and Nigeria, among others (Rose, Fernandes, Mortimer, & Baskaran, 2015) (Eqani, Cincinelli, Mehmood, Malik, & Zhang, 2015) (Miranda & Yogui, 2016) (Pan, et al., 2016) (Adeogun, Chukwuka, Okoli, & Arukwe, 2016). Local governments continue to advise against consumption of many regional fish populations due to their PCB content, even after decades of discontinued legacy PCB manufacture. Inadvertent PCBs in waterways are delaying safe consumption of these fish (San Francisco Bay Regional Water Quality Control Board, 2016). Figure 2 illustrates how PCBs are transferred throughout the food web with particular emphasis on marine ecosystems.

[image: ]
[bookmark: _Toc516837459]Figure 2: PCBs released into Puget Sound (Litten W. , 2014)
As PCBs bioaccumulate through contaminated food and water in humans and other organisms they pose health hazards that can include (Washington State Department of Ecology, 2015) (United States Environmental Protection Agency, 2018): 
· Increased risk of cancer
· Immune deficiencies
· Nervous system harm
· Reproductive impacts
· Developmental effects
· Skin changes

These health impacts are exacerbated as PCBs accumulate in the body fat of living organisms faster than they can be broken down, resulting in widespread and long-term human exposure (Estuary Partnership, 2014). Consuming PCB-contaminated food facilitates the buildup of PCBs in body tissues, potentially compromising the healthy development of children. PCBs are able to cross the placental barrier between mother and child (United States Environmental Protection Agency, 2018). Another study found that children of mothers with high body burdens of PCBs exhibited short-term memory challenges and behavioral issues (Colborn, von Saal, & Soto, 1993). These extended exposures, resulting in developmental impacts (among others), create a systemic burden for whole ecosystems and communities.
[bookmark: _GoBack]For more details on exposure routes of PCBs, affected marine species, and how legacy PCBs continue to enter the environment, see Appendix C.
In addition to prolonged environmental exposure, successful remediation projects may be slowed due to the continued release of inadvertent PCBs into the environment (University of Iowa - IIHR Hydroscience and Engineering, 2015). Lengthening these projects will add to the cost - which is already billions of dollars - for businesses, consumers, regional and state governments, and the federal government. For example, General Electric alone reportedly spent $1.7 billion on a nine-year project to remove PCBs from the Hudson River (McKinley, 2016) (Wu, 2018).
[bookmark: _ffhwx07lklhi][bookmark: _Toc390799282]Products and Pigments that Contain Inadvertent PCBs
[image: ]The Washington State Department of Ecology (WA DOE) conducted a preliminary study of inadvertent PCB concentrations in consumer materials. These products included packaging, paper products, paints and colorants, caulks, and miscellaneous items (e.g. printer inks and food) (Stone A. , 2014).
[bookmark: _p4rrrsebe015][bookmark: _Toc516837460]Figure 3: Organic Pigments Found to Contain Inadvertent PCBs


The study provided insight into how water becomes contaminated with PCBs from recycled food packaging and paper products. Inadvertent PCBs were detectable at appreciable levels (5-45 ppb) in all of the product categories investigated by WA DOE. Their findings point to dyed products - such as clothing, cosmetics, soaps, hand sanitizers, and household cleaning products - as probable sources of inadvertent PCBs. These packaging products are likely to leach PCBs into water (Guo, Capozzi, Kraeutler, & Rodenburg, 2014). For details on PCB concentrations measured by WA DOE, see Appendix G.
The production of at least three classes of organic pigments (Azo, Phthalocyanine and Polycyclic pigments) generate inadvertent PCBs. These pigments are used in packaging and newsprint. They cover the spectrum of yellows, oranges, reds, greens, blues and purples. Within the Azo pigment class there are diarylide, hansa, quinacridone, naphthol and isoindolinone subcategories that can potentially contain inadvertent PCBs. Figure 3 shows these pigments and inadvertent PCB congeners correlated to them. There could be more PCB congeners that have not been tested for or reported and more pigments that contain these contaminants (Hu & Hornbuckle, Inadvertent Polychlorinated Biphenyls in Commercial Paint Pigments, 2009) (Willy Herbst, 2004).
Diarylide yellow, a commonly used yellow pigment, is a key source of PCB 11. This pigment accounts for 62.5 million tons of annual organic pigment production worldwide (out of 250 million tons), generating about 1.5 million metric tons of PCB 11 each year (Rodenburg L. A., Guo, Du, & Cavallo, 2010). According to one report, a single cereal box can “contaminate nearly seven thousand liters of water at a level of 20 , the average PCB 11 concentration in the ambient waters of the Delaware River” (Rodenburg L. A., Guo, Du, & Cavallo, 2010). It’s possible that PCB 11 is therefore heavily responsible for the Delaware River exceeding PCB water quality limits.
In printed products, like paper, textiles and commercially available paints, inadvertent PCB 11 can be detected with extremely high consistency. It is present in as many as 86% of pigments (Bienkowski, 2014). A study evaluating food containers found PCB 11 in 66% of products tested (Muncke, 2014). The frequent use of diarylide yellow in packaging materials - 65% is used in printing - with resulting detectable levels of PCB 11 means it is a significant source of exposure to consumers and the environment. This makes PCB 11 an excellent candidate for further toxicological studies and mitigation strategies.
Inorganic pigments, such as titanium dioxide, can also contain inadvertent PCBs. Approximately 95% of all titanium mineral production is used to make titanium dioxide (United States Geological Survey, 2013). The white pigment adds vibrancy to a huge range of products, including paints, paper, plastic, and rubber. Its distinctive brightness and versatility has made it the leading pigment globally. More than a million tons are produced each year in the U.S. and millions more are made worldwide. It is widely marketed as a pigment for packaging inks and coatings and is even used directly in food applications (Titanium Dioxide Manufacturers Association, n.d.).
There are two industrial manufacturing processes for titanium dioxide. One relies on sulfate and the other relies on chlorine (European Commission, 2016) (The Essential Chemcial Industry - Online, 2016). The chlorinated process generates inadvertent PCBs while the sulfate process does not, and 30% titanium dioxide in Europe is produced by the chloride process. The production of titanium dioxide can generate at least three inadvertent PBCs - 206, 208 and 209 - when manufactured through chlorinated processes (Hu & Hornbuckle, Inadvertent Polychlorinated Biphenyls in Commercial Paint Pigments, 2009). These pigments have been found in the majority of packaging products tested for inadvertent PCBs. 
Because titanium dioxide is ubiquitous, outreach and education on non-chlorinated titanium dioxide manufacture could be a valuable solution to reducing inadvertent PCB loads into the environment. It’s possible that similar alternative pathways exist for producing PCB-free organic pigments. Determining this will require additional research and development. 
There are also non-pigment processes that produce inadvertent PCBs, such as the production of silicone rubber tubing. This process can produce PCBs 44 and 45. There are also scattered reports of some proprietary products and vinyl chloride creating inadvertent PCBs (Washington State Department of Ecology, 2015). In 1982, the EPA compiled a list of end products of manufacturing processes in which PCBs are incidentally generated (Moll, 1982). The complete list can be found in Appendix B, Figure B2. 
In addition to being generated as byproducts of manufacturing, PCBs can form during breakdown (or weathering) of pigments. This presents a challenge for anyone who wishes to avoid PCB-containing materials, such as paper and packaging recyclers.
[bookmark: _3vcvr8d6mt7][bookmark: _9saz3o64df7w][bookmark: _Toc390799283]Regulatory Approaches
[bookmark: _nq5k5rotnhzy][bookmark: _Toc390799284]Federal Inadvertent PCB Requirements
Primary inadvertent PCB production is mostly unregulated at low levels. Current national and most international regulations allow inadvertent PCBs to be produced in pigments at maximum concentrations of 50ppm with an average of 25ppm.  These requirements can create conflict with requirements of the Clean Water Act and more stringent local regulations such as Spokane River requirements (Washington State Department of Ecology, 2015). This creates discrepancy and disagreement about appropriate limits for inadvertent PCBs.  
In 1984, non-governmental organizations, such as the Environmental Defense Fund, National Resources Defense Council and the American Chemistry Council worked together with the US EPA to set national limits on inadvertent PCB generation (Washington State Department of Ecology, 2015). Results of this meeting included the following limits on inadvertent PCB concentrations: 
· 50 ppm of inadvertently generated PCBs in products and an annual average of <25 ppm 
· Releases to ambient air must be <10 ppm.
· Discharges to water must be <0.1 ppm (except from recyclable paper, where the limit is 3 ppb total Aroclors).
· All wastes must be disposed of properly. Process wastes with PCB levels > 50 ppm must be disposed of in accordance with TSCA. The Clean Water Act, however, limits discharges to 170 ppb into regulated bodies of water.

There are chemical management guidelines for producers of inadvertent PCBs, however, the last reported EPA PCB report comes from 2011 (Washington State Department of Ecology, 2015) (Washington State Department of Ecology, 2015). This presents difficulties in determining current or precise records of locations, quantities, and frequency of PCB creation. It’s unclear what, if any, internal management practices beyond regulatory reporting are conducted by primary producers. 
International inadvertent PCB production has implications for the packaging industry in the U.S. since imported products containing 50 ppm or lower amounts of inadvertent PCBs are not restricted (and likely not tested for PCBs) (United States Environmental Protection Agency, 2016). Paper and cardboard are a good example of the challenges imported PCBs present. In 2015, the United States imported 11,563 million metric tons of paper and cardboard (Statista, 2017). In the EU, 41% of all packaging waste is made up of paper and cardboard (European Commission), and it could be assumed that packaging waste has a similar composition in the U.S. In an analysis of PCBs in consumer products, WA DOE found inadvertent PCBs were present in all paper products tested, and there has long been concern over PCBs in cardboard food packaging materials (Kolbye, 1972). With PCB-containing paper products being created both domestically and entering packaging streams through imports, it is extremely challenging to measure the success of collaborative mitigation efforts conducted by businesses and governments. 
Harmonizing regional and federal requirements for inadvertent PCB concentrations in products and manufacturer discharge limits is a considerable obstacle for mitigating the impacts of inadvertent PCBs. More stringent testing protocols could fill critical data gaps, such as what processes are resulting in inadvertent PCB and actual quantities being discharged. Risk assessments could facilitate determination and standardization of the most appropriate concentration limits. Finally, since a significant quantity of packaging materials are imported that may contain inadvertent PCBs, it is essential to set strict limits on and test for inadvertent PCBs in imported goods.
[bookmark: _rwcmei7l6xpp][bookmark: _Toc390799285]Regional Water Quality Requirements
Regional efforts are largely based on adaptive learning until best practices are developed. A common thread through regional management practices is significant initial data collection done in collaboration with local facilities to identify sources, types and concentrations of PCBs in water. As localities collect data and identify inadvertent PCB origins, pigment manufacturers and packaging and/or paper recyclers may be held increasingly accountable for PCBs produced. 
The National Primary Drinking Water Regulations set the maximum contaminant level for PCBs in drinking water to 0.0005 mg/L (0.5 ppb) (United States Environmental Protection Agency, 2018). On the other hand, the Spokane Native American Tribe has a 3.37 pg/L (ppq) PCB limit for waterways, the strictest water quality standard in Washington (possibly the nation). The Spokane River has the highest PCB levels in the state, and the low limit was set to prevent additional river and salmon contamination (National Pollution Prevention Roundtable). Similarly, there are stringent limits for other areas with high PCB concentrations such as the Delaware River, where no more than 16 pg/L (ppq) are permitted (Delaware River Basin Commission, 2018). Table 5 gives examples of PCB limits by region. Ironically, drinking water standards are less restrictive than some river discharge limits for PCBs. This reflects the challenge of reducing levels of persistent, bioaccumulative and toxic substances in the environment. 
[bookmark: _Toc516837559]Table 2: Examples of Regionally Varying PCB Limits
	Region
	mg/L (ppm)

	National Primary Drinking Water Regulations
	5.0x10^-4

	Spokane Native American Tribe
	3.37x10^-9

	Delaware River
	1.6x10^-8

	San Francisco Bay
	1.7x10^-6

	State of Ohio Lake Erie Drainage Basin
	2.6x10^-8 

	State of New Jersey
	6.4x10^-5



Current gas chromatography techniques can detect and differentiate between congeners and Aroclor PCBs at levels as low at 0.054 µg/L (ppb) in water and 57 µg/kg for soil (Clu-In, 2018). This is far below the maximum 50 ppm limit. Businesses at risk of producing inadvertent PCBs could increase the frequency of their testing as a preventative measure. Where PCBs are found, businesses can use analytical chemistry to benchmark progress on reducing PCB loading into waterways. At the same time, if even lower limits are required to reduce risk it may be necessary to develop more sensitive measurement techniques. Manufacturers that obtain third-party testing data could better inform procurement professionals’ product selection when they request PCB-free choices.[bookmark: _Toc516837461]Figure 4: Example conceptual model of PCB sources and pathways (San Francisco Bay Regional Water Quality Control Board, 2016)

The case studies below demonstrate how different regions have attempted to address high levels of inadvertent PCBs in local waterways. Their strategies navigate around the complex regulations described above in an attempt to address high-priority polluted areas. 

[bookmark: _olwixj1nkize][bookmark: _Toc390799286]Area Case Studies
[bookmark: _k6t47jueip26][bookmark: _Toc390799287]Delaware
In the Delaware River estuary, PCBs have been measured at 1,000 times above national water quality limits. In 2005, the Delaware River Basin Commission (DRBC) initiated a pollution minimization plan to identify both primary and secondary sources of inadvertent PCB loadings into the river. By collaborating with facilities that discharge, PCB loadings have dramatically reduced since 2005. This includes working with the top ten PCB dischargers, who collectively reduced their PCB loading by 76% (Delaware River Basin Commission, 2018).
[bookmark: _l8i610xfyxyh][bookmark: _Toc390799288]San Francisco
As in Delaware, the State of California took action on PCBs after exceptionally high contamination was detected in the San Francisco Bay (San Francisco Bay Regional Water Quality Control Board, 2016). Much of this contamination is from legacy PCBs. Stormwater runoff, however, is contaminated with inadvertent PCBs. San Francisco has identified several sources of inadvertent PCBs, including manufacturing processes.  They also identified construction sites where old building materials leach PCBs into the environment. San Francisco has implemented a new total maximum daily PCB load limit: and bans the introduction of PCBs into waterways at any concentration. While this goal is especially ambitious, it begins like other regional programs; the city must first identify low-concentration sources of PCBs and determine which are from legacy sources and which are inadvertent.  From there strategic next steps can be decided.
[bookmark: _if9nu6q41pky][bookmark: _Toc390799289]Spokane
Another option for regional management of PCBs is to invest in water treatment facilities designed specifically to remove them. The Washington State Department of Health became concerned about the impacts on the community of consuming PCB-contaminated fish. Spokane County invested in a water treatment plant which “includes $20 million worth of state-of-the-art membrane technology designed to remove pollutants to very low levels. The wastewater entering the plant has PCB concentrations in the 10,000 to 20,000 parts per quadrillion (ppq) range, according to county data. Treated water leaves the plant with PCB concentrations of about 200 ppq” (Kramer, 2014). Of course, not every locality will be able to invest in such a facility.   Other initiatives in Spokane include the Spokane River Regional Toxics Task Force, created to address problems of toxic chemicals such as PCBs. The SRRTTF identified 45 control actions to control PCB loading in their Comprehensive Plan to Reduce PCBs in the Spokane River report (Spokane River Regional Toxics Task Force 2016). See Appendix E.
The impacts of inadvertent PCB production are not limited to these regions in the U.S. There is growing concern about the production of inadvertent PCBs in China, where 2x104 metric tons of organic yellow pigments are made each year, many of which are Diarylide yellows (Shang, et al., 2014). The Japanese Ministry of Economy, Trade and Industry, perhaps fueled by historical incidents with food contamination and PCBs, found that 242 pigments tested contained PCBs, including over 100 that exceeded the 0.05ppm limit. In fact, they were present above 0.5ppm, ten times above the allowable limit (Stone A. , 2014). Global collaborations can help identify sources of inadvertent PCBs and address concerns for human and environmental risk from continued pollution.
[bookmark: _q8acwskl5vd8][bookmark: _Toc390799290]An Obstacle to a Circular Economy
Paper and paper-based packaging is an enormous global industry, with 407.5 million metric tons of paper products consumed globally each year (Statista, 2017). In the United States we consume more paper per capita than any other nation. Approximately 52 million short tons of US paper product consumption is recovered for recycling. This means it is crucial that paper products are safe for humans and the environment, especially because of their relatively high rate of recirculation.
Like newsprint, recycled packaging materials contain inadvertent PCBs as a result of PCB-containing inks used on them or on the original (pre-recovery) product (Stone A. , 2014) (Profita, 2014).
Distinctive product packaging is viewed as an essential brand strategy to market and sell to consumers. The broad spectrum of pigments used for branding poses a challenge when packages enter recycling streams. Before new products can be made from recycled packaging the material must be processed. 
Operations at Inland Empire Paper (IEP), a paper recycler in Millwood, Washington, are directly impacted by PCB contamination in recyclable material (NGC interview with Doug Krapas, Environmental Manager at IEP). Inadvertent PCBs in the recycler’s effluent correlated with PCBs in pigments used on the paper products they recycle, such as newspapers, magazines, mailing materials and packaging. 
IEP has taken costly voluntary steps to be an exemplary environmental steward - eliminating chlorine from their papermaking processes, reducing their overall water use, and purifying their wastewater.  Yet, the facility still exceeds PCB discharge limits in their region. While these inadvertent PCBs originate from upstream sources, IEP may not be alone as a recycling business facing consequences from violating regional PCB discharge limits (Grossman, 2013). The presence of PCBs in recycling streams threatens all recycling businesses, which can ultimately reduce the amount of material that is sustainably re-used.   
This contamination hinders the advancement of a circular economy. According to the Ellen MacArthur Foundation, a circular economy “aims to redefine growth, focusing on positive society-wide benefits. It entails gradually decoupling economic activity from the consumption of finite resources and designing waste out of the system. Underpinned by a transition to renewable energy sources, the circular model builds economic, natural, and social capital. It is based on three principles (Ellen MaCarthur Foundation, 2017):
· Design out waste and pollution
· Keep products and materials in use
· Regenerate natural systems” 

The circular economy is also a key component of the UN Sustainable Development Goals (Stone S. , 2017). When recycling leads to lower quality materials and water, then these principles cannot be fulfilled. The toxicity of PCBs can also economically devalue products made from recycled materials. Just as certain additives in plastics contaminate plastic recycling systems, PCBs impact the full range of products into which they are introduced. Figure 5 illustrates the differences between the ideal circular economy and one that is contaminated.

[bookmark: _kukizbmbbp5w][image: image9.png]

[bookmark: _Toc516837462]Figure 5: Circular vs Contaminated Circular Economy

[bookmark: _vfj2l4rq0fks][bookmark: _Toc390799291]Strategic Solutions and Next Steps 
Regulatory approaches play a critical role in reducing inadvertent PCB pollution. However, proposing legal and regulatory actions are beyond the scope of this paper.  Rather, we propose a set of voluntary and collaborative approaches to complement regulatory action and to expedite needed solutions.  Successful voluntary initiatives can complement regulations, inform regulations and in some cases reduce the need for regulations.  Voluntary initiatives could help identify best practices such as best available technologies and feasible lower limits for inadvertent PCBs in pigments.  When markets shift voluntarily, regulations can then help to raise the bar and level the playing field for all players.
Northwest Green Chemistry proposes a set of activities that are inter-related and that fall under the four categories.  They are discussed in the next section.
· Targeted cross-sectoral and multi stakeholder collaborations
· Green chemistry and engineering research 
· Alternatives assessment
· Procurement to drive substitution of safer alternatives

[bookmark: _Toc390799292]Targeted Collaborations
Cross-sectoral and multi-stakeholder collaborations are well-proven approaches to shifting industry practices and creating buy-in from participants. Benefits from targeted collaborations include shared education, awareness and motivation and access to information and insights that can only come through conversations with people at different points in the supply chain. Participants can provide advice and guidance and work together to generate practical solutions.  Active engagement by participants typically leads to greater commitment to solutions that are developed.  Targeted collaborations can be designed to address the entire supply chain and to include stakeholders who represent human health and environmental interests such as representatives from governments and environmental or health advocacy NGOs. 
There are various models of targeted collaborations. For some industry sectors, company representatives have formed roundtables where pre-competitive, sustainable innovations are discussed. For example, the American Chemical Society Green Chemistry Institute facilitates several industrial roundtables: pharmaceutical, formulator’s, chemical manufacturer’s, biochemical technology and hydraulic fracturing (American Chemical Society 2018). These collaborations result in educational resources, tools for implementing greener alternatives, grants to support research into sustainable, safer products and processes and industry adoption of these safer alternative products and processes. 
Another example is the Green America Center for Sustainability Solutions that convenes brands, NGOs, government agencies and scientists and engineers (Green America Center for Sustainability Solutions n.d.). These stakeholders collaborate (bound to a non-disclosure agreement) to understand supply chain hazards, identify safer processes and select alternatives substances. Other industry collaborations like Zero Discharge of Hazardous Chemicals (ZDHC), a coalition of signatory textile, leather and footwear brands, work to conform to a standardized list of restricted substances for companies in the sector (Zero Discharge of Hazardous Chemicals (ZDHC) 2018). Any of these models could inform a targeted industry collaboration to address inadvertent PCBs in packaging or newsprint.
Business-focused chemical management initiatives are, in fact, already common in the colorants sector but they are not always multi-sectoral or inclusive of diverse stakeholders. Several industry associations have created guidelines for their member companies around best practices for inadvertent PCBs and would be valuable partners for creating more progressive internal industry standards on inadvertent PCB production.  These organizations include:

· The Ecological and Toxicological Association of Dyes and Organic Pigments Manufacturers (ETAD). ETAD has produced a series of guidelines for pigments (Ecological and Toxicological Association of Dyes and Organic Pigments Manufacturers (ETAD) 2018). ETAD works to harmonize regulations, making compliance easier for both member companies and regulatory bodies. They also conduct research and testing for pigment hazards. Note that some of the ETAD PCB activities appear to fall under the scope of work of the Color Pigments Manufacturers association through collaboration.
· Color Pigments Manufacturers Association (CPMA). CPMA provides similar benefits to members as ETAD, though some companies - including those in Appendix D -  are members of both organizations. CPMA is heavily focused on public policy related to pigment manufacturers in the U.S. (Color Pigments Manufacturers Association 2018)
· [bookmark: _l2o2bogjj2tq]American Coatings Association (ACA). The ACA has been helpful in recommending and identifying non-diarylide yellow road paints to meet updated public procurement requirements. Working with industry associations can set a good tone with individual companies and coordinate actions including setting realistic goals and timelines for implementation of safer alternatives. 

Greater multi-stakeholder and cross-sectoral collaboration is necessary to increase awareness around and drive demand for safer, lower PCB-containing products. NGC has begun identifying and engaging some key stakeholders in initial scoping discussions.  A list is found in Appendices D and H.  Some highlights are discussed below.
Northwest Green Chemistry has engaged in extensive discussions with the NGO Green Blue Institute (GreenBlue) that hosts the industry association hosted called the Sustainable Packaging Coalition (SPC).  The SPC is a member-based organization of approximately 240 national and global organizations across the packaging supply chain committed to taking meaningful actions toward packaging sustainability.  They are interested in having NGC and potentially other members of SRRTTF present to GreenBlue and SPC leadership on inadvertent PCBs.  They want to better understand the issue and to consider next steps.  James Ewell of GreenBlue is interested in guiding the interactions to ensure that the SPC members understand that the issue of inadvertent PCBs is a global issue and that it is important enough for them to commit member time to address.  The SPC hosts annual meetings in the US and internationally. If successfully adopted, the issue would be brought to their members via webinars and possibly via live presentations at annual meetings.  They are committed to the idea of a circular economy and to the extent that iPCBs hinder a circular economy, this project could be a model for how to address systemic challenges of toxics in packaging and paper material streams.
Other suggested activities, pending endorsement by GreenBlue and SPC leadership, that were discussed include 1) assistance with research of available safer alternatives, 2) creation of educational and training materials as part of the SPC training curriculum and 3) creation of a packaging design guide for members to address the challenge of iPCBs. The SRRTTF could benefit by gaining access to individuals from brands, packaging manufacturers and others in the supply chain who can provide insight into how pigments are selected.  Engagement should also provide insight into how aware these companies are of the issues of inadvertent PCBs and if there are best practices already being used.  
NGC has been in communication with a leading global color scientist, Dr. Romesh Kumar, who works for Clariant, a Swiss manufacturer of pigments, paints, inks and coatings amongst other products.  Dr. Kumar has agreed to assist NGC and SRRTTF with answering technical questions about inadvertent PCBs and feasible alternatives. Discussions with another ink manufacturer have already revealed that the company sees inadvertent PCBs as a nascent issue and they are looking for guidance on what specifications, i.e. allowable levels of inadvertent PCBs, they should set for their suppliers.  NGC views further interaction with GreenBlue, SPC, and the other stakeholders identified in Appendix H as a critical first step in gathering information and identifying creative solutions to expedite solutions to inadvertent PCBs.  Please note that while NGC has good connections in the packaging sector, we do not have good connections in the newsprint industry.  However, Doug Krapas of the SRRTTF has generously agreed to provide suggested contacts as needed.  
[bookmark: _Toc390799293]Green Chemistry and Engineering Research
[bookmark: _9hlznlftqyel]
Green chemistry and engineering are approaches to science and engineering that drive innovation by creating products and processes that reduce or eliminate the use and generation of hazard.  Hazard in green chemistry and engineering is considered broadly to include, not only toxic chemicals, but also toxic by-products and emissions, energy consumption and risk from processes that generate heat and other physical hazards.  Green chemistry and engineering solutions are likely to succeed on a longer timeline but they inevitably produce new understanding and great ideas.

Building on Strategy 1, Creating Targeted Collaborations, Northwest Green Chemistry has engaged with the director of the Berkeley Center for Green Chemistry (BCGC) and the Greener Solutions course. They have expressed interest in having their graduate students in the Greener Solutions program explore both chemistry and engineering solutions to the challenges of inadvertent PCBs.  The Greener Solutions program matches graduate students and advanced undergraduates with organizations to take on interdisciplinary projects that leverage student knowledge to address real-world problems.  While most of the solutions the students identify will take more that one semester to fully realize in the marketplace, the student teams produce an opportunity map for manufacturers as a deliverable.  The students have completed projects such as “Establishing a proactive approach to address emerging contaminants in the informal e-waste sector with HP (2012) and “Identifying a range of safer alternatives to address the use of free isocyanates in spray foam insulation (2014). 

Initial interest does not constitute a commitment by BCGC.  A project would need to be approved by an internal team. Rather, it is an opportunity to engage BCGC to meet with SRRTTF and other stakeholders identified through this project to develop a scope of work that offers an appropriate challenge to the students.  Initial ideas focused on the manufacture of TiO2. There is interest in exploring alternative green chemistry approaches such as alternative synthetic pathways for making pigments that do not generate inadvertent PCBs.  These processes could include new synthetic pathways or biomimetic approaches.  There is also interest in exploring innovative green engineering approaches that could improve existing processes and existing pigments by reducing the generation of inadvertent PCBs.  NGC recommends that the SRRTTF move forward with discussions to develop a Greener Solutions project that could benefit the goals of the SRRTTF.

[bookmark: _Toc390799294]Alternatives Assessment 
[bookmark: _24xmpeae9b6w]Alternatives assessment (AA) is a process for identifying and comparing potential chemical and non-chemical alternatives that can be used as substitutes to replace chemicals or technologies of concern. Alternatives assessment is designed to reduce the likelihood of restricting or banning chemicals or products and replacing them with ‘regrettable substitutions’. The AA process is intended to address at a minimum, hazard, exposure, performance, and cost and availability.   There are additional optional modules for life cycle assessment, social impact assessment and circularity that may be included.  In the case of inadvertent PCBs, alternatives could include existing or emerging pigments that do not contain inadvertent PCBs.  These could be different pigments or the same pigments but manufactured in ways that do not produce iPCBs.  Alternatives could also include different ways of providing color to packaging materials or even alternative forms of packaging. 
Alternatives assessment is designed to answer the following questions 
1. Do commercially available alternatives exist and/or are there alternatives emerging?
2. Are they safer?
3. Do they meet performance requirements?
4. Are they affordable/economical?
5. Can they be purchased in sufficient quantities?
6. Will they support circularity?

Alternatives assessment can be a streamlined process or it can be a massive undertaking.  First of all, it is necessary to identify the chemical of concern.  In the case of iPCBs, it may be necessary to narrow down the number of pigments for which alternatives are evaluated.  The next step is to determine if the chemical or pigment of concern can simply be avoided or eliminated.  If not, then it is necessary to identify and engage relevant stakeholders and to establish a decision framework that will help identify the requirements for what would be considered a viable alternative.  This is where the modules outlined in the AA guidance are selected. The next step is to search broadly for alternatives.  And then finally, the alternatives are evaluated and compared.  Throughout the AA process, stakeholder engagement is recommended at every step. Stakeholders are needed from each stage in the supply chain and from diverse stakeholder groups to ensure balanced perspectives and access to the best available information. 
Finding viable chemical or product choices is valuable to industry and consumers. It can reduce risks to human health and the environment while driving both incremental product improvements and disruptive innovation. NGC has conducted and/or is currently conducting alternatives assessment projects to identify safer, more sustainable products or materials that are suitable replacements for recreational boat paints containing copper, for certain phthalates, for bridge coatings and for food packaging containing per- or poly-fluorinated additives. Each AA has proven to require a slightly different approach and scope. But they are all best achieved with active stakeholder engagement. 
[bookmark: _yhdpg9k3sl8g]At this time, the availability of viable alternatives is unknown. Understanding the performance, cost and availability requirements of those who purchase pigments will need to be known.  Currently, products labelled as “PCB free” are legally allowed to contain up to 50 ppm PCBs (National Pollution Prevention Roundtable). Because of this, our initial web-based searches did not identify inks and dyes for packaging materials that are verifiably PCB-free. With incessant demand for packaging, there is growing need for packaging inks that are safe and sustainable (Smyth & Smithers, 2016).
There are non-diarylide yellow pigments on the market, but we have not verified that their production processes do not generate PCBs and that the alternative pigments themselves are as safe or safer than the pigments they could replace. For example Dominion Colour Corporation produces DCC Yellow 7391 (Dominion Colour Corporation).  It would be valuable to evaluate its performance properties, cost and availability and inherent potential for hazard and exposure across the product life cycle to determine if it is indeed a preferred alternative.
As an example of a potentially disruptive chemical innovation Lumen BioScience is creating a “natural” pigment made from algae (Lumen Bioscience, 2017). While it is not yet applicable for inks and dyes, it is a step toward innovative pigment manufacturing solutions. Lumen Bioscience advanced their spirulina pigment research only after a $13 million investment, demonstrating the need for champions and investors to bring disruptive innovations to fruition.
Products that are potential alternatives to PCB-containing products must also be evaluated for environmental and human health hazards. A product that avoids one hazard only to introduce another is probably not a more sustainable product choice. The whole life cycle of a potential alternative must also be considered. For more information on evaluating sustainability throughout the product design process, tools such as the Green Design and Assessment Workbook created by Northwest Green Chemistry can support a holistic approach to product design. Likewise, the Sustainable Packaging Coalition has developed principles and tools to support sustainable packaging design and assessment. But these SPC tools do not currently address impurity issues such as those associated with inadvertent PCBs.
NGC recommends working with SRRTTF to scope and launch an alternatives assessment to identify alternatives for specific pigments for specific applications.  Work could be done sequentially or concurrently to identify alternatives for pigments used in packaging paper or ub newsprint.  Initial evaluation work can help to refine the scope.  The availability of alternative pigments, processes or products is essential to the success of the fourth strategy, Implementing procurement policies to drive substitution. 

[bookmark: _452tcye3bxuj][bookmark: _Toc390799295]Implementing Procurement Policies to Drive Substitution
Alternatives assessment and substitution are related but separate activities.  The identification of viable, inherently safer alternatives is essential for procurement and substitution.  However, the existence of inherently safer alternatives does not guarantee that they will be adopted in the marketplace and that they will be used as substitutes for the chemicals of concern. 
Procurement policies can also drive the purchase of inherently safer alternatives.  Public procurement policies can also foster innovation, especially for emerging sustainable technologies (Baron, 2016). The promise of a market for innovative products can be a big incentive for their development as long as the promise is fulfilled. 
Environmentally-focused policies can be significant market drivers; the public procurement expenditure in OECD countries is, on average, 13% of their GDP. Agencies or organizations that specify no or ultra-low PCB pigments in their procurement requirements for packaging products could drive substitution and encourage design of new products.
[bookmark: _i6mualcbpg49]The State of Washington and the City of Spokane have taken steps to address inadvertent PCBs through the power of procurement specifications. In addition to the promising development of procurement language around PCB-containing products, Washington developed a PCB risk calculator. This tool is designed to help purchasers identify products that might contain PCBs and ultimately make more informed, sustainable selections. The calculator is free and publicly accessible on a dedicated website (Washington State Department of Enterprise Services 2018). In addition to implementing procurement requirements with environmental considerations, the State of Washington provides regular employee trainings on updated specifications. Developing a labeling scheme for identifying pigments and materials that contain no or ultralow levels of PCBs can also help procurement professionals.  Greater adoption of similar policies requires incentivizing procurement professionals. Identifying and nurturing relationships with sustainability champions in purchasing departments is also essential. The City of San Francisco, for example, has a robust sustainable procurement program. It is often up to individuals in procurement departments to initiate discussions on and establish environmentally preferable purchasing policies. These programs allow competitive ‘greener’ products to be purchased even if they are priced slightly higher than less sustainable products. We recommend making resources about inadvertent PCBs more widely available and organizing training and outreach to procurement departments.
Procurement policies do not need to come only from government.  Voluntary procurement specifications developed within coalitions and industry sectors can help to shift the market. While there are still many ‘ifs’ to resolve, the purchasing power of groups such as the Sustainable Packaging Coalition is enormous.  If the members agreed to set voluntarily lower limits for inadvertent PCBs as a prerequisite for products purchased from their suppliers, there could potentially be a major shift in the market place.
A current example with road paint can illustrate how some of the elements outlined in the four strategies described above can work together. Yellow road paints are often specified with diarylide yellow pigments that are known to contain inadvertent PCBs. In partnership with the American Coatings Association (ACA), it was determined that non-diarylide formulations for yellow road paint are available and that they are expected to contain reduced inadvertent PCBs. It was then discovered that the Washington Department of Transportation (DOT) already has approved the use of non-diarylide formulations for yellow road paint as part of their color box for road paints. As a result, Washington DOT was able to update their procurement specifications to exclude the purchase of diarylide yellow road paint (Spokane River Regional Toxics Task Force, 2018). The procurement specification language was subsequently shared with the City of San Francisco procurement department where individuals are considering how best to implement it. While it is recommended that the non-diarylide yellow undergo evaluation for hazard and exposure to ensure that it does indeed contain low or ultra low levels of inadvertent PCBS and that it does not introduce some other toxic chemicals, this case study is an example of how engaging key individuals in the supply chain can lead to potentially systemic solutions. While this case study is still in its early stages, it illustrates the effectiveness of using targeted collaborations to identify viable alternatives developed with greener chemistry or engineering processes that can be specified for use using procurement policies.
[bookmark: _2xcytpi][bookmark: _Toc390799296]Conclusion
Inadvertent PCBs are a continuing concern for human health and the environment due to their persistence (P), bioaccumulation potential (B), and their toxicity (T). These PBTs can be found all over the world, in many consumer goods, and are detectable in human and wildlife tissues.  They also present a growing concern and a threat to the ability of regions and nations to realize the United Nations Sustainable Development Goals because their presence in pigments contaminates recycling streams and diminishes the potential for economically sustainable recycling of materials in a circular economy.
In this report we propose a set of four strategies and associated initial activities to help shift the marketplace toward the use of pigments that contain no or ultra-low levels of PCBS.  These strategies include:
· Targeted cross-sectoral and multi stakeholder collaborations
· Green chemistry and engineering research 
· Alternatives assessment
· Procurement to drive substitution of safer alternatives
A number of key stakeholders from different sectors have already been identified and have expressed their willingness to engage in this project.  The challenge of inadvertent PCBs is a complex challenge that crosses the global supply chain.  Therefore, participants from across the supply chain and other stakeholders from governments and NGOs need to be engaged to best understand the constraints and the opportunities and to develop creative solutions that will lead to systemic solutions.  
It is hoped that the proposed strategies presented in this white paper will help the SRRTTF refine the next steps needed to most effectively achieve their mission and goals.
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[bookmark: _r9015oc2r3pn][bookmark: _Toc390799298]Appendix A: PCB Trade Names
Appendix A contains a list of international trade names of legacy PCB mixtures from manufacturers worldwide. None of these trade names refer to inadvertent PCBs. Countries represented include the Czech Republic, France, Germany, Italy, Japan, Russia and the US.
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[bookmark: _gnhe7eqbiwsk][bookmark: _Toc516837560]Table A1: Table of international PCB trade names (United Nations Environment Programme (UNEP) Chemicals, 1999)
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Figure B1 is the U.S. EPA’s list of 70 manufacturing processes have high potential of generating inadvertent PCBs (Washington State Department of Ecology, 2015).
[bookmark: _Toc516837561]Table B1: US EPA list of manufacturing processes likely to generate inadvertent PCBs
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[bookmark: _Toc516837562]Table B2: End products of manufacturing processes in which PCBs are incidentally generated (Moll, 1982)
	End-Products of Manufacturing Processes in Which PCBs are Incidentally Generated
Dyes
diarylide yellow
dyes/pigments made with halogenated solvents
halogenated dyes/pigments
halogenated solvents, unspecified
phthalocyanine 

Organic Chemicals
alkyl benzene
alkyl chlorophosphine derivatives
benzene chlorination (process)
benzene phosphorus dichloride
biphenyl derivatives
carbon tetrachloride
chlorinated aryl phosphines
chlorinated naphthalene derivatives
chlorobutane derivatives
chlorosilane derivatives
chloroxylene derivatives
diphenyl oxide and derivatives
ethyl benzene
halogenated solvents, unspecified
monochlorinated butylated diphenyl
monochlorinated terphenyls
organo phosphorus trichloride derivative
pentachloronitrobenzene
phenyl chlorosilanes
phenyl siloxanes
polychlorinated terphenyls
tetrachloroethylene
aluminum chloride
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[bookmark: _sx2uc8aelumc][bookmark: _Toc390799300]Appendix C: Exposure to PCBs
An in-depth discussion of routes of exposure to PCBs is outside the scope of the main report. However, the following supplementary details may be of interest. 
Air/Atmosphere 
Lighter-weight PCB congeners are widely distributed around the world through the air. They accumulate in remote regions, far from urban development. About 90% of the PCBs entering Lake Superior, for instance, come from the atmosphere (Colborn, von Saal, & Soto, 1993). This is an important route of exposure to consider when discussing the ubiquity of PCBs. Not all chemicals are mobile in air, which makes PCBs especially challenging to control once dispersed. Therefore, controlling their manufacture, inadvertent or intentional - can aid in decreasing global environmental PCB contamination.
Water 
According to the EPA, PCBs enter waterways primarily through runoff from landfills and building materials and discharge of waste chemicals (Stone A. , 2014). Fish are particularly vulnerable to this class of chemicals, which contributed to the implementation of nationwide water concentration limits for PCBs (Carey, et al., 2016). Marine species - like pacific salmon and killer whales (which eat pacific salmon) - are especially prone to the consequences of PCB pollution. Salmon readily accumulate the lipid (fat) loving PCBs due to their high fat content; while killer whales accumulate relatively high levels of PCBs through their diets since they are at the top of the food chain. Research presented in a 2016 National Oceanic and Atmospheric Administration report revealed that pacific salmon have average PCB levels between 7.7 and 14.4ng/g ww (Mongillo, et al., 2016). This results in higher occurrences of developmental impacts and overall mortality for these species (Lerner, Björnsson, & McCormick, 2007) (Desforges, et al., 2016). Additionally, aquatic species have the potential to transport PCBs from highly contaminated to less contaminated areas (McGill, Gerig, Chaloner, & Lamberti, 2017).
Drinking water can also be a source of exposure, suggesting why the Clean Water Act has such a low concentration limit compared to TSCA. 
Food
In Japan, the primary trade name for PCBs was Kanechlor 400. Kanechlor resulted in widespread PCB poisoning in 1968.The number of people reportedly harmed from the contamination in Kanemi Rice Oil varies, with some estimates as high as 15,000 (Umeda, 1972). The impacts of this exposure were still detectable in the body tissues of those affected even nine years after the incident (Yoshihara, Kawano, & Yoshimura, 1979).
Although legacy PCBs are no longer manufactured in the U.S., PCBs may still enter the environment and create a risk of exposure through:
· Illegal importation of products containing PCBs
· Illegal disposal of legacy PCB-containing products
· Inadvertent manufacture of PCBs 
· Insufficient worker training on hazards and PCB contamination risks leading to:
· Improper use of or insufficient personal protective equipment
· Improper handling techniques
· Improper disposal of PCB-contaminated equipment
(United States Evironmental Protection Agency, 2016)
[bookmark: _xzzrwzfk65ju][bookmark: _Toc390799301]Appendix D: Pigment Manufacturers
[bookmark: _Toc516837563]Table D1: Leading newsprint and packaging pigment manufacturers (National Association of Printing Ink Manufacturers, 2015)
	Printing Sector
	Company Name
	Location

	Flexo
Gravure
	Actega North America, Inc
	Lincolnton, NC

	Flexo
Heatset
Letter Press
Offset
Publication
	Alden & Ott Printing Inks LP
	Arlington Heights, IL

	Flexo
Heatset
Letter Press
Offset
	Braden Sutphin Ink Co.
	Cleveland, OH

	Heatset
Offset
	Central Ink Corp.
	West Chicago, IL

	Flexo
Offset
	Chromatic Technologies, Inc.
	Colorado Springs, CO

	Flexo
Gravure
Heatset
Letter Press
Offset
	Colorcon, No-Tox Products
	Chalfont, PA

	Flexo
	Graphix Essentials
	St. Louis, MO

	Flexo
	Grand Rapids Printing Ink
	Grand Rapids, MI

	Flexo
Gravure
Heatset
Letter Press
Offset
Publication
	Flint Group
	Plymouth, MI

	Letter Press
Offset
	Gans Ink and Supply Co., Inc.
	Los Angeles, CA

	Gravure
	Gotham Ink & Color
	Stoney Point, NY

	Offset
	Grand Rapids Printing Ink
	Grand Rapids, MI

	Flexo
Gravure
	Hi-Tech Color, Inc.
	Odenton, MD

	Flexo
Heatset
Letter Press
Offset
Publication
	hubergroup North America
	Kankakee, IL

	Letter Press
	Hongtu Industry
	CongQing City, China

	Heatset
Offset
	Ink Systems, Inc.
	Commerce, CA

	Flexo
Gravure
Heatset
Letter Press
Offset
Publication
	INX International Ink Co.
	Schaumburg, IL

	Flexo
	Joules Angstrom U.V. Printing Inks Corp.
	Pataskala, OH

	Flexo
Heatset
Letter Press
Offset
Publication
	R.A.Kerley Ink Engineers, Inc.
	Broadview, IL

	Gravure
	LioChem
	Conyers, GA

	Flexo
Gravure
	Magnum Inks & Coating
	Middletown, OH

	Flexo
Heatset
Letter Press
Offset
Publication
	Mallard Ink Co., Inc.
	St. Anthony, MN

	Flexo
Offset
	Megami Ink Mfg. Co., Ltd - U.S. Branch
	Schaumburg, IL

	Flexo
	Optihue® Inks
	Kenton, OH

	Flexo
Letter Press
Offset
	Press Color, Ink..
	Glendale, WI

	Flexo
Gravure
	Siegwerk USA Co.
	Des Moines, IA

	Letter Press
Offset
	Spinks Ink Company
	Tampa, FL

	Flexo
Gravure
Heatset
Letter Press
Offset
Publication
	Sun Chemical Corporation North American Inks
	Northlake, IL

	Flexo
Gravure
Heatset
Letter Press
Offset
	Superior Printing Ink Co., Inc.
	Teterboro, NJ

	Flexo
Heatset
Letter Press
Offset
	Toyo Ink America, LLC.
	Wood Dale, IL

	Letter Press
Offset
	US Ink
	Carlstadt, NJ

	Flexo
Gravure
	Wikoff Color Corporation
	Fort Mill, SC

	
	













[bookmark: _vzvrw6jxwlti][bookmark: _3yd3poe7uli6][bookmark: _Toc390799302]Appendix E: PCB Control Actions
[bookmark: _Toc516837564]Table E1: Control actions identified as potentially applicable for reducing PCB loads to the Spokane River and Lake Spokane (Spokane River Regional Toxics Task Force, 2016)
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[bookmark: _symbj7pim6wm][bookmark: _Toc390799303][bookmark: _b9ns68k1i9aj]Appendix F: A Closer Look at PCB 11
Inadvertent PCBs can be separated into two categories: byproducts found in Aroclor mixtures and those which are not associated with any legacy PCB production process. Because researchers have not found any link between Aroclor production and PCB 11, it has become a hallmark indicator of inadvertent PCB creation (Hu, Martinez, & Hornbuckle, Discovery of Non-Aroclor PCB (3,3′-Dichlorobiphenyl) in Chicago Air, 2008).
In 2002, Litten et. al were among the first researchers to express concern about PCB 11 in the environment (Litten, Fowler, & Luszniak, 2002). They made the connection between pigment manufacture and inadvertent PCBs after detecting PCB 11 in surface and wastewater near two pigment factories in the New York/New Jersey Harbor area.
Studies have shown that PCB 11 concentrations have remained steady in a number of locations, including the Great Lakes region. For example, researchers at Indiana University found that PCB 11 concentrations have not decreased since 2004 (Hites, 2018). In 2007, researchers found PCB 11 in 91% of air samples taken near 40 Chicago elementary schools, with varying concentrations throughout the year. The presence of airborne PCB 11 increases children’s risk of exposure via inhalation (Hu, Martinez, & Hornbuckle, Discovery of Non-Aroclor PCB (3,3′-Dichlorobiphenyl) in Chicago Air, 2008) (Shanahan, Spak, Martinez, & Hornbuckle, 2015).
While there is no evidence suggesting that PCB 11 accumulates in living organisms, its pervasiveness in the environment and in printed products, from packaging to children’s pajamas, has raised concern (Guo, Capozzi, Kraeutler, & Rodenburg, 2014)There is emerging evidence that PCB 11 may have health hazards, such as neurotoxicity (Shain, Bush, & Seegal, 1991). Another study found that PCB 11 accumulation in the body could suppress cell growth, but its toxicological profile is still being developed (Yueming, et al., 2013).
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[bookmark: _4ln1icbwh73b][bookmark: _Toc390799304]Appendix G: PCB 11 Concentrations in Printed Materials
[bookmark: _Toc516837565]Table G1: PCB 11 Concentrations in printed materials worldwide (Washington State Department of Ecology, 2015)
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[bookmark: _Toc516837566]Table G2: PCB 11 concentrations in consumer goods (collected in 2008) (Rodenburg L. A., Guo, Du, & Cavallo, 2010)
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[bookmark: _zee9yw3hu4hl][bookmark: _Toc390799305]Appendix H: Initial Recommended Collaborators 
The next steps for reducing inadvertent PCB pollution involve partnering with a wide variety of stakeholders. Although the general approach to solutions is the same for both packaging and newsprint, some of the partners will differ. 
Using EPA reporting data from the 1990’s to 2011 we identified several companies that produce pigments correlated to the production of inadvertent PCBs (Washington State Department of Ecology, 2015). Collaboration with these businesses, enumerated in the table below, will be an essential part of mitigating inadvertent PCB production and identifying safer alternatives. Additional leading pigment and newsprint manufacturers that could be involved, but that were not mentioned in the WA DOE report, are listed in Appendix D.
	Partner
	Stakeholder Type
	Packaging/Newsprint

	Spokane River Regional Toxics Task Force
	NGO
	Working group committed to collaborative solutions

	GreenBlue
	NGO
	Packaging

	Sustainable Packaging Coalition
	Industry Association
	Packaging

	Color Pigment Manufacturers Association (CPMA)
	Industry Association
	Packaging/Newsprint

	American Coatings Association (ACA)
	Industry Association
	Packaging/Newsprint

	Washington Department of Ecology (WA DOE)
	Regulatory
	Packaging/Newsprint

	City of San Francisco Procurement
	Procurement
	Packaging/Newsprint

	Interstate Chemicals Clearinghouse
	Policy/Regulatory/Procurement
	Packaging/Newsprint

	Environmental Protection Agency (EPA) Region 10
	Regulatory
	Packaging/Newsprint

	University of California Berkeley Greener Solutions; Berkeley Center for Green Chemistry
	University
	Alternative processes for manufacturing pigments; focus on TiO2

	Companies: 
· BASF
· Cappelle
· CDR Pigments and Dispersions
· Clariant
· Ciba-Geigy (Pigments Division, as well as other divisions)
· DIC Trading
· Englehard
· Fabricolor
· Hewlett Packard
· Lansco Colors
· Magruder Color Co
· Mil International
· PCL Group
· Sun Chemical Corporation
· Uhlich Color Co
· UMC (United Mineral and Chem)
· Zeneca
	Manufacturers 
	Packaging/Newsprint 

	Inland Empire Paper
	Recycler
	Newsprint

	
	Consumers
	Packaging/Newsprint
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Printed Material (Country) (ng/g or ppb)

Black and white printed newspaper (Georgia) | 1.6

Black and white printed newspaper (Moldova) | 9.7

Black and white printed newspaper (China) 15

Color newspaper (Georgia) 6.5
Color newspaper (Moldova) 16
Food packaging box (Czech Republic) 6.8

Food packaging box (Ukraine) 5.0
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material (ng g~ = pph)
black and white printed newspaper {A) 0.85
black and white printed newspaper (B) 0.45
brown (unprinted) cardboard (A) 3.0
brown (unprinted) cardboard (B) 2.8
color glossy magazine {A) 4.5
color glossy magazine (B) 3.3
color newspaper (A) 6.6
color newspaper (B) 5.7
plain white copy paper {A) ND
plain white copy paper (B) ND
manila envelope (A) ND
manila envelope (B) 0.11
yellow cereal box (A) 3.0
yellow cereal box (B) 2.9
yellow plastic bag (A) 3.4
yellow plastic bag (B) 38
yellow sticky note (A) 0.82
yellow sticky note (B) 0.1
lab blank {(GFF) (A) ND
lab blank {GFF) (B) ND

“ND = not detected.
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