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February 14, 2022 

Via CM/ECF 
Special Master Thomas P. Scrivo, Esq. 
O’Toole Scrivo, LLC 
14 Village Park Road 
Cedar Grove, New Jersey 07009 
tscrivo@oslaw.com 

Re: Occidental Chemical Corp. v. 21st Century Fox Am., Inc., et al.
Civil Action No. 2:18-cv-11273-MCA-LDW 

Dear Special Master Scrivo: 

Late Friday, having exhausted every other strategy to avoid their obligation to give sworn 
testimony, Defendants lobbed in a midnight letter asserting that because “some” Defendants 
believe they have reached an “agreement in principle” to settle their liability to the United States, 
this entire case should “effectively end.”1

Not so. This case seeks relief for OxyChem’s claims for contribution and cost recovery 
against the Defendants for the pollution they caused in the Passaic River. The United States is not 
a party to this case. It does not own OxyChem’s claims. And it has no statutory authority to settle 
or compromise OxyChem’s claims. In any event, even if a settlement is eventually reached with 
an unknown number of Defendants, on unknown terms, the scope, validity, and impact of the 
“matters addressed” in any lodged settlement under CERCLA is the province of this Court, not 
the United States or the Defendants. N.J. Dep’t of Envtl. Prot. v. Am. Thermoplastics Corp., 974 
F.3d 486, 494-95 (3d Cir. 2020). 

The rest of the SPG Defendants’ letter is equally threadbare. In a transparent attempt to 
distract attention from their own wrongdoing, they argue again for a stay of their depositions, 
plainly fearful that their sworn evidence will compound the mountain of proof against them. Their 
fears are well-founded. Below are just two of many possible examples we could cite, showing the 
abundant evidence OxyChem has already uncovered in this case—evidence that requires 
Defendants to explain themselves under oath.  

1 Dkt. 1982 at 1 (emphasis added). Unless otherwise noted, all emphasis is added throughout. 
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1. The Sherwin-Williams Company (“Sherwin-Williams”)

As set out in Dkt. 1894-4, Sherwin-Williams destroyed evidence of its polluting 
operations and waste disposal practices after EPA notified it of its potential responsibility for 
polluting the Passaic River and after the company was legally obligated to retain all relevant 
documents. These are the facts about Sherwin-Williams:  

 January 3, 1995. EPA sent Sherwin-Williams a CERCLA Section 104(e) request.2 That 
request required Sherwin-Williams to gather, produce, and preserve evidence pertaining to 
its responsibility for hazardous substances in sediments of the Passaic River, including 
DDT. To prepare the response, EPA directed Sherwin-Williams to “consult with all current 
and former employees and agents of your company,” and to produce all relevant documents 
to EPA. EPA warned Sherwin-Williams of severe consequences if the company’s response 
was not complete when made and updated regularly with any new information. EPA wrote: 

“Be advised that you are under a continuing obligation to supplement 
your response if information not known or available to you as of the date 
of your submission of your response should later become known or 
available. If at any time in the future you obtain or become aware of 
additional information and/or find that any portion of the submitted 
information is false, misleading or misrepresents the truth, you must 
promptly notify EPA. If any part of your response is found to be untrue, 
you may be subject to criminal prosecution.” 

 March 2, 1995. Sherwin-Williams, after consulting its current employees and no former 
employees, sent EPA a letter asserting, “No information has been obtained that would 
indicate the [Sherwin-Williams] Lister Avenue facility ever received, utilized, 
manufactured, discharged, released or disposed of … DDT.”3 This “don’t ask, don’t tell” 
response was not, as explained below, remotely accurate when made. In the same response, 
Sherwin-Williams admitted it had documents regarding its handling of hazardous 
substances, “including manifest inventory forms and billing records,” all of which were 
stored at the Lister Avenue facility and all of which would be made available upon request. 

 October 4, 1995. EPA sent a letter to the Chairman of the Board of Sherwin-Williams 
notifying the company of its potential liability under CERCLA Section 107 for polluting 
the Passaic River.4 By this point, Sherwin-Williams had not only promised to make the 
documents showing its handling of hazardous substances available to EPA, it had a legal 
duty to preserve them for inspection.5

2 Ex. A (1/3/1995 104(e) request from EPA to J. Breen, Chairman, Sherwin-Williams). 
3 Ex. B (3/2/1995 letter from D. McConnell, Sherwin-Williams to EPA). 
4 Ex. C (10/4/1995 letter from EPA to J. Breen, Chairman, Sherwin-Williams). 
5 See, e.g., Mosaid Techs., Inc. v. Samsung Elec. Co., Ltd., 348 F.Supp.2d 332, 336 (D.N.J. 2004) (litigant has “duty 
to preserve what it knows, or reasonably should know, will likely be requested in a reasonably foreseeable litigation.”) 
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 January 11, 1999. A Sherwin-Williams consultant interviewed three former and four 
current employees about the company’s pesticides operations—operations Sherwin-
Williams had denied existed in its March 1995 104(e) response to EPA. Those interviews 
confirmed that “pesticide formulation was conducted at the Newark facility,” and that 
“[t]hose pesticides were warehoused on site and shipped from the Newark plant.”6 Despite 
its obligation to do so, Sherwin-Williams never supplemented its 104(e) response to inform 
EPA of this fact or other evidence it knew about its own pesticide operations. 

 1999. Also in 1999, after its consultant reported this information, Sherwin-Williams 
ceased business activities at its Lister Avenue facility and destroyed its building. In 
interrogatory answers in this case, Sherwin-Williams admitted that there was no document 
retention policy in place to preserve environmentally related documents in 1999 when 
“the former facility was decommissioned … and the facility was demolished.”7

Sherwin-Williams’ failure to disclose and preserve records also is not limited to pesticides or DDT. 
There is additional evidence that Sherwin-Williams’ century of paint, lacquer, and other operations 
used or formed PCBs, lead, and copper—all contaminants EPA identified as ubiquitous in Passaic 
River sediments.8

Given this record, any attempt to claim there is no evidence of Sherwin-Williams’ 
responsibility for polluting the Passaic River is misleading, at best. The facts above are damning: 
After it was under a legal duty to preserve documents and disclose all information known to its 
employees about its pesticide operations, Sherwin-Williams denied it handled DDT, concealed 
interviews of former employees about pesticide operations, destroyed its building, and failed to 
preserve critical documents, including inventory manifests and billing records. It would be 
surprising, therefore, to learn Sherwin-Williams was among the unnamed parties with whom EPA 
has allegedly “agreed to settle in principle.” But even if EPA is unwilling to pursue recoveries 
from Sherwin-Williams for the United States, Congress gave OxyChem the right to pursue 
contribution from CERCLA. And OxyChem intends to do so.  

2.  Givaudan Fragrances Corporation (“Givaudan”) 

EPA has assured the New Jersey Attorney General’s office of its unchanged expectation 
that parties responsible for the presence of dioxins, furans, and/or PCBs in the Passaic River will 
not be permitted to settle because they are expected to implement the remedy in Operable Unit 2 
of the Diamond Alkali Superfund Site.9  It would be surprising, therefore, if Givaudan is among 
the unnamed parties with whom the United States has allegedly settled. As demonstrated below, 

6 Ex. D (1/11/1998 Report from ENSR Consulting to D. Gustafson, Sherwin-Williams) at p. 4. 
7 Ex. E (9/30/2019 Sherwin-Williams Supplemental Responses to Standard Interrogatories) at p. 10. 
8 See, e.g., Ex. F (Hu, et al., Inadvertent Polychlorinated Biphenyls in Commercial Paint Pigments, Environ. Sci. 
Technol., 44 (2010) at 2823; Ex. G (5/3/1946 “technical services” document describing use of lead at Newark plant) 
at p. 3; Ex. H (2003 document acknowledging handling of DDT and copper at Newark plant) at p. 35. 
9 Ex. I (9/18/2017 Letter from EPA to Addressees at pg. 1, copied to John Dickinson at N.J. Attorney General’s 
Office). 
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there is abundant evidence of Givaudan’s responsibility for dioxin in the Passaic River.  

In 2011, an EPA-sponsored study determined there was dioxin in the Passaic River that 
was not associated with the type of operations conducted at the former Diamond Alkali plant.10

The highest concentrations of that dioxin type were near Defendant Givaudan’s former facility.  

Givaudan manufactured two compounds at its plant in Clifton, New Jersey: a disinfectant 
called G-11 and 2,4,5 Trichlorophenol (also known as TCP). When manufactured in high 
temperature, alkaline environments, the manufacture of both chemicals can produce dioxin. But 
Givaudan has asserted for years that it was “highly unlikely” its G-11 and TCP processes produced 
dioxin, because it claimed it used only “acidic conditions and low temperatures in its process.”11

Givaudan made the same claim in this case, arguing in its interrogatory answers that “[t]he 
production of HCP (i.e., G-11) did not create or produce dioxin.”12

But the evidence here paints a different picture. In 1945 Givaudan developed, and in 1948, 
Givaudan patented a high temperature, alkaline process to manufacture G-11.13 And while 
Givaudan told NJDEP that it did not even begin to manufacture G-11 at all until 1947, it produced 
in this case a 1941 batch process recipe for a “sodium salt method” to manufacture G-11 that 
requires high, not low, temperatures.14 The same document reflects that this “sodium salt method” 
could produce half a ton per day of G-11. As late as 1979, other documents show Givaudan’s acid-
based process for G-11 was also conducted at temperatures of 130° Celsius, not at low temperature 
as Givaudan claimed.15

Givaudan also manufactured 300,000 pounds of TCP.16 Its 1948 batch process recipe for 
manufacturing TCP calls for the addition of 312 pounds of caustic soda flakes to the kettle, after 
which the temperature is raised to 175° Celsius and held there for four hours.17 This recipe’s high 
temperatures all occur when the solution is in an alkaline condition. Based on the methodology 
used in a 2017 paper examining how much dioxin could be generated by this type of high 
temperature, alkaline process, Givaudan’s manufacture of TCP could have generated between 11 
and 25 kilograms of dioxin.18

And where did it go? In a supplemental Section 104(e) response, Givaudan claimed: 

The alleged existence of a possible surface water pathway that could have conveyed 
storm water flow . . . directly to the Passaic River is not supported by the historical 

10 See Ex. J (Garvey et al., “Dioxin in the Passaic River (NJ), The Case for Two Dioxin Sources” (Feb. 10, 2011)). 
11 See Ex. K (Excerpt from Supplemental 104(e) response (2016)) at 7; Ex. L (Section 104(e) Response (1983)) at 2.  
12 See Ex. M (Givaudan Response to Standard Interrogatory No. 11) at 23. 
13 See Ex. N (1945 “Improved Process for the Manufacture of Compound G-11”) & Ex. O (1948 Patent).  
14 See Ex. P (1941 “G-11 Process (Sodium Salt Method)” (GIV_NBC_0664675)). 
15 See Ex. Q (1979 “G-11 N.P.” Process) at “Step No. 17.”  
16 See Ex. L (104(e) Resp. (1983)) at 2 (“305,000 pounds of ‘pre-purified’ 2,4,5-TCP” produced in 1948 and 1949). 
17 See Ex. R (1948 Process (GIVA-FED-0000342825)) at GIVA-FED-0000342847. 
18 See Ex. S (Parette et al., “Modeling the formation of 2378-tetrachlorodibenzo-p-dioxin in the historical manufacture 
of 2,4,5-trichlorophenol,” Environmental Forensics, 18:4, 307-317 (2017)). 
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aerial photo review, or the digital topography evidence completed on the historical 
photos. There is no evidence of a defined drainage swale either on or off the 
property to the Passaic River in any of the historical aerial photos.19

Givaudan focused attention on “aerial photos” to support its claim that there was “no evidence” of 
drainage swales that drained into the Passaic River. But there is other evidence—including 
Givaudan’s own maps and consultant reports—showing there were surface swales on an area of 
Givaudan’s property heavily contaminated with a form of dioxin called TCDD, swales that drained 
stormwater into an outfall on the Passaic River. Those swales are reflected on a “Givaudan 
Corporation” drainage map dated June 30, 1970,20 a map produced for the first time in this 
CERCLA case, contradicting Givaudan’s claim that there is “no evidence of a defined drainage 
swale either on or off the property to the Passaic River.” Another report documented 12,700 
gallons of stormwater per minute exiting and flowing into the Passaic River in a 25-year storm.21

3.  Defendants Still Have No Valid Ground for any Stay. 

The evidence cited above proves one critical fact: subpoena power and sworn testimony 
matter. We know these facts about Givaudan now because OxyChem’s litigation compelled 
Givaudan to produce 388,106 pages of records of its former operations. This is far more 
information than Givaudan gave to EPA, and it contradicts Givaudan’s claims in its 2016 
supplemental Section 104(e) response to EPA. We know the facts about Sherwin-Williams now
because it was compelled, through this litigation, to produce the documents and answer sworn 
interrogatories in which it was compelled to admit it failed to preserve critical environmental 
documents. Defendants would plainly prefer to settle before these, and other uncomfortable truths 
come out about their wrongdoing. But their preference is not a ground on which this Court should 
stay the case. To the contrary, the depositions scheduled to begin in March are essential. They will 
reveal even more of the truth about Defendants’ wrongful actions, providing evidence that the 
Court can evaluate in assessing each party’s fair and equitable share of responsibility. 

The same evidence shows why Defendants’ attacks on OxyChem’s alleged “true share of 
responsibility” (Dkt. 1982) are rhetoric that doesn’t match reality. EPA has admitted OxyChem 
never polluted the Passaic River. OxyChem’s sole alleged basis of liability here is its merger with 
Diamond Shamrock Chemicals Company, long after the Lister Plant closed, in a transaction where 
the Seller retained liability for that Plant and gave OxyChem a robust indemnity agreement to 
“hold harmless” OxyChem against all liabilities related to the Diamond Alkali Superfund Site. The 
evidence also shows that when those indemnitors collapsed into bankruptcy years later, OxyChem 
immediately stepped up alone to design the remedy for OU 2 at an estimated cost of $165 million. 
OxyChem has performed well and cooperatively with EPA ever since, most recently by offering 
to expand its leadership to include the design and performance of the $441 million interim remedy 
at OU4 so long as the Defendants who polluted the river are not permitted to evade their 
responsibility for the pollution they caused and that OxyChem did not. 

19 See Ex. K (Excerpt from Supplemental 104(e) response (2016)) at 3. 
20 See Ex. T (Drainage Map (KLL0430050001)). 
21 See Ex. U (May 1993 “Givaudan-Roure; River Road - Water Problem Report”) at GIVA-FED-0000092764. 
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This is how CERCLA is supposed to work. Congress enacted CERCLA, and gave parties 
like OxyChem contribution rights, to encourage them to do exactly what OxyChem has done here: 
perform and then recover from others their fair share of costs. Congress chose the Court—not 
EPA—to make a fair and equitable allocation of responsibility, based on the evidence, because an 
evidence-based assessment is the only way to ensure every party pays what they owe. 

The United States is free to settle its own claims. When all the evidence is known, 
settlement may make sense for many reasons. But the United States is not free to insulate 
Defendants Sherwin-Williams, Givaudan, and others from their responsibility to OxyChem for 
costs OxyChem has incurred and will continue to incur to clean up their pollution, which OxyChem 
did not cause, and which has burdened the Passaic River and vulnerable communities in the 
Ironbound for over a century.  

Settlement by some Defendants will not “end this litigation.” It cannot and it should not. 
Depositions should proceed as scheduled. It is time Defendants tell the truth, under oath.  

Respectfully submitted, 

Kathy D. Patrick 

/s/ John J. McDermott 

John J. McDermott 

cc: All counsel of record 

223461444v1 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY· REGION II

290 BROADWAY

NEW YORK. NEW YORK 10007-1866

GENERAL NOTICE LETTER
URGENT LEGAL HATTER
EXPRESS HAIL - RETURN RECEIPT REQUESTED
Mr. John G. Breen, Chairman of the Board
The Sherwin-Williams Company
101 Prospect Avenue, N.W.
Cleveland, Ohio 44115-1075
Re: Diamond Alkali Superfund site

Notice of Potential Liability for
Response actions in the Passaic River study Area

Dear Mr. Breen:
The united states Environmental Protection Agency ("EPAll)is
charged with responding to the release and/or threatened release
of hazardous SUbstances, pollutants, and contaminants into the
environment and with enforcement responsibilities under the
Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (-CERCLA-), as amended, 42 U.S.C. §9601 ~~.
EPA has documented the release or threatened release of hazardous
substances, pollutants and contaminants to the Passaic River
study Area which is ~ part of the Oiamond Alkali Superfund site
(Usite"). By this letter EPA is notifying The Sherwin-Williams
company ("Sherwin-Williamsll) of its potential liability relating
to the site pursuant to Section 107 of CERCLA.
Sediment in the Passaic River contains numerous hazardous
SUbstances, pollutants and contaminants. Investigations
undertaken by EPA indicate that hazardous materials were being
released from the Sherwin-Williams facility at 60 Lister Avenue
in Newark, New Jersey, into the Passaic River study Area.
Hazardous substances, pollutants and contaminants released from
the Sherwin-Williams facility into the Passaic River Study Area
present a risk to the environment and the humans Who may ingest
contaminated fish and shellfish. Therefore, Sherwin-Williams may
be potentially liable for all response costs which the government
may incur relatinq to the Passaic River study Area.
Under sections 106(a) and 107(a) of CERCLA, 42 U.S.C. §9606(a)
and §9607(a) and other laws, potentially responsible parties
(WPRPsW

) may be obligated to implement response actions deemed

844160001
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necessary by EPA to protect human health, welfare or the
environment, and may be liable for all costs incurred by the
government in responding to any release or threatened release at
the site. If response actions are performed by EPA rather than
by the PRPs, those PRPs may be sUbject to legal action pursuant
to section 107(a) of CERCLA, 42 U.S.C. §9607(a), to recover
pUblic funds expended by EPA in response to the release and
threatened release of hazardous materials at the site. Such
actions and costs may include, but need not be limited to,
expenditures for conducting a Remedial Investigation/Feasibility
Study (JIRI/FSII),a Remedial Design/Remedial Action, and other
investigation, planning, response, oversight, and enforcement
activities. In addition, responsible parties may be required to
pay damages for injury to, destruction of, or loss of natural
resources, including the cost of assessing such damages.
While EPA has the discretionary authority to invoke special
notice procedures, EPA hereby notifies you that it will not
utilize the special notice procedures contained in section 122(e)
of CERCLA, 42 U.S.C. §9622(e). EPA has concluded that use of the
special notice procedures in section 122(e) of CERC~ would delay
the implementation of the RI/FS which is currently being
performed at the site to determine the extent of contamination
and to evaluate possible actions to mitigate any adverse effects.
EPA will determine at a sUbsequent time whether addtional
measures are required to mitigate releases from the Site in order
to protect the public health, welfare, and the environment. The
decision not to use the special notice procedures does not
preclude you from entering into discussions with EPA regarding
your participation in activities at the site.
By this letter, EPA encourages you, as a PRP, to voluntarily
participate in the EPA-approved activities underway at the site
in conjunction with other PRPS. At the present time, the
Occidental Chemical Corporation (IIOCCII)is performing an RI/FS at
the Site under an Administrative Consent Order. acc, through its
successor, Maxus Energy Corporation, can be contacted at the
addresses listed in the Attachment to this letter. Be advised
that notice of your potential liability at the site is beinq
forwarded to oce by EPA.

844160002
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EPA requests your cooperation in this matter. If you are
interested in participating in the ongoing response action you
should notify EPA of your intentions to join with acc.
Notification should be in writing and should be delivered to EPA
no later than fourteen (14) days after the date that you receive
this letter. Your letter should be sent to:

Lance R. Richman, P.G.
U.S. Environmental Protection Agency

Emergency and Remedial Response Division
290 Broadway, Floor 19

New York, NY 10007-1866,
with a copy to Ms. Amelia Wagner, Esq., of the Office of Regional
Counsel at the same address.
If EPA does not receive a written response from you in the time
specified above, EPA will assume that you voluntarily decline to
participate in any of the response actions taking place at the
site. EPA reserves the right to pursue its available enforcement
options with regard to the site.
If you wish to discuss this matter further, please contact
Mr. Lance R. Richman, P.G., of my staff at (212) 637-4409 or
Ms. Wagner at (212) 637-3141. Please note that all
communications from attorneys should be directed to Ms. Wagner.
sincerely yours,

0rYf~
~Kathleen Callahan, Director

Emergency and Remedial Response Division
Attachments
CC: Mr. Donald J. McConnell, Esq.

Counsel for The Sherwin-Williams Company
Ms. Carol Dinkins, Esq.
Vinson' Elkins, L.L.P.
Mr. Richard P. McNutt
Maxus Energy Corporation

844160003

TIERRA-B-008197

Case 2:18-cv-11273-MCA-LDW   Document 1983-3   Filed 02/14/22   Page 4 of 5 PageID: 56864



ATTACHMENT

Contact for Maxus Energy Corporation:
Mr. Richard P. McNutt
Maxus Energy Corporation
1015 Belleville Turnpike
Kearny, New Jersey 07032
Counsel: Ms. Carol Dinkins, Esq.

Vinson & Elkins, L.L.P.
3700 Trammell Crow Center
2001 Ross Avenue
Dallas, Texas 75201-2916

PRPs in receipt of Notice Letters:
Mr. J. Roger Hirl
President and Chairman of the Board
Occidental Chemical Company
Occidental Tower
5005 LBJ Freeway
Dallas, Texas 75244

Brian C. Kelly, Esq.
Chris-Craft Industries, Inc.
600 Madison Avenue
New York, New York 10022
Counsel: Peter Simshauser, Esq.

Skadden, Arps, Slate, Meagher & Flom
300 South Grand Avenue
Los Angeles, California 90071-3144

Mr. Edgar S. Woolard, Jr., Chairman
E.I. du Pont de Nemours and Company
1007 Market street
Wilmington, Oeleaware 19898

Mr. Robert D. McNeeley, President
Reilly Industries, Inc.
1510 Market Square Center
151 North Delaware Street
Indianapolis, IN 46204

844160004
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Consulting • Engineering • Remediation 

January 11, 1998 

Mr. David Gustafson 
Director of Engineering and Environment 
The Sherwin-Williams Company 
Coatings Division 
101 Prospect Avenue, N. W. 
Cleveland, Ohio 44115 

281 Centennial Avenue 
Piscataway, NJ 08854 

(732) 457-0500 
FAX (732) 457-0550 
http://www.ensr.com 

PRIVILEGED AND CONFIDENTIAL 

RE: Environmental Evaluation Summary for the Sherwin-Williams Facility located at 60 
Lister Avenue Newark, New Jersey. 

Dear Mr. Gustafson: 

ENSR Consulting and Engineering (ENSR) was by retained the Sherwin-Williams Company 
(Sherwin-Williams) to conduct an Environmental Site Evaluation at their paint manufacturing 
facility located at 60 Lister Avenue, Newark, Essex County, New Jersey. 

ENSR conducted a site visit at the site on July 22, 1998 for the purpose of initiating the site 
evaluation activities. The purpose of the site visit was to observe operations and identify 
potential areas of concern in accordance with the New Jersey Department of Environmental 
Protection's (NJDEP) requirements for preliminary assessments. 

Site Location and Description 

The Sherwin-Williams site is approximately a 13-acre parcel located in the Ironbound section of 
Newark. The area surrounding the facility consists of industrial properties with some nearby 
residential and commercial properties. This section of Newark has many known contaminated 
sites including the Diamond Shamrock site, a NPL site, which borders the facility to the east. 
The site is bordered to the north by the Passaic River, to the west by a former Conrail rail yard 
and Copco a former steel engineering company, and to the south by a railroad and Lister 
Avenue. Reichhold Chemicals, Inc. is located to the south across Lister Avenue. Two rail spurs 
are located on the Sherwin-Williams property. These rail spurs enter the property from the 
southwest and extend to the north and east. At least one of these spurs was used by Sherwin-
Williams for the transportation of raw materials to the site. Figure 1 is a Site Location Map 
showing the site location, local topography, and surrounding areas. 

Physical Setting 

The Sherwin-Williams property is a relatively level property consisting of 20 existing buildings, 
including four manufacturing/production buildings. Approximately 50 percent of the site is 
currently covered by buildings and pavement. The southeast corner of the property consists of 
a parking lot. The area north of the parking lot consists of an unpaved area covered with 
yegetation. The southwest section of the property is almost entirely unpaved. Figure 2 provides 
a Site Plan showing the current site layout and the identified potential areas of environmental 
concem. 
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Site History 

To establish a history of the subject site, ENSR reviewed a series of aerial photographs, fire and 
factory insurance maps and historical site maps. Aerial photos from the mid-1930's, 1947, 
1957, 1968, 1982, 1989 and 1997; and fire and factory insurance maps from 1892, 1908, 1931, 
1941, 1950, 1952, 1963, 1970, 1973, 1988 and 1994 were used for the historical review of the 
site. Historical site plans and factory and fire insurance maps are included as Attachment 1. In 
addition, three former and four current Sherwin-Williams's employees were interviewed. 
Telephone summary sheets are included as Attachment 2. 

Sherwin-Williams has operated a paint manufacturing facility at the Newark, New Jersey 
location since the early 1900s. The plant stored and_produced oil- and water-based paints, 
lacquers, thinners, oils, solvents and alkyl resins. In 1'984 the plant switched to the production 
of water-based paints only. The solvent-based paint operations were moved to other locations 
and the resin and lacquer production operations were shut down and demolished, along with the 
solvent and oil tank farm, and the Quonset Hut. 

A review of the aerial photographs and the factory and fire insurance maps indicate that 
Sherwin-Williams has been occupying the site since the early 1900s. Prior to Sherwin-Williams 
the property was occupied by the Union Chemical Works and the E.0 Shipyard. In the early 
1900s the first buildings constructed by Sherwin-Williams were built on the west side of Brown 
Avenue in the area formerly occupied by the E.C. Shipyard. By 1908 the majority of the 
buildings were present on the western parcel of the property. The parcel east of Brown Avenue 
was occupied by the Consolidated Color and Chemical Company, which also occupied the 
parcel on the corner of Brown and Lister Avenues. By 1916 Sherwin-Williams had taken 
occupancy of the parcel of land east of Brown Avenue and began constructing buildings on this
parcel. 

Between 1916 and 1931, the site does not appear to have changed significantly. In the 1931 
photograph aboveground storage tanks are present in the southwest portion of the Sherwin-
Williams property and Consolidated Color and Chemical Company continues to occupy the 
parcel of land on the corner of Brown and Lister Avenue. 

In the aerial photograph from the 1950s, the Quonset Hut is present along the western property 
boundary in the location of the C.R.R of NJ (manufacturers branch) railroad tracks. In the 
1950s Roanoke Inc. took over the parcel of land on the corner of Brown and Lister Avenue 
which, according to a 1931 Sanborn fire insurance map, was previously owned by Consolidated 
Color and Chemical Co. Both the Consolidated Color and Chemical and Roanoke facilities 
consisted of a factory builidng, a smokestack, and at least three other buildings. Roanoke 
remained there until at least 1952. The use of this property and the operations conducted by 
Roanoke are not known at this time. 

In an aerial photograph dated late 1960s, early 1970s, one Roanoke building, current building 
29, is still present and the current New Emulsion Plant (NEP) building is present in the northeast 
corner of the property. The 1963 and 1970 fire insurance maps and the 1968 aerial photo 
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indicate the presence of _ 12 aboveground storage tanks along the northern corner of the 
property boundary. It is believed these tanks are associated with the Diamond Alkali property. 

1 The 1994 Sanborn fire insurance map identifies Roanoke as the owners of the parcel of land on 
V • the corner of Brown and Lister Avenue, which is identified as a parking lot. However, according 

n to property deeds this portion of the property was acquired by Sherwin-Williams in 1964. 

A review of the !1989 aerial photograph indicates the aboveground storage tank farm and the 
) varnish manufaCturing and storage buildings that were present since at least 1931 were 
_._removed by 1989. In addition, the Quonset Hut is no longer present; the location now appears 

as a concrete pad used as a drum storage area. Building 1 (formerly occupied by Consolidated 
Color & Chemical as an office and laboratory) at the northwest corner of Lister and Brown 
Avenue, at the Sherwin-Williams entrance, is no longer present in the 1989 photograph. 

Previous Environmental Studies 

In August 1986, a preliminary soil investigation was complete within the bermed ta arm 
located in the southwestern portion of the property. Soil samples were collected from the 6-inch 
interval above the water table and were analyzed for VOCs. Soil sample results indicated the 
presence of VOCs including benzene, tetrachloroethylene, xylenes, toluene, dichlorobenzenes, 
and ethylbenzene. A second phase of soil sampling was conducted in October 1986 to further 
delineate the potential extent of the contamination. A total of 16 soil borings were completed 
throughout the plant. Following the soil investigation, a groundwater investigation was initiated 
which included the installation of nine monitoring wells in March 1987 and January 1988. Water 
levels in March 1988 were reported to range from 1.88 to 9.27 feet below ground surface. 
Groundwater analytical results indicate the presence of benzene, chlorobenzenes, xylenes, 
trichloroethylene,  my_ohlaride and ethylbenzene at concentrations ranging from 1.2 to 8,100 
parts per billion (ppb). Previous reports indicate contamination in some of the site wells (MW-2, 
MW-3, MW-6, MW-12) may be from sources other than the tank farm. As previously reported, 
the location of these wells and the groundwater flow direction at the site suggest a possible off-
site source, located upgradient of the Sherwin-Williams site, may be contributing to groundwater 
contamination at the site. Contaminants detected in groundwater at the site exceed current 
NJDEP groundwater quality criteria. 

In 1986 Sherwin-Williams installed a trench within their bermed tank farm to recover solvents 
found floating on the water table. The trench operated from 1986 to 1988 and reportedly 
recovered hundreds of gallons of solvent. The recovered solvent was reportedly pumped into 
an oil/water separator where it remained for a couple of months. The solvent was then pumped 
into a tanker for off-site disposal and the water portion was released into the sewer system. The 
trench operations ceased in 1988, and the trench was filled. The presence of solvent on the 
water table was reported by Sherwin-Williams to the US EPA in 1986. 
In January 1988, additional soil borings were completed at previous soil boring locations to 
determine if contaminant concentrations had changed since the 1986 sampling event. Volatile 
compounds at concentrations ranging from 0.016 to 4,100 parts per million (ppm) were detected 
in the soil samples collected in 1988. Soil boring B9, located in Brown Street at the south end of 
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building 14, contained the highest concentrations of VOCs in soil. Soil contaminant 
concentrations detected exceed current NJDEP soil dean-up criteria. 

■ 
■ 
■ 
■ 
■ 
■ 
■ 
■ 
■ 

The tank farm -veral buildings associated with the closed operations at the plant were 
demolished in 9 . During two recent excavations conducted at the facility, one south of 
building 28 and other in the area of former buildings 48, 50, and 68, strong organic chemical 
odors were noted. The sources of the odors are unknown but are believed to be associated 
with past operations at the facility. 

Sherwin-Williams Operations 

Since the early 1900s, Sherwin-Williams has operated the site as a paint manufacturing facility. 
These operations included storing and producing oil- and water-based paint, resins, thinners, 
lacquers, oils, solvents and alkyd resins. The manufacturing/production processes appear to 
have occurred in several buildings on site. Currently, only water-based paints are manufactured 
at the Newark facility. According to facility personnel and former employees, all process lines 
are/were located aboveground and all discharges were to the Passaic Valley Sewer 
Commission (PVSC). In addition, interviews indicate that pesticide formulation was conducted 
at the Newark facility. The pesticides were warehoused on site and shipped from the Newark 
plant. 

Raw materials are transported to the site by truck and railcar in bulk, drums, super sacks, bags, 
and totes. These materials, as well as, finished goods, off-spec goods, and empty paint cans 
are stored in various site buildings. 

In 1960, several old buildings were razed. Modernization of the plant in the 1960s included the 
construction of buildings 27 (NEP) and 28 as finished goods warehouses, as this was Sherwin-
Williams' major distribution center for the East Coast. The modernization also included the 
construction of building 18 (tank storage of non-flammable materials). In 1996, water-based 
paint manufacturing processes were installed in the NEP building. In the fourth quarter of 1998, 
NEP manufacturing facilities were removed and all floor penetrations were filled and the building 
was vacated. This building is located in the northeast corner of the property. Ten fiberglass 
storage tanks ranging in size from 3,000 to 7,500 gallons were used for raw material storage in 
building 27. Eight high-speed dispersion (HSD) tanks were also located in building 27. The 
paint was transferred from the HSD tanks to holding tanks were it was then transferred to filling 
tanks and into cans. Conveyor belts carried empty cans for labeling and for the addition of 
handles to the cans. Seven sumps were located beneath the filling tanks. In addition, three 
sumps were located beneath the holding tanks and four sumps were located beneath the wash 
tanks in this building. 

Building 22 is a 5-story building located west of building 27. Historical maps indicate this 
building was used for paint operations. Currently, building 22 contains an air compressor for air 
actuated in the manufacturing process and one mechanical elevator on the 1st floor. Offices are 
located on the 2nd floor of building 22. The 5th floor is used as a rework area for returned paints. 
These paints are reworked and bulked into small drums. This area was previously used for the 
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storage of returned paints. The 4 th floor is currently empty, but was previously also used for the 
storage of returned paint. The 3 rd floor consists of a laboratory and storage areas for paint 
samples. All quality assurance lab work is done in the 3 rd floor laboratory. A sink located in the 
laboratory currently goes to washwater tanks. Some sinks reportedly may have previously 
discharged to other areas. However, former employees indicate all known discharges were 
reportedly to PVSC. 

Building 14 is a 5-story building, which formerly housed a laboratory on the 5 th floor, which is 
currently empty. One elevator is located in this building. The 3 nd floor of building 14 is used for 
the storage of raw material and colorants. The 1st floor contains packaging equipment and 
conveyor belts and is used for labeling and packaging. No floor drains, sumps, or floor cracks 
were observed during ENSR's site walk. Some paint staining was present on the floor. 

Building 11 is a 4-story building, which houses the older manufacturing/process area. On the 4th
floor, nine HSD tanks ranging in size from 500 to 1,500 gallons are located. One sink is located 
on the 4th floor and is connected to a washwater line. The 3 rd floor of building 11 contains the 
holding tanks where all adjustments to the paint, including viscosity and pigment, are 
completed. One sink is located on the 3rd floor of building 11. Paint is transferred by pump to 
the holding tanks situated on the 2' floor. The 1" floor of the building houses the filling area. 
Five active sumps are located on the 1st floor and at least three former sumps have been filled 
with concrete on this floor. These sumps currently are pumped to the wastewater tank. 
Additional sumps and sinks were located here prior to December 1997, which went to the 
Passaic Valley sewer system. During our site walk, no cracks were observed in the concrete 
floor. 

Building 28, constructed in the 1960s, is used for the storage of finished goods only. No floor 
drains were observed during ENSR's site walk. Building 29 is also used for the storage of 
finished goods, as well as raw materials and empty cans. 

Building 13 is a 4-story building. The 3 rd floor is used for the storage of raw materials. Small 
mixers are also located on this floor. A locker room and cafeteria are located on the 2nd floor. 
One of the floors in building 13 is currently not in use, but was previously used for the storage of 
raw materials. Two loading docks are located at building 13. 

Building 18, constructed about 1960, is a 1-story building containing AGSTs used to store 
water-based slurry, propylene glycol, ammonia, and various latices. The tanks are located on a 
concrete floor and the entire tank area is contained by building walls, ramps, and berms. No 
cracks were observed on the floor during ENSR's site walk. 

Building 24, reconstructed in 1996, is used for the storage of raw materials in AGSTs, dry raw 
materials, and packing materials. Nine latex storage tanks and one slurry storage tank were 
observed in this building. The tanks are located on a concrete floor, which is reported to be new 
since 1997. 

SW0001113 

Case 2:18-cv-11273-MCA-LDW   Document 1983-4   Filed 02/14/22   Page 6 of 15 PageID: 56871



January 11, 1999 
Mr. David Gustafson 
The Sherwin-Williams Company 
Page 6 of 13 

PRIVILEGED AND CONFIDENTIAL 

The maintenance building is located near the center of the site. One sink and one floor drain 
were observed in this building. In addition, four drums stored on pallets were observed in this 
building during ENSR's site walk. Some oil staining was observed on the concrete floor; 
however, no cracks were observed on the floor. 

Identified Potential Areas of Environmental Concern 

Several potential areas of environmental concern were identified during the environmental site 
evaluation. Historic site plans, aerial photographs, fire and factory insurance maps, and 
interviews with facility personnel were used to identify the following potential areas of 
environmental concern in accordance with the NJDEP's requirements for preliminary 
assessments. 

Former aboveground storage tanks (AGSTs) — Several AGSTs existed in the southwestern 
portion of the property since at least 1931. These AGSTs were used for the storage of solvents 
and other raw materials used in the manufacturing processes. According to historical maps, two 
of the AGSTs were constructed with wood floors and contained mineral oil and mineral spirits. 
Soil and groundwater samples collected from this area in 1986 and 1988 indicate the presence 
of volatile organic compounds in the soil and groundwater. In addition, a solvent recovery 
trench was installed to recover solvents floating on the water table in the area of the former tank 
farm. A former 18,000-gallon fuel oil tank was identified in the area of the former varnishing 
manufacturing buildings on the 1934 fire insurance map. 

Current aboveground storage tanks — A total of five AGSTs are currently located outside the 
Sherwin-Williams buildings near the northwestern comer of the property. Two of the five 
AGSTs contain wastewater and are located within a concrete bermed area. The three other 
AGSTs contain water-based slurry and are also located within a concrete bermed area, which 
adjoins the other bermed area. In March 1998, a leak in a fourth AGST containing slurry 
resulted in a release to the Passaic River due to cracksin the tapke-pad. This tank was removed 
and the tank pad and berm were repaired. No known samples were collected from this area 
following the cleanup. No cracks in the concrete pad were observed by ENSR during our site 
walk. Several AGSTs are located inside some of the facility buildings. These AGSTs are used 
for the storage of various water-based liquids (i.e. latex, slurry, washwater),and are located on 
concrete. No cracks in the concrete floors were observed during ENSR's site walk. One 
additional AGST was identified at the Sherwin-Williams site. This tank was identified as a 
former washwater tank. Reportedly, this tank has had two spills. The dates of these spills have 
not been determined. 

Drum storage areas — One drum storage area is currently located outside the facility buildings. 
This area consists of an uncovered concrete pad used for the storage of returned goods and 
spoiled batches of paint. Aerial photographs and historical maps indicate that in the past 
several additional exterior areas were used throughout the property for drum staging areas. 
These storage areas include the following: 

• storage of oils and varnishes along the railroad siding; 
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• a drum storage area on a concrete pad in the former location of the Quonset Hut; 

• a drum storage area south of former building 20 (now occupied by building 27); 

• empty drum staging area along warehouse 24; 

• drum storage area for oils and varnishes north of the former AGST farm; and 

• a drum storage area north of the existing parking lot. 

Asbestos - Based on our site walk, interviews with facility personnel, and an asbestos 
assessment conducted by Sherwin-Williams personnel in 1996, an estimated 5,600 linear feet 
of asbestos containing material (ACM) insulated pipe was observed. Observations during the 
asbestos assessment conducted in 1996 and ENSR's site walk indicate some of the ACM was 
in poor condition. 

Boiler room —  The boiler room is located in the maintenance shops area of the facility. Some oil 
staining was observed on the boiler room floor during ENSR's site walk and some minor cracks 
were observed in the floor. 

Sumps — Several sumps were identified in three of the existing facility buildings. These sumps 
are reported to be concrete. Most sumps could not be inspected due to the presence of liquid; 
therefore, their integrity could not be confirmed. According to facility personnel, several sumps 
have been filled and are no longer in use. 

Underground storage tanks  — Two USTs were identified on the 1941 Factory Mutual Fire 
Insurance Company map. One buried 13,000-gallon naptha tank was identified just north of the 
former AGST farm. One 500-gallon gasoline tank was identified in the southeastern corner of 
the property near Dock Street. It is unknown if these USTs are still present. Refer to Figure 2 
for the location of these USTs. 

Groundwater — Nine monitoring wells were installed in 1987 at the site as part of the soil and 
groundwater investigation associated with the AGST farm. Two additional wells were reported 
to exist on the Sherwin-Williams property as part of the ongoing investigative activities at the 
adjacent Diamond Shamrock site. Historical groundwater sampling results indicate the 
presence of volatile organic compounds (benzene, chlorobenzenes, xylenes, trichloroethylene, 
vinyl chloride, and ethylbenzene) in the groundwater at concentrations ranging from 1.2 to 8,100 
ppb. Individual contaminant compounds detected in the groundwater at the site exceed current 
NJDEP groundwater quality criteria. The location of four (MW-4, MW-8, MW-12, MW-11) of the 
nine wells reported to be on site were identified during ENSR's site walk. The monitoring wells 
that were identified appeared to be in poor condition. 

Loading/unloading areas  — Raw materials currently and historically are transported to the site 
via rail and truck. The existing rail loading and unloading area is not paved. Staining was 
observed on the ground surface in this area during ENSR's site walk. No surface staining was 
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observed in the area of the truck loading/unloading areas during our site walk. Three former rail 
spurs were identified at the Sherwin-Williams property on factory insurance maps. It is not 
known at this time which rail spurs were used for the loading and unloading of materia 
facility. In addition, employees indicate that a barge or ship unloading station f• -x wa 
previously located at the river. No surface staining was observed in this area during ENS 's 
site walk. 

Transformers — Two areas of transformers were observed at the facility during ENSR's site 
walk. These transformers were located on concrete pads and no staining was observed on the 
pads. These transformers were reported to contain low concentrations of polychlorinated 
biphenyls (PCBs). One additional transformer area was also identified on various historical 
maps and fire insurance maps. 

Spills —  In March 1998 a leak in an AGST containing a water-based slurry and cracks in the tank 
pad resulted in a release to the Passaic River. No known samples were collected from this area 
following the cleanup. 

Oil staining was observed on the surface soil in the area between the railroad spurs, which 
service the facility. In addition, some paint staining was also observed on gravel present in the 
area. 

Floor drains and process lines - Currently, all floor drains and sink areas discharge to on-site 
washwater tanks prior to discharging to the PVSC. Prior to 1997, some sumps and sinks 
discharged to the Passaic Valley sewer system. According to current and former employees, all 
existing and former production lines are reportedly located aboveground. Interviews with a 
current employee indicate floor drains were present in the resin plant; however the drains were 
filled with concrete in approximately 1973 to 1974. 

Roof drains - Several roof drains are present on the Sherwin-Williams buildings, which are 
reported to discharge to the Passaic River. At least one dust collector was identified on the roof 
of Building 14; however, currently there are no processing areas in this building. 

Other storage areas - Historical maps indicate several buildings and exterior areas were used 
for storage of rubbish, chemicals and raw materials. These storage areas include the following: 

• fire insurance maps identified that rubbish was staged in the northwest corner of the 
property near Building 24; 

• rubbish was stored in Building 12; 

• former Buildings 20 and 113 were used to store insecticides as identified on the Associated 
Factory Mutual Fire Insurance map, revised 1941; 

• coal storage areas near Building 113 and west of Buildings 92 and 93; and 

; 
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• former Buildings 62, 63, and 64 were used to store varnishes. Building 65 was used for 
manufacturing of lacquers and thinners. These buildings were demolished in 1985. 

Former operations — Historical maps indicate that several former buildings were used for 
operations that included drum washing and manufacturing of oil-based products. These 
operations were conducted in the following buildings: 

• former Building 55, located west of Brown Street, was a varnish manufacturing building 

• former buildings 50, 51, 52 and 53, located east of the railroad siding and north of the 
former tank farm, were used for drum washing operations 

• Sanborn Fire Insurance Maps indicate that Roanoke Inc. owned the portion of the Sherwin-
Williams property along Lister Avenue. This area is now a parking lot. The buildings 
identified as part of the Roanoke facility include factory buildings, solvent warehouse, and 
paint and chemical warehouse. The nature of the operations and processes conducted by 
Roanoke at this location are not known at this time. 

Dumpsters -  Seven dumpsters were observed on the Sherwin-Williams property. No staining 
was observed in the area of the dumpsters during ENSR's site walk. Two compactors were 
also identified on site. Staining was observed on the ground surface in the area of the 
compactor located near the maintenance shop. 

Passaic River — Storm sewers and non-contact cooling water from the former resin plant 
reportedly discharged to the Passaic River. No further information regarding these discharges 
was available. 

Adjacent and Surrounding Properties 

As part of ENSR's investigation of the subject site, ENSR reviewed the EDR data base report for 
the Sherwin-Williams property, which is a review of various governmental data by EDR of 
Southport, Connecticut. A copy of the EDR database report for the Sherwin-Williams property is 
provided in Attachment 3. 

The following federal and state databases were searched for the area surrounding the subject 
property; the various search distances used are noted in parenthesis: 

NPL: for existing and proposed Superfund sites on the National 
Priorities List (1.0 mile of the subject property). 
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RCRISTTSD: 

SHWS: 

CERCLIS: 

CORRACTS: 

SWF/LF: 

LUST: 

UST: 

RCRIS/LQG: 

RCRIS/SQG: 

ERNS: 

• FINDS: 

PRIVILEGED AND CONFIDENTIAL 

for reported sites that treat, store and/or dispose of 
hazardous waste and subject to the federal RCRA 
regulations (0.5 mile). 

for identified hazardous waste sites designated under 
various state regulations (1.0 mile). 

for abandoned, uncontrolled or inactive hazardous waste 
sites reported to the U.S. EPA. (0.5 mile). 

for hazardous waste handlers with RCRA corrective action 
activity (1.0 mile). 

for identified solid waste facilities and landfill sites 
designated under various state regulations (0.5 mile). 

for leaking underground storage tanks reported to the state 
under various state regulations (0.5 mile). 

for underground storage tanks registered under various 
state regulations (0.25 mile). 

for reported large-quantity generators of hazardous waste 
(0.25 mile). 

for reported small-quantity generators of hazardous waste 
(0.25 mile). 

for sites reporting spills to the U.S. EPA and/or the U.S. 
Coast Guard under various federal regulations (target 
property). 

for sites that are regulated or tracked by the EPA for a 
variety of programs (target property). 
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The Sherwin-Williams facility was identified in the CERCLIS, CORRACTS, RCRIS, and FINDS 
databases. The following properties were identified as potential environmental concerns located 
in the immediate vicinity of the Sherwin-Williams property. 

• Diamond Alkali 
80 Lister Avenue 
Newark, NJ 07105 

Diamond Alkali is currently on the final National Priorities List (NPL). This site was the 
location of a former chemical manufacturer/chemical process plant, which included the 
manufacturing of dioxin. Soil and groundwater contamination is known to exist at the site. 

• Duralac Chemical Corporation 
84 Lister Avenue 
Newark, NJ 07105 

This property is identified on the CERCLIS, FINDS, RCRIS-LQG and UST databases. 
Duralac Chemical Corp. is reported to manufacture paint and industrial coatings. The site is 
currently inactive. 

• Reichhold Chemical Company 
46-58 Albert Avenue 
Newark, NJ 07105 

This property is identified on the CERCLIS, FINDS, RCRIS-LQG, TRIS, RAATS, and UST 
databases. Reichhold Chemical is reported to be involved in the preparation of resins and 
polymers for use in the paint, coating, and graphic arts industries. 

• Riechhold Chemicals Incorporated 
46 Albert Avenue 
Newark, NJ 07105 

This facility is identified on the LUST database. The Reichhold Chemicals plant 
manufactured alkyd resins and is located hydraulically upgradient of the Sherwin-Williams 
property. In addition to the EDR Report, ENSR reviewed the Reichhold Chemicals Site 
Investigation (SI) Report prepared by O'Brien & Gere Engineers, Inc., dated November 
1997. Due to the closure of their manufacturing operations the site is currently under ISRA 
review. Site Investigation activities at the facility indicate the presence of volatile organic 
compounds in the site soil and groundwater. A total of six USTs were closed at the facility in 
1992. Three of the USTs were removed and three were closed in place. Results of the post-
excavation samples collected during the UST removal were not included as part of the SI 
report; however, the report indicated that site soils were impacted by petroleum related 
compounds. As part of the ISRA Site Investigation, three groundwater monitoring wells 
were installed at the site. Groundwater samples collected from these wells indicate the 
presence of benzene, ethylbenzene, and xylenes at concentrations that exceed their 
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respective NJDEP groundwater quality criteria. Light, non-aqueous phase liquid (LNAPL) 
has also been detected on the site groundwater in the area of the former USTs. 

• Cellofilm Corp. 
45-5 Cornelia Street 
Newark, NJ 07105 

This property is identified on the CERCLIS, FINDS, RCRIS-LQG and RAATS databases. 
The owner of Cellofilm is listed as Reichhold Chemicals, Inc. 

Requests were made to New Jersey Department of Environmental Protection (NJDEP) through 
the Freedom of Information Act (FOIA) for any regulatory information on the subject site and 
several surrounding properties. Responses from NJDEP indicate files are available for review; 
however, at this time these files have not been reviewed. 

Conclusions and Recommendations 

Sherwin-Williams is evaluating the future of the Newark facility, and putting together a 5-year 
business plan. Options being evaluated include tearing down the current operations and 
relocating them to another area of the site, or dosing down the site and moving the operations 
to another site altogether. ENSR conducted an environmental evaluation of the site to assist 
Sherwin-Williams in its evaluation of the potential options for the site. The environmental 
evaluation included a review of existing reports, site visits, identification of potential areas of 
environmental concern, review of historic background information on the site and interviews with 
past employees of the facility. 

Potential areas of concern were identified in accordance with the NJDEP's requirements for 
preliminary assessments. A total of 16 categories of potential areas of environmental concern, 
including USTs, AGSTs, transformers, drum storage areas, asbestos, loading/unloading areas, 
sumps, floor drains, former operations, roof drains, boiler room, chemical storage areas, spills, 
dumpsters, other storage areas, and contaminated groundwater, have been identified at the 
Sherwin-Williams site. ENSR's environmental evaluation of the Sherwin-Williams site did not 
include the collection of environmental samples to determine the presence or absence of 
contamination at each of the identified potential areas of concern. However, based on our 
evaluation soil and/or groundwater contamination is suspected to be present at many of the 
identified areas of concern. ENSR recommends the collection of a limited number of soil and 
groundwater samples at select locations to provide a better understanding of the potential 
environmental impacts at the site and assist in developing a site-wide remedial strategy. 

The presence of groundwater contamination at the Sherwin-Williams site was determined in 
previous investigations and will require vertical and horizontal delineation. The former 
monitoring wells used during these previous studies were observed to be in poor condition and 
their integrity is suspect. It is recommended that they be fully evaluated, and repaired or 
properly abandoned. 
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January 11, 1999 
Mr. David Gustafson 
The Sherwin-Williams Company 
Page 13 of 13 

PRIVILEGED AND CONFIDENTIAL 

Due to the presence of known contaminated sites surrounding the Sherwin-Williams site, a 
review of regulatory files regarding the adjacent and nearby properties is recommended to 
determine if off-site groundwater contamination is migrating beneath, and contributing to 
groundwater contamination at the subject property. 

Should Sherwin-Williams decide to shut down operations at the Newark facility the site would be 
subject to the requirements of New Jersey's Industrial Site Recovery Act (ISRA). ISRA requires 
that prior to transfer of ownership, termination or closing of activities at an "industrial 
establishment"; owners/operators of these activities notify the New Jersey Department of 
Environmental Protection (NJDEP) and evaluate the potential for a release of hazardous 
substances at the site. If a release is confirmed the owner/operator is responsible for its clean-
up. All remedial actions (including investigations and clean up) in New Jersey must be 
conducted in accordance with the Technical Requirements for Site Remediation (TRSR), 
N.J.A.C. 7:26E. The TRSR are actual regulations, not guidelines, on conducting investigation 
and remedial actions. The TRSR are rather prescriptive requirements that specify the minimal 
actions that the NJDEP will accept when conducting preliminary assessment, site and remedial 
investigations, and remedial action activities under all regulatory programs in New Jersey 
including ISRA. 

ENSR appreciates the opportunity to provide Sherwin-Williams with this environmental 
evaluation and look forward to assisting you with the next phase of this project. If you have any 
questions, please contact our office at (732) 457-0500. 

Sincerely, 

Tammy nl on 
Project Manager 

r\common\sherwill\pa 

David J. up 
Manager, id-Atlantic Operations 
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Herbert B. Bennett, Esq. 
Cullen and Dykman LLP 
229 Nassau Street 
Princeton, New Jersey 08542 
Telephone: (609)279-0900 
Facsimile: (609)497-2377 
Attorneys for Defendant: 
The Sherwin-Williams Company 

UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF NEW JERSEY 

NEWARK VICINAGE 

OCCIDENTAL CHEMICAL ) 
CORPORATION, ) 

) 
Plaintiff, ) 

) 
v. ) 

21ST CENTURY FOX AMERICA, INC., et at, ) 

) 
Defendants. ) 

) 
) 
) 
) 

Hon. Judge Madeleine Cox Arleo 
Hon. Magistrate Judge Joseph A. 

Dickson. 
Civil Action No. 2:18-CV-11273 (MCA-

JAD) 

The Sherwin-Williams Company responses to alleged 
Interrogatory deficiencies 

The Sherwin-Williams Company (hereinafter referred to as "the Defendant") hereby 
responds to the deficiency letter dated August 7, 2019 from plaintiff and addresses the 

deficiencies alleged by plaintiff in the supplemental interrogatory responses set forth below. 

RESERVATION OF RIGHTS 

The Defendant's investigation and development of all facts and circumstances related to 
this litigation is ongoing. The responses to interrogatories are made without prejudice to, and 
are not a waiver of, Defendant's right to rely on other facts or documents at trial. In addition, 
the responses do not waive, and Defendant hereby expressly reserves, its right to assert any 
and all objections as to the admissibility of such responses into evidence in this action, or in any 
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other proceedings. The Defendant expressly reserves the right to supplement, clarify, revise, or 
correct any or all of the responses and objections herein. 

5. For each Operation identified in response to Interrogatory No. 2, Identify: (a) the 

raw materials used; (b) products and intermediates resulting from the Operations; and (c) any 

Waste Materials. 

Interrogatory #5 response: 

Known raw materials used by SW are listed on the document previously produced to plaintiff 

and identified as TSWC-FED-0047641 and 0047642 as set forth on the listing of hazardous 

substances used at the former SW facility. 

The known waste materials produced by SW are identified in the documents previously 
produced to plaintiff and identified as TSWC-FED-0044531, 1981 TSD Facility Annual Report and 
the 1983 Generator's Report, TSWC-FED-0044475. 

The site maps previously identified in Defendant's responses to Defendant's interrogatories are 

all of the site maps in the possession of Defendant. Each is identified by date, and the date 

means that the improvements shown on the site maps, and the products and materials listed 

thereon, were at and/or used at the SW property at that time. Inasmuch as the maps cannot 
apparently be read by plaintiff, revised copies of said maps have been reproduced such that the 
relevant information thereon can be read. The storage containers are identified as such on the 
maps. The products and/or materials used on Defendant's property as of the date of the site 
map are identified thereon. A written explanation of the location of storage areas and facilities 

is not believed to be as responsive as a review of the site maps, inasmuch as a written 
description of location(s) will be confusing and provide little assistance to plaintiff in its review 
of the former SW property and the activities that were undertaken thereon. A simple "zoom 
in" on a computer screen makes each of the site maps easy to read. 

A listing of materials in storage, and their tank location, as set forth on the re-produced site 

maps is contained on the excel sheet included with Defendant's recent document production in 

response to the deficiency letter received by Defendant, TSWC-FED-0047913. The information 

therein is a compilation of information from the site maps produced to plaintiff and referenced 
above. In addition, an identification of storage locations is also included with these 
interrogatory answers, which includes information also set forth on the site maps produced to 
plaintiff and referenced above TSWC-FED-0047911. 

Revised document submissions have been made by Defendant and those submissions were 
included in the document production filed on August 26, 2019 and included new documents 
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identified with bates stamp numbers for the initial pages of said documents: TSWC-FED-

0001254, 0001121, 0001115, 0001252, 0001253, 0001255 and 0047862. 

6. For each Operation identified in response to Interrogatory No. 2, Identify: (a) each 

specific location of any storage area(s) (such as tanks, pits, and barrels) used for raw materials 

md/or Waste Materials; (b) the time period during which the storage area was used; and (c) 

iescribe what was stored in each storage area. 

Interrogatory #6 response: 

The site maps provided/referenced in Defendant's initial interrogatory responses identify 

specific areas at the former SW facility where materials were stored for raw materials and 

waste materials. The maps provide a comprehensive account of storage area location and 

types of materials stored. Each site map is identified by date and that date provides the time 

period within which the former SW property was utilized for the activities identified, the 

location(s) where those activities were undertaken, and the areas utilized for storage and the 

contents of the tankage identified on the site map. The interpretive section of the 2001 ISRA 

Investigation Report discusses buildings and storage locations. (See TSWC-FED-00000022-27, 

inclusive). The aerial photographs referenced therein will be produced shortly. The various 

buildings referenced in the ISRA IR can also be determined by review of the site maps 

previously produced to plaintiff. (See TSWC-FED-0O01254, 0001121, 0001115, 0001252, 

0001253, 0001255, 0047862 and 0047912. 

As noted in response to interrogatory #5 above, information regarding the materials stored in 

locations shown on the site maps produced to plaintiff and referenced above are included with 

the re-produced site maps, as well as information identifying the buildings within which storage 
of materials was undertaken, at the time frames referenced accordingly. Said documents were 

re-produced to counsel on August 26, 2019. 

See also TSWC-FED-0047862 and the site maps re-produced to counsel on August 26, 2019, all 

of which have been approved by counsel for plaintiff for their clarity. Said documents were 

included in the Defendant's document production to counsel on August 26, 2019 

7. For each Property at Issue identified in response to Interrogatory No. I, Identify 

all catch basins, flour drains, tanks, sinks, sumps, trenches on the property, outfalls, air 

emissions, casualty tires, explosions, intentional dumping, and stormwatcr and storm sewers. 

Interrogatory #7 response: 
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Known raw materials used by SW are listed on the document previously produced to plaintiff 

and identified as TSWC-FED-0047641 and 0047642 as set forth on the listing of hazardous 

substances used at the former SW facility. 

The known waste materials produced by SW are identified in the documents previously 

produced to plaintiff and identified as TSWC-FED-0044531, 1981 TSD Facility Annual Report and 

the 1983 Generator's Report, TSWC-FED-0044475. 

The site maps previously identified in Defendant's responses to plaintiffs interrogatories are all 

of the site maps in the possession of Defendant. Each is identified by date, and the date means 

that the improvements shown on the site maps, and the products and materials listed thereon, 

were at and/or used at the SW property at that time. Inasmuch as the maps cannot apparently 

be read by plaintiff, revised copies of said maps have been reproduced such that the relevant 
information thereon can be read. The storage containers are identified as such on the maps. 
The products and/or materials used on Defendant's property as of the date of the site map are 
identified thereon. A written explanation of the location of storage areas and facilities is not 
believed to be as responsive as a review of the site maps and the 2001 Investigation Report at 
TSWC-FED-00000022-27, inasmuch as a written description of location(s) will be confusing and 

provide little assistance to plaintiff in its review of the former SW property and the activities 

that were undertaken thereon. A simple "zoom in" on a computer screen makes each of the 
site maps easy to read. 

A listing of materials in storage, and their tank location, is contained on the excel sheet included 
with Defendant's recent document production in response to the deficiency letter, 

TSWC-FED-0047913. The information therein is a compilation of information from the 

site maps produced to plaintiff and referenced above. In addition, an identification of 

storage locations is also included with these interrogatory answers, which includes 
information also set forth on the site maps produced to plaintiff and referenced above, 
TSWC-FED-0047911. 

Revised document submissions have been made by Defendant and those submissions were 
included in the document production filed on August 26, 2019 and included new documents 
identified with bates stamp numbers for the initial pages of said documents: TSWC-FED-
0O01254, 0001121, 0001115, 0001252, 0001253, 0001255 and 0047862. 

No explosions or major accidental releases of any chemicals are known to have occurred at 
Defendant's property. No accidental releases are known to have occurred other than those 
previously disclosed. However one or more explosions did occur at the former, adjacent 
Diamond Shamrock property. Said explosion(s) and day-to-day operations at the former, 
adjacent Diamond Shamrock property impacted and contaminated Defendant's property. See 
TSWC-FED-documents beginning at the following bates stamped pages: 0044962, 0045020, 
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0045032, 0045058, 0045084, 0045192, 0046652, 0046891, 40047058, 0047151, 0047937. 

8. Describe any treatment performed on Waste Material identified in response to 

Interrogatory No. 5 before it was disposed of. 

Interrogatory #8 response: 

Other than the settling basin to collect solids identified in Defendant's initial responses to 

plaintiffs interrogatories, there was no treatment of process wastewater that was discharged 

into the PVSC treatment works system from 1924 to 1999. Defendant strikes its objection to 

the definition of the term "treatment" for this interrogatory response. 

9. For each Operation identified in response to Interrogatory No. 2, Identify any 

environmental permits, Including without limitation air quality, water quality, waste disposal, 

stormwater, waste discharge, and/or operating permits. 

Interrogatory #9 response: 

See TSWC-FED-0044116-158, inclusive. 

10. For each Operation identified in response to Interrogatory No. 2, Identify each 

Disposal Company that handled any Waste Material that contained COCs and for each such 

company provide: (a) the dates during which that company handled Waste Material; (b) the 

chemical composition of the Waste Material handled by that company; (c) the methods of 

storage, handling, treatment, and disposal used by that company; and (d) the location(s) where 

that company disposed of the Waste Material. 

Interrogatory #10 response: 

Defendant identified all known disposal companies that handled any waste materials in the 
lower Passaic River catchment for the Defendant. The known disposal companies are set forth 

below in this interrogatory response. Any waste materials removed from the former SW 

property and transported and disposed outside of the lower Passaic River catchment is not the 
subject of the present lawsuit. The chemical composition of waste materials is set forth in the 
1981 TSD Annual Report found at TSWC-FED-0044531 and the 1983 Generator's Report found 
at TSWC-FED-00444475. The alleged location(s) of the companies so identified is alleged in 
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plaintiff's Complaint. The list of known disposal companies is comprehensive. The dates said 

disposal companies were utilized by Defendant are set forth below: 

D8LI Trucking and Waste Company, Avenue P Landfill—was a facility licensed to operate in 1970 

and that ceased accepting materials in 1974. If waste materials from the former SW property 

were taken to the Avenue P Landfill, they would have consisted of waste materials consistent 

with the 1981 TSD Annual Report and 1983 Generator's Report referenced above. It was 

alleged that Defendant disposed of approximately 1300 drums per year at the Avenue P Landfill 

during its operations. 

Bayonne Barrel & Drum—this facility allegedly operated between the early 1940s and the early 

1980s. It is believed that this facility received empty drums from Defendant for reconditioning. 

Central Steel Drum—this facility allegedly operated between 1951 and the early 1990s. 

With regard to the site referenced as Avenue P, see file materials found at TSWC-FED-0047863 
etc. This site allegedly operated between 1960 and 1973, 

Defendant has no knowledge or documentation of any other disposal facility or waste disposal 
activities that were undertaken in the lower Passaic River catchment. 

11. For each Operation identified in response to Interrogatory No. 2, state whether 

any raw material, products or intermediates, or Waste Material contained any of the COCs and, if 

so, Identify: (a) which COC(s) it contained; (b) the raw material or Waste Material that contained 

the COC; and (c) the approximate quantity (by percentage and concentration) of each COC 

present in the raw material or Waste Material. 

Interrogatory #11 response: 

With regard to the percentage and concentration of any COCs in Defendant's waste is found in 
the PVSC wastewater sampling results, a copy of which in the possession of plaintiff is found at 
TSWC-FED-0047860-61. Said production is without prejudice to Defendant's position that upon 
connecting to the PVSC treatment works system in 1924, Defendant's process wastewater was 
not discharged into the Passaic River. 

Information with regard to lead acetate is as follows: 

The Defendant has not located any documentation or information that lead acetate was used at 
the former SW property. The Defendant previously acknowledged, however, that it is possible 
that lead acetate was used at the former SW property, and that was the sole basis for the 
inclusion of that information in Defendant's initial interrogatory responses. In any event, even 
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if used, the Defendant does not believe that lead acetate was produced at the former SW 

property. It would have been delivered as a raw material if so used. It is also more likely than 
not that if lead acetate was used it would have been stored in an above-ground tank at the 
former SW facility, and there is no document or any information located by Defendant that 
suggests any such storage ever took place. The investigation regarding documents or 
information on this subject is continuing and defendant reserves the right to supplement these 
interrogatory responses accordingly. 

12. Identify any contracts You had with the Disposal Sites, any operator(s) of the 

Disposal Sites, or any party to haul Containers containing Waste Materials to the Disposal Sites 

and describe: (a) the chemical composition of the materials You disposed of at the Disposal 

Sites: (b) the time period of this disposal; and (c) the amounts of Waste Materials disposed at the 

Disposal Sites. 

Interrogatory #12 response: 

The list of known hazardous substances used at the former SW property is found at TSWC-FED-
0047641 and 0047642. Neither dioxin nor PCBs were utilized by Defendant in its production of 
products produced at the former SW property, nor were they produced as by-products in any 
of the Defendant's production activities. The known chemicals in the waste materials are noted 
in the 1981 TSD Annual Report found at TSWC-FED-44531 and the 1983 Generator's Report 
found at TSWC-FED-0044475. The complete universe of contracts with disposal companies that 
had facilities in the Passaic River catchment in the possession of Defendant consists of those 
contracts identified in Defendant's initial responses to plaintiffs interrogatories. The 
representative amount of waste material disposed on an annual basis is set forth in the 
documents identified and referenced in the interrogatory #5 response as set forth in the 
documents beginning with the pages noted hereafter: TSWC-FED-0044531 and 00-44475. 

15. Are You a party to any joint defense agreement(s) (whether written or unwritten) 

between or among You and any other Person relating to this litigation and/or any of the 

Properties at Issue? If so, Identify the parties to the agreement and state the date it was signed (or 

verbally agreed to) and became effective. 

Interrogatory #15 response: 
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The joint defense agreements entered into by Defendant were noted in the initial interrogatory 

responses. The identity of "others" is requested, notwithstanding said information was 

previously provided to Defendant. The parties that entered into the October 24, 2017 joint 

defense agreement were all identified in Defendant's previous interrogatory responses. In the 

subsection referenced in (t), delete the word "includes" and replace with the word "are". 

17. Identify the dates and describe the nature and results of any soil, groundwater, 

surface water, stormwatcr, sediment, wastewater, or other site media sampling that relates to 

COCs on any Property at Issue identified in response to Interrogatory No. 1 or in the Passaic 

River. 

Interrogatory #17 response: 

Plaintiff references the number of pages produced by Defendant on the issue of remedial 
investigation activities. It is noted that plaintiff requested that it receive all such materials, 
reports, including quality assurance/quality control documentation. Defendant has complied 
with that request, which has resulted in the substantial document production noted. The more 

specific information requested is set forth below, identifying the report in question, its date, 

and the pages therein that contain sampling data. 

Each report contains a table of contents that identify the contents of the report and the reports 
contain headings that identify the sampling activities undertaken and the sampling results 
obtained. Each report is also dated and indicates the consulting firm author of the document. 
By identification of the pages below, Defendant notes that the reports include text explaining 

or discussing sampling results in pages and sections not identified as "sampling results" and 

plaintiff should so recognize in its review of the documents produced by Defendant. 

1. 2003 Copco PAR, beginning at page TSWC-FED-0044548, pages 0044577 to 0044596 

2. 2003 Copco SI/RIR, beginning at page TSWC-FED-0045222, pages 0045252 to 0045256 

3. Final UST report, beginning at TSWC-FED-45392, page 0045406 

4. Full RI report, beginning at TSWC-FED-45430, pages 0045490 to 0045967 

5. MW 32 Groundwater 2007 report, beginning at TSWC-FED-0056544, pages 0056559 and 
0056560 

6. AOCARAR 2008, beginning at TSWC-FED-0043919, page 0043937 to 0043940 

7. The complete contents of the two appendices found at TSWC-FED-0001336 and TSWC-FED-
7864 respectively 
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8. ISRA Investigation Report 2002, beginning at TSWC-FED-1122, pages 1175 through 1240 

9. Final Copco report 2017, beginning at TSWC-FED-0034308 through and the 27 pages 

thereafter 

10. Final Soil RIR 2017, beginning at TSWC-FED-0047632, pages 0047669-676. 

11. Phase V report, beginning at TSWC-FED-0036599, pages 0036617 to 0036621 

12. Phase IV report, beginning at TSWC-FED-0034308, pages 0034326-0034330 

13. Groundwater Monitoring Report 2010-2012, at TSWC-FED-0011301, pages 0011323 to 

0011336 

14. Remedial Action Report for AO 26, 2008, at TSWC-FED-0047937, pages 0047954 to 47959. 

Defendant reserves the right to amend its answers to plaintiffs interrogatories as allowed 
pursuant to Court orders. 

It is also noted that the list above does not include all of the document production specified 

pages pertaining to investigatory or remedial activities. The pages noted are specific portions 

of the various reports that contain "Analytical Results", as requested and in accordance with 
plaintiffs request. Pages that include sampling data quality control/quality control materials 
are not specified herein but are found at the document locations so noted in Defendant's 
previous productions. For example, Defendant's second production of documents includes such 
documents and materials (See TSWC-FED-0001336-0034307.) In addition, certain of the 
reports identified above include such materials, but have not been specifically identified herein. 
For example, preliminary sections of the identified reports contain descriptions of site history 

and activities, prior investigation results, etc. that are easily gleaned from the table of contents 
contained in the various reports identified. 

18. For any Property at Issue identified in response to Interrogatory No. 1. Identify 

and describe any Response Action that has occurred on that location. 

Interrogatory #18 response: 

See documents produced by Defendant with the pages beginning at TSWC-FED-0043919, 
TSWC-FED-0045032, TSWC-FED-0045192, TSWC-FED-0045392. 
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19. For any Property at Issue identified in response to Interrogatory No. 1, Identify 

and describe any major capital improvements and/or major changes to the footprint of the 

proPerry. 

Interrogatory #19 response: 

The site maps previously provided identify the improvements located at the former SW 
property as of the date noted. (See TSWC-FED-0001254, 0001121, 0001115, 0001252, 0001253, 
0001255 and 0047862). It is not considered that any major capital improvements and/or 

footprint changes to the former SW property occurred that is/are not identified on the 

referenced site maps re-produced by Defendant to counsel on August 26, 2019. Defendant 

withdraws its objection to the term "major" for this interrogatory response. 

21. Identify or describe Your document retention and destruction polic(ies) relating to 

the retention or destruction of business records relating to each Property at Issue or Operations 

identified in response to Interrogatory Nos. I or 2. 

Interrogatory #21 response: 

The Defendant has only recently implemented a company-wide document retention policy. 
That policy was placed in effect within the last three (3) years. Prior to that policy, the company 
had an environmentally related document retention policy that related to certain 

environmental documents. That document retention policy was not in effect at the time the 

former facility was decommissioned. Business activities at Defendant's facility ceased in 1999 
and the facility was demolished at that time. All known documents relevant to the allegations 
set forth in plaintiffs Complaint have been reviewed as part of Defendant's document 
production. To the extent additional responsive documents are identified, they will be reviewed 
and produced if appropriate. 
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VERIFICATION 

I, Stephen J. Perisutti, Vice President, Deputy General Counsel and Assistant Secretary of 

The Sherwin-Williams Company ("Sherwin-Williams"), state that I am authorized on behalf of 

Sherwin-Williams to verify the Initial Answers and Objections, and Supplemental Responses to 

Plaintiffs Interrogatories, and that while I do not have personal knowledge of all facts cited 

therein, the information has been collected and the Answers and Responses made after a 
reasonable search of available records and that the information contained therein is true and 

accurate based on my best knowledge, information and belief. The records relied upon are 

identified in the Initial Answers and Supplemental Responses and, unless otherwise noted 

therein, have all been produced to Plaintiff and counsel of record. Therefore, the foregoing Initial 

Answers and Supplemental Responses are verified on behalf of Defendant The Sherwin-Williams 

Company. 

Dated: September 30, 2019 
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Inadvertent Polychlorinated
Biphenyls in Commercial Paint
Pigments†

D I N G F E I H U A N D K E R I C . H O R N B U C K L E *

Department of Civil & Environmental Engineering and
IIHR-Hydroscience and Engineering, The University of Iowa,
Iowa City, Iowa 52242

Received August 7, 2009. Revised manuscript received
September 17, 2009. Accepted November 16, 2009.

A polychlorinated biphenyl (PCB) that was not produced as
part of the Aroclor mixtures banned in the 1980s was recently
reported in air samples collected in Chicago, Philadelphia,
the Arctic, and several sites around the Great Lakes. In Chicago,
the congener 3,3′-dichlorobiphenyl or PCB11 was found to
bethefifthmostconcentratedcongenerandubiquitousthroughout
the city. The congener exhibited strong seasonal concentration
trends that suggest volatilization of this compound from
common outdoor surfaces. Due to these findings and also the
compound’s presence in waters that received waste from
paint manufacturing facilities, we hypothesized that PCB11 may
be present in current commercial paint. In this study we
measured PCBs in paint sold on the current retail market. We
tested 33 commercial paint pigments purchased from three
local paint stores. The pigment samples were analyzed for all
209 PCB congeners using gas chromatography with tandem
mass spectrometry (GC-MS/MS). More than 50 PCB congeners
including several dioxin-like PCBs were detected, and the
PCB profiles varied due to different types of pigments and
differentmanufacturingprocesses.PCBcongenersweredetected
in azo and phthalocyanine pigments which are commonly
used in paint but also in inks, textiles, paper, cosmetics, leather,
plastics, food and other materials. Our findings suggest
several possible mechanisms for the inadvertent production of
specific PCB congeners during the manufacturing of paint
pigments.

Introduction
Polychlorinated biphenyls (PCBs) are a family of 209 com-
pounds, called congeners, produced commercially as Aroclors
by chlorination of biphenyl. The Aroclor mixtures were
marketed for use in electrical transformers, capacitors, heat
transfer systems, and hydraulic systems (1, 2). Lower quanti-
ties were used in voltage regulators, adhesives, caulking
compounds, inks, lubricants, paints, sealants, carbonless
copy paper, coatings, electrical switches, plasticizers, circuit
breakers, dust control agents, and older fluorescent lighting
fixtures (2). Aroclors were used in paint formulations as drying
oils (resins) and plasticizer or softening agents (liquids). Data
provided to EPA indicate that PCBs have been found in dried
paint at concentrations that range from less than 1 ppm to
97,000 ppm (3).

Some PCB congeners, usually called non-Aroclor PCBs,
are not present or are very low in concentration due to
unfavored or improbable formation during the Aroclor
manufacturing process (2). PCB11 is one of such non-Aroclor
PCB congeners. In air samples from Chicago collected in
2007, we found PCB11 widely distributed throughout the
city (4). The compound was almost simultaneously reported
in air of polar regions (5). Since then, its presence was also
reported in air of Philadelphia (6) and five sites around the
Great Lakes (7). It appears that PCB11 is a global pollutant.
In addition, PCB11 was measured in the wastewater effluent
from paint production. Possible production of PCB11 from
dechlorination is not likely because its possible precursors
are in very low concentration in Aroclors (8, 9). The
widespread distribution of PCB11 throughout Chicago and
elsewhere suggests volatilization of this compound from
surfaces. Litten et al. reported that PCB11 was in surface
waters and effluent waste streams from a pigment manu-
facturing plant around New York Harbor (10). Recently,
Rodenburg et al. detected it in consumer goods including
newspapers, magazines, and cardboard boxes, which usually
contain color pigments (11). Therefore, we hypothesize that
PCB11 and other PCB congeners are present as byproduct
in current commercial pigments.

Paint is composed of pigments, solvents, resins, and
various additives (12). Two major groups of paints are latex
(water-based) and alkyd (oil-based) paints (13). The major
difference between latex and alkyd paints is that the major
liquid portion of latex paints is water while the liquid in
oil-based paints consists of petroleum distillates and other
organic solvents such as toluene and xylene. Latex paints are
the most common type for house use from exterior paint
and trim, to interior walls and woodwork. Generally, a paint
store has about 10 different colors of base pigments, and
paints are sold by mixing pigments with other components.
To test our hypothesis, we purchased and analyzed paint
pigments from three paint stores. According to IBISWorld
Inc., in 2007 these companies account for about 70% of the
market share in the United States.

Materials and Methods
Reagents. Paint pigments were purchased from three dif-
ferent paint retailers: Sherwin Williams, PPG Pittsburgh, and
Vogel, in Iowa City, Iowa in 2009. A calibration standard
solution with a full suite of 209 PCB congeners was prepared
from five PCB congener solutions purchased from Ac-
cuStandard (New Haven, CT). Acetone and hexane (pesticide
grade) were purchased from Fisher Scientific (Fair Lawn,
NJ).

Sample Analysis. The extraction method was modified
from U.S. EPA method 3545 (14). In brief, approximately
5.0 g of the fresh pigment sample was accurately weighed
and mixed with combusted diatomaceous earth, then spiked
with 50 µL of 500 ng/mL surrogate standards containing
PCB14 (3,5-dichlorobiphenyl), PCB65 (2,3,5,6-tetrachloro-
biphenyl) and PCB166 (2,3,4,4′,5,6-hexachlorobiphenyl) (Cam-
bridge Isotope Laboratories, Inc.). The samples were extracted
utilizing a pressurized fluid extraction (Accelerated Solvent
Extractor, Dionex ASE-300) with a mixture of acetone and
hexane (1:1, v/v). The extract was concentrated to ∼2 mL
from ∼200 mL, and the concentrated extract was transferred
to a glass test tube; ∼2 mL of concentrated sulfuric acid was
slowly added and mixed. Hexane (8 mL) was used to extract
the acidified mixture 3 times after a 10-min mechanical
shaking and centrifugation at 3000 rpm/min for 5 min. The
pooled extract was concentrated down to ∼2 mL and passed

† Part of the special section “Sources, Exposures, and Toxicities
of PCBs in Humans and the Environment”.

* Corresponding author phone: (319) 384-0789; fax: (319) 335-
5660; e-mail: keri-hornbuckle@uiowa.edu.
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through a silica gel column prepared with 0.1 g of combusted
silica gel at the bottom and 1 g of acidified silica gel (2:1silica
gel:concentrated sulfuric acid by weight). Hexane (10 mL)
was used to elute PCBs from the column and the eluate was
concentrated down to ∼0.5 mL for PCB analysis. All samples
were analyzed in duplicate, and the average is reported.

The final extract was spiked with 20 ng of PCB204
(2,2′,3,4,4′,5,6,6′-octachlorobiphenyl) as internal standard
(Cambridge Isotope Laboratories, Inc.). All 209 PCB conge-
ners, in about 170 chromatographic peaks, were analyzed
using a gas chromatograph with mass selective detection
(GC-MS/MS) modified from the EPA method 1668A (15). The
quantification of PCB congeners was performed by an Agilent
6890N gas chromatograph with an Agilent 7683 series
autosampler coupled to a Waters Micromass Quattro micro
GC mass spectrometer (Milford, MA) operating under
electron impact (EI) positive mode at 70 eV and multiple
reaction monitoring (MRM), and the trap current was 200
µA. The retention windows were defined by PCB parent/
daughter ion pairs from mono- to deca- homologues which
were 188/152, 222/152.10, 255.96/186, 291.92/222, 325.88/
255.90, 359.84/289.90, 393.80/323.90, 427.76/357.80, 461.72/
391.83, 497.68/427.70, respectively.

Quality Assurance/Quality Control. During extraction
of paint pigments using ASE, samples and blanks (combusted
diatomaceous earth) were alternated on the instrument to
avoid, and detect, any cross contamination between pigment
samples. The average recoveries of PCB 14, PCB 65, and PCB
166 surrogate standards injected in every sample were 56 (
15%, 85 ( 25%, and 86 ( 20%, respectively. Di- to tri- PCB
concentrations in samples were corrected for PCB14 recovery
and tetra- to deca-PCBs for PCB166 based on our analytical
method validation using Standard Reference Material 1944.

Results and Discussion
Inorganic and Organic Pigments. Inorganic pigments are
produced from either naturally mined pigments (sienna,
umber, ochre) or synthetically manufactured pigments (iron
oxide, carbon black, etc). Titanium dioxide is the most
important white pigment in the industry because of its high
refractive index, reflectance, ease of dispersion, brightness,
and opacity (16, 17). Titanium dioxides and iron oxides
account for approximately 70% and 15% of world consump-
tion of inorganic pigments (18, 19). No PCBs were found in
inorganic pigments which primarily contain titanium dioxide,
iron oxide, raw umber, or carbon black (Figure 1 and Table
1). PCB formation is expected to be associated with chlo-
rinated solvent or intermediates used in the manufacturing
process of pigments.

PCBs were primarily found in organic paint pigments with
a concentration range from 2 to 200 ng/g fresh weight (f.w.)
in 15 of 33 analyzed paint pigments (Figure 1 and Table 1)
in this study. Pigment chemical structures were provided by
Sherwin Williams. PPG Pittsburgh and Vogel did not provide
this information, although we were able to determine several
pigment types based on their material safety data sheets.
Most orange, red, and yellow pigments are made from azo
pigments, and PCBs are only found in two groups of organic
pigments: azo pigments and phthalocyanine pigments. For
pigment samples from Sherwin Williams, we clearly see PCBs
are only present in these two types of pigment. Chlorinated
solvents or intermediates are usually involved to produce
these two types of organic pigments, and side-reactions of
these chlorinated compounds result in formation of PCBs
during the manufacturing process. The EPA is aware of the
presence of PCBs in diarylide pigments and phthalocyanine
pigments. Diarylide pigments belong to the azo category of
pigments (20). However, we observed the presence of PCBs
not only in diarylide pigments but also in other azo pigments

such as Hansa yellow, quinacridone, isoindolinone, and
maybe more, since some pigment types are unknown.

Azo and phthalocyanine pigments and chemically identi-
cal dyes are the most important groups of synthetic colorants
with a great variety of industrial applications. They are used
for coloring paints, inks, textiles, paper, cosmetics, leather,
plastics, food and other materials (21, 29). The widespread
use of these pigments explains the presence of PCB11 in
commercial goods common throughout modern society, such
as newspapers, magazines, and cardboard boxes (11).
Although we do not know if inadvertent PCBs have adverse
effects on human health, there are many potential routes for
human exposure to these PCBs through inhalation, dermal
exposure, and ingestion due to their physicochemical
characteristics of semivolatility, hydrophobicity, and persis-
tence.

Congener Profiles. The detailed PCB distribution profile
in each pigment is provided in Tables S1-S3, and two
examples are presented in Figure 2. The pigments, Y1 of
Sherwin Williams and 96-26Z of PPG Pittsburgh, are both
yellow and made from monoazo yellow pigments. The
synthesis of monoazo yellow pigments involves the coupling
of a diazotized substituted aniline with a coupling component
containing an active methylene moiety in a linear structure
(18). There are different PCB distribution profiles in different
pigments due to various manufacturing processes for dif-
ferent pigments or even the same pigments. The same type
pigment might have different starting materials, intermedi-
ates, or manufacturing conditions. For a particular manu-
facturing process, only very limited numbers of chlorinated
compounds are involved; however, up to 22 congeners were
detected in one pigment. Among these detected congeners,
PCBs 77, 114, and 123 are dioxin-like congeners which have
distinct toxic properties. A variety of PCB profiles in paint
pigments were observed in this study (Tables S1-S3),
although the reason for their presence is not completely
understood. PCB11 was most often detected: it was found in
13 of 15 pigment samples for which any PCBs were detected,
followed by PCBs 8, 6, 4, 1, 12/13, 2, 3, and 209seach with
more than 40% detection frequency (Figure 2). PCB congeners
of all chlorination levels were found in the pigments.

FIGURE 1. ∑PCB concentrations in 33 commercial paint
pigments purchased from Sherwin Williams, PPG Pittsburgh,
and Vogel paint stores.
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However, lower chlorinated PCB congeners dominated in
most pigment samples except in phthalocyanine green
pigments which contain very high levels of PCB209 relative
to other detected congeners. PCB209 accounts for ap-
proximately 66%, 33%, and 50% of total PCBs in phthalo-
cyanine green pigments of G2, 86-4D, and PP, respectively,
from three different paint stores. It is interesting that although
dissimilar in structure, both PCB 11 and PCB 209 are non-
Aroclors that could be used as signatures of pigment use or
discharge.

Formation Mechanism. Phthalocyanine Pigments. Cop-
per phthalocyanine pigments are the most widely used blue
and green pigments for various applications (16, 21). Two
different general processes are used for commercial produc-
tion of phthalocyanine pigments: one is from phthalic
anhydride, urea, and copper or a copper salt, and the second
is from phthalonitrile and copper or a copper salt (22). The
first route is less expensive and is usually used to produce
phthalocyanine pigments for high-volume and low-cost
applications such as paint pigments and dyes for textiles
and paper; the second route is more expensive but produces
high-quality and high-purity phthalocyanine pigments such
as charge generation materials for electrophotography (21).
The first urea process usually involves organochlorine solvent
such as di- or trichlorobenzene as the reaction medium. Uyeta
et al. showed that starting materials (urea, phthalic anhydride,
copper chloride, ammonium molybdate) and the initial
reaction medium (di- or trichlorobenzene) did not contain
PCB congeners (22), so they are not a direct source of PCBs
in pigments.

PCB formation mechanisms (Figure 3) are proposed for
the urea manufacturing process. Phthalocyanine blue is

produced from starting materials without chlorines, and
phthalocyanine green is derived from phthalocyanine blue
by chlorination (21). Lower chlorinated PCB congeners are
produced as by-products during the manufacturing process
of phthalocyanine blue pigments from the reaction medium
chlorobenzene (23). The reaction medium, dichlorobenzene
or trichlorobenzene, can form tetra-, penta-, and/or hexa-
PCB congeners by a reaction with each other under heat
through a free radical mechanism (the dashed arrow pathway
in Figure 3) (24, 25). The resulting PCB congeners may
thermally degrade further into lower chlorinated congeners
by the same mechanism (26). Mono- through tetra-chloro-
biphenyls have been created through a free radical mech-
anism from pyrolysis and combustion of other chlorinated
organics at temperatures ranging from 300 to 700 °C (27).
The free radical mechanism to form PCBs from chloroben-
zenes has been experimentally demonstrated (25). The
temperature is usually below 300 °C during the pigment
manufacturing process; however, the presence of copper
chloride and ammonium molybdate as a catalyst might
promote this mechanism at a lower temperature range
(25, 28). To gain proper brightness, shade, strength, and flow
properties of synthetic pigments, various factors including
the reaction temperature and the drying temperature might
be altered to meet these purposes (20). With increase of the
reaction temperature, the total PCB formation increases
independent of reaction time after the initial 2 h (25). Lower
chlorinated benzenes might produce more PCB congeners
than higher ones.

During the process of perchlorination from phthalocya-
nine blue to phthalocyanine green, decachlorobiphenyl (PCB
209) is formed along with some other highly chlorinated

TABLE 1. Colors and Types of Commercial Paint Pigments Purchased from Three Paint Storesa

paint store code color pigment type

Sherwin Williams

Y1 yellow hansa yellow
G2 green phthalocyanine green
R4 red isoindolinone
L1 blue phthalocyanine blue
W1 white titanium dioxide
N1 raw umber raw umber titanium dioxide
Y3 deep gold iron oxide
R2 maroon iron oxide
R3 magenta quinacridone
B1 black carbon black

PPG

96-5E blue phthalocyanine blue
96-4D green phthalocyanine green
96-13M durable red /
96-10J carbazole violet /
96-26Z medium yellow monoazo yellow
96-7G durable yellow /
96-6F red iron oxide
96-12 L raw umber /
96-23W white titanium dioxide
96-2B lamp black /
96-3C yellow oxide iron oxide
96-22 V violet quinacridone

Vogel

CC blue phthalocyanine blue
DD magenta /
PP green phthalocyanine green
HH exterior red /
TT medium yellow /
MM red oxide /
VV white /
FF raw umber /
EE black /
JJ yellow oxide /
KK brown oxide /

a “/”: proprietary.
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congeners such as nonachlorobiphenyls (PCBs 206, 207, and
208) from less chlorinated congeners (Figure 3). This explains
the presence of much more nona- and deca-PCB congeners
in phthalocyanine green than in phthalocyanine blue, which
can be observed by comparison of PCB distribution profiles
in L1 and G2 from Sherwin Williams, 96-5E and 96-4D from
PPG Pittsburgh, and CC and PP from Vogel.

Azo Pigments. Azo pigments are the most important group
of synthetic colorants with the largest fraction (more than

50%) of organic pigments on the market (29). Azo pigments
have a wide range of colors covering almost the entire visible
spectrum although blue and green colors are mostly provided
by phthalocyanine and two other pigments (18). Some vivid
colors of azo pigments are commercially dominant, especially
reds, oranges, and yellows.

Azo pigments are almost exclusively produced through a
reaction sequence of diazotization and coupling to afford
the azo group (sNdNs) which is the chromophore respon-

FIGURE 2. Examples of PCB profiles in paint pigments (top two plots) and the frequency of congener detection in the 15 pigments
with detected PCBs (bottom plot).

FIGURE 3. PCB formation mechanisms in the manufacture process of phthalocyanine blue and phthalocyanine green. The subscripts
x, a, b, and c refer to the number of chlorine atoms.
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sible for its vivid colors (18). The reaction involves a primary
aromatic amine as a diazo component and a nucleophilic
aromatic or aliphatic compound with active methylene
groups as a coupling component. An aromatic amine such
as a mono-, di, or trichlorinated aniline is typically involved
in the diazotization reaction as a diazo component, and
frequently they are also used as coupling components.
Another important group of diazo components for azo
pigment formation include 3,3′-dichlorobenzidine, and to a
lesser extent 2,2′5,5′-tetrachlorobenzidine, 3,3′-dimethoxy-
benzidine, and 3,3′-dimethylbenzidine (18). The last two
compounds do not contain chlorines which are required
elements for formation of PCB congeners.

For synthesis of azo pigments, there are more than 10
common intermediates and starting materials such as
chlorinated aniline and chlorinated benzidines that can
potentially have side-reactions to produce PCBs. PCBs are
probably formed by coupling of bis-diazotized dichloroben-
zidines or tetrachlorobenzidines under basic conditions as
a result of the decomposition of the diazo moiety. Poly-
chlorinated anilines can be also used to form PCBs through
the free radical mechanism, and the free radical rearrange-
ment of chlorine positions might play a significant role in
varieties of PCB congeners with limited chlorinated inter-
mediates. Lower PCB congeners may be formed by carrying
out the coupling process at lower pH or in the presence of
unsaturated aliphatic compounds such as acylamides (20).
For example, 3,3′-dichlorobenzidine and 2,2′,5,5′-tetrachlo-
robenzidine are probably the diazo components for TT and
HH pigments that contain high PCB11 and PCB52 (Table
S3), respectively. Unfortunately, we cannot verify the path-
ways for pigments considered proprietary by manufacturers;
however, the links of intermediates and PCB by-products
can be illustrated structurally (Figure 4). The azo pigments
based on 3,3′-dichlorobenzidine appear preponderant (30),
which might explain partially the consistency of PCB11
detection.

Environmental Emission. A wide variety of organic
pigments are commercially available; however, in terms of
chemical structure, almost all currently produced organic
pigments belong to four different groups: azo pigments and
lakes (salt type), phthalocyanine pigments, polycyclic pig-
ments, and heterocyclic pigments (20). In spite of accelerated
progress in the synthesis of organic pigments, commercially
available pigments at present are chemically identical to those
produced historically since the use of synthetic pigments.
PCB congeners are primarily detected in azo pigments and
phthalocyanine pigments. PCB11 is consistently detected in
almost all azo and phthalocyanine pigments, and it is absent
or in very low relative concentrations in commercial Aroclor
mixtures. Therefore, PCB11 can be regarded as a key indicator
of PCB emission from de novo synthesis as by-products of

industrial synthetic process of paint pigments. PCB11 is the
fifth highest congener and ubiquitous in Chicago air (4).
Although we do not know the contribution of PCB congeners
from paint pigments to the airborne PCBs in the environment,
these congeners, especially low chlorinated congeners, might
contribute a significant portion as PCB11 because of their
high volatility.

Based on 40 CFR 761.80, PCBs are allowed at less than 25
mg/kg with a 50 mg/kg maximum in commerce of diarylide
pigments or phthalocyanine pigments when leaving a
manufacturing site or imported to the United States. PCB
levels in the examined paint pigments are all below the
regulatory standard; however, paints are being extensively
and constantly used especially in urban areas. PCBs might
accumulate due to their resistance to degradation in the
environment. It has been reported that PCB11 and total PCB
levels in air are directly proportional to human population
density (7, 31, 32). To our knowledge, pigments or dyes are
the only significant source of PCB11. The elevation of PCB11
in air must be associated with human activity utilizing
pigments or dyes. The presence of PCB11 indicates paint
should be an important source of airborne PCBs although
the link of PCBs in paint pigments and PCBs in air is still not
clear.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 2

290 BROADWAY
NEW YORK, NY 10007-1866

SEP 1 8 2Gi7

BY EMAIL AND CERTIFIED MAIL
RETURN RECEIPT REQUESTED

To: See List of Addressees - Attachment A

Re: Allocation for Operable Unit 2 Remedial Action
Diamond Alkali Superfund Site, Essex and Hudson Counties, New Jersey

Dear Sir/Madam:

On August 28, 2017, the U.S. Environmental Protection Agency ("EP A") hosted a meeting at its
New York City offices to provide you with an opportunity to share your views on the Agency's
proposed settlement framework for implementation of the remedy selected for the lower 8.3
miles ofthe Passaic River, which is Operable Unit 2 ("OU2") ofthe Diamond Alkali Superfund
Site (the "Site"). I want to once again thank all of the parties that participated in the meeting.
Your participation has helped both EPA and the other parties better understand the issues and
concerns regarding the framework.

After careful consideration, the Agency has concluded that the allocation process should include
all of the potentially responsible parties ("PRPs") for OU2 (apart from the Passaic Valley
Sewerage Commission ("PVSC"), the four municipal PRPs referred to below, and the PRPs that
settle pursuant to the "early" cash-out settlement that EPA offered in March 2017), and should
not be limited to the "middle tier" parties. Transparency and fairness are concepts that EPA has
consistently stated are of importance to the Agency in this matter and, after considering your
comments and concerns, we think those concepts are best served by having one allocation for all
of these parties.

Numerous parties at the August 28, 2017 meeting expressed concern regarding the financial
burden that would be placed on PRPs that are not responsible for the release of dioxins, furans
and/or polychlorinated biphenyls ("PCBs") into the Lower Passaic River if those parties are not
given the opportunity to settle with the United States for their OU2 liability, as opposed to
having to implement the remedial action for OU2. EPA appreciates those concerns. As we have
stated, we anticipate that with the help of the allocation process, EPA will be able to offer cash-
out settlements to a number of the parties.

Similarly, EPA's expectation that the private PRPs responsible for the release of dioxins, furans
and/or PCBs will perform the OU2 remedial action has not changed. It is therefore our goal that,
in addition to supporting potential additional cash-out settlements, the allocation will lead to a
consent decree in which those parties agree to perform the OU2 remedial action under EPA
oversight.

Intemet Address (URL). http://www.epa.gov
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To perform the allocation, EPA has retained AlterEcho and its senior allocation specialist, Mr.
David Batson, Esq., through the Agency's prime contract with CSRA. EPA and AlterEcho invite
you to attend a meeting to introduce the allocation process. Among other things, the allocation
will provide opportunities for participating parties to comment on factors that should be part of
the allocation and to contribute relevant information about themselves and other parties for use in
the allocation. This meeting will be held on October 13,2017 at 9:00 A.M. on the 27th floor of
EPA's offices, which are located at 290 Broadway, New York, NY 10007.

Mr. Batson has requested that each party designate a primary contact for future communications
on the allocation and that the primary contact attend the October 13thmeeting in person. EPA has
established a conference line for others wishing to participate. The call-in number is 866-299-
3188, and the conference code is 212-637-3136. Please respond to EPA by October 5, 2017 with
the following information: 1) name of and party represented by the primary contact attending the
meeting; 2) names of other representatives planning to call in for each such party. Your response
should be directed to Alice Yeh, Remedial Project Manager, Emergency and Remedial Response
Division at yeh.alice@EPA.gov or u.s. EPA Region 2,290 Broadway - 19thFloor, New York,
NY 10007.

After the allocator assigns shares to the parties, EPA will make a decision as to which parties
should receive cash-out settlement offers, the dollar amount of each offer, and how the money
raised by the cash-out settlements will be applied towards OU2 costs.

During the August 28, 2017 meeting, several parties raised questions concerning EPA's
enforcement approach for PVSC and the municipalities to which EPA issued notices of potential
liability (the City of Newark, Borough of East Newark, Town of Harrison and Town of Keamy).
EPA has initiated discussions with PVSC and the municipalities about substantial contributions
that, collectively, they might make to the OU2 remedy. At this time, we do not believe it would
be helpful to include them in the allocation.

If you have any questions regarding this matter, please contact Assistant Regional Counsel Juan
Fajardo at 212-637-3132 or fajardo.juan@epa.gov.

~ms'L
Eric J. Wilson
Deputy Director for Enforcement and Homeland Security
Emergency and Remedial Response Division

cc: Brian Donohue, Esq., USDOJ
Mark Barash, Esq., USDOI
Kate Barfield, Esq., NOAA
John Dickinson, Esq., New Jersey Attorney General's Office
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Attachment A - List of Addressees

Diamond Alkali Superfund Site
Lower 8.3 Miles - Passaic River

Company Contact Information Facility

A.E. Staley Manufacturing Co., John R. Holsinger, Esq. 320 Schuyler Avenue and
Inc. Two University Plaza, Suite 300 100 Third Avenue
2200 E. Eldorado Street Hackensack, NJ 07601 Kearny, NJ
Decatur, IL 62521-1578 201-487-9000 (T)

johnh@jrholsinger.com
Now Tate & Lyle Ingredients
Americas LLC Heidi R. Balsley, Esquire

Corporate Counsel
A.E. Staley
Manufacturing Co., Inc.
2200 E. Eldorado Street
Decatur, IL 62521
Heidi.Balsley@tateandlyle.com

Alden Leeds Inc. Mark Epstein, President 2145 McCarter Highway
55 Jacobus Ave. Alden Leeds Inc. Newark, NJ
Kearny, NJ 07032 55 Jacobus Ave.

Kearny, NJ 07032 55 Jacobus Avenue
Kearny, NJ

Joseph Fiorenzo, Esq.
Sills Cummis & Gross
The Legal Center
One Riverfront Plaza
Newark, NJ 07102
973-643- 7000 (T)
jfiorenzo@sillscummis.com

Alliance Chemical, Inc. Fredi Pearlmutter, Esq. 33 Avenue P
Linden Avenue Lindabury, McCormick, Estabrook & Newark, NJ
Ridgefield, NJ 07657 Cooper, P.c.

53 Cardinal Drive
Box 2369
Westfield, NJ 07091
908-233-6800 (T)
fuearlmutter@lindabld!Y.com
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American Ref-Fuel Co. Nancy Tammi, Esq. 183 Raymond Blvd & 66
155 Chestnut Ridge Road VP, Associate General Counsel Blanchard St
Montvale, NJ 07645 Covanta Newark, NJ

445 South Street
Now Covanta Essex Company Morristown, NJ 07960

862-345-5133

Barbara Hopkinson Kelly, Esq.
Wilson Elser Moskowitz Edelman &
Dicker LLP
200 Campus Drive
Florham Park, NJ 07932-0668
973.735.5765 (Direct)
609.213.8589 (Cell)
973.624.0808 (Fax)
barbara.kelly@wilsonelser.com

Arkema Incorporated Paula Martin, Esq. Wallace & Tieman
2000 Market Street Doug Loutzenhiser 25 Main Street
Philadelphia, PA 19103-3222 Legacy Site Services, LLC Belleville, NJ

468 Thomas Jones Way, Suite 150
Exton, PA 19341-2528
Paula.martin@total.com

Ashland, Inc. Robin E. Lampkin 221 Foundry St.
5200 Blazer Parkway Ashland Inc. Newark, NJ
Dublin,OH43017 5200 Blazer Parkway

Dublin,OH 43017
Telephone: 614-790-3019
realmpkin@ashland.com

William S. Hatfield, Esq.
Gibbons P.C.
One Gateway Center
Newark, NJ 07102
whatfield@gibbonslaw.com

Atlas Refining, Inc. Steven Schroeder, Jr., President & CEO 142 Lockwood St.
142 Lockwood Street Atlas Refinery, Inc. Newark, NJ
Newark, NJ 07105 142 Lockwood Street

Newark, NJ 07105
Now Atlas Refinery, Inc.

Thomas H. Prol, Esq.
Laddey, Clark & Ryan,
LLP
60 Blue Heron Road, Suite 300
Sparta, NJ 07871
tryan@lcrlaw.com
tprol@lcrJaw.com

2
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Automatic Electro Plating Corp. Michael O'Rourke, President 185 Foundry Street Complex
185 Foundry Street, Suite 3 Automatic Electro Plating Corp. Newark, NJ
Newark, NJ 07105 1017 Applegate Parkway (Bldgs 19,21,22)

Waxhaw, NC 28173-6738
Michael.orourke@aol.com

BASF Catalysts LLC Karyllan D. Mack, Esq. (see below) Engelhard Corporation
100 Campus Drive One West Central Avenue
Florham Park, NJ East Newark, NJ

BASF Corp. Karyllan D. Mack, Esq. 50 Central Ave.
3000 Continental Drive Environmental Counsel Kearny, NJ
Mount Olive, NJ 07828 BASF Corporation &

100 Park Avenue 150 Wagaraw Rd
Florham Park, NJ 07932 Hawthorne, NJ
Karyllan.mack@basf.com

David Schneider, Esquire
Bressler, Amery & Ross
Post Office Box 1980
Morristown, NJ 07962
dschneider@bressler.com

Benjamin Moore & Co. Paul Sangillo, Esq. 134 Lister Ave.
51 Chestnut Ridge Rd. Benjamin Moore & Co. Newark, NJ
Montvale, NJ 07645 101 Paragon Drive

Montvale, NJ 07645
201.949.6318 (T)
Paul.sangillo@benjaminmoore.com

Eric S. Aronson, Esq.
David G. Mandelbaum, Esq.
GreenbergTraurig
500 Campus Drive
Suite 400
Florham Park, NJ 07932
aronsone@g!law.com

Berol Corporation Andrew Sawula, Esq. Faber-Castell Corporation
c/o Newell Rubbermaid Inc. Schiff Hardin LLP 41 Dickerson Street
2707 Butterfield Road, Suite One Westminster Place, Suite 200 Newark, NJ
100 Lake Forest, IL 60045
Oak Brook, IL 60523 847-295-4336 (T)

asawula@schifthardin.com
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Campbell Foundry Company Timothy J. Corriston, Esq. 800 Bergen Street
800 Bergen Street Connell Foley LLP Harrison, NJ
Harrison, NJ 07029 85 Livingston Avenue

Roseland, NJ 07068
973-535-0500 (T)
tcorriston@connellfoley.com

Canning Gum LLC Richard A. Nave, CHMM
Frederick Gumm Chemical

c/o MacDermid Incorporated Corporate Director EH&S
Co.

1401 Blake Street Platform Specialty Products Corp.
538 Forest Street

Denver, CO 80202 245 Freight Street
Kearny, NJWaterbury, CT 06702

Celanese Ltd. Duke K. McCall, III, Esq. 354 Doremus Ave
Route 202-206 Newark, NJ
P.O. Box 2500 Morgan, Lewis & Bockius

Somerville, NJ 08876 LLP
1111 Pennsylvania Ave., NW

CNA Holdings LLC Washington, DC 20004-2541

participating on behalf of 202-373-6607 (T)

Celanese Ltd duke.mccall@morganlewis.com

James 1. Dragna
Morgan Lewis
300 South Grand Ave., 22nd Floor
Los Angeles, CA 90071-3132
Jim.dragna@morganlewis.com

James O'Toole, Esq.
Buchanan Ingersoll & Rooney PC
Two Liberty Place
50 S. 16thStreet, Suite 3200
Philadelphia, PA 19102-2555
James ~(a)blnc.com

Chargeurs, Inc. James. R. Brendel, Esq. United Piece Dye Works
178 Wool Road Clark Hill PLC 199 and 205 Main Street and
Jamestown, SC 29453 One Oxford Centre 42 Arnot Street

301 Grant Street, 14thfloor Lodi, NJ
Pittsburgh, PA 15219
412-394-2373 (T)
jbrendel@clarkhill.com
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Chevron Texaco Corporation Shawn Raymond DeMerse Getty Newark Terminal
6001 Bollinger Canyon Rd. Chevron U.S.A. Inc. 86 Doremus Ave.
K-2056 Law Department Newark, NJ
San Ramon, CA 94583 1400 Smith Street, Rm 07090

Houston, TX 77002
Chevron Environmental shawndemerse@chevron.com
Management Company
participating for itself, Texaco, Louis M. DeStefano, Esq.
Inc. and TRMI-H LLC Buchanan Ingersoll & Rooney, PC

550 Broad Street, Suite 810
Newark, NJ 07102-4517
973.273.9800 (T)
louis.destefano@biI1c.com

Coats & Clark, Inc. Dan Riesel, Esq. Clark Thread Co.
3420 Toringdon Way, Suite 301 Jeff Gracer, Esq. 260 Ogden Street
Charlotte, NC 28277 Sive Paget & Riesel, P.c. NewarkNJ

460 Park Avenue 900 Passaic Avenue
New York, NY 10022 East Newark NJ
212-421-2150 735 Broad Street
driesel@sI1r.com Bloomfield NJ

EnPro Holdings LLC as Tom Price, Esq. Crucible Steel Co.
assignee of Coltec EnPro Industries 1000 South Fourth St.
Industries Inc. 5605 Carnegie Boulevard Harrison, NJ

5605 Carnegie Boulevard Charlotte, NC 28209

Charlotte, NC 28209 704-731-1525 (T)
tom.I1rice@enI1roindustries.com

Charles E. Merrill, Esquire
Husch Blackwell Sanders LLP
190 Carondelet Plaza, Suite 600
St. Louis, MO 63105
314-480-1952
charlie.merrill@huschblackwell.com

Congoleum Corp. Russell Hewit, Esq. 195 Belgrove Drive
3705 Quakerbridge Road Dughi, Hewit & Domolewski, P.c. Kearny, NJ
Mercerville, NJ 08619 340 North Avenue

Cranford, NJ 07016
908-272-0200(T)
rhewit@dughihewit.com
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Cooper Industries, Inc. Lisa D. Sutton J. Wiss & Sons Co
600 Travis Street Vice Present/Chief Counsel - EHS 7,13,26 Bank Street and
Houston, TX 77002 Eaton Corporation 33 Littleton Avenue (aka 400

1000 Eaton Boulevard West Market Street)
Cleveland, OH 44122 Newark, NJ
440-523-4358 (T)

John F. Cermak
Sonja A. Inglin
Baker Hostetler
11601 Wilshire Boulevard, Ste 1400
Los Angeles, CA 90025-0509
310-442-8889 (T) (Cermak)
310-442-8885 (T) (Inglin)
jcennak@bakerlaw.com
singlin@bakerlaw.com

Cooper Industries, LLC Thomas A. Edison, Inc.
600 Travis Street, Suite 5800 (see above) Belleville Avenue &
Houston, TX 77002 Shennan Avenue

Bloomfield, NJ
75 Belmont Avenue
Belleville, NJ

Croda Inc. Stephen Swedlow, Esq. Hummel Lanolin
300-A Columbus Circle Quinn, Emanuel, Urquhart & Sullivan, LLP 185 Foundry Street Complex
Edison, NJ 08837 191 N. Wacker Drive, Suite 2700 Newark, NJ

Chicago, IL 60606 (Block 5005, Lot 21; BId 39)
ste2henswedlow@guinnemanuel.com

Curtiss- Wright Corp. Diana Buongiorno 1 Passaic St.
4 Becker Farm Road Chiesa Shahinian & Giantomassi, PC Woodridge, NJ
Roseland, NJ 07068 One Boland Drive

West Orange, NJ 07052
973-530-2075(T)
dbuongiorno@csglaw.com

Darling International, Inc. Steven Singer, Esq. Standard Tallow Corp.
251 O'Connor Ridge Boulevard, 34 Hillside Avenue 61 Blanchard Street,
Suite 300 Montclair, NJ 07042 Newark, NJ
Irving, TX 75038 973 -744-6093 1215 Harrison Avenue,

stsinger@verizon.net Kearny, NJ

DII Industries, LLC Thomas C. Jackson, Esq. Worthington Corp. &
c/o Halliburton Joshua Frank, Esq. Dresser Industries, Inc.
2101 City West Blvd. Baker Botts LLP 401 Worthington Avenue
Houston, TX 77042-3021 1299 Pennsylvania Ave., N.W. Harrison, NJ

Washington, DC 20004-2400
202-639-7710 (T)
Thomas.J ackson@bakerbotts.com
Joshua. frank@bakerbotts.com
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Drum Service of Newark, Inc. Ralph Foglia Hilton-Davis
104 Lister Ave. 104 Lister Ave. 120 Lister Ave.
Newark, NJ 07105 Newark, NJ Newark, NJ

07105

Eden Wood Corporation Warren L. Dean, Jr. Whippany Paper Board
47 Parsippany Road Thompson Coburn LLP 1 Ackerman Avenue
Whippany, NJ 07981 1909 K Street, N.W. Clifton, NJ

Suite 600
Washington, D.C. 20006-1167
202.585.6908 (T)
wdean@thompsoncobum.com

E.!. duPont de Nemours & Co. Stephen Rahaim, Esq. Pitt Consol
1007 Market Street Chief Environmental 191 Doremus Ave.
Wilmington, DE 19898 Counsel Newark, NJ

E.!. duPont de Nemours and
Company
Chestnut Run Plaza
72111264
974 Centre Road
P.O. Box 2915
Wilmington, DE 19805
302-996-8278(T)
stephen.rahaim@dupont.com

Elan Chemical Co. Jocelyn Kapp Manship, CEO 268 Doremus Ave.
268 Doremus Ave. Elan Chemical Company Inc. Newark, NJ
Newark, NJ 07105 268 Doremus Avenue

Newark, NJ 07105

Randy Schillinger, Esq.
Saiber Schlesinger Staz & Goldstein
One Gateway Center, 13th Fl
Newark, NJ 07102
973-622-3333(T)
rs@saiber.com

El Paso Tennessee Pipeline Co. Andrea A. Lipuma, Esq. Tenneco, Inc.
1001 Louisania Street Saul Ewing LLP 290 River Drive
Houston, TX 77002 650 College Road East Garfield, NJ

Suite 4000
EPEC Polymers Inc. Princeton, NJ 08540-6603
participating on behalf of itself Telephone: 609-452-5032
and EPEC Oil Company alipuma@saul.com
Liquidating Trust
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Essex Chemical Corp. Kenneth Mack, Esq. 330 Doremus Ave.
2030WMDC Linda Mack, Esq. Newark, NJ
Midland, MI 48674 Fox Rothschild LLP

Post Office Box 5231
Princeton, NJ 08543-5231

Princeton Pike Corp. Center
997 Lenox Drive, Bldg. 3
Lawrenceville, NJ 08648
609-896-3000(T)
kmack@foxrothschild.com

Everett Smith Group, Ltd. Sarah A. Slack, Esq. Blanchard Bro. & Lane, Inc.
330 East Kilbourn Avenue, Ste Foley & Lardner, LLP 40 Bruen Street
750 Suite 500 Newark, NJ
Milwaukee, WI 53202 150 East Gilman Street

Madison, WI 53703-1482
608-258-4239
sslack@foley.com

Foundry Street Corporation Gerald Borriello 185 Foundry Street Complex

67 Kettle Hole Road 2524 Foundry Street Corporation Newark, NJ

Montauk, NY 11954-5084 67 Kettle Hole Road 2524 (Block 5005, Lot 22 - Bldgs
Montauk, NY 11954-5084 19,21,22)
geraldborriello@gmail.com

Richard Wroblewski, P.G. Givaudan Fragrances

Fragrances North America Environmental Specialist 125 Delawanna Avenue

1775 Windsor Road Givaudan Fragrances Corp. Clifton, NJ

Teaneck, NJ 07666 300 Waterloo Valley Road
Mount Olive, NJ 07828

Now Givaudan Corp. richard. wroblewski@givaudan.com

William Hatfield, Esq.
Gibbons, PC
One Gateway Center
Newark, NJ 07102-5310
973-596-4511 (T)
whatfield@gibbonslaw.com

Franklin Burlington Plastics, Norman Spindel, Esq. 113 Passaic Ave.
Inc. Lowenstein Sandler PC Kearny, NJ
113 Passaic Ave. 65 Livingston Avenue
Kearny, NJ 07032 Roseland, NJ 07068

973-597-2514(T)
nspindel@lowenstein.com
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Garfield Molding Company, Inc. Patrick J. McStravick, 10 Midland Avenue
IllS Inman Ave. #196 Ricci Tyrrell Johnson Wallington, NJ
Edison, NJ 08820 & Grey 1515 Market

Street, Suite 700
Philadelphia, PA 19102
215-320-2087 (T)
PMcStravick@rtjglaw.com

General Electric Company Roger Florio, Esq.
3135 Easton Turnpike General Electric 415 South 5th Street
Fairfield, CT 06828-0001 640 Freedom Business Center & 1000 South 2nd Street

King of Prussia, PA 19406 Harrison, NJ
Roger. florio@ge.com

Gary P. Gengel, Esq.
Latham & Watkins, LLP
One Newark Center, 16th floor
Newark, NJ 07101
973-639-7287 (T)
gary.gengel@lw.com

Goodrich Corporation Earl W. Phillips, Jr., Esq. Kalama Chemical
Four Coliseum Centre Robinson & Cole LLP 290 River Drive
2730 West Tyvola Road 280 Trumbull Street Garfield, NJ
Charlotte, NC 28217 Hartford, CT 06103-3597

860-275-8220 (T)
eQhilliQs@rc.com

Hexcel Corp. Steve Leifer, Esq. 205 Main St.
2 Stamford Plaza Baker Botts LLP Lodi, NJ
Stamford, CT 06901 1299 Pennsylvania Ave., NW

Washington, DC 20004
202-639-7723(T)
sleifer@bakerbotts.com

Hoffman-La Roche Inc. John Klock, Esq.
340 Kingsland RoadGibbons, PC340 Kingsland Street

One Gateway Center Nutley, NJ
Nutley, NJ 07110

Newark, NJ 07102
jklock@gibbonslaw.com

Frederick Kentz, Esq.
Vice President and General Counsel
Hoffmann-La Roche Inc.
150 Clove Road,
Little F"lk NT ()74?4
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Honeywell International, Inc. Jeremy Karpatkin, Esq. General Chemical Co.
P.O. Box 2245 Arnold & Porter Kaye 65 Lodi Street/S'" Street
Morristown, NJ 07962 Scholer LLP Passaic, NJ

601 Massachusetts Ave.,
NW
Washington, DC 2000 I
202-942-5564 (T)
Jeremy.kamatkin@aQks.com

ISP Chemicals, Inc. Robin E. Lampkin ISP Van Dyk, Inc.
1361 Alps Road Ashland Inc. 1 Main Still William St.
Wayne, NJ 07470 5200 Blazer Parkway Wayne, NJ

Dublin,OH 43017
now ISP Chemicals LLC 614-790-3019 (T)

relamQkin@ashland.com

William Hatfield, Esq.
Gibbons, PC
One Gateway Center
Newark, NJ 07102-5310
973-596-4511 (T)
whatfield@gibbonslaw.com

ITT Industries, Inc. Susanne Peticolas, Esq. 100 Kingsland Drive
77 River Road Gibbons, PC Clifton, NJ
Clifton, NJ 07014 One Gateway Center

Newark, NJ 07102-5310
participating as Exelis Inc. for 973-596-4751 (T)
itself and lIT Industries, Inc speticolas@gibbonslaw.com

Kearny Smelting & Refining Ms. Francine Rothschild, President 936 Harrison Ave.
936 Harrison Ave #5 Kearny Smelting & Refining Kearny, NJ
Kearny, NJ 07032 936 Harrison Ave

Kearny, NJ 07032
201-991-7276 (T)

Lee D. Henig-Elona, Esq.
Gordon & Rees
18 Columbia Turnpike, Suite 220
Florham Park, NJ 07932
973-549-2520(T direct)
973-549-2500(T office)
Ihenig-elona@gordonrees.com
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Lucent Technologies James (Jay) Stewart, Esq. AT&T/Western Electric
600 Mountain Avenue Lowenstein SandlerLLP 100 Central Ave.
Murray Hill, NJ 07974 65 LivingstonAvenue Kearny, NJ

Roseland,NJ 07068
now Alcatel-Lucent USA, Inc. 973-597-2522 (T)

jstewart@lowenstein.com

Gary M. Fisher, Esq.
Alcatel-Lucent
Environment, Health & Safety Corporate
Center
600 Mountain Avenue
Room IF-I02G
Murray Hill, NJ 07974
gary.fisher@alcatel-Iucent.com

Monsanto Co. John F. Gullace, Esq. Monsanto Co.
800 North Lindbergh Blvd. Manko, Gold, Katcher & Fox, LLP Foot of Pennsylvania Ave.
St. Louis, Missouri 63167 401 City Avenue, Suite 500 Kearny, NJ

Bala Cynwd, PA 19004
Pharmacia Corporation (flkla 484-430-2326(T)
Monsanto Company) jgullace@mgkflaw.com

National-Standard Company Susanne Peticolas, Esq. 714- 716 Clifton Avenue
1618 Terminal Road Gibbons, PC Clifton, NJ
Niles, MI 49120 One Gateway Center

Newark, NJ 07102-5310
Now National-Standard LLC 973-596-4751(T)

speticolas@gibbonslaw.com

Newark Morning Ledger
lMichael J. Anderson, Esq. 1 Star Ledger Plaza

1 Star Ledger Plaza
Sabin, Bermant & Gould LLP Newark, NJ

Newark, NJ 07102
lOne World Trade Center, 44th Floor
New York, New York 10007
Direct No. (212) 381-7068
Fax No. (212) 381-7201
manderson(illsabin firm. com

Frances B. Stella, Esq.
Brach Eichler L.L.c.
101 Eisenhower Parkway
Roseland, New Jersey 07068
Direct No. (973) 403-3149
Fax No. (973) 618-5549
fstella@bracheichler.com
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Newell Rubbermaid, Inc. Andrew Sawula, Esq. Goody Products
29 E. Stephenson Street Schiff Hardin LLP 969 Newark Turnpike
Freeport, IL 60132 One Westminster Place, Suite 200 Kearny, NJ

Lake Forest, IL 60045
847-295-4336 (T)
asawula@schiffhardin.com

News America Inc. Peter Simshauer, Esq. Chris-Craft Inc.lMontrose
767 Fifth Ave., 46th Floor Skadden, Arps, Slate, Meagher & Flom LLP Chemical Co.
New York, NY 10153 500 Boylston Street 100 Lister Ave.

Boston, MA 02116 Newark, NJ
tka News Publishing Australia, 617-573-4880(T)
Ltd., now Twenty-First Century psimshau@skadden.com
Fox America

Occidental Chemical Corp. Dennis F. Blake Diamond Shamrock
Occidental Tower Senior Vice President Chemicals Co.
5005 LBJ Freeway Occidental Chemical Corp. 80 and 120 Lister Ave.
Dallas, TX 75244 5005 LBJ Freeway Newark, NJ

Dallas, TX 75244

Larry Silver, Esq.
Langsam Stevens Silver
1818 Market Street, Suite 2610
Philadelphia, PA 19103-5319
215- 239.9023
lsilver@lssh-law.com

The Okonite Company, Inc. David Brook, Esq. Canal and Jefferson Streets
102 Hilltop Road McCullough Ginsberg Montano & Passaic, NJPartners LLPRamsey, New Jersey 07446 55 Bleeker Street

Millburn, NJ 07041
dbrook@mgpllp.com

Otis Elevator Co. Earl W. Phillips, Jr., Esq. 1000 First St.
North America Operations Robinson & Cole LLP Harrison, NJ
10 Farm Springs Road 280 Trumbull Street
Farmington, CT 06032 Hartford, CT 06103-3597

860-275-8220(T)
ephillips@rc.com

Pabst Brewing Company Eugene Kashper, Chairman & CEO 400 Grove Street9014 Heritage Parkway Pabst Brewing Company Newark, NJSuite 308
Woodridge,IL 60517 10635 Santa Monica Blvd Ste 350

Los Angeles, CA 90025
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Palin Enterprises Diana Buongiorno,
American Modem MetalsChiesa Shahinian 44 Passaic Ave. (aJk/a 25& Giantomasi PC Belgrove Drive)pne Boland Dr.

West Orange, NJ Kearny, NJ
P7052
dbuonaiomordtcszl
aw.com

Mr. Michael Palin
Palin Enterprises
235 Park Avenue South, #8
New York, NY 10003-1045

Passaic Pioneer Properties Timothy J. Corriston, Esq.
35 Eighth Street

PO Box 327 Connell Foley LLP
Passaic, NJ

35 Eighth Street 85 Livingston Avenue
Roseland, NJ 07068Passaic, NJ 07055
973-535-0500 (T)
tcorriston@connellfoley.com

PMC, Inc. Phillip Kamins, President & CEO Kleer Kast
12243 Branford Street PMC Global, Inc. 450 Schuyler Avenue
Sun Valley, CA 91352 12243 Branford St Kearny, NJ

Sun Valley, CA 91352
818-896-110 1(T)

Power Test of New Jersey, Inc. Christine Fitter, Asst Secretary Getty Newark Terminal
125 Jericho Turnpike Leemilt's Petroleum, Inc. 86 Doremus Ave.
Jericho, NY 11753 125 Jericho Turnpike, Suite 103 Newark, NJ

Jericho, NY 11753
now Leemilt's Petroleum, Inc., cfitter@gettyrealty.com
successor to Power Test ofNJ,
Inc. Nicole Moshang, Esq.

Manko, Gold Katcher & Fox LLP
401 City Avenue, Ste. 500
Bala Cynwyd, PA 19004
484-430-2324 (T)
nmoshang@mgktlaw.com

PPG Industries, Inc.
Gary P. Gengel, Esq. 29 Riverside Ave.

One PPG Place Newark, NJ
Pittsburgh, PA 15272 Latham & Watkins, LLP

885 Third Avenue
New York, NY 10022-4834
gary.gengel@lw.com
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PSE&G Corp. John F. Doherty, Esq. 155 Raymond Blvd.
P.O. Box 570 Associate General Litigation Counsel Newark, NJ
Newark, NJ 07101 PSE&G Services Corporation &

80 Park Plaza, T5D 4th St.
Post Office Box 570 Harrison, NJ
Newark, NJ 07102
973-430-6478(T)
John.doherty@pseg.com

Kevin R. Gardner, Esq.
Connell Foley
85 Livingston Avenue
Roseland, NJ 07068
973-535-0500(T)
kgardner@connellfoley.com

Purdue Pharma Technologies, James (Jay) Stewart, Esq. Napp Technologies
Inc. Lowenstein Sandler PC 199 Main St.
One Stamford Forum 65 Livingston Avenue Lodi, NJ
Stamford, CT 06901 Roseland, NJ 07068

973-597-2522(T)
jstewart@lowenstein.com

Quality Distribution, Inc. Bonni Kaufman, Esq. Chemical Leaman Tank
150 East Pennsylvania Avenue Holland & Knight, LLP Lines
Suite 450 800 17ili Street N.W. Suite 1100 80 Doremus Avenue
Downingtown, PA 19335 Washington, DC 20006 Newark, NJ

202-419-2547
Quality Carriers, Inc. Bonni.kaufman@hklaw.com

Royce Associates A.J .Royce, President Royce Chemical Company
366 N. Broadway, Ste. 400 Royce Associates, ALP 17 Carlton Avenue
Jericho, NJ 11753 35 Carlton Ave East Rutherford, NJ

East Rutherford, NJ 07073
201-438-5200(T)

Ronald Bluestein, Esq.
Flamm Walton
794 Penllyn Pike
Blue Bell, PA 19422
267-419-1500 (T)
rbluestein@flammlaw.com
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RSRCorp. Jane C. Luxton, Esq. Revere Smelting & Refming
2777 Stemmons Freeway Christopher Clare, Esq. 387 Avenue P
Suite 1800 Clark Hill PLC Newark, NJ
Dallas, TX 75207 1001 Pennsylvania Avenue

NW, Suite 1300 South
now Revere Smelting and Washington, DC 20004
Refining Corporation 202-572-8674(T)

703-598-3275(M)
jluxton@clarkhill.com
cclare@clarkhill.com

Safety Kleen Envirosystems Co. Marylin Jenkins, Esq. 600 Doremus Ave.
1301 Gervais St. Edgcomb Law Group Newark, NJ
Columbia, SC 29201 One Post Street, Suite 2100

San Francisco, California 94104-5225
McKesson Corporation for itself 707-755-4341 (T)
and for Safety-Kleen mjenkins@edgcomb-law.com
Envirosystems, Inc.

Schiffenhaus Packaging Corp. Camille V. Otero, Esq. 204 Academy Street
c/o Rock- Tenn Company Gibbons, PC 49 Fourth Street
504 Thrasher Street One Gateway Center 2013 McCarter Highway
Norcross, GA 30071 Newark, NJ 07102-5310 Newark, NJ

cotero@gibbonslaw.com

Sequa Corporation Brian L. Buniva, Esq. Sun Chemical Corporation
200 Park Avenue Senior Counsel & Senior Director 185 Foundry Street
New York, NY 10166 Environment, Health & Safety Newark, NJ

Sequa Corporation (prior to 1987)
919 E. Main Street, Suite 1300
Richmond, VA 23219
845-230-7374 (Direct)
804-873-0610 (Mobile)
Brian Buniva@segua.com

Gary P. Gengel, Esq.
Kegan A. Brown, Esq.
Latham & Watkins, LLP
885 Third Avenue
New York, NY 10022-4834
g!!J:Y.gengel@lw.com

Seton Company, Inc. David M. Kohane, Esq. Seton Leather Company
1000 Madison Avenue Cole Schotz, PC 849 Broadway
Norristown, PA .19403 \ PO Box 800 Newark, NY 07104

25 Main Street
now Seton Tanning Hackensack, NJ 07601-7015

201-525-6267(T)

DKi~im uaohane. bradford@coleschotz.com
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SpectraServ, Inc. Diana Buongiorno, Esq. 75 Jacobus Ave.
75 Jacobus Avenue Chiesa Shahinian & Giantomassi, PC Kearny, NJ
Kearny, NJ 07032 One Boland Dr

West Orange, NJ 07052
973-530-2075(T)
dbuongiorno@csglaw.com

STWB, Inc. Timothy I. Duffy, Esq. Lehn & Fink Products Corp.
c/o Bayer Corporation Coughlin Duffy LLP 192-194 Bloomfield Avenue
100 Bayer Road Post Office Box 1917 Bloomfield, NJ 07003
Pittsburgh, PA 15205 350 Mount Kemble Avenue

Morristown, NJ 07962-1917 Thomasett Colors/Sterling
973 -631-6002(T) 120 Lister Ave.
tduffr@coughlinduffv.com Newark, NJ
Ihall@coughlinduffy.com(Assistant)

Sun Chemical Corporation Warren W. Faure, Esq. Sun Chemical Corporation
35 Waterview Boulevard EH&S Counsel 185 Foundry Street
Parsippany, NJ 07054-1285 Sun Chemical Corporation Newark, NJ

35 Waterview Boulevard (1987 to present)
Parsippany, NJ 07054
973-404-6590(T)
Warren.faure@sunchemical.com

Ted Wolff, Esq.
Manatt, Phelps & Phillips, LLP
7 Times Square
New York, NY 10036
twolff@manatt.com

Teval Corporation Lee D. Henig-Elona, Esq. Guyon Pipe
99 Cherry Hill Road, Suite 105 Gordon & Rees 900-1000 South 4thStreet
Parsippany, NJ 07054 18 Columbia Turnpike, Suite 220 Harrison, NJ

Florham Park, NJ 07932
973-549-2520(T direct)
973-549-2500(T office)
lhenig-elona@gordonrees.com

Textron, Inc. Jamie Schiff, Esq. Spencer Kellogg Division
40 Westminster Street Textron, Inc. 400 Doremus Avenue
Providence, RI 02903 40 Westminster Street Newark, NJProvidence, RI 02903

401-457 -2422 (T)
j schiff@textron.com

Bonni Kaufman, Esq.
Holland & Knight
800 17thStreet, NW
Suite 1100
Washington, DC 20006
202-955-3000
bonni.kaufman@hklaw.com
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The Hartz Mountain 6001700 South 4thStreet
Corporation Curtis L. Michael, Esq. Harrison, NJ
400 Plaza Drive Horowitz, Rubino & Patton
Secaucus, NJ 07094 400 Plaza Drive

PO Box 2038
The Hartz Consumer Group, Secaucus, NJ 07094-2038
Inc. on behalf of The Hartz Curt.michael@hrplaw.com
Mountain Corporation

The Newark Group, Inc. David M. Meezan, Esq. The Newark Boxboard Co.
20 Jackson Drive Kazmarek Mowrey Cloud Laseter LLP 17 Blanchard Street
Cranford, NJ 07016 1230 Peachtree StreetN.E. Newark, NJ

Suite 3600
Atlanta, GA 30309
404-969-0733
dmeezan@kmcllaw.com

The Sherwin Williams Co. Herbert (Bart) Bennett, Esq.
60 Lister Ave.

101 Prospect Ave., N.W. Sokol, Behot & Fiorenzo
Newark, NJ229 Nassau StreetCleveland, OH 44115

Princeton, NJ 08542-4601
609-279-0900(T)
hbbennett@sbflawfirm.com

The Stanley Works Andrew Kolesar, Esq. Stanley Tools
1000 Stanley Drive Thompson Hine LLP 140 Chapel St.
New Britain, CT 06053 312 Walnut Street, 14thFloor Newark, NJ

Cincinnati, OH 45202
now Stanley Black & Decker, 513-352-6545(T)
Inc. andrew.kolesar@thomgsonhine.com

Tiffany & Co. John Klock, Esq. 820 Highland Avenue
727 Fifth Avenue Gibbons, PC Newark, NJ
New York, NY 10022 One Gateway Center

Newark, NJ 07102-5310
973-596-4757 (T)
jklock@gibbonslaw.com
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Unilever Bestfoods Joshua Frank, Esq.
Penick CorporationBaker BottsInternational Plaza

1299 Pennsylvania Ave., N.W. 540 New York Avenue
Sylvan Avenue Lyndhurst, NJ
Englewood Cliffs, NJ 07632 Washington, DC 20004-2400

202-639-7710 (T)

Conopco, Inc., d/bla Unilever Joshua. frank@bakerbotts.com

(as successpr to CPClBestfoods, Andrew Shakalis, Esq.
former parent of the Penick Associate General Counsel - Environmental
Corporation & Safety

Unilever
700 Sylvan Avenue
Englewood Cliffs, NJ 07632
201-894-2763 (T)
201-894-2727 (F)
Andrew.shakalis@unilever.com

Viacom Inc. Jeffrey B. Groy, Esq. Westinghouse Electric
11 Stanwix St. VP, Sr. Counsell Environmental 95 Orange St.
Pittsburgh, PA 15222 CBS Law Department Newark, NJ

CBS Corporation
Now CBS Corporation 2 East Mifflin Street, Suite 200

Madison, WI 5 3 7 0 3
262-705-0579(T)
jeff.groy@cbs.com

Vulcan Materials Co. Eva Fromm O'Brien, Esq. 600 Doremus Ave.
1200 Urban Center Drive Fulbright & Jaworski Newark, NJ
Birmingham, AL 35242 Fulbright Tower

1301 McKinney
Now Legacy Vulcan Corp. Suite 5100

Houston, TX 77010-3095
713-651-5321 (T)
713-651-5246 (F)
eobrien@fulbright.com

John M. Floyd, Esq.
Senior Attorney
Vulcan Materials Company
1200 Urban Center Drive
Birmingham, AL 35242
205-298-3745 (Direct)
205-492-4219 (Cell)
205-298-2960 (F)
floydj@vmcmail.com
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Roman Asphalt
Michael V. Calabro, Esq. 14 Ogden StreetCorporation 14 Ogden
Law Offices of Newark, NJStreet
Michael V. CalabroNewark, NJ 07104
475 Bloomfield Avenue
Newark, NJ 07107
973 482-1085
Mcalabro475@gmail.com
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Dioxin in the Passaic River (NJ):

Ed d A G

The Case for 2 Dioxin Sources

Edward A. Garvey,
Juliana Atmadja

Solomon S. Gbondo-Tugbawa,
Shane McDonald

The Louis Berger Group:The Louis Berger Group:
Morristown, NJ, Elmsford, NY & Exton, PA 

Battelle Sixth International Conference on the Remediation of 
Contaminated Sediments

New Orleans LA

The Louis Berger Group, Inc.

L
B
G

New Orleans, LA
February 10, 2011
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Outline

 Site Background
 Dioxin Ratios in New York Harbor.
 Dated Sediment Results for Dioxin
 Principal Components Analysis and Dioxin Ratios
 Conclusions

Although the information in this presentation has been funded by 
the USEPA, it does not necessarily reflect the views of the agency 
and no official endorsement should be inferred. 

The Louis Berger Group, Inc.

L
B
G

2
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Lower Passaic 
River Estuary

Dundee Dam
River Estuary 

Legend

Diamond AlkaliDiamond Alkali 
Upland Site

The Louis Berger Group, Inc.

L
B
G

3
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Lower Passaic River sediments have a unique 
signature that readily identifies their presence

0.75
2,3,7,8-TCDD
Total TCDD

Atmospheric 
Source

Total TCDD

Passaic 
Source Sewage 

Source
0.7

Source

Chaky (2003)

The Louis Berger Group, Inc.

L
B
G

4
Chaky (2003)

4
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Dated 
Sediment 12 6

7.8
18

Sediment 
Core  
Locations

12.6

Locations
2005 11

2.2

1 41.4

The Louis Berger Group, Inc.

L
B
G

57.8
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100
kg

)
The History of 2,3,7,8-TCDD as Recorded in the Sediments
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RM 11

0.01
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core segment
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Approximate Year of Deposition
10

/k
g) 5 to10-fold increase in Return to 1990s 

1

-T
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D
D

 (u
g/ dioxin concentration 

over a 5 year period 
???
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0.1
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2,
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The Louis Berger Group, Inc.
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1975 1980 1985 1990 1995 2000 2005

Approximate Year of Deposition
2007 6
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Possible Causes

 Sampling ArtifactSampling Artifact 
• (but result observed in three separate cores at 

approximately the same time horizon)

 Resuspension
• (but impact limited to upper 3 cores)
• (and other contaminants do not show impact)

 External Source 
• (but no known dischargers)

The Louis Berger Group, Inc.

L
B
G

7
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Dioxin ratios suggest change at time of event 

2000

2005
0.0 0.2 0.4 0.6 0.8 1.0 1.2

2,3,7,8-TCDD to Total TCDD Ratio
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The Louis Berger Group, Inc.
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1935

1940 of ~0.7Urban ratio
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No Similar Event is seen in other Contaminants
10

1C
D

D
 (u

g/
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1975 1980 1985 1990 1995 2000 2005

Approximate Year of Deposition
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First Principal 
Component 
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Dioxins and 
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First Principal Component vs. Approximate Year of Deposition 
for High Resolution Core Samples

Legend

River Mile 1.4

River Mile 2 2

High Resolution Core Slices
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River Mile 7.8

River Mile 11

River Mile 12.62

RM 7.8, 2001 slice

RM 11, 2001 slice

RM 12.6, 2001 slice

Slices with High Dioxin Concentration

C
om

po
ne

nt

.

.

.

2

0

rs
t P

ri
nc

ip
al

 C

-4

-2

Slices from RM 7.8 
and RM12.6 have 
almost identical first 

Fi
r

-6

principal 
components.

Year

-8
1950 1960 1970 1980 1990 2000 2010

First Principal Component Shows Circa 2000 Event Pattern to be Distinct from
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The Louis Berger Group, Inc.
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Post-1970 Sediment Patterns
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First and Second Principal Components for High Resolution 
Core Samples
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Dioxin to DDT Ratio Shows Variation over 
Time Between Upper and Lower Reaches.

Recent event is similar to 1960s conditions seen in the same area
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1

Combining Ratios Identifies Unique Patterns of  Current and Historical 
Contamination in the Upper and Lower Reaches of the Lower Passaic River
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Conclusions
d di id d il d l d f Dated sediment cores provide a detailed temporal record of 

relative contaminant loads to the estuary.
 Event circa 2000 is documented across three cores and can 

b id tifi d t l di i l d ith i di ibe identified as an external dioxin load, with a unique dioxin 
pattern.
• Lack of response in other contaminants rules out sediment 

resuspensionresuspension.
 Pattern observed in 2000 similar to one of 2 patterns 

observed in 1960s.
 Combined use of Dioxin and DDT ratios uniquely identifies Combined use of Dioxin and DDT ratios uniquely identifies 

upper reach contamination relative to lower reach in 1960s.
 Ratios in upper and lower reaches converge over time as 

sediments are mixed by tidal circulationsediments are mixed by tidal circulation.
 Temporary release circa 2000 has ended and estuary 

conditions have returned to 1990s levels.

The Louis Berger Group, Inc.
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B
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Questions???Questions???
 www ourpassaic orgwww.ourpassaic.org
 www.ournewarkbay.org

USEPA

USACE

USFWS

NJDEPUSACE

NJDOT

NJDEP

NOAA

Although the information in this presentation has been funded by 
th USEPA it d t il fl t th i f th

The Louis Berger Group, Inc.
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19the USEPA, it does not necessarily reflect the views of the agency 
and  no official endorsement should be inferred. 
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GIVAUDAN FRAGRANCES CORPORATION 
SUPPLEMENTAL RESPONSE TO 104(e) REQUEST FOR INFORMATION 

United States Environmental Protection Agency ("USEPA") has issued several requests for 

infonnation about the former Givaudan facility in Clifton, New Jersey (the "Givaudan Site" or 

"Clifton Site") with regard to the Lower Passaic River Study Area. USEPA's requests have 

sought information regarding the following general categories: the history of the former 

Givaudan Site, plant production information, liquid and solid waste management, permits, 

material and waste testing data, plant demolition, and remedial actions, with a specific focus on 

the compound identified as 2,4,5 Trichlorophenol ("TCP") and a product manufactured using 

TCP known as Hexachlorophene (a/k/a "G-11"). Givaudan's prior responses to USEPA were 

based upon the information and data then available. Givaudan hereby supplements its prior 

104(e) responses dated October 26, 1983, July 12, 2004, June 27, 2006, October 14, 2009 and 

December 3, 2009 for the Clifton Site. 

Since 2009, Givaudan has met with USEPA on several occas10ns and has exchanged 

correspondence concerning the former Clifton facility and its alleged nexus to contamination in 

the Lower Passaic River. USEPA has expressed interest in obtaining additional information 

related to the Clifton Site conditions over time, including the former plant process sewer system. 

Specifically, US EPA has sought confirmation of when the former Givaudan Site connected to the 

City of Clifton sewer system, which discharges to the Passaic Valley Sewer Commission 

("PVSC") main trunk line that runs parallel to the Lower Passaic River along Route 21. 

In an effort to respond to USEPA's requests, Givaudan has expended considerable efforts and 

resources to research and compile additional information concerning the former Givaudan Site. 

Those efforts included obtaining and evaluating additional historical aerial photographs, 

available historical sewer records, and other materials from public and other sources. The 

additional information gathered through Givaudan's efforts are provided in this supplemental 

104( e) response and include: 

(1) a collection of historical aerial photos and topographic information (with interpretative 

notes); 

(2) additional sewer maps obtained from the City of Clifton and the New Jersey Department 

of Transportation ("NJDOT"), detailing when the sewer lines were installed in the area 

surrounding the former Givaudan site; and 

(3) additional documents found in public and archived files related to other topics included 

in USEPA's requests for information. 

Givaudan supplements its prior 104(e) responses with the enclosed binders, Volume 1 (Tab No.'s 

1-55) and Volume 2 (Sewer Chronology, Exhibits A-T) (also provided via disk). The following 
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is a summary of the former Clifton facility information and documentation provided in this 
supplemental 104( e) response. 

HISTORICAL AERIAL PHOTOGRAPHY AND TOPOGRAPHIC REVIEW CONFIRMS 
NO SURFACE WATER DRAINAGE PATHWAY TO THE PASSAIC RIVER FROM THE 
FORMER GIVAUDAN SITE 

Through private vendors and archived public sources, Givaudan obtained dozens of additional 
aerial photographs of the Clifton Site spanning the years 1931 to 2012 (see Tab 1 for all Aerial 
Photograph and Topographic Exhibits). An emphasis was placed on securing aerials that covered 
the early years of plant operations up through the 1970s. This information supplements the aerial 
photography submitted as part of the 2009 104( e) supplemental response. The source and scale 
of these photographs are noted within the Aerial Photograph Exhibits in the binder included with 
this supplemental response. 

Several of these photographs include aerial stereo pairs, which allow a trained aerial photo 
interpreter to view greater detail to support the interpretations presented with the aerial 
photographs. There are also oblique aerial photographs that provide an additional viewing angle 
of the former Clifton site and the surrounding area. Based on the search conducted, the 1931 
photograph is the earliest aerial available for the former Clifton Site. 

In addition, the attachments include an 1870-1887 historical topography map (Aerial Photograph 
Exhibit 3 ), two aerial photographs that were photo digitized to obtain topographic information on 
a portion of the former Clifton site (Aerial Photograph Exhibits 19 and 24), and a 1979 aerial 
photograph that has been overlaid with the 1982 plant topography (Aerial Photograph Exhibit 
32). Note that copies of Sanborn Maps for the years 1935, 1951, 1952, 1965, 1970 and 1984 are 
also provided for reference, which show the plant expansion over time (see Tab No. 36). 

Aerial Photograph Exhibit 1 shows the plant at full build-out circa 1979, as well as the 
surrounding area. Plant building numbers and key roads around the plant are labeled for 
reference on this exhibit. 

Aerial Photograph Exhibit 2 shows the dates on which Givaudan purchased the various lots that 
make up the entirety of the former Clifton Site, which includes buildings on both the north and 
south sides of Delawanna Avenue (the main east/west trending road that divides the plant 
property). However, the remainder of the aerial photography review focuses on the south side of 
Delawanna Avenue where production and waste management activities took place. As part of 
the aerial photo interpretation, the then current property line of the former Clifton Site at the time 
of the photograph is shown, illustrating actual ownership and conditions onsite and in the area 
surrounding the property at the time of the photograph. The property line transferred onto each 
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photograph is based on the property title history and the City of Clifton title maps (see Tab No. 
3 7). The property title history identifies the parcels that Givaudan purchased over time that 
encompass the former Clifton Site, beginning in 1924 and ending with the last purchase in 1978 
for the south side and 1982 for the north side (id.). 

Aerial Photograph Exhibit 3 is the 1870-1887 historical topography map. The red outline shows 
the boundary of the former Clifton Site and the yellow line shows the area where topography was 
developed using digital plotting on the 1954 photograph (Aerial Photograph Exhibit 18) and the 
1961 photograph (Aerial Photograph Exhibit 23). Aerial Photograph Exhibit 32 shows the 1982 
plant topography overlain on a 1979 aerial photo. The 1870-1887 topography shows that prior to 
any development, Delawanna Avenue and the rail line along the western boundary of the former 
Clifton Site were present and their location and orientation have not changed since that time. 
Both Delawanna Avenue and the rail line are at a higher elevation compared to the former 
Clifton Site. The configuration of River Road was the same from that time until it changed on 
the eastern side of the property when Route 3 and Route 21 were constructed between 1959 and 
1961. Within the former Clifton Site boundary (inside the red line), the lowest elevation is to the 
south along the rail line at River Road, which low point remained the same throughout the 
development of the property. The area to the east/northeast is a natural topographic high that was 
partially excavated over time to allow for plant expansion, and the eastern bluff that remains 
there is the current location of a residential community, which is elevated approximately 20 feet 
above the former Clifton Site. 

The area east of the former Clifton Site (within the yellow line) is topographically higher than 
the Givaudan Site and that elevation has remained the same over time. Using digitized 
topography, Aerial Photograph Exhibit 19 (1954 photo) shows that the River Road/rail line 
location is the low spot, with higher elevations to the east along River Road. 

One key observation on all of the historical aerial photographs is that there is no visible 
channelized flow or surface drainage feature visible on or off of the plant property. The alleged 
existence of a possible surface water pathway that could have conveyed storm water flow from 
the former Clifton property directly to the Passaic River is not supported by the historical aerial 
photo review, or the digital topography analysis completed on the historical photos. There is no 
evidence of a defined drainage swale either on or off the property to the Passaic River in any of 
the historical aerial photos, and topographic relief is higher around the property and significantly 
elevated to the east, with the lowest elevation consistently identified at River Road and the rail 
line to the south. 

There was no overland path for runoff to the east from the former Givaudan Site to the Passaic 
River. Aerial Photograph Exhibit 24 (1961 photo) provides digitized topography after the 
construction of Route 3/Route 21, which shows that fill material was used for construction of 
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that roadways' current on/off ramps. The River Road/railroad area on the southern end of the 
plant remains the low point at the Clifton Site. Aerial Photograph Exhibit 32 shows the 1982 
topography overlaid on the 1979 aerial photo, which confirms that the River Road/railroad area 
remained the low point at the Clifton Site. With higher elevations to the east, and the unchanged 
presence of Delawanna Ave. along with the railroad on the north and west sides of the plant, the 
only location for surface water runoff from the former Clifton Site would have been the juncture 
of River Road and the rail-road at the southern end of the plant. Surface water runoff (if any) 
only occurred during extreme precipitation events as storm water was collected in the onsite 
pond or percolated into the unpaved areas at the property. Any surface runoff would have been 
collected in the City of Clifton storm sewer system on River Road near the railroad underpass 
(see Tab No. 50). 

FROM THE LATE 1940s THROUGH EARLY 1950s, THE FORMER CLIFTON SITE 
HANDLED PROCESS WASTEWATER ONSITE 

The remaining aerial photographs document site development over time. Key observations 
include the presence of three enclosed water features on the Clifton Site. Two of these features 
are first visible on the 1947 aerial photograph (Aerial Photograph Exhibit 8): a thin elongated 
feature believed to be the Spent Acid Pit ("SAP") referred to in earlier submittals, and the area 
known as the storm water pond, which remains visible until the plant is closed. The third 
enclosed surface water feature is clearly visible on the 1949 Oblique (Aerial Photograph Exhibit 
.U), adjacent to the SAP and north of the storm water pond. That feature appears to be an 
impoundment that handled process waste water. By 1953 (Aerial Photograph Exhibit 16), the 
only surface water feature visible is the storm water pond. The SAP no longer contains standing 
liquid, and there is no remaining evidence of the third water feature. The occurrence and 
eventual disappearance of the SAP and third surface water feature support prior information 
submitted to USEPA that the plant used the SAP and third surface water feature to handle plant 
process waste water and possibly non-contact cooling water, while the storm water pond was 
consistently used for collecting rainwater until plant closure (see Tab No. 27, well driller logs 
confirming the use of onsite pits for liquid waste disposal in 1949). The documentation 
submitted to US EPA indicated that, prior to 194 7, waste was discharged onsite into cesspools and 
pits. Some liquid waste (solvents) was also used as supplemental fuel in the plant boiler. The 
boiler house is visible on the 194 7 photograph, and also may be present in the 1940 photograph. 

In addition to the interpretation of aerial photography and the sewer chronology, Givaudan 
located a separate document from a well driller who did work at the plant, which confirms that 
plant waste was disposed into pits (e.g. the SAP and third water feature) (see Tab No. 27). 
Further, a 1951 Givaudan memo discusses the recovery of G-11 from the former waste pits (see 

Tab No. 48), which also supports the facility's practice of discharging and handling its process 
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waste water from G-11 on site before the plant connected to the city sewer line on River Road by 
1951-52. 

THE GIVAUDAN SITE WAS CONNECTED TO THE CLIFTON CITY SEWER 
SYSTEM AS EARLY AS 1926 AND NO LATER THAN 1951/1952 

As documented in prior submittals, the earliest engineering drawing referencing a plant sewer 
system for the Clifton Site is dated 1946. Until that time, the documentation indicates that 
process waste generated by the plant was disposed of in cesspools and pits, with some spent 
solvents used as supplemental fuel in the plant boiler. The installation of a dedicated plant sewer 
system in 1946 and the appearance of the SAP in 194 7, followed by the development of a third 
surface water impoundment by 1949, supports the prior information that plant process waste 
water was initially all handled onsite. Also, an onsite storm water management system was 
evident by 194 7 and is supported by the appearance of the storm water pond and a storm water 
conveyance system (1946 engineering drawing), which remained in use until the plant closed. 

Regarding the Clifton Site's connection to the City of Clifton sewer system, Givaudan provides 
the following information along with some background documentation (see also attached Sewer 
Chronology with Exhibits A-T). The City of Clifton (formerly Acquackanonk Township) began 
the process of planning for a dedicated sewer system in the early 1900s. By 1911, a contract was 
in place with the Passaic Valley Sewerage Commission ("PVSC") to construct a sewer system 
that would connect to the main trunk line that PVSC planned to install parallel to the Passaic 
River. There is documentation in historical City of Clifton records that parts of the City had 
sewer access before the 1920s (see Tab No. 25). By the early 1920s, the City had passed several 
resolutions for the design and installation of a dedicated sewer system for the majority of Clifton. 
With the completion of the PVSC trunk sewer by 1921, the City began adding connections for 
the discharge of its sewage to the PVSC. 

According to City of Clifton meeting notes, the majority of the City sewer system was in place 
and operating by 1927 (see Exhibit C to Sewer Chronology). Copies of sewer maps for the 
Delawanna area of Clifton, which include Delawanna Avenue, River Road and Oak Street in the 
vicinity of the former Givaudan Site, indicate that these sewers were installed by 1927. In 1930, 
the City passed Ordinance #989, which prohibited the discharge of sewage into the Passaic River 
or its Tributaries (see Exhibit H to Sewer Chronology). Subsequently, a series of ordinances 
were passed requiring hook ups by all businesses in Clifton to the City sewer when it was 
installed and establishing rates for sewer usage. A 1945 City Planning map shows that 
essentially the entirety of the City had both sanitary and storm sewers by that date (see Tab No. 
51 ). There is no evidence to support any allegation that the City of Clifton sewer line could have 
discharged to the Yantacaw Pond, the Third River, or the Passaic River. The Clifton sewer 
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system along Delawanna Avenue, River Road, and Oak Road was connected to the PVSC system 
by 1926-27. 

In 1951-1952, an additional sewer line was installed on Delawanna Avenue to collect domestic 
sewage from the residential area constructed on the bluff to the east of the former Clifton Site. 
One of the drawings generated as part of this construction indicates that the Givaudan Site was 
already serviced by a City sewer (see Exhibit P to Sewer Chronology), which sewer line is 
believed to have been in place since 1926/1927. 

The connection of the plant process waste stream (Outfall 001) to the River Road sewer system 
appears to have been made no later than 1951-52, and perhaps several years earlier. The City of 
Clifton sewer maps indicate that this stretch of River Road had sewer lines installed in 1927 (see 

Attachment E to Sewer Chronology). However, Givaudan did not have access to this area until it 
purchased Parcel 3 in 1939 (see Aerial Photograph Exhibit 2). The latest a sewer connection 
would have been made is 1951-52, as it coincides with the absence of the large rectangular 
surface water impoundment and the appearance of Building 7 4, which is identified as part of the 
Clifton Site's early waste water pre-treatment system (see Aerial Photograph Exhibit 14). Also, 
the SAP is no longer visible by the 1953 aerial photo and Building 83 is present, which is 
designated as a Waste Neutralization System (see Aerial Photograph Exhibit 16). A review of 
New Jersey Department of Transportation ("NJDOT") engineering drawings for the Route 3/21 
project show that the former plant had connected to the River Road sewer before 1955 (see 

Exhibit T to Sewer Chronology). Based on these documents, Givaudan believes that the Clifton 
Site may have connected to the River Road sewer line as early as 1946, but no later than 1951-
52. This conclusion is supported by the aerial photo documentation, the local ordinances in 
place, and the NJDOT engineering drawings, as well as facility documents. 

As discussed above, based on the aerial photo interpretation, there was no defined surface water 
runoff or pathway from the Clifton Site to the Passaic River, and that plant process waste effluent 
was contained on the property prior to connecting to the City sewer system. Further, based on 
the historical sewer documentation, it is evident that the former Givaudan Site was connected to 
the Delawanna Avenue sewer line as early as 1927 and to the River Road sewer line as early as 
1946, but no later than 1951-52. Additional support for this conclusion is contained within Tab 
No. 35, which includes 1953 correspondence related to Givaudan's agreement to repair sewer 
lines on River Road, and a reference to 1946 correspondence related to maintenance 
responsibility. 

ADDITIONAL DOCUMENTS RELATED TO THE GIVAUDAN SITE OPERATIONS 

In the course of reviewing archived information and other public sources, Givaudan located 
additional documents that are responsive to USEPA's prior 104(e) requests. The enclosed Binder 
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(Volume 1) includes those documents and provides an index and summary of each document. 

The following is a brief overview discussion of these additional reference materials. 

GIVAUDAN'S MANUFACTURING PROCESS AND STRICT QUALITY CONTROLS ON ITS TCP 

FEEDSTOCK RESULTED IN MINIMAL (IF ANY) TCDD CONTENT 

Additional information from published sources indicates that it was highly unlikely that 

Givaudan's G-11 manufacturing process generated TCDD because it used acidic conditions and 

low temperatures in its process (see Tab No. 's 23 and 26). Documents prepared by Dow state 

that TCDD may be produced during use of TCP under alkaline conditions and in temperatures 

greater than 100 degrees centigrade, which is distinct from the acid process employed at 

Givaudan (see Tab No. 32). These documents provide an independent technical basis for the 

conclusion that the Givaudan G-11 manufacturing process would not have generated TCDD. 

An independent investigation of TCP and TCDD was conducted by the National Institute for 

Occupational Safety and Health ("NIOSH"), led by Dr. Fingerhut. In 1983, Dr. Fingerhut 

studied and researched the potential threat to workers at plants that produced and/or handled TCP 

and related chemicals known to be associated with TCDD. The results of her work were 

published for each facility studied, including an evaluation of the former Givaudan Site. One of 

Dr. Fingerhut's key findings was that the Givaudan Site had the lowest range of TCDD in its 

TCP and G-11, whereas the highest concentration of TCDD was found in plants where Agent 

Orange was produced, such as the Diamond Alkali si~e in Newark, New Jersey (see Tab No. 's 23, 

46, and 47). 

Documents provided to USEPA in 1983 summarize available information on Givaudan's 

1948/1949-era pilot production of TCP and the management of waste generated from that 

process. Those documents indicate that the TCP produced by Givaudan, and used to 

manufacture G-11, was purified and therefore had lower TCDD content. Based on information 

gathered by Givaudan in 1983, the TCP waste products were drummed for disposal and picked 

up by waste haulers (see Tab No. 's 2 and 3). A 1967 memo states that Givaudan provided its 

TCP production and purification process to Hooker Chemical in return for Hooker agreeing to be 

the primary supplier of TCP to Givaudan (see Tab No. 52). This agreement gave Givaudan 

confidence that the Clifton Site would be supplied with high quality TCP, with low TCDD 

content, for use in producing G-11. Historical testing of Hooker Chemical TCP process waste 

streams demonstrated that the TCDD generated from the production of TCP was captured in the 

still residue and crude charged to the still material, which purified the TCP to reduce impurities, 

including TCDD content (see Tab No. 's 10 and 11 ). 

In August 1976, USEPA visited the former Givaudan Site and obtained three samples from the 

TCP material on hand for testing (see Tab No. 28). USEPA's testing confirmed the TCP results 
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that Givaudan shared for the same material, which was in the low part per billion range for 
TCDD (see Tab No. 29). 

In 1977, Givaudan met and contracted with Dow as a TCP supplier, requiring Dow to meet 
Givaudan's specifications for TCP to manufacture its G-11 (see Tab No. 's 30, 31.,_ and 32). These 
documents support Givaudan's consistent approach to quality control for the TCP raw material 
used to make G-11, which required a purified form of TCP with low impurities. In 1978, Dow 
TCP drums were tested and confirmed TCDD concentrations at less than 0.0lppm (see Tab No. 
33). 

A 1983 Givaudan memo states that the production of up to 2,200 pounds of G-11 was lost during 
the State-imposed temporary shutdown of the G-11 operation pending the results of the TCDD 
investigation (see Tab No. 40). At that time, Givaudan performed additional testing of TCP to 
confirm that each lot of TCP had low levels of TCDD so that it could be used when G-11 
production was allowed to resume. Testing confirmed that the TCP lots contained less than 1 
part per billion of TCDD. Documentation also confirms that buildings 58, 59, and 60 were 
cleaned and that all waste material from this work was stored in building 54 (see Tab No. 42). 
Also provided is additional documentation related to the duties of the G-11 operators, which 
details each step of the manufacturing process and documents how waste residues were 
reclaimed for reuse in the process, collected in containers for disposal, and acid waste and 
process water was sent to the sewer (see Tab No. 's 44 and 45). In addition, the G-11 process had 
a catch-all tank that caught solids and residues before discharging waste water to the sewer. 

In its prior 104( e) responses, Givaudan provided results of TCP and G-11 testing available at that 
time. Routine testing of G-11 for TCDD was in place by at least 1978 (see Tab No. 39). 
Included with this submittal is additional testing data to show that Givaudan maintained tight 
quality control on specifications for both the TCP raw materials and G-11 product in their 
manufacturing process (see Tab No. 's 6, 7, 8, 9 and 10). Givaudan imposed similar quality 
control on its raw material suppliers when evaluating options for purchasing TCP (see Tab No. 
17). Testing of G-11 was also completed in 1983 by the Food and Drug Administration (FDA) to 
document the quality of the material. After thes_e tests, the FDA took no further action with 
respect to Givaudan's G-11 product (see Tab No. 43). 

GIVAUDAN'S WASTE MANAGEMENT PRACTICES PREVENTED OFFSITE MIGRATION OF 

CONTAMINATION 

In prior 104( e) responses, Givaudan provided summary tables of the quantity and disposal 
locations for waste generated during the remediation. Attached documentation demonstrates that 
any TCDD-impacted soil identified at the Clifton Site was excavated, placed in drums and stored 
inside secured areas protected from the weather pending decisions on final handling of this 
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material (see Tab No. 4). In addition, Givaudan has located copies of receipts and waste 
manifest forms obtained from archived files that provide supporting documentation concerning 
TCP and G-11 waste drums disposed between 1978 and 1983 (see Tab No.'s 13, 14 and 16). 
Separate documentation was found for the removal and disposal of PCB oils and G-11 filter cake 
in 1982 (see Tab No. 15). In prior 104( e) responses, Givaudan provided information that waste 
solvents were used as a fuel supplement for the plant boilers. Additional supporting 
documentation is provided herein (see Tab No. 's 20 and 21 ). 

TCDD-IMPACTED SOIL REMEDIATION 

In its prior submissions, Givaudan provided USEPA with the results of the 1980s TCDD soil 
investigation, including the reports and maps prepared as part of the remedial work completed 
under the Administrative Consent Order (ACO) that Givaudan entered into with the State of New 
Jersey. Included with this submittal are additional communications with the NJDEP related to 
the investigation and remediation work, which document various approvals and agreements 
between the parties (see Tab No. 's 18, 19 and 22). As noted in the March 5, 1987 Administrative 
Consent Order for TCDD, results of the investigation conducted by Givaudan under the 
supervision of NJDEP, in conjunction with investigations by USEPA and the Department of 
Health, confirmed that there was "no evidence that TCDD contamination has migrated off the 
Site." (See Tab No. 24, at ,T32). 

USEPAPASSAIC RIVER SOURCE INVESTIGATION 

In August 2015, USEPA conducted soil sampling within the containment cell at the Clifton Site. 
Lockheed Martin (LM) and Scientific Engineering, Response and Analytical Services (SERAS) 
conducted this work and AMO Environmental Decisions was retained as the Licensed Site 
Remediation Professional ("LSRP"). The "Waste Cell Repair Report" provided by USEPA's 
LSRP noted that the asphalt cap was thicker than expected. In addition, field change forms 
prepared by SERAS noted that the material to be sampled was at a much greater depth than 
expected. Ultimately, USEPA's sampling confirmed that concentrations of TCDD within the cell 
at the Clifton Site were all below 10 ppb (see Tab No. 53). The materials that USEPA sampled in 
the cell are the soils around the plant that were sampled and remediated under NJDEP oversight, 
which resulted in the issuance of an approved No Further Action letter in 2002. USEPA's 
investigation confirmed that only low levels ofTCDD were identified and properly remediated at 
the Clifton Site. 

CONCLUSION 

Givaudan has provided documentation that the G-11 process wastewater was handled onsite at 
the plant until 1951-52 (at the latest), before it was discharged to PVSC via the Clifton City 
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sewer system. After Givaudan acquired land that abutted River Road as part of the plant 
expansion in 1939, the facility connected to the River Road sewer, which was required by local 
ordinance. The facility's sewer connection at Delawanna Avenue could have been made as early 
as 1927, as the City sewer maps indicate that the Delawanna Avenue line was installed in 1927, 
and later sewer maps show that a connection at the location of the former Givaudan plant was in 
place. 

A review of City of Clifton ordinances, meeting notes, aerial photography, topography, and sewer 
maps confirms that Givaudan did not discharge its wastewater to Yantacaw Pond, the Third 
River, or the Passaic River. Further, there was no overland drainage ditch or pathway from the 
Clifton Site to the Passaic River. Multiple lines of evidence support the fact that the lowest point 
of elevation on the Givaudan Site was to the south at River Road adjacent to the rail line, and 
that elevations were higher to the north along Delawanna Avenue and to the east where the 
residential neighborhood is located, such that no surface water runoff could flow off the plant 
property other than the low point at River Road and the rail line. 

Finally, historical documents and sampling data confirms that the TCDD level in the TCP used to 
make G-11, and the G-11 product itself, was carefully monitored to follow strict quality control 
guidelines. This conclusion is also supported by third parties that independently reviewed 
Givaudan's G-11 manufacturing process. These conclusions are confirmed by the historical 
documents and recent USEPA sampling data from its investigation of the Clifton cell in 2015. 

10 
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State of New Jersey 

County of Morris 

CERTIFICATION OF SUPPLEMENTAL RESPONSE 
TO REQUEST FOR INFORMATION 

I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this document (Supplemental Response to EPA Request for 
Information), and that based on my inquiry of those individuals immediately responsible for 
obtaining the information, I believe that the submitted information is true, accurate, and 
complete, and that all documents submitted herewith are complete and authentic unless 
otherwise indicated. I am aware that there are significant penalties for submitting false 
infom1ation, including the possibility of fines and imprisonment. I am also aware that my 
company is under a continuing obligation to supplement its response to EPA's Request for 
Infonnation if any additional information relevant to the matters addressed in EPA' s Request for 
Information or the company's response thereto should become known or available to the 
company. 

Sworn to before me this Z.1 ay of November, 2016 

John Trombley 
Givaudan Fragrances Corp. 
Head of Consumer Products 

SIGNATURE 

2505270.1 111528-81674 
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UNITED STATES PATENT OFFICE
2,435,593

PROCESS FOR MAKING BIS-(3,5,6-TRI-
CHLORO-2-HYDROXYPHENYL) METHANE

Max Luthy, Ridgewood, and William S. Gump,
Montclair, N. J., assignors to Burton T. Bush,
Inc., New York, N. Y., a corporation of New
Jersey

No Drawing. Application June 14, 1945,
Serial No. 599,507

17 Clahas. (CL 260 â€” 619)

This invention relates to an improved process
for making bis-(3,5,6-trichloro-2-hydroxyphenyl)
methane (sometimes referred to also as 24'-di-
hydroxy-3,5,6-3',5',6'- hexachloro diphenyl meth-
ane) .

Bis - (3,5,6-trichloro-2-hydroxyphenyl) meth-
ane is a substance having desirable bactericidal
and fungicidal properties. It may be employed
to advantage in tooth pastes, ointments, creams,
lotions and rubber goods, inter alia. In addition,
when incorporated in small amounts in soaps, it
exhibits the surprising quality â€” for a phenolic
substance â€” of rendering such soaps germicidal.

We are aware of the prior art method for pre-
paring bis - (3,5,6 - trichloro-2 - hydroxyphenyl)
methane. This known method, as well as the bis-
(3,5,6-trichloro-2-hydroxyphenyl) methane it-
self, has been patented by one of us. The known
method involves the condensation of 2,4,5-tri-
chlorophenol with formaldehyde in the presence
of sulfuric acid. Large amounts of sulfuric acid
are required in the patented process. Also, used
therein during the condensation reaction are
solvents like methyl alcohol. Moreover, the prior
art condensation process calls for low tempera-
tures, e. g., 0' to 5 C., and requires about 24 hours
of reaction time.

In accordance with our present invention we
avoid the use of large amounts of sulfuric acid,
dispense entirely with the use of a solvent during
the condensation reaction, conduct the reaction
at elevated temperatures (thereby avoiding the
need for expensive cooling equipment and mate-
rial), and obtain substantially complete reaction
within a period of minutes instead of hours. In
economic terms, our present process results in
savings in time and materials, reduction in costs,
and increase in productivity of a given unit.

In accordance with our present invention, we
react 2,4,5-trichlorophenol and a suitable form-
aldehyde-yielding material at an elevated tem-
perature in the presence of a minor amount of
strong sulfuric acid or oleum and over a period
which need not exceed thirty minutes, The re-
action products may be worked up in known man-
ner (see U. 8. Patent No. 2,250,480) to obtain
bis - (3,5,6-trichloro-2-hydroxyphenyl) methane.
Alternatively, the hereinafter-described novel
purification method, forming a particular aspect
of this invention, may be employed to yield sub-
stantially pure bis- (3,5,6-triqhloro-2-hydroxy-
phenyl) methane in a simple and commercially
desirable manner.

Suitable formaldehyde - yielding materials
which can be employed herein include paraform-

aldehyde and trioxane. Any other substance
which will yield formaldehyde under the reaction
conditions may also be employed.

As the condensation agent, sulfuric acid may
be employed in various acid concentrations. Ex-
cellent results have been obtained with sulfuric
acid of 100% H~SOc concentration up to and in-
cluding oleum 20%. However, aqueous sulfuric
acid solution of lower strength (e. g., 93% acid

10 strength) and oleum of higher strength (e. g.,
oleum 50%) can also be employed. As will be
understood by those skilled in the art, it is desired
to bind the water formed during the reaction.
Consequently, it is preferable to utilize oleum,

15 e.g., oleum 20%.
The amounts of 2,4,5-trichlorophenol, formal-

dehyde-yielding substance and sulfuric acid em-
ployed can be varied over wide limits. It has
been i'ound advantageous to use the 2,4,5-tri-

20 chlorophenol and formaldehyde-yielding sub-
stance in amounts such that there are present
about 2 mols of the trichlorophenol to each mol of
CHaO. Especially desirable results are obtained
when formaldehyde-yielding material is used in

25 about 25% excess over that called for by the ratio
of 2 mols of 2,4,5-trichlorophenol to 1 mol of
CH~O. When such an excess of formaldehyde-
yielding material is employed it is found that
there is a practically complete conversion of the

3o trichlorophenol, thereby eliminating the neces-
sity of having to separate or recover unreacted
trichlorophenol.

One of the features of our process is the reduc-
tion in the amount of suifuric acid used. Ac-

35 cordingly, it will be understood that it is desirable
. to use the smallest amount of sulfuric acid or
oleum which is needed to accomplish the desired
condensation of the trichlorophenol and CEO.
We have found that especially desirable results

40 are obtained when the quantity of acid or oleum
used is of the order of about one third of the
weight of the trichlorophenol employed.

The condensation may be conducted at ele-
vated temperatures within a rather wide range.

45 It is desirable to start the reaction at a tempera-
ture at or above the melting point of 2,4.5-tri-
chlorophenol, and..to maintain throughout the
reaction period such temperature conditions as
wiO permit of the stirring of the contents with

50 equipment normally used for agitation. We have
found that the initial temperature may be as low
as 65' C. and that the temperature may be per-
mitted to rise to 130 C. or even 150' C. during
the reaction. If desired, the entire reaction may

55 be conducted at the higher temperatures. In all
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cases, as will be understood by those skilled in the
art, means for controlling the temperature of the
contents of the reaction chamber should be at
hand.

Though we do not wish to be limited to any
particular method of and order in bringing the
2,4,5-trichlorophenol, formaldehyde-yielding ma-
terial and sulfuric acid or oleum together, we have
found it desirable to introduce the 2,4,5-trichloro-
phenol and formaldehyde-yielding material erst
into the reaction vessel and then to raise the tem-
perature to at least about 65' C. before intro-
ducing the sulfuric acid or oleum. Also, we pre
fer to add the sulfuric acid or oleum slowly, over
a 10 to 15 minute period, though if suitable pre-
cautions are taken, e. g., to control the tempera-
ture of the contents of the reaction vessel with-
in the aforementioned range, and if rapid dis-
persion of the acid is effected, the acid may be
charged into the reaction vessel much more rap-
idly.

As will be understood by those skilled in the
art, the process is not restricted to any particu-
lar length of time of reaction. Suflice it to say
that the reaction should be conducted as long as
it takes to convert substantially all of 2,4,5-tri-
chlorophenol into bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane. The time that this will re-
quire will depend on various factors, such as the
ratio and amounts of the reactants and conden-
sation agent, the facilities available to remove
the heat liberated by the reaction, and the tem-
perature of reaction. We have found that the
reaction is substantially complete in thirty min-
utes and, in some cases. Qve minutes are long
enough.

As noted above, a particular aspect of the pres-
ent invention involves a novel method of iso-
lating in substantially pure form the bis-(3,5,6-
trichloro - 2 - hydroxyphenyl) methane formed
during the reaction. This novel method is much
simpler and more commercially feasible than the
known method of isolating and purifying the
bis-(3,5,6-trichloro - 2 - hydroxyphenyl) methane
formed by condensing 2,4,5-trichlorophenol and
a formaldehyde-yielding material.

In general, the novel method involves the for-
mation and isolation of a mono-alkali metal salt
of bis-(3,5,6-trichloro-2-hydroxyphenyl) meth-
ane and the regeneration of the bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane by treatment
of the mono-alkali metal salt with acid. Sub-
stantially pure bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane may be obtained from the re-
generated bis-(3,5,6-trichloro-2-hydroxyphenyl)
methane by crystallization from a suitable solvent,
e. g., toluene or benzene.

In carrying out this novel method of isolating
and purifying bis-(3 5,6-trichloro-2-hydroxy-
phenyl) methane the condensation of 2,4,5-tri-
chlorophenol and formaldehyde-yielding material
is effected in accordance with this invention and
the contents of the reaction vessel are made alka-
line by running it into an excess of an aqueous
solution of a base, such as sodium or potassium
hydroxide. Alkali-insoluble material is then fll-
tered off through a suitable filter medium. Prior
to filtratio, the contents may be boiled for sev-
eral minutes to facilitate solution of alkali-solu-
ble material.

The pH of the alkaline solution is then brought
down, preferably to about 10.3 to about 11. A
suitable agent for this purpose is strong sulfuric
acid, e. g., of 62% acid strength. The mono-al-
kali metal salt of bis-(3,5,6-trichloro-2-hydroxy-

5,508

phenol) methane precipitates out of solution at
a pH within the range of about 10.3 to about
11. It is flltered and then washed with water.
Vnreacted 2,4,5-trichlorophenol and other im-

5 purities remain in solution. The mono-alkali-
metal salt of bis-(3,5,6-trichloro-2-hydroxyphen-
yl) methane is then suspended in a large quan-
tity of water and acidifled, e. g. with 62% strength
sulfuric acid. Bis-(3,5,6-trichloro-2-hydroxy-

10 phenyl) methane is thereby regenerated. Crys-
tallization from a suitable solvent, e. g., toluene
yields substantially pure bis-(3,5,6-trichloro-2-
hydroxyphenyl) methane.

In order to explain the invention more specifi-
15 cally the following examples are given, but it is

understood that they are for purposes of Qlus-
tration and are not to be construed as limiting
the scope of the invention.

Example I

A mixture of 198 grams of 2,4,5-trichlorophenol
and 18.8 grams of paraformaldehyde were heated
to 65 C. and well stirred. 65 grams of oleum 20%
was added dropwise and the addition was so reg-

25 ulated that the temperature increased, without
the application of external heat, until it reached
135' C. at the end of the acid addition. which
took 10 to 15 minutes. The contents of the re-
action vessel were stirred for two minutes more

30 and then allowed to run into a solution of 100
grams of sodium hydroxide in 1000 cc. of water.

The reaction flask was washed with a solution
of 25 grams of sodium hydroxide in 250 cc. of
water. The combined alkaMne solutions were

35 heated to boiling for five minutes. A small
amount (6 grams) of alkali-insoluble material
remained and was flltered off. Sulfuric acid
(62% MSO~ content) was then added at room
temperature dropwise under stirring to the fli-

40 trate until a pH of 10.3 was reached. This re-
quired about 80 grams of the acid. The mono
sodium salt of bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane precipitated out of solution and
was filtere and then washed with 200 cc. of

45 water. The salt was then suspended in 2000 cc.
of water and sulfuric acid (62% ISO~ content)
was added under stirring until the contents were
acid to Congo red paper. This required about 30
grams of the acid.

50 The resulting bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane was flltered, washed with water
until acid-free and dried to constant weight at
100' C. (170 grams, melting point 154'-158' C.)
Crystallization of the 170 grams of dried bis-

65 (3,5 6-trichloro-2-hydroxyphenyl) methane from
300 grams toluene yielded a flrst crop amounting
to 105 grams of substantially pure bis-(3,5,6-tri-
chloro-2-hydr oxyphenyl) methane, having a
melting point of 161'-1634 C.

Example II

A mixture of 198 grams of 2,4,5-trichlorophenol
and 18.8 grams of paraformaldehyde were heated
to 65' C. and well stirred. 65 grams of oleum 20%

65, was added dropwise and the addition was so regu-
lated that the temperature increased, without the
application of external heat, until it reached 135'
C. at the-end of the acid addition, which took 10
to 15 minutes. The contents of the reaction ves-

f0 sel were stirred for two minutes more and then
allowed to run into a solution of 100 grams of
sodium hydroxide in 1000 cc. of water.

The contents of the reaction vessel were stirred
for 2 minutes more and then allowed to run into

75 a solution of 150 grams of caustic potash flakes
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(94% KOH) in 1000 cc. of water. The reaction
flask was washed with a solution of 25 grams of
caustic potash fiakes in 250 cc. of water. The
combined alkaline solutions were heated to boili-
ngg for 10 minutes and filtere while hot. A small
amount of alkali-insoluble material remained on
the filter. Sulfuric acid (62% HzSO~ content)
was then added at room temperature dropwise
under stirring to the flltrate until a pH of 10.3 was
reached. This required about 80 grams of the
acid.

The mono potassium salt of bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane precipitated
out of solution, was filtered off, and then washed
with 500 cc. of water. The salt was then sus-
pended fn 2000 cc. of water and sulfuric acid
(62% HzSO4 content) was added under stirring
until the contents were acid to Congo red paper.
This required about 30 grams of acid. The result-
ing bis-(3,5.6-trichloro-2-hydroxyphenyl) meth-
ane was filtered, washed with hot water until free
of sulfuric acid and potassium sulfate and dried
to constant wefght at 100' C. (185 grams, meltfng
point 154'-157' C.). Crvstallisation of the 185
grams of dried bfs-(356-trfchloro-2-hydroxy-
phenyl) methane from 320 grams toluene yielded
a first crop amounting to 115 grams of substan-
tially pure bis-(3.5,6-trichloro-2-hydroxvphenyl)
methane, having a meltfr g point of 161'-163' C.

Similar results as to yield and product, i. e., the
mono potassium salt of bis-(3 5.6-trichloro-2-hy-
droxyphenvl) methane, are obtained, if in this
examnle the 150 grams of caustic potash flakes
are replaced by a mixture of caustic alkalis con-
sfstfng of 56 gram~ of caustic soda and 72 grams
of caustic potash fiakes.

The foregofr g illustrates the practice of this
invention which however fs not to be limited
thereby but is to be construed as broadly as per-
mf~sfble in view of the prior art and limited solely
by the annended claims.

We claim.:
1. In the process for prenarfng bis-(3.5,6-tri-

chloro-2-hydroxyphenyl) methane by condensfng
2,4.5-tr~c>lorophenol with a formaldehyde-yfeld-
ing substance. the improvement which comprises
conducting the condensation at elevated temner-
atures and in the presence of a substance selected
from the group consistfr g of sulfuric acid having
at least about 93% HzSO4 content by weight and
oleum, said substance being employed in an
amount not substantially more than one-thfrd
the weight of the 2,4,5-trfchlorophenol employed.

2. In the process for preparing bis-(35,6-tri-
c) Ioro-2-hvdroxyphenyl) methane bv condensing
2.4,5-trichlorophenol with a, formaldehyde-yield-
ing substance, the improvement which comprises
conducting the condensation at elevated temper-
atures within the range of about 65' C. to about
150' C. and in the presence of a substance selected
from the group consisting of sulfuric acid having
at least about 93% HzSO4 content by weight and
oleum, said substance being employed in an
amount not substantially more than one-third
the weight of the 2,4.5-trichlorophenol employed.

3. In the process for preparing bfs-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane by condensing
2,4,5-trichlorophenol with a f'ormaldehyde-yield-
ing substance, the improvement which comprises
conducting the condensation at elevated temper-
atures within the range of about 65' C. to about
150' C. and in the presence of a substance selected
from the group consisting of sulfuric acid having
at least about 93% HzSO4 content by weight and
oleum, Nafd substance being employed in an

amount equal to not more than one-third the
weight of the 2,4,5-trichlorophenol emploved.

4. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting 2,4,5-trichlorophenol with para-
formaldehyde at elevated temperatures within
the range of about 65' C, to about 150' C. and fn
the presence of a substance selected from the
group consisting of sulfuric acid having at least
about 93% HzSO~ content by weight and oleum,
said substance being employed in an amount not
substantially more than one-third the weight of
the 2.4,5-trichlorophenol employed.

5. The process f' or preparing bis-(3.5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of 2,4.5-
tricholorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 65
parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65' C. to
about 135' C.

6. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of 2.4.5-
trichlorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 65
parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65' C. to
about 135' C. for a period of about 5 to about 30
minutes.

7. In the process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane by condensing
2,4 5-trfchlorophenol with a formaldehyde-yield-
ing substance, the improvement which comprises

35 conducting the condensation at elevated temper-
atures and in the presence of a substance selected
from the group consisting of sulfuric acid having
at least about 93% HzSO4 content by weight and
oleum, said substance being employed in an
amount not substantially more than one-third
the weight of the 2,4.5-tr~chloronhenol employed,
and isolating the bis-(35,6-trichloro-2-hydroxy-
phenyl) methane in substantially pure form by
forming and isolating the mono alkali metal salt '
of bis-(3,5,6-trichloro-2-hydroxyphenyl) meth-
ane from the reaction products and regenerating
the bis-(3,5,6-trichloro-2-hydroxyphenyl) meth-
ane from said salt.

8. In the process for preparing bis-(3,5,6-tri-
chloro-2-hydroxvphenyl) methane by condens-
ing 2,4,5-trichlorophenol with a formaldehyde-
yielding substance, the improvement which com-
prises conducting the condensation at elevated
temperatures and in the presence of a substance
selected from the group consisting of sulfuric acid
having at least about 93% HzSO~ content by
weight and oleum, said substance being em-
ployed in an amount not substantially more than
one-third the weight of the 2.4,5-trfchloronhenol
employed, and isolating the bis-(3 5.6-trichloro-
2-hydroxyphenyl) methane fn substantially pure
form by forming and isolating the mono sodium
salt of bis-(3,5,6-trichloro-2-hydroxyphenyl)
methane from the reaction products and regen-
crating the bis-(3.5,6-trichloro-2-hydroxyphenyl)
methane from said salt.

9. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by Weight of 2,4,5-

70 trichlorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 65
parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65' C. to
about 150 C., and isolating the bis-(3.5.6-trl-

Td chloro-2-hydroxyphenyl) methane in substan-
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tially pure form by forming and isolating the
mono sodium salt of bis-(3,5,6-trichloro-2-hy-
droxyphenyl) methane from the reaction prod-
ucts and regenerating the bis-(3,5,6-trichloro-
2-hydroxyphenyl) methane from said salt.

10. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of
2,4,5-trichlorophenol with about 18 parts by
weight of paraformaldehyde in the presence of
about 65 parts by weight of oleum 20%, at ele-
vated temperatures within the range of about 65'
C. to about 150' C., and isolating the bis-(3,5,6-
trichloro-2-hydroxy phenyl) methane in substan-
tially pure form by forming and isolating the
mono potassium salt of bis-(3,5,6-trichloro-2-hy-
droxyphenyl)methane from the reaction prod-
ucts and regenerating the bis-(3,5,6-trichloro-
2-hydroxyphenyl) methane from said salt.

11. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of
2,45-trichlorophenol with about 18 parts by
weight of paraformaldehyde in the presence of
about 65 parts by weight of oleum 20%. at ele-
vated temperatures within the range of about 65'
C. to about 135' C. for a period of about 5 to about
30 minutes, and isolating the bis-(3,5,6-trichloro-
2-hydroxyphenyl) methane in substantially pure
form by forming and isolating the mono alkali
metal salt of bis- (3,5,6-trichloro-2-hydroxy-
phenyl) methane from the reaction products and
regenerating the bis- (3,5,6-trichloro-2-hydroxy-
phenyl) methane from said salt.

12. The process for preparing bis-(3, 5, 6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of 2,4,5-
trichlorophenol with about 18 parts by weight oi'
paraformaldehyde in the presence of about 65
parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65 C. to
about 135' C. for a period of about 5 to 30 min-
utes, and isolating the bis-(3,5.6-trichloro-2-hy-
droxyphenyl) methane in substantially pure
form by forming and isolating the mono sodium
salt of bis-(3,5,6-trichloro - 2 - hydroxyphenyl)
methane from the reaction products and regen-
erating the bis-(3,5,6-trichloro-2-hydroxyphenyl)
methane from said salt.

13. The process for preparing bis-(3.5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of
2,4,5-trichlorophenol with about 18 parts by
weight of paraformaldehyde in the presence of
about 65 parts by weight of oleum 20%, at ele-
vated temperatures within the range of about 65'
C. to about 135' C. for a period of about 5 to 30
minutes, and isolating the bis-(3 5,6-trichloro-2-
hydroxyphenyl) methane in substantially pure
form by forming and isolating the mono potas-
sium salt of bis-(3,5,6-trichloro-2-hydroxyphen-
yl) methane from the reaction products and re-
generating the bis-(3,5,$-trichloro-2-hydroxy-
phenyl) methane from said salt.

14. The process for preparing bis-(3,5,8-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts bÂ» weight of
2,4,5-trichlorophenol with about 18 parts by
weight of paraformaldehyde in the presence of
about 85 parts by weight of oleum 20%, at ele-
vated temperatures within the range of about 65'
C. to about 150' C., is~lating the bis-(3,5.8-trl-
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chloro-2-hydroxyphenyl) methane in substan-
tially pure form by forming and isolating the
mono sodium salt of bis-(3,5,8-trichloro-2-hy-
droxyphenyl) methane from the reaction prod-
ucts and regenerating the bis-(3,5,6-trichloro-2-
hydroxyphenyl) methane from said salt by acid-
ifying with sulfuric acid, and recrystallizing the
bis-(3,5.6-trichloro-2-hydroxyphenyl) methane
from a suitable solvent.

15. The process for preparing bis-(3,5,6-trl-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of 2.4.5-
trichlorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 85

>5 parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65' C. to
about 150 C., isolating the bis-(3.5,6-trichloro-
2-hydroxyphenyl) methane in substantially pure
form by forming and isolating the mono po-
tassium salt of bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane from the reaction products and
regenerating the bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane from said salt by acidifying
with sulfuric acid, and recrystallizing the bis-

25 (3,5,6-trichloro-2-hydroxyphenyl) methane from
a suitable solvent.

16. The process for preparing bis-(3,5,6-tri-
chloro-2-hydroxyphenyl) methane which com-
prises reacting about 198 parts by weight of 2,4.5-

30 trichlorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 65
parts by weight of oleum 20%, at elevated tem-
peratures within the range of about 65' C. to
about 135' C, for a period of about 5 to 30 min-

35 utes, isolating the bis-(3,5,6-trichloro-2-hydroxy-
phenyl) methane in substantially pure form by
forming and isolating the mono sodium salt of
bis-(3,5,6-trichloro-2-hydroxyphenyl) methane
from the reaction products and regenerating the

40 bis-(3,5,6-trichloro-2-hydroxyphenyl) methane
from said salt by acidifying with sulfuric acid,
and recrystallizing the bis-(3,5,6-trichloro-2-hy-
droxyphenyl) methane from a suitable solvent.

1V. The process for preparing bis-(3,5,8-trl-
45 chloro-2-hydroxyphenyl) methane which com-

prises reacting about 198 parts by weight of 2,4,5-
trichlorophenol with about 18 parts by weight of
paraformaldehyde in the presence of about 85
parts by weight of oleum 20%, at elevated tem-

eo peratures within the range of about 65' C. to
about 135' C. for a period of about 5 to 30 min-
utes, isolating the bis- (3,5,6-trichloro-2-hy-
droxyphenyl) methane in substantially pure form
by forming and isolating the mono potassium

ss salt of bis-(3.5,8-trichloro - 2 - hydroxyphenyl)
methane from the reaction products and regen-
erating the bis-(3,5,6-trichloro-2-hydroxyphenyl)
methane from said salt by acidifying with sul-
furic acid, and recrystallizing the bis-(3,$,8-tri-

60 chloro-2-hydroxyphenyl) methane from a suit-
able solvent.
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Modeling the formation of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the historical
manufacture of 2,4,5-trichlorophenol

Robert Parettea, Robert McCrindleb,c, Katherine S. McMahond, Valerie J. Watsona, Michael J. Janike, Darrell Velegole,
Frank L. Dormanf, and Wendy N. Pearsona

aMatson & Associates, Inc., State College, Pennsylvania, USA; bDepartment of Chemistry, University of Guelph, Guelph, Ontario, Canada;
cWellington Laboratories Inc., Guelph, Ontario, Canada; dDepartment of Engineering and Public Policy, Carnegie Mellon University, Pittsburgh,
Pennsylvania, USA; eDepartment of Chemical Engineering, Pennsylvania State University, University Park, Pennsylvania, USA; fDepartment of
Biochemistry and Molecular Biology, Penn State University, University Park, Pennsylvania, USA

ABSTRACT
A universal model for the simulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin concentrations in the
historical manufacture of 2,4,5-trichlorophenol was developed. The model successfully simulates
the conversion of 1,2,4,5-tetrachlorobenzene to 2,4,5-trichlorophenol, and modeled the concen-
trations of 2,3,7,8-tetrachlorodibenzo-p-dioxin with an r2 of .941 against measured data from 38
experimental runs. The high r2 supports the proposed formation mechanism (second order with
respect to 2,4,5-trichlorophenol). Simultaneous degradation of 2,3,7,8-tetrachlorodibenzo-p-dioxin
by methoxylation/hydroxylation was hypothesized to play a role; however, modeling indicated this
was insignificant in the industrial production of 2,4,5-trichlorophenol. This model can be a useful
tool in environmental forensic investigations of sites where 2,4,5-trichlorophenol was produced.

KEYWORDS
2,3,7,8-Tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD); 2,4,5-
trichlorophenol (2,4,5-TCP);
2,4,5-trichlorophenoxyacetic
acid (2,4,5-T); dioxin
formation; modeling

Introduction

2,4,5-Trichlorophenoxyacetic acid, commonly referred to
as 2,4,5-T, is an herbicide that was produced in the U.S.
beginning in the mid-1940s. Production of 2,4,5-T, from
the raw material 2,4,5-trichlorophenol (2,4,5-TCP),
reached a peak during the second half of the 1960s as it
comprised approximately 50% of the infamous “Agent
Orange” used in the Vietnam War (U.S. Tariff Commis-
sion, 1941–1984; Hay, 1982; Young, 2009). The manufac-
ture of 2,4,5-T was the largest single use for 2,4,5-TCP,
but 2,4,5-TCP was also used as a germicide, in the manu-
facture of other herbicides, and in the manufacture of
hexachlorophene (Doedens, 1964; Piacitelli et al., 1990).

To produce 2,4,5-TCP, 1,2,4,5-tetrachlorobenzene
(TCB) was hydrolyzed in the presence of sodium
hydroxide (NaOH). Methanol (CH3OH) was typically
used as the solvent, though one major U. S. manufacturer
utilized ethylene glycol in place of methanol (Doedens,
1964; Marlow and Fingerhut, 1984, 1986; Marlow et al.,
1989, 1991a). In its most simplistic form, the reaction to
produce 2,4,5-TCP can be written (Hay, 1982):

TCBC NaOH! 2; 4; 5¡TCPC NaCl (1)

Although 2,4,5-TCP and 2,4,5-T were produced
commercially beginning in the mid-1940s (U.S. Tariff
Commission, 1941–1984), it took nearly two decades
before the chemistry of 2,4,5-TCP production was
rationalized in the scientific literature. 2,4,5-Trichlor-
oanisole (2,4,5-TCA), also formed in the manufacture
of 2,4,5-TCP, was thought to be a by-product caused
by a reaction between methanol and 2,4,5-TCP, and
methanol was thought to behave only as a solvent in
the primary reaction (Jenney and Nicolaisen, 1956;
Doedens, 1964). However, in the early 1960s Shein
and Ignatov (1962a, 1962b) found that the formation
of 2,4,5-TCP was actually a two-step reaction (com-
petitive consecutive second-order reactions), and that
methanol played a larger role than simply as a sol-
vent. Addition of sodium hydroxide to methanol led
to the formation of sodium methoxide (NaOCH3)
(Equation (2)). Sodium methoxide in turn reacted
with 1,2,4,5-tetrachlorobenzene to form 2,4,5-TCA
(Equation (3)). The 2,4,5-TCA intermediate then
reacted with another molecule of sodium methoxide
to form 2,4,5-TCP (Equation (4)). In this environ-
ment, 2,4,5-TCP would be present as its sodium salt,
but for simplicity is denoted as 2,4,5-TCP throughout
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NaOH C CH3OH!NaOCH3 C H2O (2)

NaOCH3 CTCB ! 2; 4; 5¡TCA C NaCl (3)

NaOCH3 C 2; 4; 5¡TCA ! 2; 4; 5¡TCP

C dimethyl ether (4)

In the production of 2,4,5-TCP, the highly toxic (and
severe chloracnegen) 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) was formed as an inadvertent by-product.
2,3,7,8-TCDD was first identified as a by-product in
2,4,5-TCP manufacture by Kimmig and Schulz in 1957,
though industrial producers of 2,4,5-TCP were already
aware that an unknown severe chloracnegen formed dur-
ing its manufacture (Marlow and Fingerhut, 1986;
Marlow et al., 1989). However, very little research has
been directed at understanding the formation of 2,3,7,8-
TCDD in the 2,4,5-TCP reaction processes.

The lack of attention in the scientific literature given
to the formation of 2,3,7,8-TCDD in the manufacture of
2,4,5-TCP was perhaps due to the hazards of working
with an extremely toxic material, particularly in an exo-
thermic process associated with a number of previous
industrial accidents, including the well-known incident
in Seveso, Italy (Hay, 1982; Marlow and Fingerhut, 1986;
Marlow et al., 1989, 1990; Hauptmanns, 2007; Young,
2009). As the process to manufacture 2,4,5-TCP became
largely obsolete after restrictions and bans were placed
on the use of 2,4,5-T due to the presence of 2,3,7
,8-TCDD (Hutzinger et al., 1985), it is also likely that sci-
entists shifted their attention to understanding the for-
mation of polychlorinated dibenzo-dioxins and furans
(PCDD/Fs) in ongoing processes so that future inadver-
tent production of PCDD/Fs could be reduced. Over the
past several decades, a number of researchers have exam-
ined the formation of PCDD/Fs from chlorinated aro-
matic precursors in the gas phase or thermal processes
such as incineration or pyrolysis (Langer et al., 1973;
Lahaniatis et al., 1985; Ritter and Bozzelli, 1994). Some
studies utilized quantum chemical modeling to avoid the
dangers of working with an extremely toxic chemical,
specifically to examine 2,3,7,8-TCDD formation in the
gas phase (Okamoto and Tomonari, 1999; Qu et al.,
2009).

The ability to understand how much of a particular
by-product would have formed in a particular process
based on the manufacturing conditions can be a key
component of an environmental forensics investigation
to reconstruct historical chemical releases. This is partic-
ularly true in the case of 2,3,7,8-TCDD, in which 2,4,5-
TCP production predated the analytical measurement of
2,3,7,8-TCDD by approximately two decades, and where

manufacturing practices changed over this same time
period. To the authors’ knowledge, the only studies per-
formed in an attempt to elicit the formation mechanisms
or to model the formation of 2,3,7,8-TCDD in the manu-
facture of 2,4,5-TCP were an internal Monsanto study
performed in the late 1960s (Sims and Udell, 1969) and
one by Braun and Sch€onbucher (1997). However, these
studies modeled specific 2,4,5-TCP processes, thereby
limiting their applicability to 2,4,5-TCP processes across
the industry.

The Sims and Udell model was a mathematical
model designed to predict the time it would take to
achieve a 2,4,5-TCP yield of 99% and the amount of
2,3,7,8-TCDD that would be present at this time for a
given set of conditions. This model did not explicitly
represent rates of elementary chemical reactions, but
instead had empirically derived input parameters for
the temperature, TCB addition time, and mole ratios
of CH3OH, NaOH, and H2O to TCB. As such, it was
applicable only to processes where all the input param-
eters fell within the limitations of the data used to
fit the model. For example, the shortest TCB addition
time within the model confines was 30 min. Therefore,
this model was not applicable to processes in which
all the TCB was in the reactor at time zero. In many
historical 2,4,5-TCP processes, either all the raw mate-
rials were added simultaneously at the start, or all the
TCB was in the reactor initially with sodium hydrox-
ide metered in over time.

The model of Braun and Sch€onbucher (1997) did take
chemical mechanisms into consideration and provided
reaction rate constants for the conversion of TCB to
2,4,5-TCA, of 2,4,5-TCA to 2,4,5-TCP, and for the for-
mation of 2,3,7,8-TCDD. The reaction rate constants in
this model changed only as a function of temperature.
However, it is known that reaction rate constants for
Equations (3) and (4) vary quite significantly as a func-
tion of the ratio of the solvents (methanol and water)
present (Shein and Ignatov, 1963), while the impact of
solvent composition on 2,3,7,8-TCDD is unknown. Fur-
thermore, in the Braun and Sch€onbucher model, the for-
mation of 2,3,7,8-TCDD was controlled by two separate
reactions; one was first order with respect to both 2,4,5-
TCA and NaOH, and the other was first order with
respect to both 2,4,5-TCP and NaOH (Braun and
Sch€onbucher, 1997; Hauptmanns, 2007). It is unclear
how the equations for the formation of 2,3,7,8-TCDD
were developed or how to reconcile them with an ele-
mentary chemical mechanism. Therefore the Braun and
Sch€onbucher model is limited to the process for which it
was designed to mimic.

The goal of this research was to utilize historical
experimental data to develop a universal model to
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predict the concentration of 2,3,7,8-TCDD that would
have formed during the manufacture of 2,4,5-TCP, tak-
ing into account such factors as the temperature, the
ratios of the input chemicals (including solvents), and
the rate at which the chemicals were added into the reac-
tor. In developing such a model, an understanding of the
mechanisms that control the formation of 2,3,7,8-TCDD
in 2,4,5-TCP manufacturing processes could be gained.
Such a model can be a useful tool in environmental for-
ensics investigations to understand amounts of 2,3,7,8-
TCDD produced at sites where 2,4,5-TCP was
manufactured.

Methodology

Modeling of TCB, 2,4,5-TCA, and 2,4,5-TCP
concentrations

The liquid volume within the reactor was estimated
based on the amounts of methanol, water, and TCB
and their densities at the temperature of the reactor
(Jungfleisch, 1868; Felder and Rousseau, 1986; Good-
win, 1987). Water was also present in industrial TCP
processes as these processes utilized recycled metha-
nol, and in some cases used sodium hydroxide in the
form of an aqueous solution. In one instance dis-
cussed below, 2,4,5-TCA was used in the model
instead of TCB. The density of 2,4,5-TCA was esti-
mated based on the density of 2,4,6-TCA at 25�C of
1.64 g/mL (Lide, 2006), assuming the same density
vs. temperature relationship observed for TCB. 1,4-
Dichloro-2,5-dimethoxybenzene was also present in
this instance where 2,4,5-TCA was used in the model,
and its density is very close to that of 2,4,6-TCA
(U.S. Environmental Protection Agency, 1980). The
DVmixing between the components in the model reac-
tor was assumed to be zero. It is known that the
DVmixing between methanol and benzene, chloroben-
zene, or bromobenzene in the temperature range of
20 to 40�C is minimal (Williams et al., 1948; Gupta
et al., 2009).

The liquid volume in the reactor may change
somewhat due to the addition of NaOH (Freeguard
et al., 1965; Krey, 1972). However, data for the appar-
ent molar volume of NaOCH3 in methanol were
found only for 25�C and no data was found at any
temperature for NaOH in water/methanol mixtures.
Therefore, it was assumed the addition of NaOH did
not influence the liquid volume in the reactor. It was
also assumed that the liquid volume in the reactor
did not change as a result of the progression of the
reaction of TCB to 2,4,5-TCP. Concentrations of con-
stituents in the liquid phase were not adjusted to

account for volatilization to the vapor phase within
the modeled autoclave reactor as it would not signifi-
cantly impact the concentrations in the liquid phase,
particularly in an autoclave vessel where the volume
was primarily liquid. Unless otherwise specified, the
temperature data used throughout were assumed to
be under isothermal conditions.

The model was run in Microsoft Excel by calculating
the time-dependent concentrations from the set of differ-
ential equations using finite differences over small time
steps (0.1 min). In the competitive consecutive second-
order reactions to form 2,4,5-TCP (Equations (3) and
(4)), the following differential equations were used in the
model (Frost and Schwemer, 1952):

d½NaOCH3�6 dtD ¡ k1½NaOCH3�½TCB�
¡ k2½NaOCH3�½2; 4; 5¡TCA� (5)

d½TCB�6 dtD ¡ k1½NaOCH3�½TCB� (6)

d½2; 4; 5¡TCA�6 dt D k1½NaOCH3�½TCB�
¡ k2½NaOCH3�½2; 4; 5¡TCA� (7)

d½2; 4; 5¡TCP�6 dt D k2½NaOCH3�½2; 4; 5¡TCA� (8)

The composition of the solvent influences the spe-
cies of the nucleophile (e.g., methoxide/hydroxide),
the dissociation of ions pairs, and the solvation
effects, all of which play a role in altering reaction
rate constants (Anderson et al., 1969). Shein and
Ignatov (1963) demonstrated that the reaction rate
constants for Equations (3) and (4) were significantly
reduced by the addition of water to methanol. Shein
and Ignatov (1962b, 1963) did not consider the vol-
ume of TCB (or TCA) in their reactor when deter-
mining reaction rate constants. However, the
concentrations of TCB (or TCA) in their laboratory
tests were relatively dilute, and incorporating this
additional volume would have changed the reaction
rate constants only approximately the equivalent of a
1 to 2�C temperature change, likely within the experi-
mental error. Therefore, reaction rate constants given
by Shein and Ignatov were used “as is.”

Shein and Ignatov (1963) utilized these reaction rate
constants (at different temperatures) to determine the
activation energy (Ea) and the pre-exponential factor (A)
for Equations (3) and (4) for different ratios of methanol
to water through Equation (9) below. They also demon-
strated that the activation energy (Ea) and pre-exponen-
tial factor (ln A) for Equations (3) and (4) changed
linearly with respect to the percentage of methanol (vol-
ume basis) in a methanol/water solvent mixture. Ea and
ln A for Equations (3) and (4) as a function of the
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percentage of methanol in the solvent were estimated
based on a best-fit linear trend line from the Ea and ln A
data given by Shein and Ignatov (1963). The reaction
rate constants under these temperature/solvent condi-
tions were then obtained using Equation (9) (the Arrhe-
nius equation):

ln k D ln A ¡ Ea6 RT (9)

This approach allows NaOCH3 and NaOH to be
considered as a single species, which avoids having to
calculate equilibrium between NaOCH3 and NaOH,
each with its own reaction rate constant. The model
was verified with data at various reactions conditions
for which TCB, 2,4,5-TCA, and 2,4,5-TCP concentra-
tions were reported as a function of time, before pro-
ceeding to incorporate the formation of 2,3,7,8-TCDD
into the model.

Modeling of 2,3,7,8-TCDD concentration
in the 2,4,5-TCP process

The reaction model described above was calibrated to
include 2,3,7,8-TCDD using data from 38 experimen-
tal runs conducted in the late 1960s by Sims and
Udell (1969). These 38 runs utilized different reaction
conditions where the temperature, the ratio of chemi-
cals (including solvents), and the time over which
TCB was added to the reactors were varied. These 38
runs typically encompass conditions for the reaction
industry-wide when 2,4,5-TCP was manufactured. For
most of these runs, a 2,3,7,8-TCDD concentration for
only a single time was given in the report (interpo-
lated or extrapolated from analytical results of sam-
ples taken periodically throughout the run for the
time at which a 99% 2,4,5-TCP yield was achieved).
The experimental conditions for each of these runs,
as well as the 2,3,7,8-TCDD concentration at a speci-
fied time (following the TCB addition), are listed in
Table 1. The listed 2,3,7,8-TCDD concentrations are
in parts per million (ppm) with respect to the 2,4,5-
TCP product.

Given a 2,3,7,8-TCDD concentration reported at only
a single point in time, a number of chemical mechanisms
could be theoretically possible to account for 2,3,7,8-
TCDD formation. In the development of this model, it
was hypothesized that the dominant route to the forma-
tion of 2,3,7,8-TCDD was a result of the interaction of
two molecules of 2,4,5-TCP (Equation (10)). This is con-
sistent with the understanding of a number of former
2,4,5-TCP manufacturers (Brooker, 1981; Marlow and
Fingerhut, 1984; Marlow et al., 1991a, 1991b). One
industrial producer of 2,4,5-TCP specifically stated that

“the rate of formation of TCDD is greater towards the
end of hydrolysis, being dependent upon sodium tri-
chlorophenate concentration” (Brooker, 1981). Addi-
tionally, for two conditions within the 38 runs
performed by Sims and Udell (1969), 2,3,7,8-TCDD con-
centrations were reported as a function of time. 2,3,7,8-
TCDD concentrations did not rise appreciably until the
conversion to 2,4,5-TCP was greater than 90% and
appeared linear thereafter, consistent with a second-
order dependence on the 2,4,5-TCP concentration. In
accordance with Equation (10), Equation (8) was modi-
fied to Equation (11):

d½C 2; 3; 7; 8¡TCDD� 6 dtD k3½2; 4; 5¡TCP�
£½2; 4; 5¡TCP� (10)

d½2; 4; 5¡TCP� 6 dtD k2½NaOCH3�½2; 4; 5¡TCA�
¡ 2 x k3½2; 4; 5¡TCP�½2; 4; 5¡TCP� (11)

Though the formation of 2,3,7,8-TCDD from 2,4,5-
TCP is simulated as a one-step process in the model,
it would require the formation of two ether linkages
between the molecules of 2,4,5-TCP, which likely did
not happen simultaneously. Formation of 2,3,7,8-
TCDD from 2,4,5-TCP likely involved a polychlori-
nated phenoxyphenol intermediate, which has been
found to be the major higher molecular weight impu-
rity in a number of chlorophenols. The formation of
PCDDs from polychlorinated phenoxyphenols con-
taining an –OH group in the 2-position and a chlo-
rine atom in the 2�-position is a well-known reaction,
and these particular chlorinated phenoxyphenol com-
pounds have also been shown to undergo thermal
ring closure to PCDDs in laboratory gas chro-
matographic analyses (Pohland and Yang, 1972,
Rappe and Nilsson, 1972; Kende et al., 1974, Nilsson
and Renberg, 1974; Nilsson and Andersson, 1977;
Kunzevich et al., 1996). Polychlorinated 2-phenoxy-
phenols such as 4,5-dichloro-2-(2,4,5-trichlorophe-
noxy)phenol have been called “predioxin” and
“pre-TCDD” (Nilsson and Renberg, 1974; Busch
et al., 1980; Miller et al., 1983; Okamoto and Tomo-
nari, 1999). However, to the authors’ knowledge, for-
mation of 2,3,7,8-TCDD directly from 4,5-dichloro-2-
(2,4,5-trichlorophenoxy)phenol without the use of a
catalyst or other external initiator (such as UV light)
has not been studied. Formation of 2,3,7,8-TCDD via
a mechanism involving radicals was considered but
was not expected to be important. Though radicals
can lead to the formation of 2,3,7,8-TCDD in high-
temperature gas phase reactions (Okamoto and
Tomonari, 1999; Evans and Dellinger, 2005), radicals
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are not expected to play a significant role in the for-
mation of 2,3,7,8-TCDD in the temperature range uti-
lized in 2,4,5-TCP manufacture.

It was also hypothesized that simultaneous degra-
dation of 2,3,7,8-TCDD (methoxylation or hydrolysis
by NaOCH3/NaOH) impacted the concentration of
2,3,7,8-TCDD during the manufacture of 2,4,5-TCP
(Equation (12)). It is well known that PCDDs and
PCDFs can be degraded by alkali during analytical
sample processing. The degree of degradation is
known to increase with the degree of chlorination,
and is greater in PCDFs than PCDDs for PCDD/Fs
containing the same number of chlorine atoms (Albro
and Corbett, 1977; Firestone, 1977; Lamparski et al.,
1978; Ryan et al., 1989; Gr€abel and Hagenmaier,
1998; Nakao et al., 2002; Tsutsumi et al., 2003).
Treatment of PCDD/Fs with ethanolic KOH resulted
in the replacement of a chlorine atom with an eth-
oxy- group (Ryan et al., 1989). Therefore, presumably
the treatment of PCDD/Fs with methanolic KOH
would lead to the replacement of a chlorine atom
with a methoxy- group. In aqueous KOH, hydrolysis

of PCDD/Fs occurs (Firestone, 1977).

d½�2; 3; 7; 8¡TCDD� 6 dtD ¡ k4½2; 3; 7; 8¡TCDD�

£½NaOCH3� (12)

Though 2,3,7,8-TCDD was reported to be stable in
hot alkali in laboratory sample digestion (Firestone,
1991), the conditions utilized in the laboratory sample
processing are mild in comparison to conditions in the
industrial manufacture of 2,4,5-TCP. Research by
Howard and Sidwell (1982) and Gr€abel and Hagenmaier
(1998) clearly demonstrated significant degradation of
2,3,7,8-TCDD can occur by NaOCH3/NaOH in either a
methanol or water solvent. In the work by Howard and
Sidwell, 2,3,7,8-TCDD was reduced by 96.3% over
4.5 hours at 160�C when 200 g of chlorinated methoxy-
benzenes (approximately a 50/50 mixture of 2,4,5-TCA
and dichloro-dimethoxybenzene based on the percent
chlorine) containing an initial 2,3,7,8-TCDD concentra-
tion of 39.7 ppm was mixed with 350 g of methanol and
400 g NaOCH3. Assuming 2,3,7,8-TCDD degradation is

Table 1. Conditions and 2,3,7,8-TCDD results of 38 experimental runs by Sims and Udell (1969).

Run Temp (�C) TCB add. time (hr) CH3OH mol NaOH mol H2O mol TCB mol Time after TCB add. (hr) 2,3,7,8-TCDD (ppm)

1 170 4.25 7.36 2.52 5.36 0.8 5.4 57
2 170 2.2 7.36 2.52 5.36 0.8 5 42
3 180 2.1 7.36 2.52 5.36 0.8 3.8 140
4 180 2.1 7.36 2.52 5.36 0.8 3.3 120
5 162 1.9 7.36 2.52 5.36 0.8 8.2 15
6 161 2.1 7.36 2.52 5.36 0.87 8.2 15
7 175 1.6 7.7 2.23 5.34 0.642 2.4 22
8 175 1.6 8.46 1.74 3.11 0.709 5.2 55
9 175 1.4 6.39 3.48 5.32 1.07 5 82
10 175 1.1 5.56 2.3 7.72 0.927 13 150
11 170 2 7.21 2.4 5.11 0.802 5.7 50
12 170 1.9 7.21 3.19 5.11 0.802 4 21
13 170 1.9 7.21 1.715 5.11 0.802 15 100
14 169 1.9 8.68 1.74 3.72 0.583 3.3 11
15 170 1.9 6.48 2.16 7.45 0.722 7.8 60
16 170 1.8 8.68 2.72 2.17 0.9 3.4 19
17 171 0.5 7.21 2.4 5.11 0.802 6.3 46
18 178 1.9 7.21 2.4 5.11 0.802 3.3 75
19 170 3.5 7.21 2.4 5.11 0.802 4.6 39
20 165 1.8 7.21 2.4 5.11 0.802 8.2 28
21 165 1.3 7.7 2.23 5.34 0.642 5.3 20
22 165 1.25 8.46 1.74 3.11 0.709 7.6 17
23 165 1.25 6.39 3.7 5.32 1.07 15 40
24 175 2.5 7.7 2.23 5.34 0.642 3.3 28
25 175 2.6 8.46 1.74 3.11 0.709 5.8 92
26 175 2.6 6.39 3.7 5.32 1.07 5.8 160
27 175 2.6 5.56 2.3 7.72 0.927 20 400
28 166 1.4 9.35 2.48 1.95 0.616 2.5 5
29 170 2 9.35 2.48 1.95 0.616 2.9 11
30 170 2 9.35 2.48 1.95 0.616 2.4 10
31 170 2 9.35 2.48 1.95 0.616 2 8
32 170 2 9.35 2.48 1.95 0.616 1.5 5
33 161 1.25 9.35 2.48 1.95 0.616 3.8 5
34 170 2 4.68 2.48 1.95 0.616 3.8 56
35 170 3.5 9.35 2.48 1.95 0.616 1.7 10
36 170 2 9.35 2.48 1.95 0.616 1.7 5
37 160 3.5 7.1 2.52 5.2 0.8 12 15
38 180 0.5 7.1 2.52 5.2 0.8 4 120
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first order with respect to both NaOH and 2,3,7,8-
TCDD, this suggests a reaction rate constant on the
order of 0.001 L�mol¡1min–1 under these conditions
(NaOCH3 in methanol at 160�C).

Gr€abel and Hagenmaier (1998) studied the degrada-
tion of 2,3,7,8-TCDD at 280�C in a 1 M NaOH aqueous
solution. Two g of soil from a former 2,4,5-TCP
manufacturing site containing an initial 2,3,7,8-TCDD
concentration of 99 ng/g soil were placed in contact with
60 mL of the 1 M NaOH solution in an autoclave heated
by an aluminum heating block on a shaker. 2,3,7,8-
TCDD degradation was measured at times of 10, 40, and
60 min. If it is assumed that 2,3,7,8-TCDD on the soil
was extracted into the 1 M NaOH solution, these data
suggest a reaction rate constant in the range of 0.1 to 0.4
L�mol¡1min¡1 under these conditions (NaOH in water
at 280�C). Soyfer et al. (1999) found that water at a tem-
perature of 250�C was an effective solvent for the extrac-
tion of PCDDs from soil.

The previous studies of 2,3,7,8-TCDD formation in
2,4,5-TCP manufacture did not consider concurrent deg-
radation of 2,3,7,8-TCDD (Sims and Udell, 1969; Braun
and Sch€onbucher, 1997). However, the study conducted
by Sims and Udell (1969) found that the ratio of NaOH to
TCB played an important role in 2,3,7,8-TCDD forma-
tion, as higher ratios resulted in lower concentrations of
2,3,7,8-TCDD, providing support for the hypothesis that
concurrent methoxylation/hydrolysis of 2,3,7,8-TCDD
occurred during the manufacture of 2,4,5-TCP. Other
degradation pathways for 2,3,7,8-TCDD, such as dechlori-
nation to lesser chlorinated PCDDs, thermal decomposi-
tion, and photolysis were considered but were not
expected to be significant in the industrial manufacture of
2,4,5-TCP (Stehl et al., 1973; Ryan et al., 1989; Samsonov
et al., 1992; Gr€abel and Hagenmaier, 1998; Zheng et al.,
1999; Konstantinov et al., 2000; Tsutsumi et al., 2003).

The Solver function (using the GRG nonlinear
method) within Microsoft Excel was utilized to solve for
Ea and ln A for both 2,3,7,8-TCDD formation and degra-
dation reactions that provided the maximum r2 value for
the model in comparison to the data for the 38 experi-
mental runs of Sims and Udell (1969). As Ea and ln A for
Equations (3) and (4) had been previously shown in the
literature to change linearly with respect to the percent-
age of methanol in a water/methanol solvent, Ea and ln A
for both 2,3,7,8-TCDD formation and degradation were
allowed to change linearly with respect to the composi-
tion of the solvent within this model. As the Solver rou-
tine located a set of parameters giving a local maximum
for r2 that depended upon the initial guess solution and
any constraints placed upon the fit constants, a number
of different inputs and constraints were evaluated to find
the global best fit solution (highest r2 between the model

and the data of Sims and Udell). 2,3,7,8-TCDD degrada-
tion rates observed by Howard and Sidwell (1982) and
Gr€abel and Hagenmaier (1998) were used as constraints
within the model.

Results and discussion

Verification of the model for TCB, 2,4,5-TCA, and
2,4,5-TCP concentrations

The reaction model concentrations compared favorably
to three different 2,4,5-TCP processes for which data for
TCB, 2,4,5-TCA, and 2,4,5-TCP concentrations were
available as a function of time, as shown in Figure 1. The
data in Figure 1a are from a batch reaction in “90%”
methanol at 170�C, in which all the raw materials were
added at time zero (Shein and Ignatov, 1962a). Though
the Shein and Ignatov paper (1962a) referred to this
methanol concentration as 90%, it is actually 92% (by
mass) based on the information contained in the article.
The data in Figure 1b originate from a process at 175�C
in which all TCB was added at time zero and a metha-
nol/water/sodium hydroxide mixture was metered into
the reactor over 75 min (Perkins, 1961). The data in
Figure 1c were obtained from a process where all the
TCB and methanol, and some sodium hydroxide, were
added at time zero, with a 50% sodium hydroxide solu-
tion (NaOH in water) metered in over 30 min at a

Figure 1. Reaction model vs. TCB, 2,4,5-TCA, and 2,4,5-TCP data.
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temperature of 145�C. The temperature was then
increased from 145 to 160�C over 5 min, and held at
160�C for the remainder of the reaction (Braun and
Sch€onbucher, 1997). The purity of the methanol initially
present in the reactor was not specified by Braun and
Sch€onbucher (1997), therefore it was assumed to be 95%.
Utilizing either 90% or 100% methanol in the model did
not change the results significantly. The data in Figure 1c
were normalized to remove the impurities/by-products,
which were measured at 6% in the TCB raw material and
generally measured around 10% throughout the test. The
good agreement between model-predicted concentra-
tions and measured values, observed over a variety of
reactions conditions, demonstrates the robustness of the
model for interconversion among TCB, 2,4,5-TCA, and
2,4,5-TCP.

Development of model for 2,3,7,8-TCDD

Once the model demonstrated successful simulation of
the conversion of TCB to 2,4,5-TCA to 2,4,5-TCP, a vari-
ety of initial inputs and constraints were considered to
identify local minima and the global best fit with
maximum r2 value between the modeled 2,3,7,8-TCDD
concentrations and the 38 experimental runs of Sims
and Udell (1969). Though multiple local minima were
found with rather discrepant parameters, these results
indicated that the addition of water to methanol caused
the Ea for 2,3,7,8-TCDD degradation to increase signifi-
cantly. These results further indicated that the reaction
rate constant for 2,3,7,8-TCDD degradation would
decrease rapidly with the addition of water to methanol,
making the degradation reaction negligible in modeling
the time-dependent 2,3,7,8-TCDD concentration. This
was verified by removing the degradation reaction from
the model and observing no change (within three signifi-
cant digits) to the overall r2 fit of the model.

Though 2,3,7,8-TCDD degradation is known to occur
by reaction with NaOCH3/NaOH in either methanol or
water under certain conditions, this reaction did not
appear to be important in the conditions used to manu-
facture 2,4,5-TCP, contrary to the proposed hypothesis.
Due to the limited data where 2,3,7,8-TCDD degradation
was shown to occur and the large amount of data (38
experimental runs) where 2,3,7,8-TCDD degradation
appeared to not play a significant role, little to no mean-
ing was ascribed to the wide range of Ea and ln A values
generated in the modeling for 2,3,7,8-TCDD degradation
by NaOCH3/NaOH. Therefore no Ea or ln A values are
being reported for 2,3,7,8-TCDD degradation.

With 2,3,7,8-TCDD degradation eliminated from the
model, the focus shifted to the formation of 2,3,7,8-
TCDD. Though a good r2 value for the model was

achieved when Ea and ln A values for 2,3,7,8-TCDD for-
mation were allowed to change as a function of the sol-
vent composition, the same r2 was reached when Ea and
ln A were fixed (not allowed to vary based on the
amounts of methanol and water in the solvent), suggest-
ing that solvent composition (water/methanol) was not
an important factor in the formation of 2,3,7,8-TCDD
during the manufacture of 2,4,5-TCP. To investigate this
further, the reaction rate constant to best fit the data for
each experimental run of Sims and Udell (1969) were
determined in the model. Runs were separated into
groups depending upon the percentage of methanol in
the solvent, and the natural log of the reaction rate con-
stants were then plotted as a function of 1/T (K). No evi-
dence was observed to suggest that the composition of
the solvent (methanol/water) made any difference with
respect to the formation of 2,3,7,8-TCDD. Therefore, the
best-fit Ea for the formation of 2,3,7,8-TCDD was
62.23 kcal/mol and the ln A was 53.95, independent of
the composition of the solvent. The complete reaction
model is shown in Figure 2.

Figure 2. Complete reaction model with model parameters.

Figure 3. Simulated 2,3,7,8-TCDD vs. measured 2,3,7,8-TCDD for
the 38 experimental runs of Sims and Udell (1969).
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Using these inputs for Ea and ln A for 2,3,7,8-TCDD
formation, the model successfully simulated the amount
of 2,3,7,8-TCDD produced in the 38 experimental
runs by Sims and Udell (1969), as shown in Figure 3
and Table 2. The r2 value of .941, shown in Figure 3 (and
Table 2), is with respect to the y D x line, as all simulated
data points (plotted as a function of the measured data
points) would fall on this line in a perfect simulation.
This r2 value supports the hypothesis that the dominant
mechanism for the formation of 2,3,7,8-TCDD in the
manufacture of 2,4,5-TCP was the reaction of two mole-
cules of 2,4,5-TCP. The mean absolute error for the
model against this dataset was 10.6 ppm.

For comparative purposes, simulated results utilizing
the Sims and Udell mathematical model are shown in
Table 2. This empirical model, which was not based on
elementary reaction kinetics, had an r2 of .916 and a

mean absolute error of 10.0 ppm. Also shown in Table 2
are our model results, modified to use the chemical
mechanisms for the formation of 2,3,7,8-TCDD and
rate constants as given by Braun and Sch€onbucher
(1997) instead of Equation (10) and the best-fit Ea and
ln A for k3 above. Utilizing these alternative chemical
mechanisms (and associated reaction rate constants),
an r2 of only .577 was obtained, further supporting
a second-order dependence on 2,4,5-TCP as the
dominant chemical mechanism in the formation of
2,3,7,8-TCDD.

It is evident from the model results that the formation
of 2,3,7,8-TCDD (for a given time) in the manufacture
of 2,4,5-TCP was sensitive to temperature. The modeled
results shown in Table 2 could all be made to match the
measured 2,3,7,8-TCDD concentration by changing the
input temperature within § 3�C, with the exception of
run 32 (¡4�C), and run 36 (¡4. 6�C). These temperature
differences are likely within experimental error, demon-
strating the predictive accuracy of the model. A further
example of the model’s sensitivity to temperature is
shown in Figure 4, where the temperature of the model
for Sims and Udell’s run 19 was varied from 160 to
180�C. This experimental run was selected because Sims
and Udell (1969) stated that this run was the most repre-
sentative of the 2,4,5-TCP process utilized by Monsanto
in the late 1960s. As shown in Figure 4, when holding
the other inputs constant and changing only the temper-
ature, the model predicted over a 2,400% increase in
2,3,7,8-TCDD concentration over only a 20�C tempera-
ture range. However, one cannot simply conclude that
2,3,7,8-TCDD concentrations would be increased or
decreased to these levels by intentional operation at a
temperature other than 170�C (the temperature of
run 19). The duration of the industrial 2,4,5-TCP process
was based upon the length of time required to achieve

Table 2. Modeled 2,3,7,8-TCDD concentrations vs. measured
concentrations.

2,3,7,8-TCDD (ppm)

Sims and
Udell Run
No.

2,3,7,8-
TCDD data

Model
(r2 D .941)

Sims and Udell
Mathematical

Model
(r2 D .916)

Model using ks for
TCDD formation
from Braun and
Sch€onbucher

(1997) (r2 D .577)

1 57 43. 1 62. 6 68. 8
2 42 35. 5 30. 4 53. 9
3 140 133. 6 128. 7 171. 1
4 120 118. 1 128. 7 156. 8
5 15 14. 9 18. 4 24. 7
6 15 13. 3 20. 0 19. 2
7 22 30. 8 28. 4 61. 4
8 55 67. 1 53. 3 45. 3
9 82 104. 1 94. 9 139. 1
10 150 223. 7 233. 1 119. 2
11 50 40. 3 34. 3 52. 4
12 21 29. 9 24. 2 71. 0
13 100 96. 3 89. 9 28. 9
14 11 13. 7 14. 2 23. 6
15 60 47. 9 60. 9 60. 7
16 19 27. 0 23. 0 38. 4
17 46 47. 7 42. 2 55. 0
18 75 86. 4 102. 4 106. 4
19 39 36. 5 53. 5 54. 0
20 28 25. 0 22. 8 33. 6
21 20 12. 4 19. 7 26. 1
22 17 18. 6 17. 3 15. 4
23 40 61. 6 39. 9 96. 7
24 28 45. 2 26. 8 84. 9
25 92 79. 6 91. 5 54. 7
26 160 129. 2 148. 8 202. 3
27 400 357. 7 320. 7 183. 6
28 5 7. 1 5. 2 21. 1
29 11 16. 9 5. 7 43. 9
30 10 14. 4 5. 7 39. 3
31 8 12. 4 5. 7 35. 5
32 5 9. 8 5. 7 30. 9
33 5 4. 5 6. 0 13. 7
34 56 36. 2 46. 8 85. 1
35 10 13. 5 8. 5 42. 6
36 5 10. 8 5. 7 32. 8
37 15 16. 9 14. 9 27. 5
38 120 125. 4 94. 9 141. 9

Figure 4. Simulated 2,3,7,8-TCDD concentrations for Sims and
Udell’s experimental run 19 with different temperatures.
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the desired yield of 2,4,5-TCP. Lower temperatures
would have required longer reaction times, and higher
temperatures shorter reaction times. Due to the
increased time required at lower temperatures, Sims and
Udell (1969) concluded generally that the 2,3,7,8-TCDD
concentration produced in 2,4,5-TCP manufacture was
relatively insensitive to temperatures between 160 and
170�C.

Conclusions

A model for the simulation of 2,3,7,8-TCDD concentra-
tions in the historical manufacture of 2,4,5-TCP was
developed. The model successfully simulated the conver-
sion of TCB to 2,4,5-TCA to 2,4,5-TCP, and modeled the
concentration of 2,3,7,8-TCDD with an r2 of . 941 com-
pared to measured data from 38 experimental runs. The
high r2 value obtained supported the proposed chemical
formation mechanism for 2,3,7,8-TCDD (second order
with respect to 2,4,5-trichlorophenol). Simultaneous deg-
radation of 2,3,7,8-TCDD by methoxylation/hydroxyl-
ation was hypothesized to play a role in the concentration
of 2,3,7,8-TCDD produced in 2,4,5-TCP manufacture, but
the modeling indicated that TCDD degradation was insig-
nificant in industrial 2,4,5-TCP processes. This model can
be a useful tool in environmental forensic investigations of
sites where 2,4,5-TCP was produced, as 2,4,5-TCP pro-
duction predated the analytical measurement of 2,3,7,8-
TCDD by approximately two decades.
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