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CRI CHEMICALS 
 
Introduction. 
 
NIOSH and OSHA information may be used to further develop the use of CRI chemical 
listings.   Each chemical has a variety of toxicity features, such as neurotoxicity, 
mutagenicity, reproductive organ toxicity (reprotoxicity), carcinogenicity and 
leukemogenecity.  In addition, many chemicals are referred to as “suspected 
carcinogens.”   The total toxicity of chemical for a given site may be used to define the 
possible severity of exposure to that site.  Whereas traditional research often relies upon 
exposure to one chemical or carcinogen type at a given time (i.e. chemical, radiation, 
EMF) in order to associate potential carcinogenicity with exposure, the Oregon CRI site 
data provides us with a different scenario—occupying a single site can cause exposure to 
one or more chemicals, some carcinogenic, some not.  This combined exposure scenario 
introduces another method of exploring potential carcinogenicity.   Unlike the typical 
scenario of single exposure, many Oregon CRI sites provide a complex exposure pattern 
for which the greater the diversity of compounds involved, the more potent the exposure 
risk becomes.   
 
250 Chemicals 
 
A review of all 540 Oregon CRI reports resulted in the elimination of general or non-
specific chemical listings.  Several sites contained chemical data only in the lengthy text 
used to detail the history of the site.  For a small number of sites, this text data was 
included in the listing of chemicals, even though concentrations of spill could not be 
obtained from these readings.  In most cases this form of data was ignored. 
 
When NIOSH and OSHA data from Pocket Guide to Chemical Hazards is added to this 
set, 227 out of 250 chemicals can be evaluated based on a combination of carcinogenicity 
and toxicity features.  The chemicals deleted from this part of the review were excluded 
due to their non-specific and/or mixed chemical nature, i.e. paint or wood-working 
products, various petrol substances, and a number of non-specific waste or chemical 
classes (esp. alkaline,  or highly acidic agents). 
 
In addition, this chemical listing can be further analyzed using data from assorted 
environmental chemical publications.  Thes sources of data range from lists designed for 
public education, to those produced for hazard materials assessment teams and medical 
toxicology reviews.  Descriptions of listings most valuable to this work are provided in 
TABLE 5-1. 
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TABLE 5-1 
 

ASSIGNING CHEMICAL RISK FOR CRI SITES IN OREGON 
 

 SOURCE Descriptive Title Variables 

Values 
assigned for 
risk 
assessment  

 EPA General Toxicity y=yes 1 
   n=no 0 
  EPA-TSCA y=yes 1 
     n=no 0 
      

 
Community Right to 
Know CRTK y=yes 1 

     n=no 0 
      

 Public Awareness List   
Not included (0) to 
Included/well-known (3) 0,1,2,3  

      

 IARC-CRG CATOX Index t=toxic t=0.5  
  (Carcinogenicity- T=very Toxic T=1  
  Toxicity Index) M=Mutagenic M=1, TM=2  
   R=Reprotoxic R=0.5; TR=1.5  

   
E=Experimental 
Carcinogen 3 

   
Q=Questionable 
Carcinogen 6 

   S=Suspected Carcinogen 7 
     C=Confirmed Carcinogen 9 
      

 CDC/NIH/ACS 
Carcinogenicity 
Rating N (not carcinogenic) 0 

   1 (confirmed carcinogen) 9 
   2A (human ca-gen) 8 
   2B (human ca-gen) 7 

   
3 (suspected ca-gen, 
experimental evidence) 5 

   HLE 3 
   ALE 2 
   AIE 1 
   HSC 1 
   ASE 1 
   NCI 4 
     NTP 2 
      

 
MEDLINE & CHEM 
ABSTRACTS 

Number of tests 
reported in review   

# confirming or 
supporting 
articles  
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Toxicity Tests and Reports.   
 
The potential carcinogenicity for a given chemical at a given site may be determined by 
evaluating a CRI list and using some standardized process for defining the potential 
toxicity for a given chemical or group of chemicals at a particular site.  Presumably, the 
more carcinogenic the sum of chemistry is for a site, the more carcinogenic that site will 
be once exposure and contact take place.  
  
Since the initiation of various environmental protection programs during the 1970s, a 
variety of reports have been published about concerning the risk of exposure to  
environmental chemicals.  Presumably, the inclusion of a particular chemical in such a 
report implies increased likelihood for toxicity or carcinogenicity, along with public 
awareness and knowledge regarding this risk.  In early EPA reports, for example, a 
simple toxic or non-toxic listing was produced and general toxicity assigned to each 
chemical  using the variables “yes” and “ no.”   Presumably, with increased public 
awareness of this report, it is assumed that knowledge of increased cancer risk exists.  A 
follow-up on this yes-no approach was the production of Community-Right-To-Know and 
Public Awareness reports.  Even though these simple classification schemes overlap in 
their evaluation of toxicity-carcinogenicity, a listing of the same compound on all three 
lists of suspected carcinogens strengthens potential likelihood of knowledge of this risk 
and potential truth to any claim of carcinogenicity.   
 
In addition to these simple listings, two complex multilevel classification systems 
defining chemical carcinogenicity were produced separately by EPA and associates of 
NIH, ACS, and CDC.  The EPA approach based its ranking of potential carcinogenicity 
on a combination of basic toxicity, mutagenicity, and carcinogenicity features.   Neither 
toxicity nor mutagenicity alone imply carcinogenicity; EPA’s ranking of carcinogenicity 
increases with each of the following ranks of classification--Experimental, Questionable, 
Suspected and Confirmed.  The CDC approach bases carcinogenicity on a variety of 
experimental and clinical studies, and ranks carcinogenicity based on human versus non-
human carcinogenesis, and degree to which studies of carcinogenicity involved human 
lifestyle directed activities. This ranking also includes mention of studies suggesting 
Animal and Human carcinogenicity and leukemogenicity.   
 
Each of these reports or listings details a relationship between chemical type and  
carcinogenesis, infering higher awareness of this issue both professionally and publicly.  
Therefore, the sum of this knowledge provides data supporting increased public 
awareness about a possible chemical exposure-cancer relationship and increased 
likelihood that such a relationship exists.  These test outcomes can be combined to define 
the most likely chemical agents to be categorized as “smoking guns” for carcinogenesis.  
For this study, these risks have been combined to produce an algorithm useful in defining 
relative toxicity/carcinogenicity for a given chemical, chemical class or group.   
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CATOX Algorithm 
 
The algorithm applied to the listing of Oregon TRI chemicals, highly carcinogenic 
substances made use of the following: 
 

ü Reported by EPA as toxic 
ü Reported by EPA- IARC as suspect or confirmed high toxicity 
ü Reported as part of the Public Awareness    
ü Reported as part of the Community Right To Know program 
ü Reported as suspected or confirmed carcinogen by EPA-guided group 
ü Reported as confirmed carcinogen by CDC/NIH/ACI 
ü Reported as suspected or confirmed carcinogen in the form of a significant 

number of articles published in chemical, toxicology, and medical 
journals. 

 
This method was used to rank the chemical list for Oregon CRI site reports.  Chemicals 
were assigned values for each of the inferences made by these listings.  As a result based 
on the outcome of this summation process, chemicals with higher values were classified 
as more highly toxic, carcinogenic substances with well-documented officially published 
reasons for this suspicion. 
 
The following algorithms were attempted to define these chemicals: 
 
Variables: Cagen/CATOX value, IARC value, Public Awareness value, EPA-TCSA 
results, CRTK, EPAGenTox, #test results published, #Oregon CRI Sites. 
 

CATOX/Cagen value x 1000) +  
 

{(IARC value + Public Awareness + EPA-TSCA + CRTK +EPAGenTox)  
 
i)    x [(#testresultspublished)/2]} 

 
ii) x [(#Oregon CRI Sites with this chemical)/2]} 

 
iii) x [(#mean of #testresults + OR CRI Sites)/2]} 

 
iv)  x [SqRt (#testresultspublished)/2]} 

 
v) x [SqRt (#Oregon CRI Sites with this chemical)/2]} 

 
vi) x [SqRt (#mean of #testresults + OR CRI Sites)/2]} 

 
     
The toxicity/carcinogen [CATOX] value assigned to the compound by EPA-IARC 
defined the range of carcinogenicity or lack thereof the compound possesses.  The 
remaining part of this 4-digit value is used to rank the toxicity and carcinogenicity of 



5-6 

substances classified similarly by EPA, NIH and ACS.  The results of this method of 
analysis revealed the following carcinogenicity values for Oregon CRI chemicals: 
 
 

TABLE 5-2 
 
TOXICITY STATUS FOR THE 250 CHEMICALS IN OREGON CRI REPORTS 

 

CLASS AGRITOX 
INDUSTRIAL 

CHEM ELEMENT METALS MISC SUM PCT 
Mild Toxin 1 137 15 48 0 201 7.96 
Toxic Mutagen 1 55 0 0 0 56 2.22 
Severe toxin 5 218 1 6 0 230 9.11 
Severe reprotoxin  0 38 0 0 0 38 1.50 
Severe toxin-mutagen 0 85 0 0 0 85 3.37 
Tox Mut Terat Repro 5 2 0 0 0 7 0.28 
Experimental CA 0 0 0 0 0 0 0.00 
Questionable CA 33 231 7 271 2 544 21.54 
Suspected CA 34 239 0 0 0 273 10.81 
Confirmed CA 161 574 92 176 0 1003 39.72 
Leukemogen 0 5 0 0 0 5 0.20 
Unknown 0 83 0 0 0 83 3.29 

SUM 240 1667 115 501 2 2525 100.00 
PCT 4.32 29.98 2.07 9.01 0.04   
 
 
 
Chemicals excluded from this analysis (FIGURE 5-1): 
 
 

FIGURE 5-1 

CHEMICALS IN REPORTS EXCLUDED FROM STUDY

OIL PRODUCT
or WASTE

93%
(397 reports,

14  types)

GENERAL
WASTE PRODUCT

<<1%
(2,  1)

GENERAL
7%

(29 reports
9 types)

PESTICIDE
<<1%
(1,  1)

430 Reports
26 Chemical types
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Of the chemicals assessed, the following is a summary of those known or suspected to be 
carcinogenic: 
 
 

FIGURE 5-2  

Carcinogenicity and Toxicity of Chemicals at CRI Sites, based on results 
from 2935 chemical reports

Experimental 
carcinogen

<<% 
(n = 1)

Leukemogenic
<1% 

(n = 6)

Questionable 
carcinogen

31% 
(n = 899)

Suspected 
carcinogen

9% 
(n = 276)

Confirmed 
carcinogen

35% 
(n = 1005)

Various Toxic Chemicals
22.5% (n = 660)

(fetotoxic, mutagenic, teratogenic)

 
 
 
 
 
Chemicals. 
 
The most important polycyclic aromatic hydrocarbons (PAHs) noted in the most site 
reports are detailed on TABLE 5-3. 
 
The most important benzene-based or simple aromatic molecules noted in the most site 
reports are detailed on TABLE 5-4. 
 
The most important aliphatic, halogenic molecules noted in the most site reports are 
detailed on TABLE 5-5. 
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TABLE 5-3 

 
THE FIFTEEN MOST COMMON POLYCYCLIC AROMATIC 

HYDROCARBONS TESTED FOR AT OREGON CRI SITES 
 

 CHEMICAL 
RANK BY 
#SITES #SITES 

CARCINOGENICITY 
RANKING CATOX 

 Chrysene 2 67 32 9 
 Indeno-(1,2,3,c,d) pyrene 10 41 28 9 
 Benzo(b)fluoranthene 6 52 27 9 
 Bis (2-ethylhexyl) phthalate 12 32 18 9 
 Benzo(a)pyrene 4 60 5 9 
 Dibenzo (a,b) anthracene 14 29 4 9 
 Benzo(a)anthracene 3 62 3 9 
 Unspecified PAHs 5 57 101 6 
 Fluoranthene 7 44 97 6 
 Pyrene 8 44 94 6 
 Phenanthrene 9 43 93 6 
 Anthracene 13 29 89 6 
 Acenapthene 11 34 144 2 
 Acenaphthylene 15 21 143 2 
 Naphthalene 1 74 163 1 
 
 
 

TABLE 5-4 
 

THE TEN MOST COMMON BENZENE-DERIVED AROMATIC COMPOUNDS 
TESTED FOR AT OREGON CRI SITES 

 

 CHEMICAL 
RANK BY 
#SITES #SITES 

CARCINOGENICITY 
RANK CATOX 

 Benzene 1 202 38 9 
 Pentachlorophenol 5 78 19 9 
 1,2-Dichlorobenzene 6 42 90 6 
 Benzo (ab) perylene 8 29 99 6 
 Dichlorobenzene (combined) 7 29 91 6 
 Phenol(s) 9 24 108 6 
 1,2,4-trimethylbenzene 10 18 172 1 
 Xylene 3 145 164 1 
 Ethylbenzene 4 114 223 0.5 
 Toluene 2 154 195 0.5 
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TABLE 5-5 
 

THE TEN MOST COMMON ALIPHATIC HALOGENS  
TESTED FOR AT OREGON CRI SITES 

 

 CHEMICAL 

RANK 
BY 

#SITES #SITES 
CARCINOGENICITY 

RANK 
CATOX 
INDEX 

 1,2-dichloroethane 10 13 23 9 
 Chloroform 10 13 14 9 
 Tetrachloroethylene 1 156 12 9 
 1,1,1-trichloroethane 4 66 67 7 
 1,1-dichlorethylene 6 54 62 7 
 Trichloroethylene 2 154 65 7 
 Vinyl chloride 5 56 78 7 
 1,1-dichloroethane 7 36 109 6 
 1,2-trans-dichloroethylene 8 22 141 2 
 1,2-cis-dichloroethylene 3 72 156 1.5 
 Methyl ethyl ketone 9 16 150 1.5 

 
 
 
 

Ranking CRI Site Carcinogenicity. 
 
The Cagen/CATOX value equation begins with the supposition that the ranking assigned 
to chemicals by IARC are accurate (values vary from <1000 to a 9000 series).  It then 
adds to this ranking a three digit number meant to assign values to the professional and 
public awareness of these toxic substances.  Presumably, the more a particular chemical 
is judged to be toxic or carcinogenic, the more truth there is to such a claim.  This three 
digit value also assigns value to the number of times this chemical is reported to exist 
and/or to be toxic or carcinogenic.  The number of times it is reported to exist in Oregon 
is related to the number of times CRI sites are tested for its presence.   The relative 
Importance of its carcinogenicity is determined by the numbers of articles published 
confirming this suspicion.  In theory, the sum of this process in the production of a four 
figure number, derived from that IARC method but mimicking some of the steps taken by 
EPA and CERCLA in their analysis, in order to quantify somewhat the risk of Oregon 
CRI sites.  In the end, this method will be used to evaluate the most toxic site in Oregon 
aside from those already defined by Superfund application and Superfund recognition.   
 
Comparisons of the outcomes of the six equations listed earlier appear in the following 
pages (FIGURES 5-3 through 5-6).
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FIGURE 5-3 

 
RESULTS OF THREE EQUATIONS USED TO RANK PAH SITES – I 
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FIGURE 5-4 
 

RESULTS OF THREE EQUATIONS USED TO RANK PAH SITES – II 
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FIGURE 5-5 

Assessing Carcinogenicity Rating for Aromatic Compounds
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FIGURE 5-6 

Aliphatic Halogens Carcinogenicity Ranks
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Evaluation of this Approach.  Problems with this ranking method deal principally with 
variability of results.  In general, the most toxic, high risk compounds can be defined, 
relying primarily on the CDC/NIH/ACI classification system.  The addition of other tools 
for assessing site toxicity and carcinogenicity produce results dependent on how much 
weight is assigned to particular factors.  The elimination of the multiplication of the first 
variable in this equation results in a series of values which show a relationship distinctly 
different ranking from that of the CERCLA listing (FIGURE 5-7).  
 
We may emphasize the sum of the results of the various public education programs and 
reports in conjunction with the amount of published journal articles on this issue, and 
obtain distinctly different site ranking from a model which makes use of the number of 
local sites that exist (implying increased number of sites locally may be associated with 
increased local risk).   A mean between these two equation provides still a different 
ranking for given chemical types and their related sites. 
 
In the end, we can group, rank, and even categorize data regarding chemistry and 
carcinogenicity with only a limited amount of accuracy if we utilize this methodology to 
link case locations to a given SIC, TRI or CRI defined site.  Nevertheless, this method of 
evaluating site chemistry is useful in providing us with a way to compare actual case-
related spatial data with given SIC related data.  The best methodology for relating CRI 
and TRI data to cancer cases is to rely primarily on the IARC-CRB numerical assignment 
method reviewed in this section.     
 
 

FIGURE 5-7 
 

USE OF EQUATION TWO (SQ RT FOR # OREGON SITES), WITH 
MODIFICATION OF IARC VALUES 
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