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I. Introduction

The James Zadroga 9/11 Health and Compensation Act of 2010, Public Law 111-347, 
Title XXXIII of the Public Health Service Act, 124 Stat. 3623 (codified at 42 United 
States Code section 300mm–300mm-61), requires the Administrator of the World 
Trade Center (WTC) Health Program to 

“periodically conduct a review of all available scientific and medical evidence, in-
cluding findings and recommendations of Clinical Centers of Excellence, published 
in peer-reviewed journals to determine if, based on such evidence, cancer or a 
certain type of cancer should be added to the applicable list of WTC-related health 
conditions.” 42 U.S.C. sec. 300mm-22(a)(5)(A).

The National Institute for Occupational Safety and Health (NIOSH) presented the first 
periodic review of cancer for the WTC Health Program in July 2011. This review includ-
ed findings from the peer-reviewed scientific and medical literature about exposures 
and cancer resulting from the September 11, 2001, terrorist attacks [NIOSH 2011]. The 
Exposure section of the first periodic review provided an initial list of agents detected in 
the area around the World Trade Center (WTC) during the disaster response and recov-
ery periods. The Contaminants of Potential Concern (COPC) Committee of the World 
Trade Center Indoor Air Task Force Working Group1 developed the initial list from 
the chemicals identified in air sample testing results included in four databases [COPC 
Committee 2003]. The committee used this list to select COPCs and set health-based 
benchmarks for indoor environments. The four data sources were the

•	Environmental Protection Agency (EPA) Region 2 database of environmental 
sampling results, which contains more than 200,000 records on sampling results 
for 137 agents2;

•	New York City Department of Health and Mental Hygiene (NYCDOHMH)/
Agency for Toxic Substances and Disease Registry (ATSDR) public health inves-
tigation database, which includes results from Lower Manhattan samples of six 
minerals, 354 air samples from residential buildings, and 32 samples of fibers col-
lected outdoors and analyzed by phase contrast microscopy3;

1 http://www.tera.org/peer/WTC/COPC%20-%20Benchmark%20Report%20with%20appendices.pdf. Note that this 
is a large database assembled by the USEPA and centralizes exposure measurements from many different entities.

2 Only confirmed compounds were included in this list. Measurements for the dioxin and furan compounds were 
considered one contaminant in this tally and were screened by means of a TEQ analysis. TEQ is a dioxin toxic 
equivalent, calculated relative to the most toxic form of dioxin (2,3,7,8-Tetrachlorodibenzodioxin). Measurements 
for asbestos were not differentiated by the asbestos minerals, although measurements used different analytical 
methods and counted different subsets of fiber types and sizes. All measurements for polychlorinated biphenyls 
were considered one contaminant, although the studies reported concentrations under several different groupings 
of congeners (e.g., total polychlorinated biphenyls, Aroclors).

3 These data are described in a 2002 report: Agency for Toxic Substances and Disease Registry (ATSDR), New York 
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•	New York City Department of Education findings from sampling in schools, 
which involved samples collected both indoors and outdoors from six schools 
between September 2001 and June 2002 and includes more than 30,000 records of 
air sampling results for more than 70 agents; and

•	Chatfield and Kominsky’s4 survey of indoor air quality.

A total of 287 chemicals or chemical groups were identified from the report [COPC 
Committee 2003], and each of them was checked against (1) the United States National 
Toxicology Program (NTP) 12th Report on Carcinogens (RoC)5 [NTP 2011] and (2) 
the United Nations International Agency on Research on Cancer (IARC) list of agents 
and documented in the IARC monographs, Volumes 1–102 [IARC 2006].  The list and 
cancer designations of these chemicals were provided in Appendix E of the First Peri-
odic Review of Scientific and Medical Evidence Related to Cancer for the World Trade 
Center Health Program [NIOSH 2011].

In addition to the agents identified by the COPC Committee [COPC 2003], several 
other agents of potential concern have been included because of the potential for wide-
spread exposure. In particular, the fires at the WTC site produced over an extended 
period of time substantial amounts of combustion products from building materials, 
including wood and plastics. Also, a large number of trucks, many of which run on 
diesel fuels, were used at the WTC site. These trucks likely produced large quantities of 
diesel particulates, which were discharged into the air at and around the WTC site.  Be-
cause of the potential exposure of rescue and recovery workers, as well as workers and 
residents in area buildings, to soot, biomass fuel, and diesel particulates, these are in-
cluded with the COPC agents identified by EPA. Tables 1, 2, and 3 (Section IV) provide 
the cancer classifications of NTP and IARC and expand upon the information provided 
in the first periodic report by providing a summary of the basis for the IARC classifica-
tion. NTP and IARC do not address decomposition products from plastics as a group; 
they are addressed only as individual compounds. Therefore, the individual compounds 
from thermal decomposition of plastics that were identified by the COPC Committee 
are included in the tables. 

A summary of the studies cited in the IARC monographs is provided in Section IV.  
Hyperlinks to the NTP Report on Carcinogens and the IARC monographs are provided 
as well. The agents identified as COPC and other select agents are grouped according to 
their IARC designation as Group 1, 2A, or 2B. Agents categorized by IARC as Group 3 

City Department of Health and Mental Hygiene (NYCDOHMH) [2002]. Final Technical Report of the Public 
Health Investigation to Assess Potential Exposures to Airborne and Settled Surface Dust in Residential Areas of 
Lower Manhattan. September 2002.

4 These data are described in a 2001 report: Chattfield EJ, Kominsky JR [2001]. Summary Report: Characterization 
of Particulate Found in Apartments After Destruction of the World Trade Center. Report Requested by “Ground 
Zero” Elected Officials Task Force.

5 http://ntp-server.niehs.nih.gov/?objectid=03C9AF75-E1BF-FF40-DBA9EC0928DF8B15
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or Group 4 are not summarized because they are not expected to contribute to potential 
cancer outcomes among the rescue and recovery workers and the survivors. Descrip-
tions of uncategorized agents are not available in the IARC Monographs. A total of 63 
agents are included from the original list of 287 COPCs, and the additional three agents 
(soot, biomass fuel, and diesel) have been added.
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II. National Toxicology Program 12th Report 
    on Carcinogens

The NTP RoC [NTP 2011] considers evidence such as data from traditional cancer 
epidemiology studies, clinical studies, and studies of tissues or cells (from humans ex-
posed to the substances in question) that can be useful for evaluating whether a relevant 
cancer mechanism is operating in people. The RoC does not present quantitative assess-
ments of the risks of cancer associated with these substances. Thus, listing of substances 
in the RoC indicates only a potential hazard and does not establish the exposure con-
ditions that would pose cancer risks to individuals in their daily lives. The criteria for 
listing an agent, substance, mixture, or exposure circumstance in the RoC are as follows:

Known to be a human carcinogen (Category A)
There is sufficient evidence of carcinogenicity from studies in humans and indi-
cates a causal relationship between exposure to the agent, substance, or mixture, 
and human cancer.

Reasonably anticipated to be a human carcinogen (Category B)
There is limited evidence of carcinogenicity from studies in humans, and indicates that 
causal interpretation is credible, but that alternative explanations, such as chance, bias, 
or confounding factors, could not adequately be excluded; or 

There is sufficient evidence of carcinogenicity from studies in experimental ani-
mals, which indicates there is an increased incidence of malignant and/or a combi-
nation of malignant and benign tumors (1) in multiple species or at multiple tissue 
sites, (2) by multiple routes of exposure, or (3) to an unusual degree with regard to 
incidence, site, or type of tumor, or age at onset; 

or 

There is less than sufficient evidence of carcinogenicity in humans or laboratory 
animals; however, the agent, substance, or mixture belongs to a well-defined, struc-
turally related class of substances whose members are listed in a previous RoC as 
either known to be a human carcinogen or reasonably anticipated to be a human 
carcinogen, or there is convincing relevant information that the agent acts through 
mechanisms indicating it would likely cause cancer in humans. 

The NTP RoC identifies and discusses agents, substances, mixtures, or exposure cir-
cumstances that may pose a hazard to human health by virtue of their carcinogenicity. 
The RoC serves as a meaningful and useful compilation of data on the following: 

•	Carcinogenicity, genotoxicity, and biologic mechanisms of the listed substance in 
humans and/or animals; 
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•	Potential for human exposure to these substances; and 
•	Federal regulations to limit exposures.

NTP conclusions regarding carcinogenicity in humans or experimental animals are 
based on scientific judgment, with consideration given to all relevant information. 
Relevant information includes but is not limited to dose–response, route of exposure, 
chemical structure, metabolism, pharmacokinetics, sensitive subpopulations, genetic 
effects, or other data relating to mechanism of action or factors that may be unique to 
a given substance. For example, there may be substances for which there is evidence of 
carcinogenicity in laboratory animals, but there are compelling data indicating that the 
agent acts through mechanisms which do not operate in humans and would therefore 
not reasonably be anticipated to cause cancer in humans.
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III. International Agency for Research on 
     Cancer Monographs

The categorization of the carcinogenic potential of an agent is a matter of scientific 
judgment that reflects the strength of the evidence derived from studies in humans and 
in experimental animals and from mechanistic and other relevant data. IARC working 
groups consider the body of evidence as a whole to reach an overall evaluation of the 
carcinogenicity of the agent to humans. The working groups also strive to achieve a 
broad consensus evaluation but not necessarily unanimity. 

IARC classifies the evidence relevant to carcinogenicity from studies in humans accord-
ing to the following categories: (1) sufficient evidence of carcinogenicity; (2) limited 
evidence of carcinogenicity; (3) inadequate evidence of carcinogenicity; and (4) evi-
dence suggesting lack of carcinogenicity. In addition to the results of epidemiological 
and toxicological studies, the IARC working groups consider mechanistic and other 
evidence judged to be relevant to an evaluation of carcinogenicity and of sufficient 
importance to affect the overall evaluation. This may include data on pre-neoplastic 
lesions, tumor pathology, genetic and related effects, structure–activity relationships, 
metabolism and toxicokinetics, physicochemical parameters, and analogous biological 
agents. This information is not summarized in the Tables I, II, and III but can be found 
in the monographs by means of the hyperlinks provided. 

The working groups make scientific judgments to classify agents based on the strength 
of the evidence as a whole, and they classify them according to the five categories below. 
Agents that have not been reviewed are not listed by IARC. 

Group 1—Carcinogenic to Humans
This category is used when there is sufficient evidence of carcinogenicity in hu-
mans. Exceptionally, an agent may be placed in this category when evidence of 
carcinogenicity in humans is less than sufficient, but there is sufficient evidence of 
carcinogenicity in experimental animals and strong evidence in exposed humans 
that carcinogenicity acts through a relevant mechanism of carcinogenicity.

Group 2A—Probably Carcinogenic to Humans
This category is used when there is limited evidence of carcinogenicity in humans 
and sufficient evidence of carcinogenicity in experimental animals. In some cases, 
an agent may be classified in this category when there is inadequate evidence of 
carcinogenicity in humans and sufficient evidence of carcinogenicity in experimen-
tal animals and strong evidence that the carcinogenesis is mediated by a mecha-
nism that also operates in humans. Exceptionally, an agent may be classified in 
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this category solely on the basis of limited evidence of carcinogenicity in humans. 
An agent may be assigned to this category if it clearly belongs, based on mechanis-
tic considerations, to a class of agents for which one of more members have been 
classified in Group 1 or in Group 2A.

Group 2B—Possibly Carcinogenic to Humans
This category is used for agents for which there is limited evidence of carcinogenic-
ity in humans and less than sufficient evidence of carcinogenicity in experimental 
animals. It may also be used when there is inadequate evidence of carcinogenic-
ity in experimental animals. In some instances, an agent for which there is inad-
equate evidence of carcinogenicity in humans and less than sufficient evidence of 
carcinogenicity in experimental animals, together with supporting evidence from 
mechanistic and other relevant data, may be placed in this group. An agent may 
be classified in this category solely on the basis of strong evidence from mechanistic 
and other relevant data.

Group 3—Not Classifiable as to Its Carcinogenicity to Humans
This category is used most commonly for agents for which the evidence of carci-
nogenicity is inadequate in humans and inadequate or limited in experimental 
animals. Exceptionally, agents for which the evidence of carcinogenicity is inad-
equate in humans but sufficient in experimental animals may be placed in this 
category when there is strong evidence that the mechanism of carcinogenicity in 
experimental animals does not operate in humans. Agents that do not fall into 
any other group are also placed in this category. An evaluation in Group 3 is not a 
determination of non-carcinogenicity or overall safety. It often means that further 
research is needed, especially when exposures are widespread or the cancer data 
are consistent with differing interpretations.

Group 4—Probably Not Carcinogenic to Humans
This category is used for agents for which there is evidence suggesting lack of carci-
nogenicity in humans and in experimental animals. In some instances, agents for 
which there is inadequate evidence of carcinogenicity in humans but evidence sug-
gesting lack of carcinogenicity in experimental animals, consistently and strongly 
supported by a broad range of mechanistic and other relevant data, may be classi-
fied in this group.
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IV. Summary of Cancer Classifications

Table 1. Summary of Classification Basis for COPC and Select Other 
Agents as IARC Group 1—Carcinogenic to Humans
This category is used when there is sufficient evidence of carcinogenicity in humans. 
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity 
in humans is less than sufficient but there is sufficient evidence of carcinogenicity in ex-
perimental animals and strong evidence in exposed humans that the agent acts through 
a relevant mechanism of carcinogenicity.
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Table 2. Summary of Classification Basis for COPC and Select Other 
Agents as IARC Group 2A—Probably Carcinogenic to Humans
This category is used when there is limited evidence of carcinogenicity in humans and 
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent 
may be classified in this category when there is inadequate evidence of carcinogenic-
ity in humans and sufficient evidence of carcinogenicity in experimental animals and 
strong evidence that the carcinogenesis is mediated by a mechanism that also operates 
in humans. Exceptionally, an agent may be classified in this category solely on the basis 
of limited evidence of carcinogenicity in humans. An agent may be assigned to this cat-
egory if it clearly belongs, based on mechanistic considerations, to a class of agents for 
which one of more members have been classified in Group 1 or in Group 2A.
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Table 3. Summary of Classification Basis for COPC and Select Other Agents 
as IARC Group 2B—Possibly Carcinogenic to Humans
This category is used for agents for which there is limited evidence of carcinogenicity in hu-
mans and less than sufficient evidence of carcinogenicity in experimental animals. It may also 
be used when there is inadequate evidence of carcinogenicity in experimental animals. In some 
instances, an agent for which there is inadequate evidence of carcinogenicity in humans and 
less than sufficient evidence of carcinogenicity in experimental animals, together with support-
ing evidence from mechanistic and other relevant data, may be placed in this group. An agent 
may be classified in this category solely on the basis of strong evidence from mechanistic and 
other relevant data.
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